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A IlSTRA cr 

80\ ine brucellosis is an infectiolls disease of economic importance by causing abortions llno 
infi!rl ility. Bovine brucdlos is is considered a zoonosis. Information on thl:! extent of bovill!! 
brucellosis. however. is scarce for thi! expanding intra- and peri- urban dairy cll li!rprise in 
Ethiopia. The purpose. of th is study was to im'cstigate thc.: status of bovine brucellosis and its 
impact on reproduclion in some intra- and pi!ri-urban dairy proJuction sysh!OIS in Ethiopia. A 
cross-sectional investigation of bovinc brucell..:>sis was carrit!d out from June.: to October 19lJ7 
on.t::! dairy famls located in oebre Zeit, Kalili, Sebe la, and Addis Ababa. The f:lrms represent 
peri-urban systems. intr.l-urbJIl systems in secondary 10\'on5 and inlm-urban production 
systcms. Bulk milk samples \\ere collccted from each farm (herd) in J UIl~ , August, and 
Octob~r BlooJ samples from 9:50 nOI1- \ accintHed breeding animals abow six /llt.>nths of il!;C 

wen: olh!Cl~J onc~ In Junt: . The ~Iilk Rjn~ Tc:st (~ IRT), the Ros!! Dt:ngal Plate T ..:st (RDI'T). 
fII1J the Complement FixJtillll Test (CFn \ .... ert.! carried llul on mil" and sl!rum sampl..:s, Farm 
managt: ment paraml!wrs anJ zoonotic aspects were cllllc:ct~d b) ..JJmilli:stc:ring u 
questionnJire 

An ovt:rull herd infection r:lte of 33.3°'0 was determined. With respect 10 tht: proJuI.:uon 
systems 100~,,, 30"'0. and IJ.:5~o or the farms were inlected in pt:ri-urb:lIl. intra-urblln 
secondary 100\n, and intrJ-urban S).)II:m5, respc:clivdy. The \\ithin herd pre\<Jlencc rangeJ 
from 0·16.7%. At least onl! or 1WO reactors WCrt: identili ed in 64.3°' 11 or the fJrms. An I.l\t:rall 
prevall!nce rate of 811%1 was found on inuividual animals. A prevalence rate o t" 9.8°11 \\as 
obsef\ ell III the :lgc group::! to 4 years. A pr~\ alenee fatt:: of 9. 1 % and 3.311 ." \\as iJenutied l!1 

famls that ket:p mere than 100 animals, and I.:s:> than 50 Jntmals, rcspeclivdy. Si.::lllifk'lnt 
dincrence in pn:valence rate wns observed in animals aged belo\\ and abo"'l! 2 y..:-ars anJ 
between no parturition and at least I.lne parturition. A signiticant c.lJtli;:n:nce ill pr\!\aknce rate 
\ .... as nI::;l,,) obsencd bemcen farms that keep below :50 and nbove 100 .1nimals. OdJs ratio.) 
(OR) of 1.14 (I.04--..l 83) lh!t\\een a1de Jnd brucdlosis inreClil.l1l amI 2.99 (1.29-8.06) bt:twcen 
herd siu and brucellosis infection \\cre determined. Signific,lIlt diffefences ill prcval\!!lce 
rotes \\\.~re not obscned among the production systems and districts in Illdhidual Jilimais. 

Agreement (kappa value.s) betwet:n RBPT .... /CFT..,. ilnd MRT tests \' .. ~re 0.3 1 (first ~lRT 
result), 0.43 (first ilnJ second IV1RT results pooled), and 0.58 (lirst. second anti thin..l l\-lRT 
results pooled). Moderate agreement (k=OA4) was found between R[WT- and CrT .... . and 
good agrecment <k=O.74) was iouml betwr.:cn RI3PT+ and RBPT-~IC FT..,. testing pr~I.:~Jurl!, 

Consiti~ring positi\ e results in both RaPT and eFT as gold standard lh~ sensilh it) (Sf: I ilnd 
speclilcity ISP) of the pooled l\lRT were 57.1°'0 and 89 . .3 I1 'u. respecli\eb. Sensiti\il)" <lnd 
spt.:cilicit)' of RBPT ~\I!rl.'" 1 OO~,'o and 94.6%. rcspecli\cly . 

':\ssu..:i.Hions bct\\C:1!1l repruJucti\<,; J.!ld production parall1d~rs anJ bru,dlusis illfC:Clillll ~fJuld 
not be eswblished I()r inJi\ idual animals. Ho\\c\cr. on the basi::; of qUt'"stioll!min.! ,ms\\crs, 
previolls abortions ami usc of natural service \\I!rc associnted with Bnu:ellll inrection: OR of 
15.5~ (172·79.16) nnd 0.06l0-0.61) \\ert.: calculated. respe~ti\ely. Abortions ~\l.'re recorJd 
in :56.1 °0 of the. f.:lrms. Lack of kno\\ ledge of bruce-llosis was n:corded III 87.8~ II of the f:1rI11S. 
Cleaning and dlsJllfl!ction was done rl!\!.ularl v 111 29.3%. rc:moval of infl!cteJ allinm!s wus fMm 
pr;lcti\!1;! in 14.6°'0, provision of maternity pens was founu iI14.9°'u orlhe Lmlls. and 11.9<10 of 
lhe f~l.Tms obtained replacement stock from outsidr.: source. 
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Prohlllged feve r W::lS observed in nine persons intt:rviewed. Thq were aut:nt.ling cows for at 
Il!ast six months. 

Absence of vaccination. herd size, cattle dl.!nsity, lack of knowledge of brucellosis, nnd poor 
manngl!mcnI and hu:.bunJry prncliccs arc liJ..dy factors responsible 10 explain Ihe rd.ui\l!iy 
high pre\,alcnce ratt: observed in this study. Due 10 its impact on production and lor Its 
zoonoUc sil!nific::mcc:. a\vJ,rltness of brucdlosis in urban larming should bt.: ghen priority. - -
Conclusions and rl!commcndations in this regard. emphasizing control of brucetiosis an! 
given. 

I. I NTR O lll!CT I O N A ;-I J) OIlJ EC T I VE S 

BrucclilJsls is an infl!,IIOlC> diseasr.! pradu(;cd by bactcrial spet:ics or the genus [Jl'/lce/lc/ 

lntt:('tions of domestic nnimills such as ,attIc. goats. sheep, equines, camels, pigs, and dogs leads 
particularly to abortions and infertility. decreases in production cause sisnilkant r.!collomi..; 
losst:s (RilJostits itl ",. 1994, SC\\t!IlI!III/. 1990; Wddmann, 1991j. :-'lal1 can ~ infccteJ b) 
contact with diseased animals anJ lhl!!r excn:tlons and b) ingesting inrecI~d animnl prl)duct3. 

Brucellosis in cJnk, prt!viollsly c;ll!cd "cOlllilgious abortion", has ~en recognL~t:d since am:icnt 
limes Brucellosis in CJltk is caused by Brl1l:elltl llbol'rus of which nint.' scrO\'lrS are rL'cogniz\!d 
{Bisping and Amtshcrg. 19S81. The lirst member of the genus Brm.:dll.l \\$ Is"hued in 1887 111 

\Ialta by OJ.\'id Bruct:' fr..1m Iht:' spleens of patil!'nls whn ~Icd of \kdltermnean reh~r. nlt! 

orl!anism was named Brrll.'l!Ilu mditt!mh. Ten .... ;!ar5 !.llt:r a Danish \elcrinariall. Fredrich Ban!!, - . -
Isolilted a similar of.;anisl11 from an :lborteJ bovine fetus and l1oJml!d it Bacillus (Brlll.:l!lIaJ 
UbOflll::i (Gillesepie and Timoney, 198~). 

Cattle iO Africa are a source of hard currency tl1Tou!:1h the export of hides, pat.:kcd meat nOli other 
products. Domt!Stic l.:uule sene as a SOurce of lOod. energy. fertilizer anu c3sh mcome. In sub­
Saharan Africa.. \\jth \O~reas1l1g population gro\~th and a parnlld dt."CreJ5e in the a\aiiJbilil~ \.,f 
the.! procJucllon fa.:tor land. dcmnnJ and supply for food is nul oh\a~s rt:concilcd People are' 
migrltlllg. to citiQ in $cJrch of jobs or klo~ing for betttr sen ices. E':0I100lico.IlY-\\I!!1-tu-do 
people prcfu ti) live III ciues tiun !n the country side. Thest: faclors sliiJ create an c\ er higher 
dt:mand for Ibod or animal origin. Wilh. h.l\ ing tht! limit.:d factor IanJ, to mmch demand and 
supply. incteasing proJW':U\ily se.:OlS II) be the logil:al Sh!p. This implies intcllsilicallon of 
animal production. 

Atlhe t!nd of the.! second millt:nniul11, the lotal earth population "'ill reach 5.5 billion inhOJbitanls. 
o(\\hich approximalel) threc quarters Jre living in Jeveloping. countries. The FAO CSl ill1:lIcJ in 
1983-85 that unJemouri:,hmcm alreeted 51:! million ('I;!rsolls in c.levdoping IllJrkct economics. 
IOIl ,u of the t:3rth's 101.11. or 20% ofth~ popul~lion li\ ing 1Il the~ I.:OUlllric!). The t!sljmillc~ Ii.lr thl' 
amount of undt:mulritillO per rt:givn are ' .. \Irica ]':! ~·o. Far East 2~0 o. Latin Amt:'ril..:ll 1411.'iJ. Nl'.lr 
E<l:)t II" .. (ciled by Zes:.in. 1996). DlIring the Eighties glob.1I luot! proJw':lion has incn.:ased hy 
24~'o, the iner~ilsc in Jt:\lci()ping cQulHrics being J9~·o. Among JI!\'l!loping counlfl~S. Ihl.! Frtr E:151 
rcgHJn h.ls pcrtiJmlcJ bctll.!r \\Ilh an increase of 4 70 o. the othl.'r three regions f\!;.lching 270,0. \\ IIII 
grt:at )¢ar-ttl-yenr \rtriation::; III countries of Ihe I ear East lcitcJ by Zessin. 19(6) Ilo\\e ... t:r. 
when calculated per ('ilPUI. food production remained constant or even has c:xperienccJ 3 sh~i1t 
decrca:sc. In de\eJoping coumries the share of li\'estOck to agricuhural production is 51.4° 'u. In 

2 



• 

sub-Saharan Africa livestock comribuH!s 18% to the agricultural GOP; still the net trode balance 
of meut nnd milk in the developing world is -1 7.9 and -14.0 mill ion tons (c i t~d by Zessin, 1996). 
During the same period, livestock production has been increased by 25% worldwide, " ith a 
limi ted increase in devclopt!d countries ( 12%). bUI a 53% risc in developing countries. As fo r 
tQ(al food production. animal production 11:15 risen faster in thl! Far East region (+86%) thrln in 
the three other regions (+27%) (cited by Zessin, 1996). Again, as with total food productitlll, 
when calculatcd per caput, livestock production has stagnated in Africa, Latin America :md Ncar 
East, while a 54% incre.::tse hns been obscrved in the Far East. One: major difikulty faced by 
devdoping counlril!s is thnt the relative incn:ase of produc tion has gl.!ncmlly been achie\cd 
mainly through an incrcase in animal numbers rathe r tbrln through a real improvement of 
perfOml:lnce. 

In the year'J.OOO. 45~" oflhe world populmion willli\e in cities (39% in devdoping countries), 
60% in 20'15 (56.5% in developing countrit!s) and 75-89°" in 2100 (cited by Zessin. 19(6). 

Over the past two d~cadl!s sub-Saharan Africa experienced rdatively low growth rates in 
proltuclion of dairy products compnrl!d to the a\'eragc production level for all deVeloping 
countries (Mbogoh. 1984). Total consumption of dairy products. howe\ cr. gr~w rel.:nivdy fastr:r 
during the same period During the 1970's the population of sub-Suhamn Africa grew at a mtt: or 
2.~G per annum. 0\ cr the S3mc period d.::tiry production only grt!w m a rale of ab0ut 1.9° ... per 
annum. " .. hi Ie Ihl! consumption of dairy products incrcrlsed at a r; . .!Ie of ~.1 % per I.lnnulll 

I \tbogl1h, 1984). 1I0wt:vr.:r, a\'ailabk data suggest that the consumption or goat and sheep mill.. 
dedineJ in Easl Africa bct\\een 1963 and 1980 and that of camels milk st:lgnated. Only the 
consumption of cO\\<s milk increased fair!) r.tpidly in the whole orsub-Sahar:ln Africa. 

Africa has 12% of the world's tOlal cattle poplllation but produces only 3°10 of tht! \\orlJ milk 
output (cited by Doepm.ulr1l!i ut., 1997). The World BLink go~J of:! 4"'u annu .. 11 incrl..':lsc in lood 
proJuctlon requires Jocnlmilk production In Africa to increase from S.2. million to 35.6 millioll 
lI.mlle::; b) 20~5. ThiS incre .. bc \\ill only be ,Ichieved if good progress is made in il1cn.:a::;ing feed 
supplic:.. in genc[i~ improycment, in improving te.:llllolog) transfer. ami in improY'ing 
reproductive efficiency and controlling diseases. 

BovlIle brucellosis is one of the diseases hampering c:tttle productivity. 

According to Nicolr.:ti ~Illi (1984) :md St"ak (1990) brucellosis is perhaps the most widl!sprc:ld 
and economically imporuult disease in tropical and sub-lropical rr.:gians. The dir~ct loss of me:!l 
(as a result ofnbonion, inlenility. and weighlloss) in infl!ctl!d hen.!s of canll! was estllll.ltcd to be 
15% ::md for milk (reduction in milk proliuclion) at 20% pc.:r infected CO\\ Human bmcellosis, as 
a geomedical survey has sho\\I1, is known to exist in 37 of the 49 (75.5~' ... ) Afrie;}n countries 
(Thimm. 193 I). Keeping in mind the largl! number of animal foci present in AJ'ncrI one shOLIIJ 
expect most of its countrie:; h) be- ritldt!1l with brucc:llu::.is. Iluman prl·V'<.11cncr.:: rJtcs (1r O.6!1;' ,tIld 
6,4% \\t,;fe rl!ported in Somalia and Ugundu. respcctively (Chukwu, 1987 J. Chuk \\ u (1987) also 
indkutc:d n prcvalen~c ml~ of 22 ,6% in .ldults and 20% in school children in Tan:mnia In 
southl!rn Saudi Ar.::tbia. 1l) ,2% of the populatiun showed serologicJI evidence of exposure to 
brw,;dl~)sis. and 2.3~.'iI hod ur.:llve disease (Suliman, 19<)5). 

lany countries !la\\! made considerable progn:ss in limiting the QCCllrn:ncc ofbrucdlosis but in 
East Afric'l tht! diseast is sull a serious canh: health probkm. The stro-pre\u!t°lll.:e rnng..:-s fWIll 
1.8%-34.9%. The prevalence in cattle in Djibouti was 4% (Cham 1 I!I (II .. 19(4). in Somalia 
11.9010 (1lu5sein 11/ lIl. , 1978), in Kenya 10% (Kagumba and Nandokn. J (78). in Rwanu:! 34.9% 
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(Akakpo ~f til. 1978), in Sudan 6.5-22.5% (Hellmann f!/ (II. 1984), in Ugonua 1.8% (OloOs, 
1 99~) 

The si tuation in Ethiopia is not much difft!ront. The prevalence in the central hi ghbnds in zt.!bu 
caul!! was found to be: 4.2% (Ttkd eyc ef ill, 1989). Prevalence rates 0 1" 22% (Tariku. 1\)94) and 
as hillh as 38.7°0 (l\ luktilr, 1993) were recorded in cross-bred cows. 

G In Ethiopia a growmg.tcndl:!'m:y fo r imensificJtion of dairy catlie around major cities is obsef\cd, 
This is particularly evident around :\ ddis Ababa, the capital city. These int!!n::.i\e dairy un tts 
constitute urban and pcri -urban livestock production systems according to Ethui (II ((/. (1995) 
and Nnuheimer ef ui (1995). The f:mns contain upgraded Holstein-Zebu crosses. Most of the 
milk consumed in the nl.1jor cities comes direc.:lly from thesl:!' [,lOns. 

Some of the major he:lhh problems recorded in many of the fnmls in Afril:o are aboniol1s, 
tnf~rtilit) and sub-fertility tChukwu. 1987). Cows usually requir~ more lhnn lWO sc:rvice::. 10 
conC\!1\ e, and some. have fI:mainc:d sterile fo r ~ ears. Very few produce cah e.s n.:gubrly at annual 
intervals. In ~igeria at POlola ranch, calf lass!.!s due to abonion were: in the order of ]9.39')0 ill 
N'damn bfl!~ds (Esuruoso, 1980). ~I uk.t<!r (1993) in a mixed herd of Friesian-zebu cross~::. and 
zebu found a 54 . .2% non-conception rale. In Chaffa slah! dairy faml. a significanll) higher life 
birth rate and milk. yidd per breeding cow/Jay was obsef\-..::d in brucdlosis-frcc group::. \\I1c:n 
cOll1p:J.n:d with brucellosis-positi\\.: cohorts (TJriku, 1994). 

As the disease is hmdly spcct;lcu\ar in its chronic stage and indeed, despitc the losses and yield 
decreases it causes, olkn ~{)t's undelcctcJ (in COlllf:l5l. for example, III rinderpest), ils llegaliH: 
effects on the profitabilit:r ()f cattle prllduclion are extremely underestil11~lIed, particularly in 
tropi<::alareas (\\ l!iJmnnn. I I}()I). 

Infolml1tiol1 on the Sl;JtUS Ill' brUl;t!l1osis anJ its impact on producti,)ll and rt!pwduction in intra­
and pc:ri-urb;lll dairy production systems in improved c3t1le is scant :1l10 incomplete Thl.! 
objecti\ es of this study. therefore. \\ erc:: 

• to establish the pre\3knc\! of brucdlosis in intrJ- and peri-urban daif) production 
s)~t~ms in and around Addis Ababa., Ethiopia. 

• to t!stim<1te tht! cffet.:t or the level ofintensilicauon on brucellosis prt.:vah:nce 
• to im t::sng:ltc ngel1t-host-cn .. irlJllll1t:nt-nnJ manJg""t11ellt risk fJctors. 
• 10 a..-;ses the dYcet of brucellosis 011 ~proJu~!hc \\aswgc. 
• to e .. alu4lI1! agreement among Sl!rologk:!1 tests used, and 
• to gi.lin an 0\ I!r\ ic\\ of the presl!llt.:t:: of the diseJ.$c In hU1l1uns. 

The study is a cumponent of lLRl's project on: Impact uf di.lea.I·t!,\' of inti.'llsljiL:wiulI Clfhl 
repmducfive \ICISltlgc: 0/1 Iht! .:JJiciellc), of AjriellJl pt!ri-urhtlll milk /11"Odm:lilll / ~.~ \It:m\' Tilt! 
objectives of \ ... hkh are to: 

• a.::.st!ss lhe imrurt.tm;1! or dbcases of IIllensilktltion 111 pcri-urlMIl d.lil) limn!'i \"cn,us majnr 
epidemic Jbca~c:s. 

• de\t!lop metbod01ogies and moods to in\'estigme tbe bio logical and economic impact or 
thcse constrain IS to peri -urban mi lk production. 

• study the t:piJemiology of and risk. factors associatl!d \\ Ilh litseas~ nf inknsirk:llion. 
• t!1Jalualt! COst and bc.::ndits of altcmati\1! control measures for Jiseascs ofintcnsilicillion. 
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The study was carried out under the auspices of the Inlenmtio nal Livestock Research Institute 
(ILRJ). It was conducted as a requirement fo r the partial fullfilmcnt fo r a Mds ter's of Science 
degree in Veterinary Epidemiology under the joint postgraduate program between the Fn.:ie 
UnivcrsitiH Berl in (Germany) and the Addis Ababa University (Ethio pia). 

2. LITERATURE REV I EW 

2. 1. Pre\al e nc e 

2.1 . 1 . Prcvalen c e of bovin e brucellosi s in Eas t A.r,· i ca 

Brucellosis is a prevalent disease in many coum ries of A frica. Chukwu ( 1985) has summarized 
the prevalence of the disease in East A fr ica (Table I ). The preva!enl:c in mu:.t o r lile!>t: countrie$ 
is q ui le hi gh. Tht: reasons are lack of conso rted pl ans and national po lic ics in the cOnl rol and 
preve ntion of the d isc3se. Even the disease is no t recog nized in many pl aces. In a study 

conducted in Uganda. Oloffs (1994) fo und that ha lf o f the fa nns questioned d id nO! have 
kno\\ ledge abollt brucellosis. 

Tablc I : Prev<llence ofbo\ine brucellosis in E<lst Africa 
Cou n,ry Pre \ al~n c .:(I0 .. } Brttd S o. :lIlill1 :lls Tes.!> I~dl:r~ilce 

examined 

Djibouti , Zebu 49. SAT, CFT Ch;lntl t!l uf 
(J 994) 

R\~anda 35. J Ankok 510 RBPT. CFT Ak:Jkpo I!l <11 

( 1984) 
3D I-.lLtis 14 1 

Sudan 6.5 Dink<! 5981 (30 herds) SAT,en' J klhnJn It! af 
(J98~ ) 

115 Feb!:! 1118 (71 herds) 
Somalia 1.7 Crosses 902 SAT Ilussein Itl af 

([978J 
11.9 Zebu 2: I 84 

Ken},:! 10 10361(lOtal) RBPT K:lgumba <lnd 
3 "'6 SAT N:mdob 

(1978) 
9.01 eFT 

Uganda 5 1739 (total) RBPT , SAT 

" eFT 
1.8 Crosses 1359 (83 herds) MRT. RO, CFT OlolTs (J 99':) 

Tanzania 5.8 Zebu 13017 RBPT Kagumba and 
4.8 SAT Nandoka 

(1978) 
5:0 eFT 
108 Mi-:eJ 13078 SAT Jiwa c:! Cli 

(t()95) 
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2.1.2. Pr cv alcnce of bO\' inc brucello s i s in E(hiopi~ 

Some studies conducted on the prevalence of brucellosis in Ethiopia are presented in Table 2. It 
can be seen that the prevalence is higher in improved breeds of catt le than in local breeds. The 
majority of improved cmtle breeds are located inside or nC.J.r big cities, and Ill!.: rest in ranches. 
state fanns or cooperatives. 

