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ABSTRACT 

A cross-sectional study wns delineated to im'estigate the pre,'alence and risk factors of camel 

ami human brucellosis in south Afar region, northeast Ethiopia, The studY \\as carried out in 

t\\O cOlllenienti) selected camel-rearing districts of Afar. Awash-Fentale and All1ibara, in the 

period from October 20tO to May 20tl. ;\ total of 7(i~ cnmel blood sera \\'ere randomly 

collected from eight pastornl and agrO-IJastoral residences of both district s. t\\ 0 PAs from 

;\\\'asIJ-Fentale and six from Amibara ,yorcdn. and hUlllan sera \\'ere collected from 200 

purposel, selected clinical patients in t\\'O health centers of the districts, The stud) with human 

subjects ,yas performed according to the guidelines of the declaration of National Health 

Research Ethics Guideline of the Ethiopian Science and Technolog)' COlllmission and consent 

\\'as obt:tined from the institutional reyiew board oflice of Addis Abab:t Uni"ersity College of 

He:tlth Sciences. ~'Icdic:tl Faculty, T\\'o serological tests, RBPT and eFT were used to screen 

:til serum samples :tt the National Veterinary Instillile (NVI) at Debre-Zeit. Descripti,'e 

statistics ,,'as used to depict the result s in percentages and cross-tabulations and multi,'anate 

logistiC regression \\ 'as constructed to study the risk factors associated \\'ith limcel/ll sero­

positiYe cases of humans and camels The o,'erall pre, alence of cllmel bnlcellosis in the 

districts ilwestigate.d was 11.9%, by RBPT and 7.(,'!!,) by CFT and the O\'erall pre,'alence of 

humlln bl1lcellosis \\'as 16% b)' RBPT and 15% by eFT, Milk smnples ,"ere collected from 34 

(69.4%) sero-pOS\lI, 'e mil~ing-came l s to attempt culiural detectIon and Identification of the 

IJrucel/u organism and the isolation trial was made in the microbiology laboratory of School of 

Veterinary Medicine. Debre-Zell. but the target organism \\as not successfully identified 

through the bacteriological approaches conducted, Structllred questionnaires were administered 

to camel herdsmen to collect mlormation on camel health und management practices :tnd to 

humarl clinical patients to Identil~' potential risk lactors associated with the occurr¢nce of 

human brucellOSIS, Multi"ariate logistic regression on animal le,'e l sho,,'ed that age of the 

camels ("/ = 4 ~)l;. p= 0,(26). herd Size C-/' = ~.47. P= 0,n(4). contact or rearing "ilh ruminants 

(/ = 34.74. P= 000(1). and parit) C"/ = 11.30. P= 0.n(4) ,,'ere statistically significant and 

\\'ere the potential risk factors assoclflted with camel brucellosis, That is. adults ",ere I 70 times 

(P= 0.02(,. OR= D,70. 95% c. 1. = I 45-1.95) more at risk of acquiring the disease than young 

camels while old age camels were I 52 times (P= U,026. OR= I 52.95% C.1.=1.24-1.72) more 

at risk than yOllng camels. Ho\\'eyer. geographical localion of the study districts (i = U,SO. P = 

1J ,373). res idence area (r: = 0 %. P = 0,328). sex (i = I. In. P = 0.2(5) and the pastoral and 

agro-pastornl farming systems (i =1.35. 1'=0,245) \\'ere not statisticnll)' significant and not 
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considered as risk factors for the occurrence of the disease in the c<1Illel population. The 

olynership of milking call1els. Ih'ing lI'ithin the pastoral and agro-paslornl communities. 

keeping of livestock in close contact. consumption of rail" camel milk and milk products. 

assisting animals during parturition ami grooming lirestocl; were potential rISk factors 

associated lI"ith Illnn:1n brucellosis. Ho,,·erer. there " 'as no statistical'" significant diITerence 

I\'as obsen'ed in the prel·alenee. of human brucellosis among the origin of the patients (i = 

2 . 0~. P = 0.3(0). among the age groups (X! = 2. 15. P = 0.3-11 I) and l)etl\'een the urban and rural 

society (i = 0. 12. P = 0.(,62). The results of the present in\'estiglltion indicate thlll hlllnan and 

camel brucellosis is \I idely distributed in stlld, districts of Afar and hence. the author 

recommended further studies need to be done on animal and human bnlceJlosis to detennine 

I\"hich measure should be 1'011011 ed. Brucellosis should be included in disease education 

programs and control measures to mitigate the economic losses and public health h07.1rd 

caused by the d iseasc. 

Keywords: Afar regioniCamel brucellosis/Complement lixationtestlCross-sectional stud\ / 
Ethiopia/Human brucellosis/Prel alencelRisk factors/Rose Bengal plate test 

VIII 

Unfiled Notes Page 8 



Monday. July 11. l01.1 

4:09 PM 

I. INTRODUCTION 

Camels «('allie/lis deJ'()lI1c:darilis. one humped camd dromednry) are \'ital domestic animal 

species that are best adapted to harsh enl'ironments and Ouclllaiing nutritional conditions of 

arid and extreme arid z.o nes, These animals are endowed \\'ith extrn ordinary features that 

enable them to slllyiYe and perform in such hard condit ions (Teka, I <)<) I). Dromedaries me 

yersatile li\'ing assets that ensure food security eren during the dl'\' periods and also sen'e as 

means of trDnsportation and draught po\\'er (Yogi!. 19X5: Higgins cl 01 .. 1992) , 

Africa hosts XlI% of the \\wld populalion of dromc(b" (J 6,5 mi Ilion) of \\ 'hicll 63 %, attributed 

to east Africa (Wilson, 19<)X) Call1i!1s are a subsd oflillge li restocK resources in Ethiopia with 

the population estimated to be orer one million, This number mnks the COUIll", lhird in Athca 

aner Somalia and the Sudan and tourth in lhe \\'orid (India included). The arid and semi-arid 

areas of the count" that constitutes more than (,()'){, or the total area and home of 7,l! million 

pasloral and agro-pastoml cOlllmunilies (Abebe. 2()(JO) are suitable for camel produclion, The 

eastern and southern parts of the count,, '. namel~ Afar. Somale and Borena are the m~ior areas 

\yhere cnlnel husbandl~' is \\ Idely practiced In these areas. the li\'elihood of the pastornl 

communities is certall1l~ ensured by dromedaries (Tekn, I <)<) I: Wossene. 19( 1), 

Camels inhabit almost all peripheml drier 10\\'Iands that gencrall~' fall belo\\' 1.500 metres 

abo\'e s~u leyel in Ethiopia. except th~ \\'estern areas \\'here high hlll1l1dit\' and the incickncl! of' 

trypanosomiasis are common {Teka I <)<) 1: Wilson. I ()9S). These areas mclude the major parts 

or the Somali and Afar National Regional States and some parts of the Oron1l(1 N:lIionul 

Regional Stale. Because of the outstanding perfOI'lt1<UlCe of camels in tile arid and semi-arid 

areas of eastern lowlands of Ethiopia where browse and \yater are limited. pastoralists rei,' 

mainly on camels tbr their lin!lihood. In these areas. cmnels are l1laml~ kept for milk 

production and produce milk lor a longer period of time c\'en during the d,,' season when milk 

li'om cattle is scarce, In most pastomlists. camel milk is nl\\ 'a~ ' s consumed either fresh or in 

yo,, 'ing degrees of sourness in the raw state \\ ithout hent tremment thus. can pose a health 

hazard to the consllmer (Bekele CI (II . 20(2), 
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In Sl)ite, of its I'ital lI11pllrlanCe p:u1iculnrly to the marginnlized comml1l1ities in the dry zones of 

tropics and subtropics , studies 011 the camels are rery few, Due to the fact tlmt c:ullel 

production is in remote. migratory and poor infrastructure condition. arailnble studies were 

based on small animal number. one time SUf\'e\. inten'ie\\ ing. questionnaires. estimation and 

simulations (Schwartz and Dioli . 1(91). From the last tl\ 'O to three decades on\\·nrds. scientilic 

int eres ts in diflerent aspects of dromedaf\' hal'e sho\l1l progress (Baumann and Zessin. 1992). 