Table 2: Prevalence of bovine brucellosis in Ethiopia 

Year I' rcllaknce (%) No. e .~al11i .. cd Breed Tests Rcrcrencc 

1989 4.2 1609 Zebu RBPr Tekel)-e eJ ul ( 1989) 

1989 826 } ::! 178 (28 hcrds) ,\lIxed IWI'" 8ayk}egn (1989) 

762 } SAT 

1989 15 " Crosses ROPT~ SAT Abebe (! 939) 

3 " Zebu 

1989 \j,8 } 734 (5 herds) Cross!;!s RBPT Endrias (1989) 

11.6 } SAT 

1991 )lU " Cro~:.es RBPT, SAT MuJ..tM(1993) 

1939 22.0 182 (I ht:rd) Crosses RI3PT, SAT Tariku t 1(94) 

n = IlOt available 

2.2. E pid em iol o:;y 

2.2.1. E ti ology 

Brucella abortus is the causative org:mism of bo\'ine brucellosis. Brucellae art: small non· 
motile, gram negative cocci, coccobacilli, and shon rods with straight or slightly convex sidl.!s. 
Th~ micro-organisms are usually arranged singly, or less commonly in pairs, short chains, or 
small dusters. They do not produce capsuks, spores or flagella. They are not acid-fast but may 
resist decolorizmion by weak acids or alknlis. B. (lbortlls usuall y requires supplementary CO2 for 
grow'th, especially on primary isolation, and usually produces 1125 from 
sulfur-containing amino acids or proteins. In addition they hydrolyze urea but some strains may 
not. Usually gro\\,h occurs in the pres;!'nce of basic fuchsin, methyl violet, p) ronin and sJ.franin 
o but nOI Ihionin at standard concentrations (Gillespie and Timoney. 1981; Buxton and F ras!!!". 
1977). 

Nine biotypcs have been recognized as wdl as a number of slr~in variants (Nicoletti, 1(80). 
About 85% of infeclivns are from biotype I. Biotypes 1,2,3, -I, 6. 7, 8, and 9 are recognized in 
Africa (Chukwu, 1985). There are no proven differences in the pathogenicity or antigenicity 
among the field strain biotypes. Natural infections in catlle \\-ith Brucella spec ies other than B. 
abortlls are rare. In fec tion of cattle with B. melitensis occurs in regions \ ... IH~re the organism is 
enzootic in sheep and goats (Waghela t'I ai., 1(80). Ilowever, abortion in callie due: to 
B.melitemis is rare although SOIne may become carriers and excrete organisms in their milk 
(NiCOletti, 1980). 

Cattle are the main reservoir of B. abor/IIS. Water buffalo. yak. Hnd Amcric3t1 bison are also 
highly susceptible to infection. Sheep, goats, pigs, equines, camds, and dogs are occnsion311y 
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infc::cted but mrely net as a source of infection fo r call ie. Brucellu organisms or antibodies h~ve 
been detected in several species of wild animals, rodents and bi rds but these are also not 
regarded as true reservoirs of inft:ction for canle. Man is susceptible (Sewdl ef ai, 1990). 
Bruce/hi organisms have bt:cn isolated [rom cetaceans, se:lls, and an Oller (FoSter et (II., J 996) 

2.2.2. T ransmission 

In mosl Clrcumslances the:: primary escape route of B abortus is tht: uterinl.! fluid and pl.ICCI1I:1 
expelled by inrected cows when they abon or have a full It::rm parturition. 1 he risk posed to 
susceptible animals rollowing parturition of infected cattle dcpends on the lllllnbcr or Brllcella 
t:xcreled, the sur;ival of these organisms undt:'r prevailing environmental conditions. and thc 
probability of susceptible :inimals being exposed to enough organisms 10 establish infection 
(Cnm1b rd ef ul,1990; Rndastits el til, 1994). 

Brm,:el/tl ahortlls achieves its greolest concentration in the contents of the pregnnnt ut~nlS. tht: 
fetus and reml membranes. and these must be considered 35 major sources of infection. These 
tissues infected with B aborllls cOllinin bet\\een I 012. 1 Ol~ organisms (Sewdl 1ft (II .. 1990). Tht: 
excretion of organisms, however, is oiTected by a number of factors. It has been asserted that 
strain 19·vaccmaled and subsequently infl!clt:d cows excreteJ fewer organisms at parturition 
than non·vaccinated infectt:d cows (Crawford ef al .• 1990). Oased on exp..:rimentJi cases. tht:rc is 
evidence of decre.l$ing numb~rs of organisms when utt:rine discharges are culturt:d at sct.J.llt:ntial 
parturiuons and a substancial proportion of the uterine samples from infected cows arc culture­
negative at the second Ilnu third p3rturilion ibllo\\ing challenge (Cra\\ford I!I al. 1990). Th~ 
other source of infl!clion is Ihe infected bull. When used as semen dOllar tor anilic:ial 
insemination there is a considerable risk of inseminated cows becoming infected (Sewelll!f al 
1990; Crawford el llI, 1990). The transmission during nmurol mating is also Impof!:lJ1t and 
brucellosis is an important venereal disease (Se ifen, 1996). Horses ami dogs also may be the 
source of Brm:dJu organisms (Crawford el ttl., 1990). 

It is gent'r!lll) 3(,CCpl~J th1t fhi." b.r~i\U; of B ubtJr/lu out:'ldc the mamm.1li:m host plays no pan 
in the epidemiology of the disease, i.e, it does nOt multi pi) but mcrci) persists lCm\\lord cI e'1. 
1990}. The \iobilit) of B. tlbortlls outside the host is influenced by prevailing environmental 
conditions. In gener.ll, \inbilit), is enhancC'd by cool temperatures and moisture and limited by 
high temperatures, direct sunlight, and drynt:ss. 

The orol route is considt:red the most common means by which B UbOrlU,l' reaches J suscepl ihle 
host (Crawford I!I 01 1990). It has been suggested that the conjunctival routl! is olso imporl;.ulI 
in intt!nshely housed callie. CongenitJI infection is of major epiJemiologicaJ signitic:mct!. ,.\S 
high as 20% of heift.'f calves born by infccleJ cows arc pcrsi3tc.ntiy infected with Brllce/Ja. 
Although feeding Brm:c:lltHomaminated milk to VOUlU! calves from Brucella·free dum::. has not 
been shown to result commonly in p:rsistent mfeclion, the authors haVe! observed pregn;JllI 
heifers nursing other heiJi:rs in the same pcn. and this coulll result in transmisson of IJ lIburll/.\ 

The risk thaI susceptibll! animals will be exposed 10 an infecti..,e dose of B ahortus depends 
largely on husbandry practices under which the catt le nfC m~lnilgcd (RadostJts el cd, 1994), 
Factors contributing 10 thi s ri sk can be cbssilic!d into inter· and intr;;Jherd Ir;;Jn3I1lission. Fnclors 
inllucncing inlerherd transmission includt: the purchase of infech.'d repl::iccmcn! animab \\hicb 
are In tum inlluenced b) frequency of purchase, source of purchase, ami brucellosis tcSl hislory 
of purchosed animals. The proximity of infected herds to cle.:m hcrJs is n further important risk 
factur. emtle contacts at fence lines, sharing of pastures and strays of IJlfccteu animals into ch:an 
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ht'rus are common methoJs by which Irans mission occurs to adjaccnI herds. The risk factors 
which art: associuted \\ ith the spread of tht diseolSe wi thin a hl!rd include unvaccillaled animals 
in infecled herds. hen.! size. population densit}. method of housing, and use \lf mutcmity pl!J\s, 
large herd sizes an.! o ften maintained by the purchase of n:pluccmcnt caule \\ hich muy be 
IOI~ctcd. It is also more diOicuh til manage l<lq:l,c herds \vhich m:ly h.!aJ to l11unagt!ri..t1 mistakes 
\\hich Jllov. the dist'Jse 10 spread. Thert' is a posi li\c association bel\\ccn popululion Jcnsuy 
Inumber of cattle- to I.md an:;}} anJ di.sc:asc preHlil:nc.:: \\-hid1 is auributed 10 in rensed COllt.U:t 
betv..-een susceplible anJ Infected animals tR.ldostitis Itl ttl • 1994). The U!iC' Ill' mJlI:rnil)" pens at 
cah ing IS associated \'~· ith a I.k·crease in the prevalence of infection, presumubly due h) 
decre.blOl! the exoosurt: of inft:ctt:d ilnd susceptible animals. - . 

2.1 ,3. Ri.:, k r~ c l on 

S~xuaJly mature, pregnant callie are more sus~t:p(i ble to infection \\ith Ihl! orgal1l sm than 
sexuaJl)' immalurl! ClIIJ!! of eitht:r sex (Ennght, 1990). Young C3tl!t! are less susct!plible to 
B uharltls than oldl:r sl!xuully mature CJu1c lCmv .. ford el al. 1990). Susceptibilit} appears tll t'IC 
more commonl: associJh!d "~ith sexu31 maturity than age: Yllung sexually Immature \"'uttle 
general!) do nut bt:'come IIlfeclcJ follO\\ing t:xposure or rt:CO\er quid I) Susceptibilil) illl:rl."a-.es 
with pregnanl'Y and J.!; tht: stage of gestation inr.:reasc.::s (Cra,diJrd d til, 1987). Alh: r st:XUJJ 
m..Jlurit~ t.ht:rt! appart:ntJj Me no dift;:rt:nccs 10 susceptibilit} among nOIH accinated pregnant 
callie (GCk>dc t:1 til . 1957). R.uTh.1I1 (1965) conduded thallhcrc is a tend~l1c} for bulls to becnme 
mfecteJ.:It a younger .lge lIun females and the} m.ly acquire infection during r.:;I111100J and n:hlin 
11 mtll adult lite Cahes m.J}" a..:qUJre inl~ctilJn in IIIc!ru or b: ingestion of contaminated mil!.. 
Until recent } ears, II was belie\ed that the infection \ .. as illw·J.Ys I~mporn.l). Nicoletti (1980) 
qlloled \ilrious reporls stlting that a small but important percenta£c of heifer c:ll\es \\ hich \'erc 
infc:cleJ in early life \ ... ere nl!gmi .. ·e to serologic tests. and 3bort or bJve an infected cn.lving due 
to B abol'l!u dUring the lirst pregnanc} These are refelTed to as latent mfedions. Nil li.:lJ dalJ. 
hll\ ... e ... c:r, have been published on the extent or nsJ." of latent infcctloru; until \\'ilesmith f 1978) 
conJuctt.~ 31hllrough cpiJcmioluglcal stud) He estimated that ~.5:;II· 1I ofheifcrcahes oom to 
seroillgicully posili\l,: Jams r~r.:t~J positi\c in early adulthood ilnd !.:Ilnstituted a risk or re­
established herds. 

2.1.3.2. Se.'( 

It appears that no comrol sluJles have been conducted em the relame susceptibility of tenulc 
and male cattle to brucdlusis. Based on prevnlence ratc::;. it is probable thai bulls are flll1rt" 
reslstdnt lilan sexuall) mmure heif\."rs (Nlcolctti, I(80), The roll: oCthe bull in (he Irnnsmissiun 
of brucellOSIS has lk~n studlcd for Over 50 }cars. Plilckett ~'I (1/ t 1970) and MJnthei 3nJ Carter 
t I(50) re\-ie\\cJ lih!'f3lurc:. I,;ontrol experiments and Jield studies all natllmI.ser\!l'1.: and artili':l.ll 
mseminatiun. Tht:} ~on.:llldeJ tllJt Iran!Smi!:isioll to !Susceptible Cl.ms b) n~tllr.li ~f\-icc \\ilh 
mll:deJ bulls has not Ix"'n demllnslr:H~J in controlled expcrim~nts. PIJc!..et .:1 til (i 'J7hl ilnd 
\.I • .ullbd and Carter (1950) infecteJ S of 12 Brllt:dla-fr(!c cdule b} Intru·utl!lIl1C m!SCnllnatiull 
using con{;lminill~d semen from iUl infectt:d bull. 

2,2.3.3. Il uli t 

Brlll:c!/lu.: are intrac:c.::llular parasites. In this (nvironmenl. they ha\e protctlion from Ih~ inn.lle' 
hosl dcf~nses and rrom therapeutic agents. When in the quil:!Sccnl state. tht:~ du nlll CdllSC 
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fommlion of hutnomi antibodies. It is unknown if aberrant fo rms of th\! bach:ria are produced in 
vivo and if lhey play D role in the hosl- pdr3sitic relationship. Nevertheless, this cytoplasnml 
survival results in many epidemiological problems, There are varying dcgn.:es of individual 
reSistance to infection which are dependent upon gestat ion, exposure dose, age. vaccin~lIion, Olnd 
other unknown host~resistant faclors. TIlt! efre!cts of nutrition and heredity arc lar~cly unknowll. 

Natural or artificial infec tions uS(l3l1y pc:rsist indefini tely ah hl..)ugh some cHuh: rccowr 
spontaneously. Recovery rutes arC' probablY in the range from I O-ISu"u (Nicoldti. 1 9~O), 

-nlC influ\!nce of antibiotic lherap> has bt:'cn variable! anJ is affected by choi..:e of compounds 
and post-exposure- time of administration (Nicoletti, 1980). 

2.1.3A. Agent 

B UbOr{1l3 is n tJcuitative intrncellular parasite which is capabh: or multiplic<lIion and survival 
within host phogocytes (Rado:.tits If! ar. 1994). Tht: orgnnisl11s ilre phag,oC)IOScd by 
polymorphonude!a! leukoc) les in \\hich some survivt! :'II1d multiply. 'nlCSIt are then lmnsponeo 
10 I)mphoid lissues and It) the felal placenta. The inabilil} of the h.:ukoc)'tes 10 efli!ctiwl} !..ill 
virulent B llburfllS at Ihe primary site of inlcrtion is ;) key factor in tht! dissemill.:tllon 10 regional 
lymphnoJes, other sites such as the rcticulo-endOlheli<l1 sy::i tt!n1. anJ orguns such as Ih~ 11ll:rllS 
ano the uddl!r. The orgJnislll is also abh: to survive within macroph.lges bccilllsc it has the abitll~ 
to survive phagolysosome. Bructdla arc able to survive \\ nhin host leukocytes and nl<ty ulihzc 
both neutrophil:; and macrophages flJr protection from hUllloral .]Ild cellular bnclericid,,1 
mCl:hanisms uuring the periods of haematogenous spread (Enright, 1990}. 

The survival of B abCJrw.\· under field conditions or in Ic.bor::!.lories is mfluenced by the si71! of 
the inoculum, lenlpt!rnlurc. pi I of meJium, nUlrit lo.1n. action 01 aUhll:--ti(.· enzymes. sunlight. and 
presc:m:e of other miao-org:::misms (NII.:oleul, 1980). BnI4·C/lu src:cics Jrt! sl!nsiti\'c to 
pnstcuri2..1.tion lemperatures and to cOlllmon disinfectants_ 11 is dil1icuh to nSCt:11!lm tltt! elTel.:LS of 

em ironmental contuminallon and rcsistance or the organisms to l1<.ttural conditions 011 Ihe 
cpiuemiology ofbrucdlosis. The: b.1.cteria can be qUlle fragile or sur"i\ c for long ]1Cruxls. 

2.2.3.5. i\·t:ll1:1gcmcn l 

The ractors of Imponance in the epid.:miolo.1g) ofbrucc:llosis hn..,e been summarized b) Nicokui 
(1980). The spread of tht: disease from one herd to uMlhc:r anJ rrom one an:i1 to <lnolht:r is 
almost always due to Ihe movement of an int~cled rtnim .. tI from all infeclt!d ht:'rd intt:! it llon­

infectc:d susceptible! herd. The trend IIJWi.tn.JS larger had size n:slilts not only in u greater 
probability ofmrcction but Jbo 1Il:l higher previllence (Chri:.lic-, 19b'.». The im:rt:'nsl! III ht:rJ $I!.\.· 

IS usually accompaniet.l b) an increase in cattle density in housed d'liry callie I hcSt:' intensi\t: 
units cause serious problems in regards to exposure polential, especl.llly 1'0110\\ ing an abortiun 
It IS practically impossible 10 isolale! indiviuual cows at c~llv i ng or to dl!lt:ct immilll.!llt aborlioo. 
The failure of many in~i!cted cows to ha\·e serologic c\itlencl;: ofinrt:ction until an~r panuritinll 
or abort ion nt!Jri) always ru;SUI'<S pcrpl!luatioll of the discl.st.! inspite 01' hygienic I)r uther ,,:ol1trol 
11l":;lsur(:s. Kerr ( 1968) ob:...:rvcd lhal infecthm with hruccllo.1sis \\ JS gr':~lI~r in herJs \\ ith mure 
thall 25 CO\"'S Ihnn in thllse wilh !e\\t:r mnnbcrs. Ln;ge herd sizt.· i::; oliclt Illuinlained b) 
Introduction M rCpl:lCClllclll t.:alll~ rrom outside sources. RcpldC!.!Il1ClliS 111:1) origin:llt.: Ii-tllll 
multIple sources. incfCasing the probabil ity or introducing cattle \\ ilh IIlCUrull\C IIlrcl.:lions. 1 he 
purchase of injected replacement animals. Ihus. is the mujor factor responsible lor introducing 
brucellosis into previoul.sy frel! herds (Nkoletti. 1980). Other Il1tlll.lgelllt!1l1 factors inllucm:ing 
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intt:rht:rd transmission art: proximity to mft:ct~d herds, water ways , iJOd sca\ cngers (Cra\\ JorJ 1:1 

ul .1990). A vari~ty ofcattk husbandry praclices also hav..: been shown to be associated with the 
sp~~d of B {lbUrlll." inf .. 'Clion within herJs. Vaccination level. hc.:n.l size. popul.Hion density. 
method of housing, and use of maternity ~ns influence tht;! probability of exposure to inlection 
(CfimforJ 111 (II. 191)0). Infectil1n \Vi!S grGat~r in mixcd herds (56~1I) th3n in singlt:~hrccd herds 

(39°'o)( Kerr. J 968). 

2.2.3.6. T opogn lph) :1II1I climate 

Atmospheri~ Cl1ndllions and se:lSon of the year ma~ ha\c sc\cnl influences on the management 
and on cont.lcts bctwet:n inlectcd and susceptible callie:. The l)'pes or housing anJ methods of 
Ii::edinl!. are often dctermined by climnte. The sun ivai of the organisms is also affcl.:ted by the 
em ironment. The! physical le.uures of a f'lnn or ranch and the proximit) W o[hl.!r units furtheron 
mlhl he conslderC'd in tht!' epidcmioiog) of brucellOSIS. Vr:Clors. ~pedall) carrion l"r:eders. ;'lrt! 
~onsidered ml!ans of ~prt!"ilJ of inlh:!!!)n. flhysic:ll ~:lItlt:: COlUact.s at ft!"nc~s or confinement 
failures 1111o\~ herd- to~herd trnnsmission. 

Brucellosis hJS c1 mar~cJ seasonal char3cter and is most frequent In spring and SWllmcr. in 
temperJ[c Jnd colJ climal~s. \\hen .lS n Nsutt of abortion and parturition. <It;utt: C<lS..-S of tht.: 
disease m.l)' appear among aninmh. [n tropical and subtropical areas \\here hinhs occur 
throughout (hI.! }car. there' IS Ih.lseasona[ ch:W...lcter to brucellosis. nle seasonal natun: of the 
ui:)l.'J.Se is more markt!J in Itld of o\ine-caprine brucellosis than in foci or bo\inc brucel[osis. 
This is possibl) .tccounteJ fur in part b) the 10n,dC'r b.;tation pr:riod. oSl'-; [0 -"e\en months. in 
~O\\S (\V[ 10, [9SJ). 

2. 3 . Diagn os i s 

The many :!Spect5 of thl' d!Jgnosis ofoo\lI1c brucellOSIS IhI.\ e been the subject of many SCient! tic 
pnp\!rs. muuu.16. dud mon\.lgr.lph5. The FAO-\VHO monogr...lph 55 fAlton l!1 ul. 1975) amllhc 
61A report of tilt: Jllim F :\0-WHO expen ~ommiu~.: on bruc:dlosis n echnic:!! !epon series 7.10. 
1986) rrm ide ex..:elI.:nt refer~n":l!s. 