Published information on diseases rel'eals that camels may be either carriers or sullering from 

a I'ast array of infecllous and parasitic diseases (Kohler-Rollefson <'I (1/.. 20( 1), 

Tr~ panosominsis caused by T (I i'll/lSI is found to be the major health problems in the Afm ,md 

Borena meas. Other diseases such as po,~ infections. contagious skin necrosis: pneumonia and 

parasitic infestations an~ also kno\\"Jl to alTect Ihe heallh of the cnlnels in ihe camel-rearins 

areas (Richard. 1979: Demeke. t l)<)~ ) , 

Some of the diseases such as brucellosis hm'e considerable public health importance as camel 

milk is consumed raw (Abbas (II ClI ,. 1987: Gameel (II al .. 1')93). Brucellosis \I 'as reported in 

callld Ii'om dlflerent countries or Africa and Asia (Abbas and Agab. 20U2: Wernery and 

Kaaden. 20(2), Bnlcdlosis is a \\ 'id~spread disease in cam~1 producing areas. Th~ infecllon 

rate is higher III intensil'e camel producllon sys tem \I'here I~rge anllnals are kept in a larm In 

countries with more of extensiw 10rIn of husbandry. the rate is 10\1' (Abbas ~nd Agab. 20(2). 

Brucellosis in human represents 11 major public health hazard. \I hich affects social and 

economic del'e1opm~nt in \'ariol1s COl1ntrles. Groups at high risk for brucellosis are animal 

health \I'orkers. butchers. farmers. and those \"ho habitually consume m\\' milk and come in 

contact lI'ith animals (Chukwu. 1987), In man. transmission occurs as a result of ingestion of 

milk. contact I'ia sk in abrasion. mucolls membranes and inhalation (Radostits <:1 al,. 2000: 

Seifert. 19<)(,). rV!asoumi <:1 al. (1992) recorded higher pre\'alence r:He among butchers and 

people I"ho habitnalil' consume rail' milk. Comel keepers consume camel milk as well as her 

\\'ithout heat treatment. This is cI'en considered as delicacy (Gallleel ell/I,. 1993), There is also 

a close contact betll"een herdsmen and the animal during lI'atering. grooming. nding. nursing 

sick ones and delh"elY assistance (Abbas el al .. 1987), The isolation or the tll'O major 

paihogenic I]m",' //" species: B, /l1t: lilel1sis and H. "borl/ls. Irom milk and olher samples or 

camel origin (Gameei el "I,. 1993: Agab <:1 al .. 19')4: Hamd~ and Amin. 2U(2) clearly indicate 

the potential public health hazards of camel bnlcelillsis, 
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The disease cnn generally cause significant loss of prl\ducti l'i ty in camels through Inte first 

cn il'ing age, long caldng interl"al time, 10\\ ' herd fertility ami comparatil'el~ ' lOll' milk 

production (Werne~' and Kaaden. 20(2). Moreol'er. brucellosis III human represents a major 

public health hazard , \I hidl affects social and economic del'elopment in I arious counlries, 

Camel milk as \I'ell as camel Iil'er are consumed \\'ithout heat treatment b~ ' camel keepers mid 

el'en considered as delicac~' (Gameel el al .. 1993), The is(\lation of 11. abrlW and IJ. mel" el1.1'is 

(Rad\\ an "1 al .. 19<)2: Gameel el al .. 1993: Agab CI al .. 1 9<J~ : Abou-Eisha. 2UOO) has cenainly 

demonstrated the danger of camel milk to public hea lth . 

Prel'ious serological sUrl'eys sho\l ed ol'erall prel'alence rales of ~A'X, (Domenech. 1977). 5.5'}{, 

(Richard. 1979) and 4,2% (Teshonlt! el al .. 20U3) in different camel-rearing areas of Ethiopia, 

Specilically in Borena area. Teshome and co lleagues (21)(13) reported 4,2% \\ here as 

Domenech (1977) reported 5,2% prel'alence rate, A stud,' (\n camel husbandry prnctice in 

eastern pan of the CounllY by Getahun alld Kassa (2000) ind icated abortion rates and slillbirths 

of')%. and ·U%. respectin~ly. for which brucellosis IS more likd,' to be incriminated. 

1.1 Scientific justifications 

I. I, I The impact of bruce llosIs on public hea lth and li"eslock production 

Ethiopia is introduci ng markets for e~porting h e animal and IiI estock products, Slnrti ng Ii'olll 

2007/0R. pril'ati zed export abattoirs in central Ethiopia are exporting camel meat to the MIddle 

East countries. The IllOS t important camel diseases endemic in rural areas include brucellosis. 

anthrax. tuberculosis. trypanosolllosis ,mel calf scour. The main faclors of concern lor the 

farmers of the camel-rear ing areas are the 1m, fertilit~· of camels and Ihe high l1lo rlalit~ in 

young animals, BrucellOSIS is n major reproduction problem in Ethiopia. Ailihe camel-rearing 

areas do not test for brucellosis regularly and cI'en cannot allord to practice the s\'slem of 

culling positi\'e 31ll111als despite thetr intimate companionship I\'jtll Ihei r animals and lack of 

a\\'areness of owners about the disease, Consequently. these animals become carriers of Ihe 

Ill'l1c!!l/" organism and thus a potential source of infection I\'hich contributed to the signiJicant 

health risks existent in these areas (Bekele. 2(04). Food and miler-borne illnesses are highly 

endemic throughout the countr~·. The risk of acquiring brucellosis iI'OlIl direct animal contacl is 

highest in rural areas \\ here li"estock is bred, Ho\\·el'er. Ihe risk from contaminated meat and 

animal products is presented countrywide. including urban areas (Anon~· lllous. 20(3). 
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Brucellosis is prel'alent in traditional pastoral communities of Ethiopin such as Afar. Borana 

and Hamer and the possible risk factors for brucellosis are lil'ing in close pr(lximitl' of 

lil ' ~stock. l11ilking lilestock and consul11ption ofral\' milk and milk products, Diagnosis can be 

improled bl prol'iding testing for brucellosis, BI1JCellOSis should be included in disease 

education programs and control measures (Regassa el al,. 20(9), 

1.1.2 Signilicance of th~ stud~ ' 

The Ministry of Agriculture and Rural Deyelopment (1\'[oARD) is current II' encouraging the 

lil'estock sector to il11prol'l! th~ production system and the bio-security of the ,1Ilimal rearing 

areas that IS protecting introduction of nell' animals \\ 'hose health status is lInknOI\'ll. Good 

farming practices and management are still problematic in the cOllntry as a Ilhole and control 

l11easures. specific to brucellosis. are still far frOI11 the attention of all lil'i~stock rearing 

cOl11l11unit~ and the prel'alence of human and camel brucellosis IS unknoll n in the pastoral and 

agro-pnstoral liwstock habitntion areas, Moreol er. al,atlable studies on camel brucellosIs are 

so scant I' nnd do not prol'ide detail epidemiological lllforl11ation, [n order to l11eet the 

gOl'ernmelll national policy. this studl' tnrgets to l11easure the prevalence of brucellosis in the 

call1el-rearing 3re3S and consequent I,' prol'ide essential information for the authorities to 

control the zoonotic disease by means of l'accinatlOn nnd prol'ide basis for future control. 