2 .3 .1 . D e m o nslr:lli o n h) mil' r os c o pi c c "' ;llIlin :lli o n 

T1m is a usdul proceJu~ lor the 1!..\i1min...llion of abortion mJterial. Smears or plaLent;!1 
cotyledons. feldl .!:itoma..:h ClJnknts, or uterine c\sudatc shoulJ tx:: heat-fixed and stnined b) a 

dift't:rential method sULh as K6:!1ler's. ~ lJ.chiavello's, or St.:unps mouificatlon of the Ziehl -Ncdsen 
stnlll Bru/,:c!lw organisms resist decoluriwlion b) \\enk aciu:, nnd u diagnosis elUl oftl.:n be b.bcd 
solei) on microscopic c:o.Jmination. Thr: method ,\ ill not difi"i::fCllli:uc between IJrllC:dlu ,lOd 
Co.tidla bllrlli!/l; or Ch'lII11J'clf". ho\\<:\ cr. The llul,.)rescent antiboJ~ methuJ has bc:c:n advo..:all.!J 
to Incn!a~C specilicilY In pl.u.:tiu.!. interprl!l • .nion oflhe results of this l\:sl is dirtkuh ;.IIIJ ilui1crs 
(C\\ dd\'c1l1hlges o\er the moJifieJ acid~fast stains. 

2. 3 . 2 . I su l :lli o n o f /Jrtl ce // {r 

1.3.2.1. Prom milk :Iud other litlUids 

Udder seaetions are gooJ sources lur isolating Bru.:el!tI. Solid iJ.nd blplM.sic sdc:cti\c medi3 ,ll\! 

used Milk i5 colh:cted fram cach tl!;J1 (ahout 20ml) . centrifuged ot )OOOg for 10 minutes. amJ a 
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mixture of cream and sediment is cultured. Samples that are likely to be hea\ ily contaminnted 
can be inoculated into guinl!i.l 4 pigs. Other fluids such as fewl stonlach ContenLS. semen and Buill 
from hygroma. etc .. ma~ be cultured directly or afiu centrifugation. ",hen appropriate . 

2.3.2.2. From t b~ ul.'.s 

The specimen is sectioned \\ ilh sterile instruments and m:lccratl!d \vi.h a st('lnKlcher or tiS!.l1c 
grinder \\ilh it small amount of dilucnt befon: being stre~lked on the surf~cc of agar mlo!diun1 or 
added to biphasic medium. If tis~ucs can not be obtained aSl!pticall~. the surtncc should be 
scared in a !lame belore being processed for culture. Culture in sdective bipilasic medium \\iII 

impro .... e tht: isolation rate from lightly inrec ted. samples. Feldl membranes are often gros:ily 
conmmin.:ncJ and a fmgmenl may be \\.a.shed in successi\'e qU:lJlwies of sterile sJlint." bel"r\.! 
being processed for culture The \\ash liquid must be cardully disposed 01T. 

2.3.2.3. From gcnit:ti t1 isch:lrgcs 

A \aginai s\'.Jb t.1.\.en 3ficr panuri[ion or abortion is an excellent sourt:e fLlr the reco\el) of 
Brllcdltl In CO\\S. sheep. and ~oats; [he use of J solid seit:cri'.'e medium is recommt.'ndcd. 

2.3.2..1 . Guine:l-pig inoculation 

Thj~ technique has \alu<! Illr the Isolat!lln of OrIJcdlo. \\hen spc.:imens Jre 4.kri\·ed fr\lm 
pot~ntiJ!J) cllJltaminalcJ StlUrces. such as milk. che(."-!)e, semen, or genital discharges. Dirc-tt 
culture techniqu(."s :1n.; supt:rlor I~r Unl"lliltaminalcd mJt.:riais. Slollid Srecinll!llS net:d III be 
homogeniu:J bdon: inje\.!(il.>n. inocuialtons should be m;lJt.: slJb,;:ulJncously and t\~() guinea-pigs 
b3\e [0 be u!>ea per sample With milk samples. all the cream-s~dmlen[-mixlurl!' ohl.nneJ from!l 
20011 sample should ~ used, one half being mjected into e.nch guinea4 pig, For hea\ II: 
cOnlamin:lIed mJlcrial not suitable lor pJrenleral injectH:m. IOrection of guinl!a4 pigs can be 
achieved b) or:11 applicJtion. One guineJ-pig IS kiibJ after 3 wed .. s. and tht.' sccond 6 \\Icd.:s 
after inoculation A blood sample for serological ex:unin:ltion is IJken at (hc lime of killing: 
macroscopic IC:iions an: fl!Cord~d and tht: spleen is cultured.. Eilher;1 positiVI! s-erok)gical r-esull 
or the iSlllalion of BrllI.:cdla wamnts ;} diJgnosis ...,f brucdlo~is. 

2.3.2.5. i\ lollsl' inocuhHioll 

For this technique, spet:ime:ns such as: pbcenw. or milk should be washt..'t.I in stt:'rile s.llirw 
solution and ground to makt! a homogenous :iuspension. The inoculum should be IIljeclcd 
Intravenously (0.1 mil. or subcutaneouslv. if the m..tterinl is heu\ il\" cont.1min:ltcd, into 24~ mice . . . 
The mice arc ~ilbj 7 days after inoculJtioll ,Ill.! the spleen and Iher art! removed for l:ulturc on 
nutrient medium. 

2 .3. 3 . Se r o logi c al te S t s 

RC'!iults or cultur:;al eX.JOlinations art! \el) important in the diagnosis of bmlOc bnu.':elll1slS 
Positi\ c results .lfe com;lllsi\e and should be the basis or e\'alUJlion of all other diJgnoslk: 
methods. Tht.:r\.! nre. howlo!\\.::r. man) situations \\hcre bJctcril>logical Jiugnosis i~ nlolt praclil.:.tbk:: 
and diagnusis has It) be ba,scu on serological method:i. t .g. in sur\"eys or crJdrcation progl.lOlS. 
ImmunOlogical n.:Llt:uons of brucellosis has bt:r:n the rusis fl)r the Jevdopmt.'111 of ~croll}gic I~LS 
and is directl), applir:able to diagnosis. 
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2.3.3.1. l\lilk Ring Test 

The r-.mk Ring Tl!sl is the most praClical and t'eonomieal melhod for locating infectt"d dairy 
herds and for survdllan~C! uf brucdlosis-fn..:e ht.:rds. If pcrfonnl!d on pookd milk 3 or 4 limes a 
year on each herd, it \\ill detect the majority of infc:ttt"d herds. Modiiit.::Jtiuns 10 the origill<ll 
procedures arc now m'.til,lblc to increase tht! sensitivity of the- teSt for use on IMgt.: hcrds. It cun 
:lIsa be used to delcet herJ infection in nomadic or senll-nomadic ht:rJs. Herds with a posi lht: 
milJ... ring test CJn then bl."' cx.tmineu by individuol serum or mi lk tl.!SLs to identify tht! inlce".:d 
II1dividuals. MilJ... from inJi\'iJual animab can be serially diluted in /Jruc:dla-free milJ... to 
dete-nnine the enJ titre of the Milk Ring test reaction. Tilres above 1: I 0 are suggcsuvc of 
infection. The Enzymt: Immunoassay has Iken suggested as ;) mon: st::llsitivc and spccilic 
ahemO:tI\e for detecting 8rucclltJ ~ntiOOdies in milk but requires further e"nluJtioll. 

2.3.3.2. Tube Agglutin;lIion Test 

TIle agglutination tesl performed by the tube Ilh!thod is the most willel) used procedure lor the 
ml!asurement of anti-Bruc:,dl.1 antibodies for purposes of international lr.tde, A B lIbOrllH 
antigen is used and rcsuhs an: expressed in illtc:mationul units (l. U.)' Th..: procedures V3.-:o' but 
usually follow the L'nitl!d States Dl!pnrtmellt of Agriculture (USDA) or Euro~an methods. The 
tube test me3SUfl!S the lutal quantity of agglutin.:uing antibodies llnd has the disadvJntage of 
reacting to posllmmuniutiull agglutinins and SOnleUl11es to those CJlISt!d h} hetefl)s(X'clric 
antigens. ~tan)' stuJies hn\c! shO\ ... n that ether 11:515 arc marc: s.:nsilive and specilic Illr 
uiognosing infected caUle. A modification uf this tl!:st involved the introduction of EDT A \\ hi~h 
reduces non-specific reucuuns. 

2.3.3,3. Plate .-\gglu lin:ltifln Test 

TIlis is a moJilication of the USDA tube test ad'lph!d for deIccHon of r.lpid agglutination on a 
gla.ss plale. TIle Il!chni(juc • .IOt.! IIlh.:rpcctJ.tillrlS ha\\.~ been described b} Alton c!1 til (1975). It has 
the aJ\ant.Jge of being slmpk Jnli mllre rapid than the lube a.:4glutimnion h!St, bUI is :ln~t:tt!d b} 
t!nvironmental cConloilti!.llls. The sensitivity and sjX'dJicit} are simih.lf to those orlhe wbe test. Thl! 
use of the plnte 3gglutlllntion test should bt: discouraged, bec3use other tl.!stS 'Irc superior. eXCept 
\\ hen serum quality is Inr~rior and its use is essent ial. 

2.3.3A. BurfL-feU Brucella Antigen Tc!! t 

1l1l.'Se are simple spot agglutination IQ;ls uSlIlg s\;}in~J antigt:'lls bull"c.:reJ h.l (I lll\\ pH, usual!) 
3.65 or 4.0. The Card Jnd Rose l3engJ.lll!Sts ilfl! best kno\\n: the anugen IS sl.lineJ \\illl Ros~ 
Bt!ugul solution. In /'!orth ;\n1l.'m:a. the antigl.'n is st<lined with brilliant ~rcen and ge-Iltian \ iolt:1 
The Rose Bengaltt:st has luund wiJe application .IS i..I scn::cning test lor individual diagnosis in 
herds of cattle. It is g.l.!ne-rally C'onsidefeJ tu be 0\ ersc:n:>iti \ e. cspel!iall;- in CJtlh: immunized \\ Ith 
S 19. For this rl.'.lSon. sera posni\e in the Rost.: Bl.'ngul test arc tCillUtl)' n::tcsteJ b} n ddinill\l.' 
tl.'sl. such as the Complement FixJtion Test. The Rose Bengal test has also bl.'I.'n uscJ Jt1 sur\'c)'s 
;lnJ sur.cillancC!. The Oufii:reJ rldle Aru;lulinution tC~l has a simd.lr 1"01...:: as the Rlbl! Ut:ng.11 
l'e~1 
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2.3.3.5. The Complement Fix:llion Test 

The Complement Fixation tcst (CFT) is fI!cogniz.ed as the most fcliJblc dingnostic test now in 
routi ne use ror individual animals. [t is relat ively insensi tive to amibodir.:s n:sulting rrom S 19 
imlliuniZ~lI ion . 

The work load resulting from the ti!\:hnical complexity of the CFT can be greatly n:duced by 
using it only as a ddinitivt: h."St on samplt:s that hove bcl!n round posimt! in a prclimin:lr) 
screening test, usun.lly ont' of the buOered antigen tests. Either warm or colJ tixJtion may br.: 
used ror the reaction b~twcen test scnllll, tllltigcn nnd complement. In waml fixation , Ih!: mixture 
is held at 37°C ror halran hour. In cold lixotion. the mb:ture is held at npproxim:lIely -t°C I~r 
14-18 hours. A number of ractors afrectlhe choice or me method. lik.e: 

I. Anticomplementnry activity in serum snmples or poor qual it) is mort! evidcllI \\ ith culd 
lixation. 

2. Fixation at J70e illCre!..lSes the frequt:ncy and intensity of prozones ~nd several uiluliClns 
must be testt:J l'Or each sample_ 

) , Fixation in m~ cold produces highcr titrt!5 in positive.: sera_ 
4 With cold ii:"\~li\)n the work IS incn:ased by one day. 

Whcn Iht: eFT has bccn lIsed as Iht: princir~1 ddiniti ve Jiognostic t~)t in Cf~ldictl ti~')n tampaigns. 
warnl fixation bas g~ncrally bcl!n used_ Govine serum is usually inaCll\:lted ut 58°C for 30 
minutes. Higher Icmpt:r3lures reduce anllcompkmenldry activity but ;JIst) n:uuce the 
comph!ment-flxing activity or Igt-- 1. 

Sltmdllrdi=C1tioll of fhl! eFT: A unitagc systt'm has been recommended. based on thl! St!conli 
Inlcrn.ltional Standard for Anli-Brucellu uhorflls St:rum (1SAOS). Thc second ISABS is t;lk.en to 
contain 1000 international complement-fix.:nion test units (lCI-TU) in a gi\cn method and irtlli) 
serum is lesled in n given metbod and gin::) a litre of ~-.:ty 500. then the 1:1('101' I'm all unk.mml1 
serum tested b: [hut method can be (ound by tht: tormulJ; 

10001500 x titre oftt!st senlOl = no. ofl CFTU ofnntiboJy in the tl:: )1 SCrtll1l 

The Euro~an Union has auoph!d this unit as EU unit. The ISABS comains olily IgO; Nation",1 
standard sera should be also calibrated on this isotype f\)f their s~cific complement-fixing 
aCli\'it) . It is recomml!ndl!J that any country using the CFT on n. n<uionui scalc shQuld obt.J.in 
agreement on the unitJgt! system. fixat ion method and I:lbonHol)' lest procl.!tlurcs bct\\cl!ll tbc 
diITt:rent laboratories pcrfomling the test b)' a standard method. This aIl0\\ 5 the salllt' le\el or 
sensitivity to be obtained. 

2.3.3.6. Suppi('menl:lry Tests 

i) Ethacridinc (Ri\,:lnol) AggJutin:lIioll Test 

The principle of this lest is to eliminate thL: rt'aclions c:l.LJsed by Ig,vl antibodics lilat pl.:rsi st 
following S 19 immunizutlOn. In the USA. the Ethacridine Tl!sl is olien pcrfi.lrmed on sera that 
an:: positive in sr.:rccning procedures, such as in the bulli.:rcd :tnugcn tl!SI. Equal CJlI31ltitics of 
serum and t:thacridine solution are mixed in a lube. A precipitate is romled alier whkh ch~u~l,)JI 
is added and the tube is centrifuged, The supernatant is then tested with the cth.lcridine plate test 
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nntigl!n. DiOerent dilutions ore tested on n glass plate. The cthacridine agglutination lcst ha.s 
b~t:n extensively evailliued and can often replace more diflicuh procedures, such a.'i the CFT. 

ii) Enzymc Inllu uno:lssay 

The Enzyme Immunonssoty (EtA) has been extensively investigated as a ddinilivc It:SI ror tilr: 
detc:ction of WlliooJy 10 Brill.:ella in bovine sera. The test shows great promise of increa.scd 
sensitivity and specificity. Both whtJle-cdl and purified lipopolysaccharide aJuigcns hme been 
used and a variel) of HOIiglobulin conjugall!s and substralt's. A grcm de:!! of ... "ork is still required 
on Iht! standardization of r\!ugt:nts. Thl! EIA is a valuable rcse:lrch 1001 that Call employ purificd 
Brm:dla antigens and specilic and scnsi ti ve anti·immunoglobuhn reagents. thus pl!rmitiing Ihe 
mr.!;burement ortht' inununoglobulm subclasses of Brflcdlu antibodies to defined antigt!ns. 

llle Enz)me ImmunoJSSJ) lest promises 10 pro\'ide a basis for the development of a nl.:\\ 
generation of:simplc! t~sb th:.ll can be cOllliuctt'd \\ith incxpensive equipment amI reagel1l'i. lor 
example as dot immuMu:>sa}s. using antigt:n adsorbed 10 ptlper. Australia and Canada ha\ e 
adopted EIA f~r use In their national bru~ellosis program (Alton 1:1 (II. , 1975). 

ii i) T he ,A n:llnncsril; TC.\ I 

This test has been rJt:\dopd 10 detect hUl.!nl infection in c:lttit: in eradication pro~rams. It is 
basl!o on the prim:ipk tildl it is possibk to distinguish serologic~lI) between a prim~ll! and J 

secondary respolls;: b) the injection oi a ilrllctd!a antigen. In practice. cattle ar..: tested by th~ 
routine serologic...J method, usu .• dly CFI. and r;:actors are rl!nlO"ed. TIle ncguti, e caule an.: 
immuni:tt:d. lLSuall> , .. ilh n "hm·lIll' 45i~O \accine Approximatdy 6 , ... eeks Idter th\!) are agOlin 
leslc!d and further re:lcton. ar.: rl!mo ... eJ. Thl.! ammlllcslic test can not be uSl."d III c.lItl ... pn::\ iously 
immunizt:d \ ... Jth S 19 This te:>l has bl.!en used \\ilh success Io eSI'lblish brllcdlosis·/"rce groups 
of \,eanl.!d heifers in r:.IIlgl.! I.:Jul.: Ihm can not be mustertd n:gulurl} by Sl:rologicJ.l testing. It is 
necessary to eru.ure thut the balch of vaccine 10 be useJ does not pradu.:e posllhe ctJlllrlemcm· 
fixJtion reactions in ncgiltlvc ;lI1imals. 

Various OIher serological tc:-; I.s h.lvc bt=en used experimental I) without so far being accepted for 
routine usc. TIlese lest::. indudl.! the Indirect IIt!molysis Tt'SI, a sensitive: nnd spccilie pr\Jct!durt: 
thut gives hllll." reactitJll ,\ ilh antibodies resulting from S I Q ImiUunization. The I h~nh)lysis in 
Gel Test is a simibr proceJurco 111 gel, but is considerably mort' scnsiti ... e to vacdnal antibodies 
th:ln thi! Indirl!Ct IlemlJlysis Test. The Radlul Immunodiffusion TC!ll is :1 Simpit' geJ ·dilTusion tt.'M 
utilizing a polysaccharide I Poly B) hapten. It is especiall) in!>cnsiti,c to "'llccinJI dntiboJies. and 
detects 3 high proportiun of cattle exerting B, llburlll.); in milk. The emen Plasma A~gllllimllion 
Test is usdul in dIagnosing localized genital infection in bulls, sinc!;! results of bluod serum It'S15 
miJY be. misieading In illh;.'r~ic tests. a protein allergen is extrutted from a rough struin 01" B 
melitellsis in c.:llIie of ... arilJus breeds. Tht' lise of allergic It'st:.; was not compatihle with vm;cinr:s 
II 38 or 45 '20 but I.:tJuld be used in canie that h;Jd ~en vaecin;,.ilcd \\ itll 19 ilt k.lst 2 ~ ears 
pre\ iously. In ne\\ I)' Infcclt.'u ht:ros. tht: skin lest gave n more compl!.!ll.! and e:lrlit:r response th~11l 
Sl!rologlc tesls. Lymphoc)le stimulation ust!d an ilHlitro blastoc) Ie troUlsfor11lation system. 
Using mouifil.;ation of this It.!chniqLle II WaS found Ihal cell·llll.!dialell lI11illllnc n:spons~s 
apPCl.1rell earlier than I1nlibodic~. \\crc higher in infectcd thun in \accinated cattle. wen: poorly 
corr~lated WIth serologIC leSIS In 'ac:cmnt\!u cattle. anJ were useful in dificn::ntiatilH! vaccinal 
from mfl.'Ction serologic lIIn:s Nicok tti (1980) dl!scribed the stage of infection. V:!CciIl3tioll. 
heterospecific antibodies/antigens, and thl! herd status as epidr.!miologic factors \\hich aflcci herd 
and individual animJltcsl results. 



2 .3. 4 . The sC ll si t i \· it y. spec i fic i ty an d ':l g r ec m cll l of se r u l og i ca l 
t ests 

The l3uffi:reu PI:lle Anlig~n Test, the! SI.:lIldard Tube /\ gglu ti n:.llion lest, Ih~ Cornplem~nl 

Fixation test, the Il t:mol)'sis in Gel test and the Ind irect Enzyme Immunoassay test w..:re 
evolumed (Dohoo et til. 1986). SAT I (2:II2S). EIA 1(2: D.2!D) IIIGT "nd BrAT all had actual 
sensiu\ !lies over 9S~ Y. Tht: CFT had no faJse positive results among s3mples from negative 
herds (specificity = IOOC!'u). With the exception of SAT I (~ 1 (25) 311 t~stS had rcblj\c1y high (2: 

98.8%) spe:dficities nmong non-v::Iccinnted canlt:. Nielsen Itl ctl (1996) est:lbl ished th1..' 
sensilivities and specilicitie.s respectively: BPAT 97.9% nnd 98.6%. eFT (anticomplcmentdry 
sera taken as positive) 97.1C!'o and 93.1%, I-ELISA (2:: 0.460 OD Cli t 011) JOo% and 96°'11. Oohoo 
I!I £II (1986) ha\e fIJuml that the percent agreement ranged rr~m 69.3 11

'0 to 98.60 '0 and was 
generally highcsI for pairs or lests \\ ith ;1 high level of spt!clicHy. The kappa statistic re\ealt:d 
BPAT and SAT II (2: 1 50) to h3\e u high level ofagreemenl, as did Ihl.' eFT \\illl EIA 111 (2:: 
0.300) nnd EIA IV (~ O.3 .. W). All other combinations of tests had relatively poor :lgreell1l:nI 
(kappa < 0.4). Hov.e\l!r. all orlhe kopptl stJlistics were significantly ditle:n:nl from zero. 

2.4 . Immun o l ogy 

There hove been mnny advunces in recenl years in the slLIJy of immunoglobulins. This 
InfOmlJtion is summarized In the joint FAO-WIiO 6111 expert committee repnrt on brucellosis 
(1986). The following lext on rnl! immunology subtopic is brgcly borrowed fram this report. 