prel'ention and eracltcation programs in EIllIopia. Therelore. a Sllfl'e" on "serological and 

culiur31 detection of brltcel/a inlection ill cJmel ami its public he311h stgnilicance III selected 

districts of Af~lJ' region" \\'3S necessary, 

[.2 Obj~r(i"es 

The present stud~' lI'as undertaken in the study areas with the folloll'ing m3,ior ob.tectil'es: 

• To determine the seroprel·:tlence of camel brucellosis nnd filld alit the potentinl risk 

factors associated Il'ith the occurance of the disease in the camel herds of the pastoral 

and agro-pastoral fanning s~ 'stems , 

• To study the prel'alence of brucellOSIS in occupationally exposed human group, 

• To assess the geogr3phical distribution of camel brucellosis ill relation to the type of 

farming systems of the study districts, 

• To nttel1lpt the isolation of Hrucel/a organislll from ra\\' camel milk. 
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2. L1TERATlIRE REVIEW 

Brucellosis is an infectious. cOlllaglolis. and IwrJdl\"ide spread 10rll1 of important 

anthropozoonotic disease caused b~ bacteria of the genus Jimcel/o. In animals. the disease 

primarily alJects callie. sheep. goals. c:unel. slI·ine. :md dogs. and is characterized b,' abonion 

or IIlrerlilit~ alld also alTeets people and other alJlnml species (Ray and Steele, 1'17<) . In human 

beings. the disease is characteri ~.ed by intermittent fel er. chills. sll·eating. headache. m: algia. 

arthralgia. and a diwrsit\' of nonspeci fic symptoms (Young ,U1d Corbel. I'J!>'J: Pal. :!O(7). In 

domestic animals. brucellosis has been comnlOnly knoll 'n as enzoollc abortion or bOI'inc 

contagious IIIfection. epizootic abortion. infectioliS abortion. contagiolls abonion. slinking of 

clal·cs. Bang's diseas~. and ram epididymitis. In the case of human brucellosis. it has been 

described bl" I"miolls mmes lIlc!uding lIndulalll fel·er. Malta fel er. Jvlediterranean fel·er. gastric 

fewr. Mediterranean gastric rewr. Gibraltar-Rock ferer. Cyprus fCI·er. Ne:lpolitan fel·er. 

intermillent gastric fel er or intermillent typhoid ferer. pseudolyphus. febns typho-malariae. 

and 1i~1Tt! sudorale (Ral' and Steele. 1979: Pal. 20(7). 

2.1 Distribution of camrls (CitlJleillS timtllctillrim) 

Camclid was probabl~ among the last of major domestic species to be put to regulnr use b~' 

man, The most likely time of domestication is nbout 4000 ~ ears before present or slightly 

earlier. The presumed area of domestication is the southern Arabian Peninsula. probably the 

area of Yemen and Oman. From presumed center of domestication. dromeclmy has 

subsequently been distributed to nlmost the rest of the IIwld (ScJIII'artz and Dioli . 1')92. 

Wilson. 1'19:\) 

Em IronmentJI. soc ial and cultural factors hal'e great innuence on the distribution and 

production of cmnels. Arid and semi-arid 70nes or tropical and subtropical countries of Afrlcn 

and A~ia are found to be cOlll'enien! ecology. The greatest cultural innuences in recent 

distribution or camels was the ndyent of Islnm lI'hen Arabs spread their gospel. consolidatlllg 

its rnnges north and east l\"llrds in Asia. and along the Medilerrnnean littoral. There hal'e been 

many attempts to introduce camels outside (he "normal" ronges. in Brazil. Colombia. USA, 

Cuba. Spain. Italy and France. 
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General"'. there has been steody increase in call1el populnt ion since nbol11 19XOs, Howe\'er. 

decre:lSe in IlIlinbers h:lS been obsen'ed in some cOl1ntries for instance. \\ here 011 is the 

principal cOlllnlOditl' and the nomadic \\'o~ · of life is no longer Ihe lI1~ior one (Wilson. 199X). 

Eastern Africa is knOlI'l1 to be the hemti:lnd for camel production as XO%, and (,3% of the 

Africa and \\wld population. respecti\ 'ely produced in the region, Ethiopia ranks 4'h in the 

world with lotal popubtion estimated ol'er one million (Table I), Subsistence camel production 

is prncllced in dl~ ' areas 0[" Ethiopia that COYers 61 % to 65')(, 0[" the tolol bnd area (Abebe. 

20(0) The cast ern part of the country is considered as the heartland Ibr cOlllel production. 

IIhicll is the home oftllo-third of the nations camel population (Getahun ami Bruckncr. 201l0) , 

Table I: Call1el popl1lation in some selecled countries 

Conntry Number (,000) Density (NQ per ktno) PI'ollorlion to total 
nlltiOllfl1 I1Ill1inants (0;'.) 

Djibouti 60 0,10 3~ 

Egypt 170 0. I (, 5.g 

Ethiopia I 03ll-1 0.\0 O.X3 3 . .\ 

India I 11iO 0.33 0-1 

Ken~ a (,20-no I.O~ 5.3 

Niger 415 0.32 S' , .) 

Saudi Arabia 165 n,Oll J -I. <) 

Somalia 5XOU-G35tH) 893 .\().6 

Slldan 2800-3100 0.9<) I I. I 

Source: Wilson ,'I III. ( I ')<)0): Schwartz and Dioli (I ')92) 

Afar region is Ihe second impol1ant camel production area next to Boreno rangeland or 

southern Ethiopia. the lirst and second being Somole, The AII':lSh-Fenta le district is the second 

important comel prodllction areas of the Afar region ne~t to Amibara \\-oreda in th~ 

ndministrnti\'e zone 3 and Ihe pastoral arens in zone I (Figure I) 
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figure I: Camel population in c:lmelrearing districts of Afar region 

Source: MoARD, 2009 

2,2 Potential impol'lance of camels 

Camels are prullarily the domestic aninmls of pastoral communities tlmt ensure food securii~ ', 

They produce milk, meal. hair and hides, and also sc"'e as a draught animal for agriculture and 

lfanspOI1 people as " 'ell as goods (Sch,, 'am. and Dioli. I<)n). Milk and meal are the IInportant 

products that camels produce else,,'here, A slud,' in eastern EthIopia indicnted 3 10 G liters of 

daily milk yield o"er 13 tll 15 1110nths ofbctation length (Getahun and Bruckner. 20(10) \\'hile 

Tefera and Gebreab (20(JI) reponed the al'erage dail~ milk yield of 25 liters, 
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Long lactation and abdity to maintain milk production o,·er long dlY spells nrc. imponnlll fncets 

of camel producti,·ity. Apan from home c.onsumplion. majorily of Ihe households sell III lenst 

one-Ihird or the produced milk sold to generate cash income (Getnhun und Bruckner. 20(10). 

Daily milk yield can be as high as 20 lilers ,,·ith imprO\·ed management conditions (Scim·arlz 

and Dioli . 1992). Unlil the arri'al or motorized transpon in the arid and semi-mid zones. 

ctlmds ha,·e been the sok me:U1S oftransp0rl in the areas "here ihey are adapted. They are also 

used lor "heel transpon. ,,·ater lining and source of po,,·er for oil mill. Camd racing and other 

leisure acti,·ities such as comel salhris and trekking ha,·c rec~ntly become a tourist attr'1ction 

ami luxuriolls in some p;tns or the" orld (Sch"·artz ;tntl Dioli . I 'J')2: Wilson. I ~1)8) . 