2.4 . 1. Ilum or:II imRlune re s p o nse 

TIlt: immunoglobulin isot} pes present III seroiogic:llly significant cal1centrations in bllvinc 
sennn arc IgG I• I gG1. l g~1 and Ig!\ . Ig!\ l:oncemrations in bo\im: Sl:rum :trc usually very 1\)\\ 

and the rolt: of this iSOIYpe in the various serological teSts has not ~I.'n clearly detined. Secretor) 
IgA in milk does pl.l), an IInponanl role in the Milk Ring Icst. I g~1 also participates in this 
reactian (Sutra tIl al. 1986). IgG 1 will produce an agglulmote ultht: bottom o(lhc: tube and may 
interfere \\ith rmg lormutilJll by the olher isotyp~s. 

The first iSOl) pc prot..!u~cd aftr.:r an initial hcn\ y infection or S 19 immulli.auioll is I g~ I. This l'J!l 
usually be detected in the first or second \\cel.; follo\\ing tht: initial Jnti!::,enic slimulus. but is 
soon followc:d by IgG antibody. 

IgG, is the most abundant in serum and excecilli the conct'ntration of IgG~. Thl! magnitude.' and 
duration of the antibody response following immunization IS directly rehtted to the.' a~e 31 
immuniwtion and the numbt!r of organisms auminislcred Follov,ing e.\pusur\~ to \ inlh:nt 
B abur/us, antibod} may appear in 4-1 0 \\e.'eks or longer, depending on [he siLl! and the rOlll!! of 
t:ntr) of Ihe illo..:ulum .mJ the. stage of prt:gllJnc}. but e.ven under controlled \!\pc:rill\1..'ntOlI 
conJition:) there is gn:.n \ ari.ltioo in resporbc I[om anim;\1 to <ll1lmal. A disturbing nllmber Ilf 
iniected animals do nut Jc\'elop antibodies or the IgG class unlil p.:lrturillon, or 1 .. 3 weeks ufier 
parturition 

Anllbol.hes 01 the IgA. Ig'\1. IgG 1, IgU2 ISOI}PCS can all rcaClIl1 the Tube· .. \gglutiniltion tl!.sl. but 
those of the Ig~t class Jrc by I~r the must efficienl. The ngglutillJllng and pn.~ipitating ~u:li\ 11Il.!S 
of IgG1 antibodies are. enhanced at high salt concenlrJtion;; Or under acid conditions and this 
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isotype is reacti ve in the Card and Rose Bengal tests. The n:nc tivity of I ~M in this type uf test is 
dependent on the: prt.!cist! ll1t!thod of preparation o flhe ant il:;t:1l and the procedures used. 

T reatll1t:nt of serum with cthacritlme dye selec tively precipitates out morc Igt-.. l than IgG. 
r rt!iltEnl!llt of serum with SUlOlydl)'J reducing agents, such <IS 2-l1lcrcapthlXi!mno l or 
didllhioLhr~ilol. dissociates the JgM pentamer and reduces its agglUlinating activ ity wi thout 
affecting that of the IgG isotype. 

When the CFr is pt:rfCJrnlcJ by the wann fixation pb:uc method, efiecti\'ely ollly antibodies of 
the IgG t isOl)pe are detected. Using modiJicat ion of the teSt procedure, Igl'\'1 antibodies may 
react in lht: eFT and this muy account lor dillerences in results produced betv.een laboratorie.:s. 
It has been suggested that, as the rc::lativc complement-fixing. elliciency of Igt-.. ! compared with 
IgG is grcater nt J7°C thun at ..J oe, the CFf should be less sensitive to J g~ 1 with cold fixation 
than v.aml !ixatloll. Observllti()os frolll tbe liekl suggest. however, thotthe reverse is the cast!. 

Thl!- eFT fails il) measure the non.complement fixing isotypes IgG! lind IgA. Tht: IgG! isotype 
can interfere \\lIh eFT b) IgO I amI in sufticicnt proportion. causes prolonl:s, utypic.::tl f\:~ctions, 
and mist: negatlws. 'Inese elTects depend on the antigcn COIll:Clltratlon uscd. and nre greater with 
warm Iixt1tion thun cold fixution. 

Antibodies or aliisotypt!~ except 19~ I may p~uticipntt.' in the COl,)mbs Antiglobulin test, but IgG, 
and IgG1 are quanLitativd) the most important. Renctions in the EIA test depend upon the 
speCificity of the.: enzyme Lt~leJ antiglobulin reagent used for the secondJry stagt.'. 

It is widely bl.'Ueved thal sU!>taim:d production of IgOI antihody IS charnctl.!nslic of chronic 
inl~ction but thJt JgM antiOOdy persist:> in animals immunized with S 19. TIle CFT is superior to 
the Tube Agglutin,lliiJll tes{ in detecting chronic inf(:ction, wherelS the agglutin;lIilln test is more 
subject to persistent n:;Jctlon after S 19 immuniLilion. This is bdit!\cd to be because the Tube.: 
Agglutimllion test is more si!llsitivo! 10 Igf\1 than to other antiboJ) isotypes. \\ hcre35 thl!' CFT is 
particularl) sensitive 10 IgG(. 

In all the: slam.lLlrd tests mcnti...,ne.:d abo\e, the senml antibody mea!>ured is primarily directc .. lto 
the smooth lipopolysaccharide ($·LPS) antigen of Brucella. Infected cattle also produce 
antibodie!i. predominantly IgG I to l'\utive Ilapten (NIl) Or to pol) B hapt..:n. Precipitating 
anti bod) to thos~ is only trJnsielltly produced by vilccinllh::d cattle. It can be.: assayeJ by Illr.!uns 
ofa rapid R3dial lmmunoJiITusioll test and by EIA. 

2 . " . 2 . Ce ll mediat e d immunit y 

8rllc.:e//d species an: facultati\ e intracellular pathogens. llley are readily phugocY!l)sed b) 
macrophages and polymorphonuclear leukocytes, and in th~ case of virulcm straill5, an: capabll! 
of sur\'iving \\ ilhtn the!>.: l:ells (Tiz<ml. 1992). NOt nil BrIuv/ltl organisms are 10 be lound within 
cells, and philgOC)tOSls is promoted by antibody, Ho" .. cwr, since \irulent Brut'l!lItt (.·an sur .... iv!! 
within nonnal macrophage:,; for long periods, recovery from infection is likely to be d~iX'I1IJcnt 
uplln the acquisillon ofltlcre.:J.scd bactericidal activity by those phagocytic cdls. 

Macroph:lg~ activation occurs \\ hen T-lymphocYLcs of the appropriatc subSl!t are stimulated to 
retc;l5e lymphok.llIes, Thl! release of these a<:li\3ting f.::tctors IS dt.!pcndt:nl upon n.:cogllitiol1 orlh!;! 
appropriate anttgen by the T·lymphocyte and is subjl:ct to rt!gulation Ihrollgh till: major 
histocompatibility comple;..:. Live organisms capable of t:st:lblishing persistent intracellular 
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infection and certain types of antigen. wi th or without t1djuvanl. arl! the most I!fiectivc inducers 
of cell·mediatl!d imlllunity. Ce ll ·mediateJ immuni ty is associat ed with the ddaycd 
hypers~nsi t ivity reaction. which CM oflt!n be elicited in infected animals by thc intmcutaneous 
injection of antigen. Some Brucella vnccine.:s, like B aborlllj' S 19 amI B. nu.!/ill!l l.\·is strain Rev. I 
and adjuvant vaccinc:s 1138 and -1 5120, art! effective inducers of delayed hypersensitivity 10 

8fl/cel/a antigens but this is not always accompanied by Ihe developmc.:nl of prOiectht! 
immunity. 

Pre..existing or pussi\'ely lransft!rred antibodies can protect against subsequt:nl inf,:clion with 
BfI/cel/u. However. in experimental infection in mice. antibody production l:an be ,:lr1ilic.:iaJly 
suppressed \\-jthout afTecting the outcome of infection, suggesting Ihat cell-mediated immunity 
is of major importance in rccavery. Nevertheless, nrltl.:ella organisms are kss sensi tive to killing 
by activo ted macrophages Ihan e. g. Li.!lltria mOl1m:yfugcm:s. This relaliw resisttlnce to killing of 
Brucella mny contribute 10 thl! chronicity of infet.:tion. 

2 .5. C ont ro l allLl pr (' \l"nli o l1 

The justificalions for the control and prevention of bo\ ine brucdlvsis are usu:llly L1iviJed into 
twO major cat~gories: economic and public health. Three major t;:'nns or control ::md prevention 
are- usual I) recommended (Nieoklti, 1980). Thl!se 3rt! v3ccinUlioll. test-and-isolalion or 
slaughter of seroposili\ e c~lItk, and management practices. 

2.5. 1. V a ccill :lti u l1 

2.5. 1.1. Str:lin 19 

This vaccine remains tht.· mosl \\ iJeI) acce.:ptcd immunizing age.:nt against bovine brucellosis. 
Adult animals vaccinated with S 19 Je\'d op a better immunity than cnl\es (Wddmann, 1991). 
However, due.: to the danger of abortion in pregnant animals, vaccination h3.S thus usually bct!11 
perfomled above all in c:llves. resulting III nn avcrage protection from infectilJl1 of aboU{ 70~'o. 
Also, Ihis vaccination scheme reduces tht.: lonnJtion of completdy agglutinating antibodies h) 

Il minimum. A rr:duced dose of !>train 19 administl.'fed subcutaneously (Nicole.:ui I!I cd., 1978) 
cnhant.:es the pr.u,:li~;.Ilit) of lltt: u::.c lit tl1l' \lCif,:cine, n:ganJJt.::::.::. ur Lit\,; .Igc vI' ""oIlt1e. 10 ~CLLCIo.Ii. 

there have been fe\ .... dinercn~es in prott!ction reg:lJ'dless of the mUle of iJdlllinislration but large 
differences in serologic response's 0.1icoletti. 19S0}. The commonly rccom!lll!l1deo Jgc for strom 
19 vaccination is 2· 10 months, depending upon brt!ed This proccdu(i! was adopted primnril) to 
avoid persistent agglutinins and to protect young cattle against brucellosis. Whik it is desir3bk 
10 reduce post\ accinal diagnostic problems. restricting vaccination to calfhood resull:; in mnn) 
impractical applications of the \ accine ami, therefore, in a rt:dllced usage and in highly 
susceptible h~rds (Nicolelli, \980). The- postvaccinal titre problt:ms can be large!) overCOL111! 
through :l reduced dose 31111 npplication of supplementallCsl proct.:durcs. 

n\1! strateg), in S 19 usage should lx: t\1w,lrds whole herd immuniLttion. using il reduced dose 
\\l lh subscque.:LH \a..::cin:llion of rcplaccme.:nl can Ie "ithollt much regard to .lge. The olien qU(lteJ 

prolcction rate of 65·70° '0 is largely based upon im!ividll~11 cattle challenge.: wilh ::.t.mli.lrdi/cd 
slruins and dosl!s, The protcction 011 ht:rd bJ.sis is mut.:h grc.Hcr dLLo': ll~ incrcas~d herd rc.si.sI.JIlC':. 
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2.5.1.2 . Str;lin ... sno 

The rough stmin -45120 is inar.:ti vatcd and incorp0rilted with 'In adjuvant. It callses It:w 
diagnostic problt!llls t'xccpt with the. e FT, Rt:SuIt5 of studies on the effectiveness have varied 
but h:wc gl!nerally shO\vn that two dosl:s aJlll inistered 6· 12 wr.:r.:ks :lparl cll~~ndt!r rt!sist:lI1cc 
comparable La S 19 (Nkolelti . 1980). Latently inlected animals r<!nct to :I \'ucdnalioll with 
45:20 with an immune resp()nse, which difft:r5 from Llut of non-infected animals If nn 
vaccination has been administered beforehnnd, e.g. with S 19. 

2.5. 1,3. 1138 a nd Brucella suis S2 

The H 38 vaccine pro, ides a higher It!\d of protection after a singh: applkation than tht: 
"'5,'20 vuccint.!, bUI it produces very high litre::; in all immunoglobulin classes. Animals in all 
age groups and thus entire herds elln be vaccinated with it aI one time \\ilhout risk. '1 he 
pratecth e effect is quickly fI:3ched. 

Brucella slli~' Sl is J n\oe vaccin~ devdope I in Chinn which is administered orJlh. nnd n 
reJmivdy new choke in Iht! OlC:J.ns of combatting brucdlosis. For beef cattle. sheep. gonlS and 
pigs rales of pmtt!l.!tiull of 751)'0, lB~·o, 82~1I. o.nd I:!~II, rt!spt:cti\d~. are aU3111c:J \\ith a sing!l! 
appl ication (\\·eidmann. 1991). Boosler \accinJtions scarcely increase the k\el of inununit~ 
obtained. Within 11 le\\ l110lllhs alier immuniz...'ltion, the tilres of the most impon.:l1H 
immunological teSls sink 10 u It:vcl allowing test and slL1u~hter methods. Thcse propertil.!S make: 
tht! vilccme seem suit.lbk fur muss immunization in extensive husb:mdry systems. 

Nicoletti (19S·n ilnd Wt'"idmLllUl (19\.)1) asSCI1 that reduction of brucellosis in high prcvah:nt 
areas is be:.t accompii:shl!J by mass immunization. 

2 . 5 .2. TCSI-:..Illd-sl;lu~ hlcr 

Whcn lhe rate of l!lrc:~tion I:' reduced to an ilcccpmble It:\cl. about 1-';%, lest-and-slaughter 
methods can be slarted (Weidmann. 1991). This step is to be rigorousl) carrit:d out lImil (\\0 
successive precise \\hole hl!rJ teslS, conducted six \\'eeks apart, yidd ne~ative re:iults. Th.;!o the 
herd in question cun be givcn a brucellosis free status, but this still requires furth~r regular herd 
k!)!s and further pruphyh.lclic vdL'c in:1liuns If thl.: disease 15 pn.::sen( in thl.: cm irUlum:uL Cuut.ld 
"jlh sllil infected s{;)cl.. should be prc\cllh:d. or it should be limitcd tu m.t:wisc dlscases-free 
Sloe\.... 

2.5 .3. ~loi n;l gt'llIl'nt pra c licl.'s 

From tht: cpidellliolot;) of the disease, important steps to be implem.;!ntl!d at an l!.:1r1y !)tage 
inclutlc thr.: isolation oi -.::nlving animals in separate calving pens \\ hich nre subscqul.~ntly 

dismfectcd. the burning Ilr burial of placelll3s. aborted fetuses. etc .. t~sting and quar • .II11int: of 
ne,\ly arrivt!d animals. regular examinJLion of the hc:rd, and slaughtering of 'lnil1l~lls \\llh 
positiVI! reactions. If ones (l\,n herJ is still di:sc3se-free. conm'l with neighbourin~ In:rds must bit 
prevented Iftht: dist:Jst: is cOlootic, certnin group sizes should not hI! exceeJt:d ~Uld lUlIlCCC:i<S<lry 
ne\\ groupings should be :Ivoiued. 

t\lany modilications or th l.: environmenl. livcstock management pmclict:"s. SOCial customs and 
rcsources \\ ill ~ nt!ccsS:J.1) before Ill.my countrit:s can consiJer ..:r~dicalion progr.UllS (Nicolcui, 
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1980). Only in thr.: mort! prosperous industria l count ries with superior infrJstructure the gon! can 
be the eradi cation of brucellosis at the l1ationalleve l (Weidemann , 199 1). 

There exists a gene ral consensus though that brucellosis mUSl bt! combatted everywhere, so as to 
ker.:p the disease occurrence which has increased in recent years, at least at its present le\ el. 

2.6. Imp or tanc e of bo v ine brucello s is 

2. 6 . 1. Veterinary impOrt:lnce 

The disease is charncterized primarily by abortion 3nd infert ility in CO\\ 5. It is frequently 
associated with retention of the placenta after calving and metritis may develop. Brucellosis is 
respon,>ihlr.: for many cases of hygromas in cattle and abort ions in cows are associated with 
swellings (Akakpo el at, 1978). In French West Africa, it is known that brucel losis is 
characterized by bu rsitis, arthri tis, and subcutaneous abscessation (Chukwu, 1987). In the bu!!, 
B. aborlus is known to produce orchitis and sterility. In addition, it Jllny cause enlargcnll.!nt, 
purulent abscessation and focal necrosis of the sem inal vesicles (Radostits eta/ , 1994). 

B ahorlus has ~en iouml to C:lUse na!ur.:ll infection in horses including occasional abonion in 
mares (Chukwu, 1987). It has sometimes been associJted "itlt poll-e\'il and fistulous \\ithcrs. 

2. 6 . 2 . Ec o n o m i c imp o rtan ce 

Chukwu (1987) has discussed the economic importancl.! of brucellosis. The disease causes losses 
due to abortion, diminished milk production, and condemmtion of anim:lls due to breeding 
failure, and endanger,> the animal expnn 'md~ nf <l nmi('IO. Ilum~n hnrcellnsis call::;e~ 10:;::; ~f 
man-hours and medil::ll costs. There are losses in linanci:l1 investments and government costs on 
research and eradication schemes. 

Tariku (1994) estimated in the ChJtT:l State Fann in Ethiopia, conslsung of 193 breeding 
females willl a sero-pre\':llen(;e of22% Jnnuallosses to be about l3irr 88.941.96. Fin:lncial1osses 
dul.! to Bnlcdlosis in some Africlln countries are shown by Chukwu (1987) Crable 3). 

T:lble 3: Annual financial losses due to brucellosis in some countries in Africa 

Country 

Cote d'J\ 'ore 

Kenya, Tanlnnia. Ugand.l 

Nigerirl 

Species 

Cattle 

Cattle & Sllt:ep 

Cattle 

2 . 6.3 . Pu b lic health imp o rt :t ll cc 

Fin:lIIcial loss (in mill io n) 

Fn:nch Franc 150 

USS 33.4 

USS 233.88 

liuman bmcellosis is primarily due to one of Ihree species: n tm:lilensis (gOals), B SlIis (hogs). 
and fl. {/bVrlm (cnttle). Brt/cd/a c(miJ bas c;)used illness in tt.:w humans, and no human disease 
has been ascribed 10 8 ovis (Isselbacher el al., [980). 
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ll. (/bur/us caus!.!:) umiuhmt ft:vcr in man (Thi llllll, 1982). BI"IKcl/u·infectl:d cows !.! x!; r~tl! 

Brucelllll! in their milk sporadically throughout almost lheir en tire period of lactmion. I·knee, the 
consumption of untreah::d milk and milk products from infected animals exposes man to serious 
risk of infection by B. aborlfls. Brucella remain viable for a long time in refrigerated meal. The) 
also remain viable through lhe pickling process (over three months) (\\'1-10, 1983). Meat and 
meat products obl3ined from Brucel/a· jnfected animals are the Sl)urces of in fection in Ihos~ 

v~orking in the meat proct:ssing industry. in livestock o\\ners \\-hen such livestock is slaughtered, 
and its meat eaten at home and in those who buy their meat in markets. Infection oecurs b) 
ingestion ofinfe..::ted raw milk, cream, and cheese, hO\\icver. most eases art! occupational hazards 
acqLlired b) direct contact wjth infected cauk. The incidenc!.! in humans is directly related to that 
in canle (Nieoleni, 1980). The prevalence in humans in some African coulllries is S1!0 .... n by 
Chllk\~ u (1987) (T ~ble . .n. Literature 011 the occurrence of brucellosis in humans in Ethiopia is 
nOt u\ailable. 

Table ... Prevah:nce of human brucellosis in some countries in Africa 

Co untr) I)re\ :l Ie nee No. T es t Year Refcrclll'c 

(%) tes ted 

Nigl!rla 7.6·29.8 13999 SAT 1961 cited b~ Chubn! (1987) 

5.55 738 SAT 1974 " 

Somalia O.D 353 S.AT 1978 " 

TJl1lJIlIU :!2 .6 540 SAT 1967 " 
~O 80 1968 " 

Uganda 6J 3164 s.n 1972 " 

2.7. ll r uccllo:,is :llId r ep r o ductiv e p C I' furlll:lIl CC of CO\\ S 

Different studie::; sho\\eJ a link bet\\et:n infection \\ ith brucdlosis and poor reproductive 
performance. Con~eption rate in h~rds with no reactors \\as 62°/u versus 55°'u in herds \\ith at 
lenst onc positive all!mal (Kerr, 1968). Kerr (1968) also obscrveJ 11.14°0 ubonions in 
Hl!ected alllmaJs, and j-4"'o 111 nOlllnfected animals usmg Ihl! lvlllk King lest. 

In the Chaffa dair) t:ll"ln a significantly higher lil~ birth ratt!' and milk ~ielJ \loa:, ob::.erved in 
brucellosis-free groups \\hen compared \\jth brllcellosis·p0::;ili\'t!' cohons \\ill! a brucellosis 
infection rail! of21°o (Tariku, 1994). r..luklar (1993) found a 54.2~u non·conceplion raIl! in a 
mixed herd of Fril!sian-Zebu cro:.scs and Zebu \\ ith a brucellosis prevalence of 38. 7~ o. 

2 .8. D :l ir) p r o ducti o n in I~ thi o pia 

Ethiopia has the largest li\cslock population of an) coullIry III Africa. According to th.: FAD 
I.i\ c:.tod Sectur J)1,;\dupm..:nt Project Pr..:paratioll Ih:pol t (1993). li\ csh)!.;k prodlJ~tlon is 
t:stimatcd to contrihutc around one tlmd or agricultural GOP JnJ 15°0 of totoLi GOP. Total 
national milk production is assessed at 780.000 10 830.000 (Ons of ra\\ mil\" equi\alents. Of 
the total national production betwt:~l1 85 and 95% comes from cnuk. th~ balance from lilt: 
national goat flock and c,:amel herd. This repon indicated that prodllction from the nalional 
herd· estimatt:d at between 16 and 29 miJ1ion heads - is assessed at 1.5 1 per day owr a 150 
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du> h.lct:.ttion. The MOA I!stim .. ltl.!s th:.tt 0.3% of thl! natioll:'!1 1l!..:rJ :\rc lIpgradt!d animals. 
Production from improved animals varies from 6 to 10 I per day over a 170 to 300 ddy 
lactation with calving intervals of 15 to 18 months. 