From globol perspectl\·e. the economic production of camels seems minimal. Blit the breaking­

news is that the recent commencement of camel ment export Ii·om Ethiopia to the Middle East 

countrics. The ELFORA mod em slaughterhouse. located in tvleteham to"n "hich is 170 killS 

far from Addis Ababa and the Hashim EthiOPian Lire5tock nnd Ment Exporler (HELHvIEX) at 

Debre-Zeit ha,'e saned slaughtering of camels brought from different camel-rearing districts of 

Afar. Somali and Oromin region. This is a good start to the country to increase the economic 

rc'enue fromlircstock. In Ethiopia. they are also the subset of IllIgc Iiwstock resource when 

considered Ii·olll national economic point of "ie"· (Getahun and Bruckner. 20UO). I-Io"·e,er. 

what makes the difference is its adaptation to harsh en"ironments to produce milk fOfm scant'· 

and high"· ,·anable feed r<'sources. 

The most signilicant merits to perform in areas" here other li\"cstock species do not tlui,·e and 

perhaps do not sll!Th·e nre allributeci to the economic use of ,,·ater in almost all metabolic 

functions and ,,·ide range or feed resource utiliZation (Yagil. 1985). In mi xed species. the 

camel feeds on plants or pari of plants that are not eaten by other cOI1\·entional li'·estock due to 

its size to bro" se the highest str:!t:!. thus reducing competitions and enhancing 

complementnrit ies (Ayan. I ~H4; Wilson cl 01 .. I ~'J(): Teb. I <)~ I). 

2.3 Constmints of c:llIIl'1 p!'oduction 

Camels are produced by pastornl societies of the third "wid ,,·ho dwell in dry marginal areas. 

Due to the fhct that the production is lIsually a migrntory system in remote areas ,,·ith harsh 

li,·il1g conditions and poor infrastructure. the animals are presumed to be inaccessible for 

s 
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rese:trch. This alT~cts the d~pth of our knowledg~ on thl! geneml :tspects of c:tmels (Scl1\\ artz 

and Dioli. 1992). Generall~ . there is negligence townrds the promotion of camel h~:tlth and 

production. It is onl,· recentl~ that the camel became the sUl>i ect of ll10re intensi,·c and 

systemat ic interest (Baumann and Zessin. 19'>2). In Ethiopia 1111111 recen tly there has b~en rely 

littl~ system:tllc research :tnd no de,·elopment projects that feature. the c:tm~1 in any way. 

Infectious :tnd p:trnsitic dis~ases nre ihe pnl11:try constmilllS th:tt hamper production. 

Trypanosomi:tsis is the most serious infectious disease of c,\lllcis and \I·idespread in camel 

rearing arens. Viml. bncteri:tl. e:'(ternal pamsites ,mel IlelJllinthcs are of clinical importance 

(Wossene. I ')'J I: Higgins CI ,Ii .. 1')')2: Kohler-Rollefson clol .. 20(11). Trypanosomiasis caused 

by T <'l1ms, is found to be the major health problems and other cllsenses such os pox infecllons. 

con tagious skin necrosis: pneumonia parasit ic IIlfestal ions are the major diseases to :tffect the 

hea lth of the c:tmels In the camel-remlllg areas (Richard. 197'): Demeke. I ()')~). Besides the 

pre'·ailmg diseases. camel keeping IS relati,·ely a recent en~nt in Awnsh-Fenwle and Ami bam 

distncts like the Boren:t pastoral system Consequentl~ · . lock of appropriate tmditlollal 

knowledge oChusbanclrl" practices. labor inpul requirement lor its management and knowledge 

of its peculiar biology like inducible o,ulntion nre perhnps the possible constrnlllts of camel 

production in the area. Brucellosis IS. therdore. one of the infectious discases thnt :tlfect both 

camels and camel Olmers (Wernery and Koaden. 2002) 

2.-1 Camel b l1Icellosis 

2.'1. I Swtus of camel bl1Jceliosis in Ethiopia and other countries 

Brucellosis is a widespread disease in camel producing areas. The infection rate is higher in 

intensire camel production s,'stem where large ammals are kept in a farm. In coulllries with 

more o\" extensi'·e form of husbandry. the rate is lOll (Wernery and Kaaden. 2(02). Radll·an I!I 

Cli. (1992) reported higher seroprc,·alence in camels raised under intensi,'e management 

systems than those kept in bnck,·ards o\" houses in small groups in Saudi Arabia. Reports 

showed that the IIlfeci ion rates from camel-rearing areas of Ethiopia r,Ulge from 4.2 to 5.S. 

Table 2 summarizes the preyolence rates of camel brucellosis in Ethiopia and diffe rent 

neighbouflllg countries. 
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Tabll~ 2: Pre\'alence status of brucellosis ill Ethiopia and other countries 

Country Authors Year NQ, or camels Prevalence 
tested (%) 

Eritrea Omcr <'I al . 2000 ')X 3. 1 

Az,\ ai ,'I al. 2001 3.5 

Ethiopia Domenech 1 <)77 ')77 4.4 

Richard 19S0 7(,2 5,5 

Teshol11e el al. 2003 1442 -1 .2 

Bekele" 2(X14 32 1X 0.-1-2 ,5 

Kebede' 2U III 76X 9.1 

Ken\'a Kngun!'a and Waiyal..i 1,)7X 174 4.(,-1 n.3 

Waghela el al. 1'J7R 172 1-10 

Wi lsoll el al. 1990 (,.il-3X.tl 

Somalia Ahilled and Ibrahilll 1'J80 g02 8.0-11.0 

Alldreani el 01. 1 9~2 250 10.-1 

Ballm~nn et ll!. 1'J9(J 3.1 

Baumann and Zessin I 'J92 IU39 0.3-1 .9 

Bornstein 19X4 X.5-11.5 

Elmi 1%2 :i l -l IH, 

Sudan Abbas "I al. I,)H7 238 3.n 

Abudamir el 01. I 'J8-1 740 -l .9 

Agab e f (fl. I 9')4 453 24.0 

Majid 1:1 al. I ')9'J 805 13.9-43') 

Osman and Adlam 1% 7 137 8.0 

" Unpublished thesis papers 
SOUl'ce: Wernel-:" and KaadelL (2002) lI'ith slight modifications. 

For compmison. the status of bol'ine brucellosis in the countr\' I'aried \I'ith the type production 

s! stems and breed or cnttle in\·oll'ed. Seropre\ alence rates of 6.3'X, and 19. 3'!f" lI 'ere reported 

from ranches ofzebll catt le and mixed (Friesian and Zebu). respectil'e ly (Bekelc <Jl lIl, 20(0). 

Asfall' ,'101. (11)98) recorded infection rote of S. I 'y.) in daiJ!' farms in and around Addis Ababa. 

Relatl\'d~' 10\1' seropre\ alence (I.8'Yo) \\'l\S reported from local callie produced under e\lensi\'e 

production s~ stem in northeastern Ethiopia (Kebede. :W()O). 