The mlJrkcting of fresh milk in Addis Ababa is undertaken through live major channels: 7 J% 
is sold dirl!cliy by producers to consumers. 15% is sold through producl!r ~SS()Ci.lliol1:S or 
gO\'cmmt:nt outlets. 10% is through private sec lOr ou tlds, and 4% through itinl!ranltraders. 
The role of the Dairy Dl!velopnll!nl Enterprise (DOE). once duminating the 10r01nl marketing 
channd, is d~clining due to the recent government policy or privalizalion. Recent anal}sis 
showed small peri. and intra-urban producers with an average production of 3 I per day 
suppling th~ major share of thl! direct producer consumers sales market (F 1\0. 1993). 

The Dair}' Rc:=habilil:ltion and Development Project (DROP) had und~rtaken :111 cxt~nsi\e 

livestock sub-'it!clor revil!w in 1985·86. The focus W35 a slurt from stolte: f.lrm ami s\!rvice 
cooperatives de\,e\opment to product!r cocpcrative developmcllI to small holder d~velopment 
Till! F AOrrep smallholdl!f dairy dl!vc.ioplllt!nt project subsequently e. g. ussisted 40 d;)ir) 
farmers in the Sid<lmo n:gion. Assis[O,ncc \VllS provided by the establishment of improved 
fodder. pro\ision of:::!-3 crossbred cows pl!r farmer, and installing a small scale bulter plant. It 
wa~ recommended thm future d:liry de\e!opment should bt: built on this inlt:grJtl!d approach. 

2.9 . Ur ban anti (> r r i -urban l i\c s t o ck Pl' u tJucli o n S) S I C I11 ~ 

The e\pression peri-urban prouuction points at raml enh.'rprises that are siul<lteJ in the vil.:inilY 
of {Owns or thm :HI: geared lowaris urban markets (j\:auhcillll'r ifl al. 1995). Intra-urban 
productions often are :1 result of poverty. Peri-urban, mouem units. suppl}' commercial urban 
markets with high qU:llity products (I!ggs. milk, and meat). They dl!pend mainly on hireJ labour 
and ha\c full access to inputs such as concentrtHo!s. artilicial insemination dnd \eterinary 
servicc:=s. ~tost intra·urban and the smail scale peri·urb.ln famls concentrate on subsistence 
production for providing animal protein for th\! familit:s. In addition. thl!sl' small -scale l1mns 
gcn~ral~ income through sale of products 10 local markets. through the provisioll of services 
(transport et..:. ). and of animal manure ror intra-and peri -urban cropping (Nnuhdmer t:f cd 1995. 
EthUL f:I ul . \995). 

One of tht.: ncct:~ry pr!.!cundJtions to improve urban nnd peri-urban Iivesll,lck production 
S):SLcms is thaI people I!n~ugeJ in lhese SY:SIl'IllS need to Ix educJted and IrJlIlt!J on issues 
con..:eming animal :lnll human health as well as em ironmclUal hygiene in order to ilt!t:viale tht: 
possibility of zoonoses. Resenrch in zoonotic disease:s is ol'ten fccunlmcmkd (sec l:'. g. 
Nuuheimcr I!t (d , 1995; Elbui etal . 1995). 

3. ~ I ATE R I AL S AND ~ I ETHOIl 

3. 1. S tudy area and p o pul:'ltioll 

The study area is locJt\!d in central Ethiopia around Addis Ababa. the c:lpitJI CiIY. Four study 
silt!:; \vere distinguished. Thl!$\! are Addis Ababu, Debre Zeit. Koliti. and Sebe:la. KaiitL Scbcto. 
and Ocbre Zdt are I..x:uled 10,25, nnd 45 kill, respectively, rrolll the- centa of AddiS Ababa. 
Akmgcna is a district (Woreda) in which Sebeta is sitllatcd SeblO.'tn is the main {O\\I\ of 
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A!cmgena. Adaa is the district in which Ochre Zeit is sitllatl.":d. Oebn: Zl.":it is thl.": main IOHll of 
Ad<la. Th~ cauk population of Addis Ababa is estimated at 58,568. The figures fur Kaliti, 
Akmgen<l, and AdaJ are 3,569, 75,193, and 1-I::!,574, respectively (Report of Region 14 l3ureau 
of Agriculture. Alemgena l3ureau of Agriculture, Adaa Dureau of Agriculture, 1997). In Addis 
Ababa, Kaliti, Sebt:ta, and Dcbre Zeit 14,045 crossbred cows. 4720 heifers, 440..: female cahcs 
and 568 bulls are found. 

Addis Ababa, Sebew., and Kalili are locatt:d at an altitude of 2.048 meters abo .. e sea lewl; the 
annual average temperJture is 16.1°C. Dcbre Zeit is located at an altitude of 1.900 mewrs above.: 
scale\e! and has an annual J.verage temperature of::!3 Q C. 

ETIlIOPI.\ 
SU DA:\ SO~L\L M 

KENYA 

~~~ '-1---< J 

" / \ 
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Figu re I :. t-.lap of tile study area 
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3.2. S tull)' de s ign 

Investigations on brucellosis were conducted between June ilnd O":loix:r 1997. For this. 41 duiry 
fanns keeping 1-lolslein~Zcbu crosses were sampled from the Jour districts. A bulk milk sample 
from each herd \ ... as collecled in 14-1 6 week intervals, The Milk Ring Test ( f',.,lIrn was 
conducll!u on these bulk milJ... samples. At the beginning of the study a blood sample was 
collecled from all breeding animals abo"l! six monlhs of age. Screening of scnlm samples \ ... as 
dllnt: by lIsing the Rose Dc:ngal Plale Test (RIlPT); sera testing positive were further t~sled by 
the Complement Fixation Tesl (CFT) as confirmatory test. For parallel testing and to delem1ine 
agreement, ho\\,cver, eFT wns done on alt serum samples. This cross~scc t ionaJ cpidemioltlgicnl 
study \\as undertaken [0 t:!)timale total prcvalcnce, herd prevalence. and within-herd pn: v~lIcm:e 

of brucellosis. The pn:valem:e rntes \\ere detemlined in respect to risk factors: age. sex, parit). 
h~rd size, district, and production s)stcm:i. For the analyses of iniCction r.1II:5 and henJ sizes. 
herds \\cre str.uiiied into three herd size strata ~ I-50. 51-100, and more than 100. 

Agreement between RaPT and CIT, RaPT and RBPT+/CFT+, MRT (differclll time samples) 
and RaPT +iCFT T results ""erc detennined using the kappa stntistic. 

CO\, reproducti\e and productive p:uameters like age at first calving. calving interval, number 
of services per conception. lactation statu:;. <lbortions. lile births. [lnd pregnane) state wl!re t .. l)..en 
rrom inuividual animal records anJ association with the Brllcc!lII1~!I1fec[ion status \,as <lnalyscd 
using '-l tes! and by cjkulmion of Odds Ratios. The I-test and ANOVA were llst.'d to tl!st 
dlfTerc:nccs among cow n!proouctive pnramcters. For lhis eMd sheet.s to record production yield. 
reproducll\,c paramt.'lcrs Jnd diseast!s were distributed to farmer.; . Recording \\as dtme on a 
weekly basis by rescan.:h assistants assigned by ILRi. 

Finally n qllestionnair~ was administered to collect infom1~tion on f:lrJl1 man,lgcment p<lrameters 
ami husbanu!) Pnlcticcs; IlSsociaiion betwl!cn tl1t:se lactors und Bl'lIci!lltl infuction st:1 tus wc:rc , 
imestigotl!d using lht: "I.: test and Odds R3tlOS. An addition<ll questionnaire .... '!lS cmplQ)l!d to 
colli!'t in10nnauon on the oc\!urrence ofbrucctlosis in humans. 

3.3 . Sa mplin g proceuu r e 

In 199J and 1993, lLRl a~u its partners dcvelof}l!d n concc:plu;ll fr.lmev,ork for n!sl!'Jrch in 
small~h()ldcr d:urymg that pro\it.i<!s a common basis for characterizing and undcrstJnding 
smallholder dairy sy::.h':IllS anu assists to identil) resean.:habli! and dc\'clopmcllt issu~ . The 
mcthodology was tested in lhe Addis Ababa milk shed, the are:l supplying milk 10 the Addis 
Ababa market. A mutli~slage sampling procedure was used to select a sample of 147 ramlers in 
the arca; these farmers wer~ then sur-eyed using a questionnaire covering 45 l1lensures or farm 
resources and parJ.meters rcnecting farm functioning. The Im31)'ses identifi t.'tI se\cn categories 
of markct-oriented Sllltiliholdc:r d.lil) l~lmlcrs in the milk shc.u. 111t.!se catcgorit.!s rlre: 1!"'dIJilional 
crop-li\C:stllc!-, famls in ruml arl!:lS (10 f.1mls), crop-li\estock fanns \\ith an intensifir:J dctiry 
element 111 rcmott: rur.ill dft:;}S (30 farms). crop·tivestock lumls \\ith intensiv\.! cropping in thl: 
Addis Ababa t.biry bell (13 farms), spcci:llizcd dai!)' farms (I () Iunns), peri-urban produc(:rs in 
Sc:l:omlnry town:; of Iht.! J.Jir) belt (:!O l':lmls). intm-urban l':lnns in Addis Ababil r2-t [lnllS). anJ 
jnlnt-urban fanns in st.!condury lawns (3 1 farms). Next, a duster smnpling pl'Uct.!Jure \hLS used 
anJ tl1re~ categories (production systems) were selected. ThcS(' \\ere: peri-urban producers III 
secondaJ) lawns (Kalili i.md St:bela), inlm-urban farms in Addis Ababa (1\dJis Ab;lba). ami 
iotm-urban I~nns in secondary towns (Oebre Zeil). Using a random sampling prllcl.:Jure 8. 17. 
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and 20 fumls wt:n: selected. ~sIXctivdy (I LRJ , 1993/9-1 ). All breeding anim:.ls ahove six 
months of age ".:ere used for the study proper. Two fanns were closed bc;:fore the study began in 
Kalili. One farm in Addis Ababa dropped out of the study at the beginning and one OIher m Iht.! 
middle! of the study. All animtll s in the ranns were correctly ident ified by ear tags. 

3. 4 . S er o l og ica l te S t s 

3. ·"'1. M ilk fli ng Tes t 

Bulk milk from n maximulll of eigh t anim:l ls per fnnn W:;lS sampled (Stank, 1996). 10 ml were 
collected alier the bulk. t:.mk milk had ~en agitated for 3 minutes. The sampk W~IS idl! l1lilicd, 
including, date of collection anu was lrJllsponeu to thl! hlboratof) at the Department of 
t>.lu:robiology, Facuh)' of Vl!lcrinary t>.kJicine. t>. lilk samples \ .. erc stor..:d for at Icast 18 hrs ut 
+'2 - +8°C, tht!n werl! warmed to room temperature and mixed lhol"l>ugh ly. Th!.! t>.1R:I ·Iest 
method of MacMillan (1990) W.1S fallowed. fhe t-. IRT antigen was obl.J.i n\!J from lilt.: I3gVV. 
Berlin, Gennany; 

I ) Gently the milk in th\! 5<'\Jl1plt! tube \\a5 mixed to ensure evcn distribution ofthc cre:.ull. 
2) 1.0ml of milk was pbced in a ICIll diamelt:r test tube and mixt:d well. 
3) 0.03011 of MRT antigen was lldJl!d by holding tht! dropping pipelte vertically. 
-I} Gently the mixture was mixed for I min. after adding the nntigen. 
5) The \utx \\05 placed In n :17°C incubumr for I hr 

Interpretation: 

A positiVI! reaclion was indicated by the appeormc.:! oJ";;J; colored blu!! cream ring or. the top l:l)'cr 
oflhe milk column. 

3."' . 2 . Ro se Il c n g u l PI :lt c Te s t ( RB I'T ) 

l3lood sanlples \'vere colkch:d from Ihe jugular or coccygC:l\ \ eins using plain voculoiner lubes. 
The tubes in thl! bbofatory were set tilteu un a table for one hOlll at room tcmperalUre. Tht: 
clotted blood in the tubes was centrifuged 10 obtoin a dear serum (Srlichow. 1996). The serum 
was used for both Rl3ll T and CFT. RaPT was done at the lahoratol) of thl.' De{XInl11cOI of 
Microbiolog)" Fnc:uh) of VeterinJ.1) Mt.!Jicine. Debn: Zeit. TIle RllPT antigen '\35 obtained 
from the OgVV, llcrlin. Germany. The RllPT·[est Inl!thou of Madvlilhm (1990) \\05 lollu\\t:d. 
Sera and antigen for ust: wcr\;! len at room temperalure for half an hour before the test: 

I) Iluiding the! antigl!n dispens;:r upright, 30~1 of RaPT nEuigl!n was pl.lCed on each circk 
on thl.! plate. 

2) 30~tI ortt!sl St:ruOl W:'IS placed along side, but nOt into the antig~n. 
3) With a plastic applicator stick. the antigen :mJ semm \\ac mixed thoroughl) . 
4) Tht: pl .. llt! was placcd on a rocking machinc ilnJ mixed ror ~ mil1l1tc:s. 

Inh.:rpn::lution: 

Resuhs \\('!rc rCi.IJ ailer '"' min. of COOl.le l of serum and antigen. Any nbscncd 'Igglutin:ltion was 
regurded as posilive. Re:lClillllS \\-ere distinguished into -1+, 3+, 2+ I r nnd doubtrul. 

24 



3. -1 .3. CO JUI) l c l1l c nt F i x a li o n Tes t (CFT) 

In the eFT, all reagents wert evaluated by titffition. The preparation ofshe~p red blood ..::dls. the 
method of the eFT tes t, and pn:paration or reagents wen! according (Q protocols of I3gVV 
Service Labonnory (1994). Tht: CpT test \ ...... 5 conducted at tht! Nntionnl Veterinmy Institute, 
Department of Immunology. Debre Zeit. All control sera, antigen. complement and amboceptor 
...... ere obtained from the agVv. Berlin. Gennany. The eFT antig.en had a litre of 1:640+;­
against ISASS. 

i) Prepn.ration of sheep red blood cells for the hemolytic system: 

Ten (10) III of sheep red blood cells in Alsc"er's solulion were centrifuged HI 2500 rpm lor 5 
min_ The supemi.l.tant \\tIS discarded and ~pbct!d by \eronnl buffer diluc:nt (VI30). The sheep 
red blood cells were resuspended in the diluent completely. This procedure \\a5 repeated -I 
times. Bdore disc:mfing th\! supemal:.t!U alter the last washing the volUme of Ihe packed cells 
was measured. Tht: volume of the packed cells was read by placing an identical lUbe next to tilt! 
blood containing tube and filled up to the kq;-I of the blood by a measured JOloUnl ofw~ller. By 
addition of a calculated amOUnl of a diluent. J 2% sheep red blooJ cell suspension \\ as prepared. 

ii) Amboceptor titration: 

I) Prcdilution of amboceptor in jumping diluti on. 
2) Prepared I :500 dilution up to 1:8000. 

Prt:pared 1 :750 dilution up to f : I :WOO dilution. 
J) From these dilutions 500~d in order \\ere transferred to a sct of tubes. always st...Lrting \.,.ilh 

the I : 12000 dilution. 
~) I~" ora diluent was added to each of the test tubes. 
5) O.5~1 of1% sheep n:d blood cells \\as addl.-d. and shuken \\c11. 
6) The tubes were left on the ~nch f0r 10 min. 
7) 1~L1 of complement :It a dilution of I :40 was added. 
8) The last tube showing complete hemolysis, minimum hemolytic dose (MHO) W(lS read 

and recorded. The \ ... orking dilution of amboceptor was 4 times the ~IIID (BgVV Sen icc 
Laboratory,1994). 

iii) EvaJuation of complement (SgVV Sen. ke Laboralof), 1994): 

1) Setup 3 rows 01'9 tubt!s each. 
2) A 1:-10 complemcnt dilution was prc:pared. 
3) Complement was added into the 9 tubes increasing by 0.051111 ewry time, starting wilb 

O.lmt 
4) Diluent was addt::d into Lhe 9 tubes in decreasing amounts by 0.05ml, starting with OAml. 
5) 1.5ml ofa dilut!1l1 \\lS added into me tubes with a Cornwall Syringe. 
6) The set of tubes were placed in a 37°C water bath for Ihr. 
7) 0.5011 onolo sheep rcd blood cells \ ... as uddcd 10 aJllubes. 
S) 0.5ml of nmboceptor at 3 working. dilution I: I 000 was added to alllllbcs. 
9) Tilt! tubt!s \ ... crt properly mixed ami put 8gJin into the water b:Jth of :noc lilr another 

30 min. 
IO} lh~' test was read by recording the minimum hemol) tic dose of complement (r...lIIO) \\hich 

\\JS represelll.:d by tin: firsl tube showing complete hemol} sis. The next tube conti.lined 
the full hemolytic dose (FHD). 
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The complement dilulion "" 2 rHO I Dilution of complement 

v) Titration of antigen (BgVV Service l:I.boratory, 19(4): 

Mit'mJitrt: pIli//! / 

I) 25j.l1 orVBD Wert: added to all cups (Wells). 
1) 15~d of pre-diluted antigen were added 10 all cups of row A. 
3) By serial doubling (two fold) dilutions 25~d of antigen were transfern:d from row A to R 

and again [rom row B to C, elc. until row G by a muhichannd pipelte. 25!ti mixture were 
discnrdc:d from row G (row 1-1 \\ ill contain on!y the di luent). 

/l,./u:I'utitirc plell;! II 

I) 50~tI of VI3D were added to all cups. 
::n 50~t1 of pre.di luted ( I :1.5) inaclivalc:d pos itive control serum wc.:rc adlled 10 all \\dl.s of 

col. I 
3) 50~d wen! serially tmnsferred by two-fold dilutions, from coLI 10 col. 1. and again from 

col. 2 to col. 3 etc.ulltil col. II. 50j.l1 wasdiscarJed from col.! 1 (col. 12 has onl) \ '80). 

Ahx plUff! I and /I 

1) 25 ~d \\cre tr::msferred from pia!:! II to plait! I. 
'1) 50j.l1 or compll!mc.:nt in I :·40 dilution \\I.'re aJded 10 all Clip:' of plJte I 
3) Plate 1 \\a5 placed in J refnge:mtor, covcred \\-;th a second empty pl::nc (cold fix:lIion). 
4) The Ibllo\\ing Jay. 50~d of 2% sheep r\!d blood cells and amboceptor pre·mixllIn:. equal 

volume, i.c. 25.d of sht!ep red blood cells and 25pl of a 1.100 \\ orl..ing dilution of 
amboceplor. \\cre addeJ 10 all cups. 

5) The plal~ was co\cred with tl sealing lape, shaken \\ell and put into :1 \\'!lI~r bmb at JioC 
for 30 min. 

6) The lust CLIp \\ith 50% (2+) sedimentation Wa!) re~d and n:cordt!J. Tht! highest dilulion of 
the amigcn with 50% (2+) sedimt!ntation wa!! the limiting ulltigcn conccntr..alioll or thl.' 
right corner value. The \~orking antigen dilution was found to be I: I 00. 

The test proper, mil/lip/I! sera tee/mit/lit! (BgVV Servict! Laboratory, 19CJ-l)'. 

I) :!5pl of VBO were added to all cups. 
1) 25~t1 of control and lest sem \\ere added simultuncously 10 col. I and -l. 5 and S. and 9 and 

12.Thc scm \~~rt! prc-diluted to I ::!.S and inucli vmeJ .11 58'C In a , ... ah!r b.tth lor 311 min. 
3) 15).11 sera \\~rc scriull} tr..ll1slerred from col. I 1\) 3. 5 10 7 anJ 9 tQ 11 J5~d arc dis;"'ardt:J 

from col 3. 7, Jnd II. 25111 V13D are added to column 4, g, 3nJ I:!. 
4) 25}..11 of antigt!11 In a working dilUlion of I: I 00 \~:1S ndd~d to column 1·3.5-7. and ()·Il 
5) 50~d of complement in working lIilution was added to all cups. 
6} The platt! \\OS placed at .J"C o\cmighl covered \\ilh 0 2m! cmpt~ plate (cold fixation). 
7) TIu: following day 50~t1 of equal volume pre-mixl!d 1% sheep red blood cells and 

amboceplor al a working dilution of 1 ::'000 were added. These were the same reagents 
USt!d for complemem evaluation. 

S) The plate was sealed. shaken well. put into a \\:lter bath of37"C for 30 nun. 
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interpn.!tation: 

Sera with a strong reaction, morl! than 75% fixation of complt:mcnt (3+) at a dilution or 1:5 and 
at least w ith 50% fixation of complement (2+) at a diilltion of 1 : I 0 and at a dilution of I :20 wen: 
classified as positive (Hellmann e/ al., \ 98..t). 

3.5. O;\la anal ys i s 

Till! tolal prevalence rate was calculated on the basis of Rl3PT +ICFT+ positive results: by 
dividing the number of ROPT +ICFT + positive animals by the t01a1 number of animals tested. 
Herd prevalence was calcu lated for tvlRT resu lts by dividing the number of pooll:d MRT 
positive herds by lhe number of MRT test~d herds and on the basis of RBPT +/CFT T results, by 
dividing the number of herds with at least onc reactor in RBPT+/CFT+ by the number of all 
herds tested using RI3PT+/CFT+. The within4herd prevalence was calculated by dividing the 
number of RBPT +/CFT + reactors within a herd by the number of serum samples tcstl!d in that 
herd (Thrusfield, 1995). The apparent prevalence is the proponion p (T+). and the true 
prevalence is the proportion p ( DT) (Manin, 1977; Zessin, 1996). 

Calving intervals were calculated by adding the gestation length, 28:! days all the average. and 
the interval between previous calving and last insemin:nion, tile days open. The. age at first 
calving was delined as the date of the animal's first calving, and the number o f services per 
conception as the number of services required per fenile conception (Mukasa4Mugrewa. 1989). 

Test sensi ti vity is the proportion of diseased animals which are correctty identified by a iest. 
Sensitivity was calculated lIsing the conditional probabi lity of p (T+/O+; given the animal is 
diseased tht! probability thaI the animal is tt:s[4posit ive) (1\.1ar1in, 1977; Zessin, 1996). Specificity 
is the proponion of healthy animals which are correctly identified as healthy. Specilicity was 
calculated using the conditional probability of p (T 4 /0< given the ani mal is diseasc4free the 
probabilit) that the anim:'!1 is test-negative). The predicti\e value was calculated using the 
proponion p (OTrr+). The positive predictive value is the proportion of test positive animals 
which are di~ased. The kappa st<ltistic was lIsed to test agreement between the serological tests. 
k measures if the results agree to ~10 extelll significantly in excess of "chance agreement"; k = % 
agreement beyond chance I maximum % improvement); (k = 0: no agreement. k = I; perfect 
agreement, k = 0.440.5: 11loderdte agreement. bO.7: goou agreement). In this study k \\as 
detennined lIsing the computer pr>Jgram Win Episcope Version 1.0. 

The ltest was used to test asoeiations between factors and seropositivi ty. Tilt: odd:-; ralio (OR) 
is the ratio of the odds of disease occuring among animals exposed to a. Inctor :llld the odds o r 
dise<l~e occunng :l.mong anim~ds not exposed to a raclor."': and OR vallle~ Wt!ft: calculal1.:d using 
the computer program £pi Info Version 6.02. Descriptive smtistics, f- test. and ANOVA were 
calculutt:d using the Excel 5.0 progrnrn (Microsoft Corp.). 

4. n rrSU LT S 

The tross4seclionul invt!stigation of bovine brucellosis W:lS carried out between Junt: and 
October 1997. The study was conducted on..tl dairy farms in lour districts; Oebre Zeit, Addis 
Ab:lba, Kaliti. and Sebeta. Bulk milk samples from all J':lrms and serum s<lmplt:s from a total 
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of 950 non-vaccin.:lted animals abm\! 6 months of age were taken to establish B. aburtllS 
antibody prevah:nccs . 

.f.I. The Milk Ring Test ( ~ l RT ) 

Bulk milk samplt!s from each farm were collected in June, August. and October, respectively. 
Six (6) samples from 6 farms (1 -+.3%) were positive during the first sampling. When tbe 
results of all sample dates were poo led. samples from II farms reacted positive (26.2%) 
(Table ; ). 

T 'lblc 5' Results of the bulk !\IRT from June to October 1997 . 
Prod 01)["'[ r-o ra.rIlU ro~ in 1o.IRT I'us r~rms ru~ f~mh Mit r pus lann. t\ ~!: prop 01 

Sy.rem , , 1 "' \l it I pooleJ IIlltlJl'l ~.LVI + ",,,Uorl\1c..tlly 1,1'I.UII'1: c,'", 

IOIJI IlI.mel IOlal Ilisllicl RII I' I ~,CFl·+ 

Intrl-urb;m ()c!lr~ len " 
, 0 , J , ~ I·.) 15°. b IIJ J~oJ l,.. , 51, IS] In J'., 

sec 10,",115 

l'cn,urbJll KJJ il, , , , , 3 (i ' ..... 1 ''''". ) P ,0.) ,{)ij" • , ')I,~.ll} t3b ~.:') 

.. Scb.:IJ , , , , )(71 00) I(){,°o ) ( - jOo) 100"0 , I ~I .l11'(36 6001 

IOI~1 peri-ulban , 1 , , 6 (I.l J~ol '00". 6 (l .l J%) '00". , 2()2i ' ln (36 6°.) 

InllJ,ulban Allllls Ahaba " 1 , 0 2 (4 So .• ) 12 5~. 2 (4 So.) 12 $~. 1 S&l2~S iJS ya.) 

roTAL " 
, , , II 1262°.1 1.l(333°0) , .lO)iII l.l (35 9) 

" . 2. The Rose Bengal Plate Test (RB PT ) :lnd Co mplem e nt 
F ixati un Tes t (CFT) 

For the four districts 950 sera were screened by RBPT. In the RI3PT 11.f, ( 13. 1 %) reacted 
positive and 169 (17.8%) re::lc!ed posil i\e in the CFT. When those sera positive in the REPT 
were further tested by CFT, 77 (8.11'%) were confirmed pos itive (Tab le 6). 

T ·lble 6- Results of the RBPT and eFT serological lests 

p"" D,str,ct ,,"0 sefum No feaC:OfS Prey late (~"'l 

System samp ~es R8PT eFT R8P -:- - CFT- ..... ,tn 95% CI 

Illtra-urban sec towns Debre ZeI t '" , 
" 

, 56{16·96) 

Pen·uloan Kal,!1 "" 2J 37 17 89(68-109) 

., Secel .. '" 5..: " " 99(71.127) 

total pen-urean '" " 111 59 96{7J-119) 

lnlla·urban Add,s Ababa 21J 30 " 11 52 (2 2-8 9, 

TOTAL 95<7 12' 169 77 8 II (6 .j ·9 8) 
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4.3. Te s l Agrcemenl 

The agreements of different test combinations were quantilativdy assessed by calculating the 
k quotient (Tab le 7). The agreements between RBPT+/C FT+ Cm least one reaClOr in a f:lnn 
makc:s thnt farm positive) and MRT tests were 0.31,0.43, and 0.58 (k quotients) for onc-two­
three-time r..IRT results. Moderate agreement (k=O.4-1-) was found between RBPT and eFT in 
this study. Good agreement (k=0.7 -1- ) was found bct\\cen RI3PT and RBI'T+:CFT+ serial 
tcsting procedure. 

Table 7: Agreement of \ ·IRT, RI3PT, and eFT serological tests 

Test combination I,. quotient Ind i .. idual animo IlerJs 

KUP I eFT 0.-1-1 " 
R8PT Ropr+/C FT.,. 0.74 • 
MRT! RBPT-t- 'CFT..,.. OJI " 
~IRTI & II RBPT..,./CFT.,. 0.-13 " 
\oIRT I. II , & III ROPT..,..Cn.,. 0.51:1 

-1- . -1- . Sc n s i!i\' ily, Spec if ic i!) . :l nu Pr e u ic li v c Value 

Three (3) of the f .. }rllls \\cre not conlirmcd for brucellosis by the RBPT ... CFT + le~t re~ulls 
that were used as golJ standarJ; this thus constitutes t~lse·posi{ives in the pooled i\IRT. Six 
(6) farms positive in the RBPT+ICFT+ confirmation were not detected by pooted NIRT. 
Th~se constitute I:lbc-n~goth~ findings (Tablt: 8). The r~sulting sensiti\ity \\as 57.1 0 0 ond 
specificity was 89.3°/0 \\-hen the three i\IRT results \\ere pooled. In indi\'iduol animals. 
considenng the RBPT ... 'eFT.,. as gold sl.:mdarJ, false-negative anima!.:> were not detected. bm 
-1-7 false-positi\'e animals \\ere encoun tered in the RI3PT. This resulted in a sensitivity of 
100% and a specificity o f 9 .. L6%. Taking CrT <loS golJ standard. the sensitivity and specilicit) 
of RI3PT \\cre 45.6~0 ilnd 93.9%, respecti\dy. The positivc preOiCli\c \alucs ofpookd i\\RT 
and of RBPT, considering RBPT +/C FT...,.. as gold st:mdard. \\cre 72.7% anJ 6~.1 ° O. 
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Table 8: A 2 x 2 tablt: fo r ca lcu lating sensi tivi ties and sp!.!cifici lics of MRT and RBPT 

(a) pooled MRT and RBPT+ICFT+ (go ld standa nJ) 

RBPTT I CFT+ 
+ . TOTAL 

MRT ~ 8 (a) 3 (b) II 
. 6 (e) 25 (d) 31 

TOTAL 14 28 47 

(a) = true positivl!s 
(b) - fabc: pusitivt:s 

(c) = false negatives 

(d) = true negatives 

SE = 57.1°0 

SI> = 89.3%1 
pry = 72.7°'0 

(b) RBPT an d IHlPT +/C FT + (gu llJ sl:ln lh n l) 

RBPTT I CFTT SE= lOO~'o 

+ . TOTAL SP = 9 .. L6%, 

RBPT T 77 (a) 47 (b) 124 ppy = 62.1% 

I I :rOrAL I ~;e) I 826 (d) 
873 1

826 

950 I 

(e) RBI'T and CFT+ (go ld :o. [andanl) 

SE = 45.6% 

I I ~ CFTT 

I 
SP = 93.9°0 

I . I TOTAL PPV = 61.\ % 

RBPT + 77(a ) 471b) 124 
. 97(e) 7l3(d) 87 • -, 
TOTAL 169 780 949 
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-1 . 5. Bru c ella (Iburtll!>' Scro-prcv:l l cncc Rates 

-1.5.1 . I'rc\' :llcncc un herd Ic\' c l 