III 
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2,-1 .2 Epidemiolog" orcam\!! brucellosis 

I rle/iology 

There are six species Ihal has so r.1r been known in the genus /ll'IIccl/a: 1/, ah(JrlllS, 

JJ.llle!J/CI/S;,I', 11. ('wli.\', B ,.I'lIi.l', II, Ollis and fI , nI!OIOIllL' (Corbel and Morgan, 1<)84: Radostits e/ 

01 .. 2000), Bul recenll\' nell' species lI 'ere disco,'ered, in marine mammals (11. l'illl1iJ'e<iiali.l' and 

11. celi ), in the comillon I'ole Micro/lis o/'mlis (fl, mh'/'()II ), and el'en in a breast implal1l (II. 

inopin((/(() , Ho\\'l::I't~r. the nel\' taxonomy has named all llrucellll species IIl'11cell(( melilCI1.I';S , 

They include IJl'llt'CIla lIlel;"'lls;.I' 16M and 5 other biolars: ahurlll.l', call1,l', l1el1lolllllC, O\ 'i .l', and 

SlIi,' (Rn~ and Steele. 1')7<) , 

Bl'llccl/ae are small, coccobacilli or shari rod (measuring 0.5 x 0,7 10 or; x f.51Im) occurring 

singly, in pairs or shon cha ins, The~ ' are non·spore ronnlllg, non· motile. parllally acid rasl nnd 

gram·negnlil'e iacullatil'e inlracellubr baclerin, With modilied Ziehl-Neelsen slaining (0.5%, 

acelic acid), IJl'llcdla appears as red staining coccobacilli (Quinn el al .. 2()04), Urucella 

organisms are panially acid 1:1st 111 that they nre nOl decolorized b,' 0,5% acetic acid in 

modified Zeihl-Nelsons stam and lhus appear pink in a blue background, Mosl Slrains nre 

aerobic (some are micro-aeropllili c) but man" or them nre carboxyphilic (capnophilic) and best 

groll' 111 CO~ enriched atillosphere, Groll'lh is unlikell on an ordinary media, They are calnlase 

and o,idase posltil'l~. produce H,S, hl'droll'se mea and reduce IlItrale II ith some e,ceptions, 

The organisms neither produce indole. acelylmethyl carbulol nor utilize cilrate (Corbel. 1 ~)90: 

QUllln <'I "I . 200-1) 

IJrucel/ae are generally susceptible to heal. direcl sun light. acidiC condiiions and common 

disinfectallts (Radoslits el 01 .. 2(00), Ho\\'el'er. in fal 'ourable conditions tile organisms may 

sUfl'i"e 4 to (, dal's in urine, (, weeks in dust. 4 10 III weeks in lI'aler. 40 to 75 days in aborted 

fetus (Corbel. 1l)9() The~' also sUfI'il'e the production process or soli cheese up to 6 months, in 

buller lip to 4 months, in milk up to (, months and ice cream up to 30 doys (Seifer!. 199(1), 

Variants or smooth colony are more I'indent than nOll-smooth ones, This suggests the role or 

the O-chain of smoolh lipopolysaccharide (LPS) in determining I'irulellce, The A and 1 .... 1 

dominant surface antigens are also round in I'ar:-'ing conceillratioll among dln'erelll smoolh 

,'arinnts (Walker. 1')<)')), 

II 
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The disease in dromedary can be caused by JJ. (lhorrl/s. fl. me/llen.\'IS and /I. 01'/ .1' (S~ifert. 

19%) Differ~nt studl' results shOWell that B. ahorflls and Ii. IIIC/i"!11.1'/s are th~ most /i'equent 

isolates (Table 3) (Rad\I'an ('I al .. 1<)92: G:llneel e/ (II .. 19<)3: Agab ,'I 01 .. 1994: Abou-Eisha. 

:!()UO: Hamdy and Amin. 20m). /Jrncc:IIl1 meillellsis and H. abor/lls ar~ capable of infecting a 

wide r:lI1ge of hosts including man (Walker. 19<)<»). 

Table 3: Summary of 1/1'/Il'I!//a isolaks rrom cam~ls in diIT~rent countri~s 

COllntry Authol'5 

Egypt Abou-Eisha (:!OOO) 

Im11 ZO\\'ghi and Ebadi (I <)XX) 

KllI\ait lO\q;hi and Ebadi (I '.!XX) 

Organs 0.' 

sJlecimens 
Milk 

LI'mph node 

Lymph node 

AI-Khalaf and EI-Khalodi (I n'J) Fetal stomach 

Libya 

Saudi 
Arabia 

Gameel ('I lIl. (19')3 ) 

cOlllent 

Milk. aborted 

felllS. I'aginal 

swab 

Mill-. 

Milk 

SpC<'ies isolated 

IJ. melllclls/S. bf()\Yt1' J 

fl. meillells/s. h/Oval' 1 

II. mdi/ell.l'is. hllJv(/1' 3 

lJ. ml'illemls. Mova/' 1.1 

H. melllen\'/.\'. "'om/, 1.1. J 

Racl\l'nJl e / al. (19<)2) 

Ruehl'M e/ al. (1 995) 

R:llnadan e/ (I/. (I '!9X) Carpal hl'gro n11 11. ml'ii/cnsi.I' 

Senegal Verger (I <)X 5) 

Sudan Agab e / 01. (1 9')-1) 

Milk 

LI mph node. 

testes. \'aginal 

s\\ ab 

Source: Abbas and Agab (2()02): \VernalY ami Kaaden (2002) 

il . 7hllmlliss/{}// 

IJ "hol'/lls hlUvol' I . -' 

11. "ho/'II/s h/OI,(//' 3 

Both \'enical and horizontal transll1issions exist in animal brucellosis. Horizolltaltransmission 

occurs through ingestion of' contaminated feed. skin penetration. I'ia conjuncti\·a. inhalation 

and udder conlanllllation during milking. Congenital infection that happ,ms during paJ1urition 

is frequently cleared and only fell' animals remained infecled as adult (Radostits <'I (f/.. :WOO). 

Spread of the disease is clue to nlm'ement of'infected animals to disease free herds , 
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Proxinllt\· of inlected herd to clean herds Iwppens at \I 'ater points where a number of camels 

come together. Epidemiologicall\' important risk fnctors nre Inrge herd size. poor 

mnnagements. and actile abortions. milking more animals by single person nnd herding with 

other Illl1linants. Sun'i I .11 of the organisms in the elll 'ironment ma\' also pla~ a role in the 

epidemiology of the disease (Abbas el al .. I <)~7: Radl\ 'an ~/. ai. , 19<)2: Abuo-Eisha. 20(0), 

Dafni el (fl. (1991) suggested that small ruminants act as extensil'e resen'oir of II. JIIeitl{'J/sis. 

which constitutes a threat of infectlon to large ruminants incilldlllg camels and man due to 

prolonged contact. The chance of tr:U1smission is lugher during parturition and abortion when 

l1Iost of the IJl'flcel/a contaminntlOn occurs (Abbas and Agab. 20(2) 

iIi. Hosl jaclor.' 

Infection lllay occur in animals of all age groups. but persists commonly in sexually mature 

animals (Radostlls el al. 20(0). Generally . infection is acquired after three years of age \I'ith 

increase in the subsequent age groups (Majid el af .. 1<)<)9: Abou-Eisha. 20()()) . Some study 

results re\'ealed the equal distribufion of IJl'llcel/a antibodies among males and females 

(\Vaghda el 01. 1')7~: Abu Damir CI 01 .. 19R-l: Abbas el ClI .. 1()X7: Rmhl'an CI ai.. 1992). In 

oth~r findings it nppenr~d that females are more susceptible to the (ilsease than males (Agab. 

1997: Ajogi and Adamu. 199X). Higller susc~ptibilit\' in female animals is allributed to 

phl'siological stresses (Walker. I <)99). Female animals hal'e essential epidemiologicul 

importance not only in susceptibility but also 1Il dissemlllatll1g the disease vin uterine discharge 

ami milk. The role of males in the spread of disease under natural condition is not important 

(Radostits el (II .. 20(0). 

The extent 10 which infection rate Imies due to breed difference is not I\'ell knOI\'lI. Wemwry 

and Werne~ ' (1990) reported that breeding camels had lower brucellosis infection mte than 

racing aJlImals. This 1\',IS justified as due to racing camels (but not breeding animals) utilizing 

unpasteurized COIl milk. 

iv. Environmental clfld dim(f//('j(lctor., 

Atmospheric conditions and seasons of the year ma~' have IIlnuence on the management and 

contact of the infected and susceptible host. In d~ ' areas. water resources are sparsely 

distributed (Helland. 19X2). As a result. the congregation of a large number of mixed ruminants 

at \I 'ater points facilitates disease spread. 
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Th~ coincidence ofpnrlurition in \\·et se:lSon (Scll\\Nt ~ ~nd Dioli . 1\)92) enhances the I·iability 

of the organisms in the em·ironment. thus increasing the ch:lI1ce of infecting susceptible 

animals (Corbel. 19\)11). Baumann nnd Zessin (19\>2) reported higher bfllcellosis reaclor rate in 

two \\ et seasons than dry seasons. The incidence of brucellosis in camel populm ion appears to 

be relnted to breeding and husbandry pract ices. Herd sizes. densi t~ · of animal population. and 

poor management are directly relnted to prel·alence (WernelY and Kaaden. 10(2). 

2.4.3 Pmhogenes is and pathologl· 

Follo\\·ing exposure. the org:misms penetrate int act mucosal surface. In the aillnentaty trnctthe 

epi thelium cOlering the ileal Pe)·er"s patches are the preferred sites of CnllY. Al1er penetration 

the organisms may be engulfed bl· plmgocytic cells and localized to regional II mph nodes 

(Walker. 199'1). Then they proliferat e. disst'minnte haemogt'nously and localize in the 

reticuloendothelial and reproducti,·e tract (Radostist (' I ul. . I 'J\)4 ). Va rio us mechanisms are 

employed b, IImcella org:lI1isms to slllTile inside the phagocy ti c cells: inhibiting 

phagol'·sosome fusion. blocking bactericidal action of phagoc~·tes and suppressing the 

mye loperoxid:lSe H~O ~ halide system (Frenchick el (,/., 1985: Harmon el 01.. 1988: Tizard. 

1\)')2: Walker. 1<)<)<)). Little is known about the pathological chnnges in camels. Gross lesion 

may be found in the predilection sites utCIl.IS. udder. testicles. lymph nodes. joint bursa and 

placenta. Hydrubursitis \\ as often obselTed in bfllcellosis positi' e dromedaries cllusing 

swel ling of the bursa (Werne~ and Kaaden. ~OO2). The probable possibilitIes (or the obonion 

in farm animals mny be due to pbcenliti s. direct effect of en dot ox ins or inflall1matolY response 

in fetal tissue (Walker. J 9\)') ). 

2.4.4 Immune responses 

i. Humora/ imtrJltrJiZI' 

Nmurally infected and rnccinnled animals can be serological reactors. Aller infection. the lel·e l 

of immunoglobulin istotypes: Igl'''!. IgG and IgA will signiCicantl)· increase in serull1 (Radostits 

<'I (1 / .. 20(0). IgM ant ibodies. which appear initiall)' aner infection and low len~l s of IgG. \l'ill 

cause complement-mediated lysis of /3m~·e"(I. Secreta,,· IgA is tend to be abundant in mil~ 

\\here as JgG is high in serum (Walker. 19')9). 
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The O-chain of smooth I~ ' popolysacchanide col1lple'( of the cell em'elope together II ith the 

outer protein epitopes hm'e contributory role as protectil'e Il1ll1lUnogens, On the other hand, the 

immunogenecitl ' of the nOll-smooth "ariant is relatil 'ely 101\' (Corbel. 1')90: WHO, 11)97), The 

O-chain specific antibodies pia\' a major role in protectil'e il1ll1lunitl'. but don ' t eliminate the 

organisms as they are protected being intracellular (WHO, J <)97) , This indicates lack of 

correlation bet\\'een proteClion ~nd high antibod~ lel'el (Walker. 19<)<)), 

ii, Cel/lllar 1I11111111111.r 

('Iwfnctenstic chronic gr~nulomatous lesions del'clop in inlected tissue \\"her~ m~crophage, 

neutrophils and I~ ' mphoc\'tes respond to linllt'/Iu antigens, As the org~nisms are (":1cuh~tiYe 

intracellular organisills. phagocytes pia,' a key role in inlliating T-cells by processing and 

presel1ling antigens , Sensitized T-cells rdense c\'tokine5 that actil'ate macroplwges \\hich in 

turn combat HrIIC/: /I" b~ ' reactive oXIgen intermediates, Both CD-l and CDR subsets me 

involl'ed in cell-mediated protection, Cytokines also playa role in cOlllrolling iJmL"!:II" 

infections (WHO. 1,)<)7), Nelltrophils etTectively utilize the myeloperoxidase-h\'drogen 

pero:-;ide halide system in killing I!mcel/a , HOllel"er. the orgnnisms inhibit degrnnulntion ~nd 

the resplratolY o:-;idatil'e burs!. ~nd able to sutTive in the cells (Riley and Robertson, 1<)84), 

Mncrophages readily ingest iJrucell" \\'heJl opsonized with either complement or specific 

~ntibodies , The sunll'al of the organisms in macro phages Illay resuh frolll a failure of 

phagosome-lysosome fUSIOn and resistance to o:-;idatil'e killing b~' producing supero:-;ide 

disllludase and catalase (Frenchick el ai" 1')X5. Harmon el al .. I<)~X : Quinn el "I .. 20(4), 

Tatllm el ai, (1992) suggested that ~nti-o,~ idnnt Cu-Zn supero:-;ide dis mutase pla~ s a role in the 

surril'nl of 8mcefla species in phagocytic cells, 

2"l.5 Dtagnostic methods 

i, lsolarioll (/n<l id('l1I!flm/io/'l o/lJmcel/(I 

('onl'entional method of bactenal isolation is still the onl~ absolute method for establishing the 

ini'ection status, Isolation fi'om a single animal is suflkicnt el'idcnc.e to establish the inlection 

status of a herd and is considered to be the gold standard test. Great care should be employed 

during handling any mnkrial containing Bmwlfa organisms, 
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Generally. precaul10ns to be taken include use of safet\' cabinet in laboratory: Irearing glores. 

protectil'e cloth and facel11:1sk. :lutOclill ing materials in contact II ith the organis l11 and 

disinfect ing contal11inated suri.:1ces (Alton el al .. 1(75). A lI'ide range of select il'e l11edia can be 

used for cuhil'ation The suitable med ia mclude IJmcel/" agar l11ed iul11 (SAlVI) base. Farretr s 

l11ediullt sellim dextrose agar (SDA). castaneda's medium (OlE. 20()4). serum dextrose (Agai> 

el "i .. I 99-1). serumtl~ ptose agar. gll'cerol dextrose agar und trypticnse, soya agar (Ahon £'1 a/. . 

1975), Terzolo <!I (I/. (1<)<)1) suggested that Skirroll' agar is a sntislilctor~ mediul11 for both 

Ilmedl" speci~.s and C"II1f1.1 ·iohaeler ,refits, Contmninat ion is prcI'cnted by usc of sd ectil'e 

media containing ,lctidione (30 I11gtl). baCItracin (25111g/l). pol)'llllxin B (5I11g/l) and 

l';]neol11) ein (2(Jmg/l) (Walker. 199'): OlE. 20()-I), 

Milk sal11ples. I'aginal sll'abs. se l11en and aborted fetus are useful for recowring the organisms 

dUTlng antemortel11, Samples collected at necrops\' include mult iple IYl11ph nodes. spleen, 

udder. pIeces oi'uterus and testicular tissue (Agai> (' I (II .. 11)')-1), Tissue speCllllens are directll' 

cllitured on so lid med ia whereas llltlk cultures arc performed b~' centrifuging milk at 5<) ()0 to 

770() x g lor 15 minutes (Walker. 191)9). Then cultures nre. incubated at 37"C with 5-10'% CO~ 

cnnchment for three days ~nd abol'e (Alton el "I .. 1975: Gameel <'I al .. 1993: Agab e l al .. 