rht; overall herd prl!"~llence rat!!, based on ~I RT testing performed at llm.!c time p()inls <llll! 

aftcr pooling was :!6.2% (11142). The rJt\,;s were 7.1%, 14 .3%, anu 4.86% for itllm-urban 
secondary town, peri-urban, find intra-urb",,1l production systems, rC!ip..:ctively. Ddxc Zeit . 
Kalili, Sebeta, am! Addis Ababa shar~d he rd prevalt:nce rales of 7.1 ~o. 7.1 %, 7.1 %, and 4.8%, 
respecti vely. When the produClion systems wer\! compared, all (1 OO~u). 15%. and 12.5°0 of 
the herds infected were from peri-urban, intra-urban secondary lown. and intra-urban 
production systems, ~speclively (Table 5). 

\Vhen tht: farm \ .... <Js h:!)h.!d with the RI3PT+/C FT .... procedun:, thc 0\ I!rall herd inlection rail! 
was 33.3% (1 4,-·t.:! ). Dt;bre Zeit. Ka!iti. Sl.!bcta. and Addis Ababa h;ld herd infection ratt!s of 
14.3u,·o, 7.1%, 7.1%, and 4.81%. respectively. In rcspt!c llil the production systcms. all (100%), 
30%. and 12 .5% of the ben.ls ~\~re infected in thc peri-urban, IIllrn-llrban secondary town, anti 
intra-urban SYSklllS, respec til,..cly. 

The within-hen.! prt"\ulem.:c:s ranged from O'h to 16.7% ba:;ed on the RBPTrICFT't' lest 
resul ts. Dne or 1\"'0 rl·~lt.:tOrs were recordl'lim 64.jollJ (9, 14) of Ihl! farms 

4 . 5 . 2 . Pr c\:l l c n l:c 0 11 ind i \itl u:al :ln im ;lllc\' c l 

Thl.! inJiviuu:.J1 :UlIlllil! prcvalcm:c r:lIc W<lS uell:nninel1 by u~illg lhc RBl'r+/CI'T t- !)cri:,JI 
serOlogical test n::suhs. The overall indivil1ual antibody pre~alcncl!. (seropositivity) \\J:; 

established at 8 110,. ... (77 1)50) (T abh: 6). The infection rat~s \ ... cre 0.110 () (1 /950) <lnd 811
'0 

(76f950, tor Ill;.!.le :lI1J ft.·IllJlc sexes. respectively. in thl! total animals Il!S led . This dilTcrl'nce 
was not si ~nilic:.lnt IP = 0.7 1). 

Infection r.:11~ wefl' highl!r in ulJcr age groups (Tablt 9). The pre\:llen.:c ill animals abO\\! 4 
years was 4°", ""hile it \ \JS 1.3% In :lIlimnls bCl\\een 6 months and t\\O )'car:.. Cllmparing the 
age groups, anim.lis aged IWO to lour year:; had the highest prl.!\Jlcnct': rale of 9.8%. 
Prc"aknce In alliln.)ls 111 the abov!! four years age group was 8.9!1 'u :1I1J in the agt: group six 
monlhs to two YCJrs 4 5~0. Thl! infection fatt!S \\erl! slgniJi<.:anti:v diJTcrenl bet\h::cn the agc 
group~::! years. and >2 )!!ilrs (p = 0.04). 

Infection rales \,ert: Jlso comparl!d bas~d on purity. DiJTc(I:!nc('!) in prc:\'alcnce rJt~s bet\\t':en 
animals wilhuul p<tnurltion and at IC3S1 one (~I) parturition \~c'(c signilienl1t (p < O.ll 
(Table 9). 

ScheIn and Kal iti shnrcJ prl!valcnce rates of 9.9°'0 ilnd 8.9%. Thl! r..tlC's for Oebn: Zeu ollld 
.4ddis Abab~1 were 5.6% and 5.2~!1 resp('cti\ t:l:. For the peri -uro:1I1 dnir) prodllction s)'~wm. n 
pre!,al ence rate 01' 9.6<) '0 wus found. Thc r:ttcs tor the illlra-urban .sysh:m was S.:!I% and 5.6~'., 

for the intrn-ltrban sl.!condary to\\n production system. I--Io\\e\cr. these diflt.-I'C'l1ccs between 
districts and proJuction s:stcms were st:lIiS li cJ II~ not signific:mt (p = 0.56 :1I1d p = O.5-l. 
respecli\ ely l. 

When the RaPT .,../CFT+ serial test rl!suits wen: considered as gold stand:uu. the apparent 
prevnl t!nces and tfue prevalences were the sClme both in hc-rds and ill inJt\ iJual anim~lls. 

31 



Table 9: Int rins ic and extrinsic risk factors fo r brucellosis prevalenct! rates 

Risk factor Preyalence rate (%) CI (95%) p-yalue OR 

Sex 0.71 

m:1le 0.11 0-30.5 

femalo: 8.0 6.3-9.7 

'80 

10t:11 anmlal 

06-~2 yrs 1.3 0.5-2.1 

2·~<l '" 2.4 1.3 · 3.5 

>4 '" 40 2.7-5.7 

age group 

06· ~2 yrs 4.5 1.8·7.2 

2-:>4yrs 98 5 5-14 I 

>4yrs 8.9 5·J 1.9 

>2 yrs 9' 6.72-11.6 0.0-' 214(J04·483) 

Parity 

no partunthln , 09-3.1 

single panurition I 7 0.71 ·2 .67 

more than on..: PM\. " 2.65·5.74 

al least (~I) one part. 5 7 42-722 0.07 (90~o el) 1.89 (0.95-3.83) 

District 

Debre Zeit 5.6 1.6-9.0 0.56 

Kaliti 89 6.8-10.9 

Sebela 99 7. j·12.7 

Addis Ababa 5.2 22·89 

Production system 

Intra· urban 5.2 2.2-8.1 0.5--1 

Intra-urban SeC .10\' n 56 10-10.2 

Peri-urban 96 7.3 -1 1.9 

Herd size 

'5'50 3.3 0.9·5 .7 0.01 299 (1. 29·8.00) 

>100 7.8 6.05·96 
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Figure 2: Description of herd sizes, no. serum samples, no. reac tors. and preva!e!ll.;t: r :H !.!S in 
infra-urban, intra-urba:l second<lry town and peri -urban dairy production systems 

-' .6. Ilcrd ~iLC anU bru c cll o:, i s pre " alenc e ,-al e 

A Brucdla inlt:ction rat..: of 9.1% \\US fOllnd in farms thai kept more Ih::lI1 100 animals and 
3.3°'0 in farms thut kept I to 50 animals. This difference was stJtistically significant (p == 

D.OI). On the herd basis, all herds (100%) \\ ere infected in farms that kepI more than 50 
animals (Table 10). The herd (.:lIe in farms that kept less than 50 animals, in contrast. was 
17.6%. 

Table 10: Relationship of herd size and brucellosis infection r;ltes (seropositivity) in 
individual animals and bl!rds usinn RBPT + 'C"I + test results e 

IkrJ size No.anim31s No. t~mls J'.,;o infecteJ ~Q infected animals & ~o IIIf.:cteJ 

Class animals confidence inlerval farms 

1 - 50 215 " 7 3.3~g (0.9·5.7) 6(17.6Q o) 

51 - 100 46[ 6 )0 65%(·1.1·88) 6 (1000 0) 

>[00 .. 08 , 40 91~0(6.4·11.8) 2 (10000) 

TOTAL It 1-1 " 77 69~o (5A-S.4) 1 .. 1 (33300) 
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figure 3: Relationship bc!\\een herd SiLl! and brucellosis sero-pn.:vnlence rates (ml!nn values 
and 95% confidence intervals) 

~ . 7. D escr i p l i\ c 
p :lf am t.' l c f :; 

3 1:i t i s lic :.d r es ult s or CO " r cp r o Ju c ti \' c 

Results of descripti\"c ::it.llbtks of cow reproductive parameters [lfe summarized in Table 11. 
Signiticant diflerences \\cre observed in calving interval and ages :u tirsl cniving bd\\ CCn 
production SYSh!!1lS (p < 0.05). These differences wen~ apparent bel\\cen intra-urban and pc:ri­
urban systems, but nul between intra-url:an and intra-urban second.try IOwn systems (p > 
0.05). 

Table 11 : Summary o f dc:scriplive :mnislics of cow reproductive par:lmCICTS in intra-urban 
seconJar) town, intr:l-urban and peri. urban production systt!IllS separately and 

combined 
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.L 8. R e pr o du c lj vc and pr o du c tive p :u :l m c l c r s and b ruc e ll os is 
Slalu s 

Measures or erfec t (OR) were calculated for poss ible associations between reproduc live and 
productive paramelers and brucellosis StJ tllS in individual animals (Epi info Ve rsion 6.02). No 
associ:nion was established belween Brucella infection and these parameters (Table 12). 

Table 12: Associations bct\\een productive and reproductive parameters and brucellosis 
infection staiUS 

ParJllll!ter 

Abonions 
Lile binhs 
Clinic<1i sign::; 
Lactation staiUS 
No. services per conception 

I service 
> 1 service 

Ad'! at first cah inJ 
< 3.5 )rs 
2: 3.5 yrs 

Calving interval 
::;: 5-W dJys 
> 540 " 

.t .9. R es ults o f th e qu es ti o nnair e 5 I1r \ (" ) 

p-value 

0.94 
0.69 
0.61 
0.16 

0.77 

0.91 

0.31 

4 .9. 1 . .\I ;l n :l gcmc nt and hu s b a n d r ) ;I c t j ,iti cs ;Intl br u cc ll o .o, i s 
s t a t us 

Associations between !:Irm management and husbanrlr) activities and the brucdlosis stJtus 
\\ere analyzed (odds ratil) using the Epi Info Ve rsion 6.02. Previous abonions and the use of 
natural service wen! assl)cialed \\ ith Brllcella infection (p = 0.009) (Table 13). 
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T ab le 13: Associmions ofmanagemcm and husbandry activitit!s with brucellosis staws 

Farm management 

ActivitIes 

Abortions 

Use of natural mating 

Use of AI 

Knowledge of brucellosis {no) 

Proportion of lactating co\~ s 

Proportion of pregnant COIlS 

Presence of parturilion pens 

% offanns alTected 

23/41(56.1) 

18.41 (43 .9) 

8 4 1(195) 

3641 (87.8) 

44] /6 48 (68.4) 

11J. MS (26.7) 

2141 (49) 

Separation of COli S during parturition 11/41 (26.8) 

Cleaning and disinfection 

Disposal of after birth 

(nol disposed) 

Farm replacement strateJY 

(oUlside source) 

Culling of infected animab 

1141 (29.3) 

n,-II{56 I) 

9-11(21.9) 

6-11(1·46) 

p-value 

0009 

0009 

0.32 

0.96 

089 

0.32 

0.-15 

087 

"".9.2 . Occ u r r ence of b r ucellosi s i n maJl 

OR 

15.58 

0,06 

ORCI 

1.72·79 .1 6 

0·061 

Ninety·nine (99) milkers, fmm \vorkers Jnd owners in the 41 farms were i!lIl!rvie\\l.:d. Nine 
persons showed prolongl.:d fever since starting keeping dairy cattle. In addition, othe r clinical 
symptoms of brucellosis in man were recorded (Table 14). Diagnoses made by physicians in 
these cases were malaria. kidnc) problems, gastritis, anaemia, hypertension, typhus. lameness. 
typhoid fever, bronchitis. and headache. No diagnosis of human brucellosis was e\er Illade by 
physicians. 

Tllb lc I -' : Results o f a questionnaire adminis!t!red to imestigatt! occurrence of brucellosis in 
man (n=99) 

Questionnaire 

Visited a health institution in the lasl 6 months 
Prolonged fever sinc\! started keeping dairy cattle 

(intermittently for at least 6 months) 

No. of positive answers 

17 

Clinical symptoms ::ihm-'Il sinc!! started I\cl!ping ddiry callie 
. . 
II1somnm 
pain over the spine 
vague generalizl!d pain 
pain over the joint 
pain of testes 
nervous diso rders 
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5 . DI SCUSS I ON 

The Milk Ring TI!:!J/ 

Th~ MRT \,as pcrfomled in all f-arms for three times in order to identify-infl.!c ll!d he rds. Only 
42.9% (611 -t ) of RBPT+ICr T+ tarms wt.:ri! also detected by the MilT, tak ing results of the 
first sampling. In UganJ.l. only 25°'0 of the CFT-positive herds were dC:lccled by the MRT 
(DloITs, 1994). In this slUdy. one milk sumple from a pool of 8 lactating anilllHls \\35 la"-cn. 

Obviously with mcreJsing herd size the ability of the ~ I RT to dl.!lCCI ont: inf,,:ch.:d animal 111 a 

herd decreases due to the: dilution effect (St:lnk, 1996; Crawford el ai, 1990,. 

Till! RBPT alld CFT Tc!SIS 

The RBPT \"'as per/ormed on all scrJ collected from individual animals. Those ft:<lcling 
positive were further h!stcd by the CFT as con!irmHlofY test, Such serial tcsling proct!dur(! 
dOl!S maximizl.! the spcciiicit) of the IC:~I system. The numbc:r of false.positivcs is n:uuccu. 

Improvements in the specitidtil!s are particularly useful in control progmnllm:s \~hen tht' 
strJtcg: is removal of positi \\! n:::ICIOrs. Although some false·ncg:ltivc <lnima1s ::m: mis~\!d. 
healthy aninmls arc less likely to bl' consldcrcrJ infected (Thru:.fielJ. IQ9S: Zess in. 1996). The 
us~ of the serLtI testing pro,cdure. lin.t scre;:ning all nnimo.ls b) ROPT and then arplying eFr 
as conlirmatory lest thus Improve!; Iht: erticicncy of detecting brucdJosis (Slauk. 1990: 
Kagumbu el al. 1978). It is rec.:mlmenJed that eithC'r the buffered plate antigen test or the 
indirect enzyme immuno-assay test be used as screening test and either the complemcnt 
thation lest or the indirect enzyme immunoass:lY be used as coniirmalory lest in situations 
requiring high spe'ciJicities (Dohao Itl al. 1986), Ho\ve\,er. RBPT as screening test is c!ll::lP 
and technically nO! compl ic~Hed which rna}' explain its still wide us(!:, The CFT is regarded as 
!l complicated and time consuming Icst. but it can be: pcrformt!'d \\ith liule equipment. anJ C::ln 
bl! adapll:tl to tropical eunditions (StJ..lk ttl aI., 1995). It is for thl!sc reasons why thc CrT rtI 
present is the pn:f~rrcd lest fur bovine brucellosis (01 E. 199:!). 

Tt:~d agrt:!:m~1l1 It'II,\'itil'ily. and spt.'cijicity 

The agrecOll::nt b~lwel!n ~·1RT and RBPT-;-/CFT~ results \~as irnpruvcd \ ... hell 1RT sampling 
was repeate:d . The: first tvlRT sample: detected only 4J: .9"~ ot" RBPT.,. eFT-positive l'ilrms. 13) 
J>OI>ling thre:e !iamples. ~IRr h.'st results Improved to 78.5% ofRBPT-;-{CFT+ positive brms. 
It is recommendl!d thatthl! /'vIRT to be elT~ctl\e should be taken:1t inlervals of 14· 16 \\ecks 
( taak. 1996) or three timcs annually (Blood 1!11I1. 1994). This is, because ne\\ animols ;Ire 
<ldJ~d or withdrawn <lnd the number of lal!lJting cov.s Ild\!tU:Ur.:~ fmm lime to lime 

The agreemcllt bCI\\een ROPl and RBPT+/CFT + W;]s gooJ. This sho\\ s th:11 the ROrT Icst IS 

till 1.'1"1i.:clivc le:.til1b k:dllli~IUC fur bu\ illC brucellosis illvl.'sligatit..l!ls . l'ht: glh)d .lgn!Cllll':ll l 
bt:t\\een RBP r ~nJ CF"I reporte:J b) Sli.lak (1990). ho,,\.'\ er. was nut obsen cd in this slud~ 
RGasons could he Ihallhe reagents. espeCially the complement lJlw.lilY could h;l\e delcriofiued 
during SIOrJgc undl.'r tropical "l1virOnl11"lllai conditions. 

An r.:xpl.lIlution lor tht." tals!! POS IUVC results III tile t\IRT coulJ bl:;' the ertect ofculustrulllllldk. 
also. n high percentage llf mastitic co\\s were reported ill thc farms: il is reportcd th;\1 thl' 

mcan [mcillc:nceJ of subclinical m:Jstilis was J7.Mo nnd of dinic;ll mastitis I.J% (ILR I. 
1996). The: other expbn~llion is wht:n sumpling is done in early and laIc lacwtioll. The falsc-
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negative results, in contrast, rdate to the low proportion of lactating cows and the 10\\ withm­
herd prevah!nce. Thl! SC:llsi livit) of the MRT tl!St wns low. In ordL:r to determine point 
prevalence rates. it is therefore pre remblc to screen the populati on. using blood sam ples. 
RBPT is a highly sensitive: but less speci fic test system. l llC sensitiv ity of RBPT ranked 
second among six scrolog ic:11 teslS (Sremshorn III at.. 1985). Ooboo cl al (1986) rt!porled n 
97.1)% sensit ivi ty fo r it. A rl!port on investigations on infected animuls c.:x ists \\ hereby the 
RBPT detectt!d all cuhumlly posi tive animals, whereas the SAT failed til detect nl:!arl y hai r of 
these (Staak, 1990). The fa l::;e positive result in the RBPT could be dUe! to cross reactions with 
other bacteria Cross re:let ions of Brut:elltl \\,:ith )"crsinia enlcrocolifiC:CI, £. ('/JIi. Sa/mol/ci/a 
spp., and Pusll!lIndhl spp. aft: reported (Bisping JnLl Amstberg. 1988). 

The positi\e prl:!dicu\,1;! \alues of oo(h pooled ~ I RT and RBPT tests wcre iI)w in this study . 
I-Io\\oe\er. the PPV W<b bcth:r in the ~ IRT than in the RI3 PT In anothc.:r H!\esligation at 3 h~rd 

prevalence rale of 0.67%1. the PPV of the J\ IRT test was 8% and of (hI! RBPl ISIJ·o (Crawford 
el ai , 1990). 

Sl!roprct'a/l:lIl·t! rtJ/~s 

In thiS b.1.scline in\!c:.tJ£ation. an o..,\!L.l1l herJ pre"aicllce r..th: of 33 .31)~ was founJ. The 
importunee ofbrut.:dlosis in the Addis t\b<lb~1 milk shed IS cle;1r1~ inJicJh:ti. 

O\erall pre .. :.tlencc r.Hes of 8. 11% in indl\'iJuJI anllnals and of 8()1l1j in L:OWS Jkmc. \\I.!'r~ 

estublisheJ In Arsi n.:gion, .1 prevalence f.:llt: of 8.16°'0 was dctt!'l.:ted in crosses uSlIlg the 
RI3PT (8ayleycgn. I ')S9). For Southern Ethiopia. using tht' same test. EndriJs (1989) feported 
a prc:vll ie nce rate of 15.811 o. Tariku ( 19tJ..J. l dctct.led a prevalence ratc o r' 12~ (I using RJ3I}T and 
SAT In dairy cnttlc o\\oncd by Institute of Agricultufal Research OAR) a prevalence uf 38 . 7~o 

was. found usmg the RaPT us scr~cning Jnu SAT as contirmatc~ tcst:; (~ I uktar , 191.)3). B;.)th 
I,)lter :;tutlies. hO\\,":\I,:r, \\..:rc carrir.:d In sln~h: hc.:nls and used SAT ~s cunJirm .. uOfj h:Sl. The 
relati\ely high pre\;"Ii..:ncc mte in this stuJ: is expl.lineJ b~ a number or fat.: lllrs. E.\ccpt fo r 
one f.mn. \ accinntt!d ten },eJfS bdore, vllccm:lIion hus not ~en pmcti..:eu so far in all fJrms . 
..J. 3 .9~ 'G of the Emus JI Sll use natural maung. Only bulls in go\ernment in:;litutions an: h!sted 
fo r brucellos;::;, no h::':It is done on farm bulls. O\'vners takt- cows on ht"::lt to plJcc.s Whl!f': bulb. 
are rented fOf a single Tllnting 111ese bulls $(!rH: u nUlIlbl.!'r of cows mdbcrilll inmd y. I he roiL' 
or ille bull in the transmission ofbrucdlosis has been ranicubrly stutJieJ. ~ l un the l anti Caner 
(1950) reviewed l:untro\lcJ 3nd Jield stuJies on n:nural sen iet:: anJ AI They l:onduJeti tlmt 
lfDnsmission to susceptible cows by natur.t! sep.'ice has not becn demon.strated in cont rolled 
cxperimenls. llo\\e .. er. Seifcrt (1996) states that brucellosis is nn importum \enen:al dlsCJSC 
87 . 7~'o of o\\ners in lhls stud) do nOt hll\e knov. ledge about bruce!!"sis. In 36.6'1.'11 of e:1$es 
general rarm hygi~nl! IS poor. Fur e"(;unple. in 56.1 G, o of famls the pl.J(;l!llta is Idt 011 the 
ground or red to dogs; de'-ll1ing of stables with antiseptics is pnu.:tict;u only 111 ..J. 'l°o or the 
farms. St:parate parturitilln pens are not present in most of the f~rms (95.1°'0) , Undt.·r intensive 
s),stems of cattle hu:)b.lnd r), Ihe LIse of parturi tion pens has b~cn slu)\\ 11 t(l reJ uce the level IJ ( 

in ft!'ct lon mar~edly (Cr.1\', fo rd CI al , 1990,. Dogs arl! found in 85.7"-0 of til t' farms , A silldy in 
\\ohich nim: dogs, or:lll) mfect\!d "'ith n "bur/Wi, \\o l.!'re huused \\ith c/t:ven pregnant heifers 
demonst rated that infech:d dogs can be n source of Bruc..'dla infeclion Ji.lr cattle (Cr;.t\\'ford L'I 

ai, 1990). Horses and nHiles (;ould also bt: a SOUfce of infection to thc- smallhold\:r famls. 
Poll -evil and fistulous wilher 10 these specie::. is endemic in the til t' stull) ar~a. 

For indigenous callie in central Eth iop ia , Tekclej e cl a/. (1989) reported ;.1 brucellosis 
pre\alence rate of -lou, using the RBPT. In pe ri-urban private ,mJ state o\\nt:d 111rms the nne 
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\Vas I O.3~'II. v.hile in the fltr extreme ruml \'ill~lges thc value was 0.5-.J~·1I (Bi..Ikunl.i c!l al. 1993). 
JI\~;l ttl al (1996) reponed higher prevalence rall."s in dairy (6. 3~ 0) and ranch (l5.811 'v) animals 
than in animals ~ept under extensive grn.dng conditiuns (4.)O~). In the dairy manog~menl 
S)'Sh!11l thl." prevakncc rates ror brllc~llosis wer.: 11 % , 5.6%, Md 3.~% III pure eXOtic, 
crossbred. and dual purpose local (Mpwapw3) animals. rcspeclI\dy. This nppan:nl dilTerence 
in mfection rates could ha\e been due lu the fae! that under e xh:nsi\,!.! grazing conditions 
pasture contamination in dry cJunatic !lnd arid conJltions is reduced and h~m:e. exposure is 
limited AJdllion.li studies on breed sU:iceptibdilies II) brucello.sis In diflcrent prllJuction 
systems are re4um:J for funher rotional explanations. 

Female c,unl ... \\'i!'re nU.m: infcCli!'d \\hen compJred 10 mall." cJule I It,mever. the dlfj~rcm:c was 
not statistical!) slgnitil.:J.nt. This could be dul.! to the small number ormJl.:s tested (n = 10 \ s 
fl!OliJh.' = C)40). 110\\'l,!\t:r. bas~d on rc~lct~lr r~ll!s. m:lles Me cllnsidt.'reJ mOre resistant than 
femJit: cJ.uk (Nicoletti. 1980). Also sexually mature:, pn:.gnant cn.t1h: art.!' more susceptible tu 
infection with brucdlusi:; than sexuall~ immuturl! cattle of either sc:-.: (i.:.nrlghl. 1990). \\ hell 
herd bulls stay pi!'rm;lncnlly with cows, they appear to blj kss susceptible, JIHJ scroll)gk Jut!l 
rna)' um.lerestimate D ahur/liS infection in males as infected bulls in lc!)ls "en.' flllmJ to be! 
nonre~lclors t1r onl~ h.:'lu low antibody titers (erJ" tord tt/lll • 19~O,. 

TIlt: prcvalence w.1~ low in )oung animals and highl!f in Illde!r c.lltle. An OR \ J.lue of 2.1 J in 
this study expl.tins thJt ellder animals \~t!re t\,ice .15 likdy lltTectt.'d hy brucellosis than 
younger animals, It i!'l \\'!udy accepled th31 sexually immature CJult.' are tluite rt:Slslanl to 
expI1.sun: to B d,~('m'j and tlut susccpllhilit}' incn:~s \\jlh .:sC'xual de:\eh>pment <lnd 
pregnanq C:"'lcoh!tu. IC)8G; Cr;:mJorJ e( uf. 19(0). G\lNe I!! af (195-) assert. hO\\t!\t:r. Ihilt 
mc:re: ure nil slgOllic;.,.nt dlt'it:re:nces in sus~eptibilllY elf n..>n·\,~ll.:c;natt:d catth: of cJitlere:1t ag.es 
til .. irull."nt 0 lIbort:,,"} when the .1nimi.lls .m: r:1iseJ In 0 DruL·.:Il" fre\: environment Sldl 
sU!'Icepllbility gef1t:r.111) JppeJrs to be mon: commonly assoCi~llt:d \"ith sexual milturit} thJn 
\\uh Jg,c! (Blood ~I u/., 199-1). Young s,:xuillly Immature caule gen~ral1)· do not become 
IOfcCIc:d 1i.)llo\'.mg exposure or re..:o\'~r quidl} frelm ml\!t:thJn. ill thi!. study. a lu~her inlectlUn 
rate "J::' \1bsenc:d III the ag~ group 1\\1) to lour }CJrs. This lugh rotc c:onstJlutc:S.l high nsl.. for 
the IO..:iJL"n~c uf brul.".:Ilosis 10 the stud) f.lrms in Ihl! futun: The greJh!r Ihl.!' nllmher l,r 
mli:l."h:d CI,JWS IhJt abIJrl ur .:ah~. the greater IS the e"\pllsure risk 10 other l.."ulllc in the hc!'nJ 
(BJOI)d t't a/. 1994 J. An impon.lIlt conclUSion frtlm this Ilbst'nlluun IS th.1l Inl~ctcJ cows need 
to be removed from the herd prior to parturilivn 

Signtlic.lOt dln\:rc:n~es \~cre Il,unJ III Drucdle: ml"cction rates b.;:1\\·et.'n Jllllnals \\llh no birlh 
anJ thos~ with at lei.lSI one- p'lnuririon. Slb..::c:ptibiht) to intecliun 1I11:rel:bes with gC!'Ilation and 
\\lIh ::.tages of luct.llion Thc probability of isolation of Bruc~1I1f orgJnisms >It pJrtuntion 
tn.:reJsd frQIll 0.22 III 0.90 when felal ng<! m C'xpo:.urc of non·\"J,cdnJted hClfers IIlcrt:;"c;t:J 
from bO to 150 gl."statillfl JJYs (Cra\\ford ~I Clf. 1987). Thi50 high sust.:epllbility is rda!..:;:! tll the 
presence uf a sugar Jkahol known as er)thnlol in the place-nta JnJ In fe-L.II lluiJs; the 
subslnn.:e IS proJuccJ by. the I"c:tus nnd is c;lrlb1e l"lf stimul3lin;; the gro\\.Ih l1( B tlh"r/ll.~ 
f BlooJ d i,f 11)t)4 t. Enn~lll (1990) rdah:s in.:ceased sus, ... pubilil) abel (I,) Ihe prc-;ena IJ( 