11)1)-1). CharnetcriSllc colonieS h:ll e small cOIll'ex. smooth translucent appearance lGalll~1 <:1 

al .. 1993: Agab e/ al . 1994). Demonstmtion of the bacteria is i>~ ' staining lI'ith grnm-negatire 

stoin or modilied Ziehl-Neelsen sta in ing. Animal inoculation (an old method) can also rewal 

char~cteristics lesion in lil'er. spleen ~nd epididymis of a guinea pig (Walker. I ') ')1». Further 

cil;]mcteriz.1tion is based on serotyping. phage typlllg. dye sensitil'lty. and biochemical tests, 

Fluorescent antii>ody test ,me! polymerase chain reaction methods hal'c i>een described for 

I]l'IIcel/a spel~ies ident i fi cat ion (WHO. 19')7: Walker. 1'19<): Quinn 111 (II .. 2(104), 

ii, Sc:rulogh'({I/IIe/iluds 

Isolation of Iimcella organisms fi 'om palient is not ahlays possible, Therefore. serological tests 

play a major role in the routine diagnoses of the dIsease (Alton e/ "I .. 1'>75). Serum 

agglutination tes ts (slide or tub<! agglutination). card test and Rose Bengal plate test (RBPT) 

hal'e been the principal serologIcal melhods used , RSPT has been found more efficient th~n 

otiter serum ogglutination tes ts although anllgens produced b) diflercnt laboratories and 

\\'olling procedures may afTect the sensitil'ity (Ajogi and Adamu. 1998: Quinll el ai .. 20(4) , 

Accordingly. RBPT is considered as satisfactory screening test (Nicoletti. 1992: OlE. 200-1), 
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COml)lem~nt fixation test (CIT). on the olher haml. is considered 10 be the most accur:\te one, 

Some researchers reported its superiority to the other mentioned tests (Mohammed <'I al .. I <)~ I: 

Gameel t'l ai, 1')<)3 : Asfa\\' ellll .. 199X). CIT detecls predominalely IgG anllbodies as Illost of 

Igl'vl destrol'ed during serum deaclh'mion and so used 35 a confirmalory test (FAO. 20(3). The 

tesl dislinguishes re:lction caused by other faclors like \'accines :lnd other b:lcteria infeclions, 

l ';,)'cherchiu coli 0 : 157, YasiJlia eJllmcoltlic{( O:'J, Vibrio c"l~rae. !'slf(:doll/cl/I{)s lIIul/ol'hilia 

and Solll/ol1cl/a serolypes shore common chain of LPS antigen \\'ith smooth IJI'II<'"I/« strains 

and do cross reacl. n'once/!o IIIlol'''I1.1'is also cross reacts for unknO\l'll reason, Rough limedla 

strains also cross-reacts \\'ilh AClinobacilllfs e'l/wli, I'oslelll'el/o 1IIIIIIOddo Clnd PselldolllOJlllS 

uel'llg<'l1o.la (Corbel. 1990: Cloecka~rt <II 01.. I ')n : Garin-Bastuji el ,d.. 199'»), These 

organisms conlribute to Inlse POSilil'c reactors ror brucc:llosis in animal herds, Thus, the use or 
highly specilic tesl such as monoclorml anlibody b:lsed c-ELlSA and CIT Illilllmizcs Ihe risk 

or cross-serological re:lCIIOnS between Rmce//CI ond these groups of b:lcteria (V/zeolllo el 01 .. 

1')01: OlE, 2()O-l), 

Sel'eml allempts ha\'e been made to use milk ring tesl for camel brucellosis, (':lmel milk. 

ho\\'el '~r. lacks agglulinating substances required to cluster fal globules (Slmten el (II .. I ~97 . 

BaSla\ITOII'S. 20(2), Str:lICn ~I al (19n) established a mod died milk ring tesl in c:lmcl bl' 

adding limc'ella neg:llile COli' milk to comel nlllk , Then :lner. Ihe authors obsen'ed a Iypical 

colored creamy ring in Brucellosis posilil'e samp,les, Recenll~ ' . ELISA has been used nOI onll' 

to detect IJl'/lco//(I anlibodies in sera but also in camd milk (SImIen "I (II., 1997: Az\\'ai elol .. 

2{1(1) , Besides Its higher sensilil'ily Ihan other connmlional leSIS, ELlSA is found 10 detecl 

sera as positll'e aboul 2 to " weeks earlier (G:lmeel el 01 .. I <)93), It can also be used bOlh for 

screening and confirmatory lests (FAO, 20(3), 

Other tests such as 2- mercaptoethanol test. ri,'anol and Coomb's (antiglobulin) tests hal'e been 

used for specllic purposes (Alton el ClI. . 1<)75), The use of seleral tests to reliabl,' detect 

brucellosis suggests shortcoming in each of these tests, Hence. conSideration should be gil'en 

10 011 factors lilol hal'e impacl on the relel'nnce of ICSI method and test result 10 a specilic 

diagnoslic interpretation and applicat ion (01 E. 200-1). 
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2 . ~ . h Ill1lxmnnce of camel brucellosis 

i. /:(;OIlOmic i/llI){I/WIIC~ 

Brucellosis is cilnrocteri7.ed by obonion. nOl1-l iablc offspring birtil in female. and orcilitis and 

epididymiti s in male animals (Seifert. 19%: Rael os tit s ~I al .. 2000: Pa.!. 2007). Abortion is the 

major feature tilat is manifested in camels (AI-Khalaf and EI-Khalad i. In'l). The disease is 

also associated lI ith IIlrertility and prolonged call'ing interrnls. and has conslclemble impact on 

camel production. Chronic in Onmmation of epididymis. of the joints. tendon sh~ath and 

synoyial bursae especia lly at the corpus may also occur in camels (Abbas and Agab, 2002: 

\Verller~ and Kaaden. 2002). 

The disease cnn generally cnllse significant loss of productiyity through late first call'ing age. 

long ca ll'i ng mten al time. lo\\' herd fertiht\· and compnrath'ely lOll' milk production. as in 

callie may also happen in camels (Radostits ('I ai .. 20(J0) The disease can also ha\'e an impact 

on e~port ami import of animals constraining Ih'es tock irnde. Afzal and Sakkir (1\1'.>4) hare 

sugges ted that sub clinical brucellosis can pose problems in racing camels b)' redllclllg the 

performance and producti\'ity of these anllnols in the Arabian Peninsula lI 'here camel racll1g is 

high ly popular. 

Brucellosis in hllman represents a major public health haza rd. I\'hich affecls social and 

economic dC\'elopmelll 111 I'ariolls countries. Groups at high risk IeI' brucellosis nre :l11 i ll1~1 

health \I'orkers. butchers. farmers . and those \\'ho are habitually consume ra\\' milk and cOllle in 

contact 1\ ith animals (Chukml. 198 7) [n man. transmission occurs as a resull of ingestion of 

milk. contact \'ia sk in abrasion. mucous membranes and inhalation (Radostits el C/I.. 2000: 

Seifer!. I ~)l)(i ) . 

Masoumi el al. (1 992) recorded higher pre\ alenee rate among butchers and people who 

habilually consum~ rail' milk. Camel keepers consume camel milk as \\'ell as li\'cr without heat 

treatment. This is e\'cn considered as delicacy (Gameel ~I al.. 1993). There is also a close 

contact bet\\'een herdsmen and the aninml during lI·alering. grooming. riding. nursing sick ones 

and ddi\'ery assistance (Abbas CI aI., 1987). 
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The isolallon oflhe 1\1 0 major p~lhogenic HI'II(.'<:Ilo species: II. lIIelilell.<IS ~nd II. ohorlll .•. frolll 

milk ~nd olher samples of c~mel origin (G~meel <' I al.. 1<)<)3 : Agnb Itl 01 . J <)'J4: Hamd~' and 

Amin. 2(02) c1 earl~ ' indicale Ihe pOlenlial public health hnznrds of camel brucellosis (Slralen (1/ 

01 .. 11)<)7). The di sease in man may be misdiagnosed due 10 Ihe prel ailing malaria infeclions in 

dry areas (Abou-Eisha. 21100: EI-Ansary el 01. 200 J). 