horuh.lllC!'l and sc~rl."h.ri PrIltCJ IlS ill mctubt...licilily nell \ c ~h..,rionic tr.,:,phobJ':OIS 

CIC'J.r dllICrencl."s In intl::ctlun rnlrS \\ ert: tll."nll)nstF.lleJ \\hc:n J.l1Imals \\cri!' slrJtilieu 111 respct!1 
to herd size In inrli\ldui..Il animals, herd size \\JS signilk.mtl) associated wuh BrllL"l.'/Itl 

Inlcl.:u!)n. with pre\aklll.:c illcrt::lstng with herd size. The: OR \.lluc 01"2.99 shows Ih~u fdmls 
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wilh mort: than 100 aninmls \"ere almost three t imes marc li!"ely to be aflectt!d than small 
farms. In Ru kungLri district in Ug,lLH,b, tht: majority of e FT rt::.lctors were dl!lecte:d onl y in 
large amI medLum sizl!d he rds (Olofrs, 1(96). Kerr (1968). 100. hnt! obst:n cd thai inl"t!ction 
with brucellosis was greater in herds with more (han 25 cows than in those with lewer 
numba s. The trend tD\\Jrds larger herd size hert!by not onl y resuhs in greata probability of 

infection bu t also in a lugher prevalence (Christie, 1969,. lntensi\'e dairy farms I'llha ncL: the 
I!xpasun; potential. especially following an abortion. It is pmctically impossLble 10 isulatl" 
individual CQ\"S ::It calving or dete:ct immin.:nl abortion. During abortion. :1 high number of 
pathogens art: excreted. 10 1'2.1 OH bacteria are e;.;cre[l.!d during this period (Sewdl 1:/ ttl. 1990). 
Increases in herd size: are often also nccomp:mied by an incTense in c.nIle densit). prolllllting 
transmission by COnl.lCI and common feeding_ The failure of many cows to sbo\.,. serologic 

evidence of mfec.:tion until after r.lrturition or abonion in these cases nenrI) aSSlIr\!s 
perpetu:lIion of the disease in spite of h:gienic Of other control meaSures (Nico letti. 1980). 
Large herd sizes often an: maintnin¢d furlhemn by [he introduction of replacement callie from 
outside sourct!s. ~ 191i·o of the farms in this study did :lcquire repl.:1ccl1lent stock Irom such 

outsIde sources. The animills may have originated from multiple sources, incrc::lsing lhe 
probability of int rodu,,;ing mfected Cilltle_ Another expbn.:ltion for the assoCi::llilln bl.!t\o"l!en 
herd size ilnd inti!clion \\ith Bnlo!!la relates 10 logistic and m,:l1lagerial probh:ms Ih:H occur in 
controliLng the dise:ase: as h!;rd size increases. Control of brucellosis in Inrgt:r ht:nls oti!;.'n 
demands t:oncerted rnaLlage:ri~11 input~ \o"luch may be diflit:uit (I) implt!mt:111 

R.:prociucli\'C Clnd productit·4J I'urtll11l!lt!rs find brllcellusi.\ .\ 1(1111\ 

Statistically signili,,;ant asso~idtions with brw.:dlosis \\I.'re not t!!:tlilbllshl.'d ti."Ir any oj" Iht: 
reproductl\ e <lnd producti\ c parameters. The me.:!n cah ing intt!rvai of ";97 clays III the Clrms 

studied \\ns long \\hen compan:J \\I\b ";10.65 days in l3()ro.n·HoJIsldn crosses in Ethiopin 
tGoshu. It)S3). On the a\"l,:rag~ anill1Jis hud their tirst birth at 362 months. Tht:ir 110n· 
prodU\:li\e lite \\<1S obviousl) longer \\ht.!n compared 10 Boran-Holsh:in crosses studied in 
Dcbre Zeit (Go!l.hu. ''>SJ) "hieh \\cfe 29.68 months o ld ill first calving. In most r~1rms. 

anoestrus. lack of programmed heal and pregn,lIlcy Jetecti,m. ~lIld lI1UJl!qU::tIt! st:rviccs orfero;:u 

b) AI personnd \\t:re obs\.'nt:d ShOrt;'lgL' of feed due 10 high pri~ ,,;s nlso were.: \\ilnessl.'c.J in 
ml.l!l.t of these farms. CO\\ rcproducthc and proJUCltl,.C p.lmmctcrs ..Ire strongly inlluenccd b) 

feeding and nhLtlugcment. among oth~r l'3e lIJrs tMukasn-Mugrt:\\;.I. 1989\. Brucellosis \\ith 
pre\'ah::nce rates of 8 I P"II in Individual animals und 56. 1°,\. of ranns I!xperit:ncing prc\iuus 
abonions, could ht! a Iikd) e'ptanJlion for thl.' situation on the study limns. Brucellosis 
causes abortton:s ml,)stl) Juring the rirst pregnancy and rore!) !.lter; this could contribute II) the 
high age at first cJlving_ The other scquds of brucellosis arl! retain~d pluccn tn and metritis . In 

this study. all ~:' CJses of metritis o~~ur..:d in conjunction with abortion. retained pb.lcenta. or 
IlbortilJll \\·jlh r~lained pl;jc~nt.l.. Inflammation of tht: uterus prevents conception. r~sultjng III 

ext~nded cal\ill~ intt!rvals. Hinojos'L (!/ cd (citt!d by r-. llIkasa· l\llIgrc\\o. 11)&9) <Ul ributed a 
shan ..:alving. inter\al in J \\dl managed herd in Mexico duC' to the ahsence of brucellosis ,lnd 

a resulting reJu~cJ abonion r:llt! 

SigniJicant Jit1'i!ren~e$ \\ere observed for CO\ \ rcproducll\\; p:1ramclc:rs (c"lving inter .. al and 
age: at first cahing) ~I\\c.:n the dilTt:relll production systems Difli:rcn":l!s. hO\\e\er. \\C'rc IWIt 

se.:n bet\\e~n the Inlra·urban se.condJry tU\\ n and the tnlrJ·urban systems. The peri . urban 
farms LI:,ually I-.el!p ll1l'rt: [han 50 anim,lIs, \\hile intril-urb,m t:"1fI11S LLsu.Ll ly !..~cp 1 In 15 
anInlals. I\ l anageLl1l:nt ami logistic probh.;ms ure gn;.lIer in larger I"<lnlls l ilan in smJII l~lrIllS . 

This could be one c:..plan:mon for the differen.;es obsern:d in cah ing interuls and .1gcS at 
lirst calVing. 



Mallagement IUH! hll:.bondry act l vilies anti brucellas;:. :'/(l/II:. ;/1 
farms 

A signiticam association bdwel!n Bruc;!!/" infection with abortion and natural mating. \\as 
observed. Among fa rms 56.1 % experi~nced abortions in the b st three y ea rs. Th~ fact that no 
associ:nions betw'cen abort ions and brucdlosis infection could be established for indlviuuul 
animals but for herds cun be e~plained. Data on herd abortions for th~ last tIm:\! years could bl! 
ana lyud \'.h~reas for inui\iJual animals records or only one year \ ... cre availahle. 

Abortion and retenllon of placenta are characteristics of Brucella IIlft!c ti on (Sc;well Cf cd. 
1990). The association bCl\ ... een naturJI mating and Brlll .. 'I!!J" infec tion observed in this study is 
intl!n:sting. ConHit:ting views exist IIbout the rolt: of in fl!ch:d bulls. Blood t:l (1/ (1994) ,md 
t'Ylnnthci cJ til {]1J50} statl..' thot infected bulls do not usually tr.lnsmit inl".:ction from init.'ctt.!U 
10 non·infected cov.:-, mech~lnicnlly by natural mating I!ven \,hen the ::;l!nlcl1 conlnins Bruce//u 
organisms. S-clri:rt ( 1')96). In contrast. asserts that transmission during Il1Jting is inlpt)! 1'lllt <Ifill 
Ih:1.I brucellusls has 10 be con.siuered as an important venereal disease. 

Brllco!llcHis In mun 

Pfevakn~e mll!S for humans could not be established because laking or blood samples \~U. ... nl1t 
possibl~. 1l00\e\t!f. thl.' obsendtions of h:.1uing symptoms in reople closely ~socii.lled \ .... ilh 
CO\\S Jusufy to suspect the presencl! of brucdlosis in man. This suspiCion is further 
strengtht:.ned by the I"3.CI 11l.1t only 11 ,91% of f<lrms sell posteunzetJ milk. S~.9u'li of the l:trlll~ 

sell raw milk dirt."cll)o tu muividu.lis ne3.rhy 500n a.ft(;'f milking Ab,1, on 87.8u,u of tanns no 
kno\ ... ledge exbts about brucdlosis and hence person;J1 caution IS not pmcticed. A suncy of 
brucellosis in Ill.)n would be essential to det~rmine the e,aCI epidemiologil:al picturc. and 
human doctors shoulu be m~lde a\\are of the diseilSe in arJer to consider it in the diJT~relllLll 
diagnoses. 

6. COSC L lJS I O;\ AND RE CO ,\I~IE N DATlO.'( 

A cross·scclionulll1vcslig~!ion ofbo\lIlt.! brutellosls in the Addis Ababa dair} sheJ shl,)\\I.'J a 
relati\ ely high prt:'vatenc~ of IIlI~ction in Jairy callIe The: high pre\ :lIenee in the younger .lge 
group shows brucdl\lSis: to ht.! in the incubat!\·e stage IIllhe herJs. c:lrr~ mg the: jJ\llcnual fllr ~n 
imminl!llt t!'Cplosion and !>prcJd in the future Fcm~l les:, older animals and co\vs JI fl!pro tl u..:tiw 
status life \\eTt'! comparati,,'dy more afl~ctt.'d, Iligher brul:dlosis rat\!s \\ere ob;;t.!r ... cd III 
imeIL"iI\ e farms \ .. hen compared 10 smallholder farms. Abortions. Jelayed age at tirst CJI\ lIlg. 
and long cah ing mlcn al were: concurrently obsen cd I knj manngemem prat:tices and 
hygknc on thl! farms: \Vere found poor 

Test agrecme:nt rn:1\\CCIl MR I J.n~l RBP [ - err .... serial h.:sting. impn.>\·ed c.,)n.!:ilstcntl> \\ hl..'l1 
Ihe number II r 1\ 1 R r testS was inCl"c:lSed II t.!nl.:l.:. three or four 1\,11{ I tests should be c.lfried 
annually. Tht.· good ::t!;rccl1lt.!llt bt.!t\\et:1l tht: RflPT test and thl! r.;:ocoml1lcnded RflPT+ CI T­
:':1.·ri,LI tC:':ling prucl."llure shl)\\s Ihul IHlPT can bl! used cffccthdy in 00\ 1111..' bnlC.'I.~lIusis 
suneys. Brucel1.,)sls. tx::.:ilic.:s being of economic importance. nl.:jo is of publil.: hl.!.:ll lh 
significance As urbnn anJ peri .. urb:m fdrms art! Iht! sole sources of milk to the llt.ljorilY of 
inhabitant:.: or Addis Abab.l Jnd closer seco ndar~ to\ ... ns, particular emphasis should be gl .... t!n 
10 the dairy enterprise in regnrds 10 the hygienic quatilic:s of mil!... 
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In lhcsc lines, tht: rollowing recommendations arc made fo r at leas t in the Addis Ababa milk 
shed: 

(I) General surveys should be carried out in all dairy farms using the RBPT and 
possibly CFT. 

(1) All dairy t~rmcrs should hI.! instructed to implemerH recommendation.s of the 
veterinary authorities lor thl.! control and prevention of brucellosis. 

(J) Slaughter of positive animals may not be ccollomic.llly feasible. Slaughter of 
positiw animals though is recommended once the pn:vnlenee drops to 1':2%, To 
achievt: this, vaccination of >'oung animals at 3-6 months of age with a full dose or 
stfllin 19 ~lI1d the use of strain 45 '20 in adults is r..:commcnded. 

(4) Extt:l1sive extension service must be launched to make the stoch. owners ~l\\are or the 
disease . 

(5) In constructions of dairy farms, all hygienic me:lsures should be adherclJ. 
(6) The pastl!uriz."lIion of milk should be I!ntilrced. 
(7) Cooperation bemcC'n veterinarians and the medical personnel should be sought, 

strengthened anu coordinated 
(8) R~striction of movement of inl~cted animals should be enforced by b\\. 

(9) Cootrol of the imJXlrtaiion of lh'c anim~l ls nntl frozen scmen. to limit introJuctluo of 
brucdlosis 10 the Clltlntr~. should be enforced b~ 1,\\\. 

(IO) During internal animJI movements from one locality to another. :l certilicull! should 
be presented sI.:.lting th:u animals an: Ire.: from brucellosis. 
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AN 'EX I: EQ U II'~ I ENTS AND REAGENTS FOR SEROLOG ICAL TESTS 

~liIk ring ICS I 

Malenals: 

siained ~IRT .:uu igen. Thl! antigen \\as oblained from OgYV ([3und~sinslitut fijr 
gesllndheillichcn Verbrauchcrschutz und Vcterinarmt:dizin). J3r.:rlin. Gcnnuny. Ii was 
standardized B abur/llS antigen . 

• pipettes 

• RBPT antigen, obtained from Bg VV. I ht: antigen IS standarJii.cd B uhurllls antigen. 
- Positive and ncg.ltive comrol sera. ohlainl!d from I3IL! VV. 
- A 10- IODml nicrotitre pipen!! 
- Whit\! c:namei or ceramic plJtt: 
- Wooden applic:l!or slid. .. 

Complement Fix:ll ion TC~ I 

i) equipmcnts, ghlssware and plastic nUlIcrial, 

- \\'ater bath 

- Centrifuge 
- pllllll!ler 
- ~1;1gnclic StiITi!r 
- ReJding mirror 

- Test tubes. 1.2cI11 by 10em. 
- Pipettes. 1 ml. 51111. 10mi 
- Com\\all ~ml 
- V-type microlilrc plates 
- Eppcndorf pipeucs (10-1 OOft!. 100-1 OOOftl) 
- Aujuslablc multichannel pipenc 
- PlusHc lips (10-1 OOft!' 100-1 OOOplJ 
- Sealing tape 

ii) Diluents, 

Verona! bun~red diluent (YBD). Prepanllion of 200m 1 01':5 folJ concentmtcd V130. 

NOlO 
la 5,5,- Jiethylbarbiturnk 

B3.DOg 
IO, I O~ 

dlssol,eu In about 800rnl of hot distilled \\ater. Addt."d stO\\ I) 3-1,6011 Hel {I Nl. and 
afterward::; 51111 orlbe follo\\ing "YBD !:IlOC!.. sohnion" 
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I~t Mllel:! 
~t,cI2' 6 11 ~O 
CaCI2 • 21120 

add I OOml distilled water 

20.3g 
4Ag 

Fill up to 200011 with distilled W3tl:!r. The pi I of 3 1.5 diluted stock VBD should be 
bet\\ecn 1.4 to 1.5 

iii) Preservatives, 

a) Alse,!;!r's SolUlion 
Dextrose 
NaCI 
N.4.·Citrnh! 
distilled waler ,tdJ 
sterilized by ste.:lming 

b) Richardson sol 
RIchardson sol A 

Boric aClc 
Borax 
Sorbitol 
Satur. NoCI aJd 

Richardson sol 13 
Borax 
No Azide: 
SJIUr ~JCI add 

Reagents. 

IS.66g 
4.19g 
8.00g 

1000mi 

1.86g 
4.58 
2:!.94 

200ml 

1.14.; 
1.62g 
200m I 

a} Complement. ~ti,eJ serum from healthy male guineJ-pigs. The serum \\as preser.ed b: 
.1dding 1011 of Richardson soLO 10 8011 of serum and after mixm~ \\ell i 011 or Richardson A 
, .. ·as added and mixed Preserved complt:ment was stored :ll 4°C Preservcd complement is 
obtained from 8g\'\' 

B) Amboceptor AmboceplOr IS J ~rum contJinlng J)tic antibodies again::it sheep red blooJ 
cells. prepared In mbbits The amboceplOr '\-':::lS obtained frlJl11 l3ehring-Werkc, Matburg. 
Gennan} 

C} Sheep red blood cells. 75011 of frt:e Ilo\\ing blood \\;lS dru\\11 from the jugular \\!in tljreell~ 
into a boule (;onEaining 1.:!5ml Alse\er's salul iun. A d.tih of crystalline penicillin "as adlkd. 
StoreJ at -toe, 

DI Amig!!n ObtJint:tl frum I3gVV. The omigen is sl.muurJi::icJ 8 alwrlll"> ag:linsl the SCI.:,llId 
il1lematlonai St:lIlJ.ud Ami · B lIhUTIllS Serum. so as to gi'c 500'11 lixalioll at ;1 dilution I1f 
I ·200 of this serum. 
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E) Control sera. Positive control sera originate from infected animals with sufficiently high 
titn:s. Negative control sera are dl!rived from non-infected animals. In this study both positive 
an d negative control sera \\ere obtained from BgVV, l3erlin, Gl!mlany. 

ANNEX 2 GRAP HI C AL REP R ESENTA TI ON OF SO~I E COW 
R EPRO D UCT I VE PARA~ I E T E R S 

(A) Calving l uterv;ll 

No. animals 

70 ,------------------------------, 
60 
50 
40 
30 
20 
10 
0 '-----' 

300 340 380 420 460 500 540 580 
Calv ing Interval 

(8 ) Age at fir~( c:lh ing 

No.animals 

80 
60 
40 

'0 
o 

~ 3 -I 5 6 
A ge at first calving 

(C) ~ umber of services per fertile conception 

eo 
70 

60 
• 
~ 

50 

~ " 
0 " ---- - - -
% 

20 - - - -

" , 
5 >6 

No.serv ices per fertile concept ion 

5 0 



AN NEX 3 Q UES T I O NN A I RE r OR 1VlAT 

CROSS-SECTIONAL AND LONGITUDINA L PROSPECTIVE STUDY OF BOVI E 
BRUCELLOSIS, CLI NICAL AND SUBCLI NICA L MASTITIS, IN INTRA-URBAN AND 
PERI-URBAN DAIRY PRODUCTI O ' SYSTEMS IN AND AROlF.\'D ADDIS ABABA, 
ETHIOPI A. 

Date _______ _ 

GENERAL I :'>IFOR~ I ATI ON 

Farm Structure 

Farm o\\ner 
-=-__ :-_____________ sex. _____ ~age. ____ ~yrs 
Occupation -:--:-:-_______________________ _ 
Farm physical address, __________________ =-,--__ _ 

-,----,-_,---____________ Tel. __ _ 
Year dairy farming st3rted, __ -:-__________________ _ 
Location intra· urban seCOndi.lry IOwn, _______ _ 

intra-urban 
peri·urban 

Distance from to\\ n center kill. 
Farm size hu. 
Is the farm fenced? ) es no 
Is there frequent can Wet bcmecn your animals with other herds? 

)cs no 
Crop livestock farming: Types of crops grown and quantity. 

Type of crop livestock larming, Quantity 

Do you own land else\\here e.g. rurnl area? yes no 
What do you do on this land? _____________________ _ 

Social Fac tors 

What was the I;]st school you attended? 
(I) elementary 
(2) junior high school 
tJ) college I university 
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Professional qualific3tio1ls __ :---;--:-_-:--::-_______________ _ 
How did you acquire skills to raise dairy catt le? 

(I) agricultural training (level) c----,,-----------------
(2) from extension agents (which ones) ________________ _ 

(3) from parents 

(4) otho r -c-:----:---,-----;:-------------------
I-Iow did you start dairy buisness? 

( I) inherited the enterprise 
(2) bought the enterprise 
(3) bought dairy animals 
(-I) upgrade the local breed 
(5) othor __ -;:-_--;--,--_:::-:::-_____________ _ 

What are your reasons fo r producing milk? 
(1) to earn a li ving 
(2) to supplement family food 
(3) to supplement family income 

(4) as a hobby 
(5) other 

Do you have another job'? 
yes no 

specify ________________________ _ 

Herd Composi tion 

Breed of cows 
No. of milking CO\\S 

o. of first lactation heifers ______________ _ 

No. of female calves 

Bulls 
Others 

ON BRUCELLOSIS 

What are YOllr culling criteria? 
(I) disease 
(2) old 3~C 
(3) reproductive diseases _________ _ 

(-I) poor production 
(5) other _____________ _ 

\Vhat type of insemination do you use for your ~lIlimals? 
(\) arlifici31 inseminalion _________ _ 

(2) natural service 
(3) botlt 

Do you have knowkdgc about brucellosis? 
)es no 

Are there separate parturition (maternity) pens? 
yes no 
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Do YOll separate cows dllring p.uturition? 
yes no 

What do yOll do to thl! calving pen after the cow and calrIdt? 

How do you dispose off the aftl!r birth? 

Where do you get your repi:lcement stock? 
( I ) buy in 
(2) rais!! o\\n replacemen t 
(3) both 

What do you do with I...no<.\n Brltcell" infected nnimals? 

Have you ever observed abortions in the farm? 
yes no 

Il o\~ many abonions have you observed in the last thr!!e ) ears'? 

Did the farm been tested for brucellosis since inception/whl!n? 
Did vaccinations fo r brucellosis been carried since inception? 
Are dogs kepI in the farm? 

Farm inspection report 

housing 

Building material used is 
(I) traditional 
(1) modern 
(3) mixture 

llousing type 

Floor type 

(l)pel1 
(2) barn 
(3) slt1nchion 
(4) freesIa II 

«() earth 
(2) concrete 
(3) stant! 
(4) oth!.!!' 

Does the building ::.tfllclUn;: allow sunsh ine into the building? 
Is the roof structure rain proof 
CO\\ stalls are free of hazards 
Parturition pens are clean and dry and well bedded? 
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~es 

)es 

yes 
~ es 
yes 

yl!s 

no 
no 
110 

no 
no 
no 

no 



Dry cow facili ties an: clean 
Cow stalls are of adequale s ize (220cm x 11 Oem)? 
The drainage system 

(I) excellent 
(2) satisfactory 
(J) poor 

Ventibtion in the building 
(1) excelknt 
(1) satisf~ctory 
(3) poor 

General farm hygiene and orderliness 
(I) excellent 
(1) satisfactory 
(l) poor 

COIV clt!(m lill t!ss 

Soiling of the udders 
(I) not appar.:nt 
(!) moderate 
(3) serious 

Flies on the cows 
(I) negligible 
(2) moderate 

(3) too much 
Is hair clipped from tht! udder 

no 

yes 
yes 

Form a t to in vest igat e occ ur rence of brucellos is in ma n 

no 
no 

The number of milkers, other workers in the farm: _____________ _ 

Has any member of the fo.milY. milker. and worke: visited a health institution in the lust six 
months? 

yes no 
If yes for what health probkm? ___________________ _ 

Has any member of the family milker worker sho\\n symplOms of prolonged fever since 
start ing keeping dairy cattle and for how long? 

yes no 
li as an) member of the family milker \\orker shown the following symptoms since starling 
keeping dairy cattle? 

headache yes no 
insomnia 
pain o\'er the spine 
vagut! gent!r3iiLed pain or aches 
pain over the joint 
pain on testes 
nervous disorders 
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yes 
yes 
yes 
yes 

no 
no 
no 
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no 
no 



ANNEX ~ DESCRlrTION OF FARM CATTLE STRUCTURE I N 
T H E STUDY S I TES' 

DISTRICT FARM I krJ size Lact. Cows Dry Cows Pre);. Cows Tested RI3PT+/CrT+ 
NO. 

OEBRE ZEIT 2 7 I I 4 5 m:gallve 
" J 7 J 2 J 6 positive 
,. 4 7 6 I I , positiVI! 
" 5 5 I ° I J negatiVe 

" 6 5 2 0 I J neg:mve 

" , 8 J 0 I 4 negiulvc 

" 10 7 2 0 0 6 nl!g;ulvc 

" " 9 4 I 0 " posili\c 
" " 5 2 0 J 4 posili\e 

" Il 9 J I J 7 negam'e 

" 14 46 " 4 15 " pO:olllvc 

" 15 6 2 0 I 5 neg.lIlve 

" 16 6 I 0 0 ] negati .. e 

" 19 4 J 0 J 4 negall"!! 
" 2O 5 I 0 0 J m:gatlve 

" " 4 3 0 0 - positive 

" 12 2 0 I I 3 negati\c 

" 2l , 0 I I 2 negative 

" 24 5 3 0 2 • neg:ltl\e 

" " 4 , 0 I ] ne:,:3u",c 

KAUTI I 99 38 8 -, ,- 7S pOSitiVe: 

" 2 79 30 " 
,--, 57 positive 

, J 71 ,--, 9 4 " pll.'i.ilive 

SEBETA I 80 26 17 12 " POSit I"';: 

" 2 ., 2O 7 16 6' po:>iti.,.c 

" 3 326 13-1 69 18 ~91 positive 

ADDIS ABABA I 112 58 87 posillve 

" 2 71 24 r -, " 62 positive 

" 3 5 I I I 5 neglll\e 

" 4 8 3 I 0 5 lI<:g311\0: 

" 5 , I I I 3 ncgrmvc 

" 6 2 I 0 I 3 nc;;amc 

" 7 4 0 0 2 5 neglUve 

" 9 4 I 0 2 4 negative 

" 10 J 2 0 I 3 ncg311vc 

" " 3 I I I J negall\c 

" " I 0 I I 4 nl!gamc 

" Il 5 3 0 I 4 negative 
, 14 2 I 0 0 I ncgilmc 

" 15 J 2 0 0 ·1 nc;;illl\'c 

" 16 " 7 0 0 'J negallve 

" 17 6 4 I J 8 nc,plI\c 

TOTAL 42 111-1 443 162 173 950 14 

• IH;rd parameters \\ere l:lken III October 
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c u n n l eu L U~ I Y IT A E 

Name 
Sex 
Age 
Marital status 
Place of birth 

Langlla~e 

Education 

Yilbl Asfaw 
Male 
JO 
Single 
Feres Det ;"'Iichad. Gojjam, Ethiopia. 

I) Amharic, speaking and writing 
2) English, speaking and \\riling 
3) Deutsch, speaking and \Hiting 

I) Elelllent:1ry: r~res Bet Elemcntary uml Juni ur SCl;onJilrY School, 
Gojjam. Ethiopia. 

2) High School: Damol Comprehl!nsive SecondJry School, Gojjam, 
Ethiopia. 

3) Undergraduate study: Faculty of Science and Faculty of Veterinary 
i\.ledicine orthe AJdis Ababa University. 

4) Postgraduate study: Frcie Oni\ersitJ.t Berlin and Addis Ababa 
Universi ty. 

Academic AwarJs 
J) Ethiopi.::ln School LCJving Certificate Examination 
2) A Dt:gree of Doctor of Veterinary l\ ledicine (DV1'v1) 

Work Experience 
J) Assist~mt lecturer and lecturer at the Faculty of Veterinar) i\ ledicine 
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