2.4.7 (onlrol ~nd prel'elllion 

The conlrol and pre\'enlion of brucellosis in I:,rm animals depend on ~l1Imal species im·oll·ed. 

BrtI('(:/la species. managemenl praclices and arnilabililY and efficael' of I·accines. The 0Plions 

to control Ihe disease include imlllunizalion. lesting and remol al. ~nd improl'ing man~gcment 

praclices and Illo\'emelll conlrol (Hunter. J 'J')~ . WHO. J <)<)7: WernelY ~nd Kaaden. 20(2). 

(olllrol of camel brucellosis should sll ile condilions in particular counlries \I here camels are 

raised. In mos t of Ihe del eloping counlries \I here camels are ra ised bl' pastoralists. brucellosis 

prel'alence is 10\1' ThliS cOlllrol by herd immunizalion and \'acci nalion of cakes at " 10 ~ 

monlhs of age is helpful. On Ihe olher hand. tesl nnd slaughler policy can be followed in 

counlies \I here inlensificat ion is prncl iced (Abbas and Agab. 2002). 

i. 11II1II1II1I:al1VII 

The li\'e allenuated H. "Iior/lls S 19 and IJ. lII<'1il<:II.I'is ReI-I pro\ cd 10 be efrcctil'c I'accine 

against the disease in ca nll~ l s and olher nlmJJlnnts. Both I accines hal'e disad\,:lJltages of causing 

abortion. being pathogenic to human beings and inlerferencc wi th serological leS1S (WHO. 

J 9<)7: Wemery and Knaclcn. 21J(2), The non-sllloolh st rains of 1J. {thal'llfs RB5 J and II. 

l1Ie1ilcnsis Mill hm'e recenlly been inlrodnced 11110 some counlries. T!lese I'nccines are said 10 

be safe and do nOI mlerl'ere \I ilh serofogical tests (WHO. 1')97). 

ii. J\'lcmogemel1l onc! IIIO~'elll(!nl cUillm l a/herd, 

Improl-ing management practices is one way of allempling 10 control brucellosis. This would 

aim to improl e h~ gienc and reduce Ihe chances of contaci belll'een infecled and non-infected 

animals. Al1!lough il \I'ould nOI be easy under many circumswnccs. \I'!lere resources arc lack ing 

and Ihe 1ll0\'emenl of lil'eslock is diflicull to restrict. Public a\l 'arencss. isolation of infeCled 

animals and femalc at pal111fition, proper disposal or aborted r~tus . pbcemal lissue and uterine 
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discharge Ilnd disinfectlllg of contamin:\I~d meas ar~ importnnt in successful control nnd 

pre\'t!ntion of brucellosis (Hunter. I 'JY4: Radostits ('I al.. :Wl)O: Pal . :W(7). 

2.Sl1rucel/a infection in hllman beings 

Brucellosis only rarely or slightly impairs animal h~aith . but it may cause serious illness~s in 

the hum:m bod~' (FAO and WHO. 1999), Brucellosis can be transmitted to humans through 

contact \1 ith IImed/" infected :U1i mals or their products, Stallst ics shows an increased 

incidence of 11ll111:111 brucellosis in persons (substantial cases per I(JO.OOO population. during 

19')7 - 2(102) \\'ho nre engaged in certain prolessions such as Yeterinarians. slaughterhouse 

employees. and dairy farmers and workers. li\'estock handlers, and laborato~' personnel 

(Kozukee\ ,'[ {(I .. 2(03), The incidenc~ oC hUlllan brucellosis resuits from four primary routes: 

(I) ingest ion of unpasteurized and contaminated milk or milk products: (2) inhalat ion: (3) 

penetration \'Ia ocular or oral mucosa . and (-I) direct inoculation into the bloodstream through 

abraSions in the skin or \'nccination (Forbes el al .. 2002: Pal. 20(7), 

2,5,1 Epidemiology 

The epidemiology of human brucellosis. the commonest zoonotic infection worl<hl'ide. has 

dmstically changed Ol'er the past decade because of \'arious sanita~ ' . socioeconomic. and 

political reasons, together with the e\'Ollliion of internationalt!'a\'el , Se\'eralareas \raditionall~ 

conSIdered being endemic. for example. France. Israel. and most of Latin America. ha\'e 

aellie\'ed control of the disease, On the other hand, nell' loci of human brucellosis ha\'e 

emerged. particlllarl~' in central Asia, \\'hile the situation in certain countries of the near east. 

Syria lor example is rnpidly worsening Furthermore. the dIsease is still present. in \'a~'ing 

trends, both in European coulltries and in the USA. A"areness of this nell global mUI) of 

human brucellosis \\'III allo\\' for proper inlen'entions from international IlUulic·health 

organisations (Georgios e l al .. 200G), 

Most of the lunnan brucellosis cases are caused by 8, /I1 ~IiI"I/.I'is but lI, aborll/,I' also accounts 

for some, The occurrence of the disease in humans is largely dependent on the animal species, 

when brucellosis exists in sheep, goats and camels. it causes the greatest JIlcldence of infectitlll 

in humans (Shrestha. 20(4), 
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In Europ~. the high~st prenlience of human brucellosis occurs in the countries of the Iberian 

Peninsula and the Medilerrnn~:ln lilloral or basin r~gion (Portugal. Spain. S(\lllh~.rn France. 

Italy. Greece. Turkey. North Africa). Soulh and Centml AI11~rica. Eastern EU[(lpe. Asia. Alrica. 

the Caribbean. and the Middle East (WHO. 1986). 

AI'I1'JJoJ irK!d ~ l"I(~ of bnxd\o'.e 
SK{ 10000 000 ~luiO"i 

_ : "ljtv 
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Figul'e 2: Worldwide incidenc~ ofhul11an brucellosis 

Source: Georgios el al (20(16) 
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From n recent SIII"I"e" of Ihe Arnbic Peninsula. Ihere \Vas a serological e"idence of exposure 10 

IJmcelll.l of almost 20% •. In Mediterranean and Middle East counlries. Ihe annual incidence or 

human brucellosis \'aries Ir(\m 1-7ll cases per 1110.000. Certain communilies ill South European 

countries reported lip to 77 cases per 100.000 people and 50-S00 cases per I.OO{).lIOO in 

Elhiopia (WHO. I'iR(,: Mousa and Elhag. 1988). Although human brucellOSIS is 11 Ilotillable 

disease in many countries. onicial figures do not fully renect the tme IIlcidence and it has been 

estimated to be bem'een II) and 25 tllnes higher thnn the reponed figures (Anonymous. 20111 ,. 
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Th~r~ was a Sludy on ncule human brucellosis in endemic areas of Saudi Arabia in 2(X J3 and 

the aCli" e serological screening of 4().J households' members of aClil e brucellosis cases 

detected 5~ (13%) \\ ere se roposit i' e (Almuneef <,I al .. 2Cl(J.1) In Elhiopi a. brucellosis is 

pr~" a l ent in traditional pastoral communities such as Bornn:! and Hamer. A study on human 

brucellosis III tradit ional pasloral communit ies of Borena and H:1 mer sho\\'ed that 34.9°1., 

(33!8H) and 29 . .1% (5! 17). respecti"ely (Genene <'I " I .. 2() ()9). 

J5 ,2 P3thogenesis 

IImcdlae i,n"ade Ihe bod" ,ia tile (JlimcntalY trac l. conjuncti, al mucosa. respi ratOlY tracl. or 

skin and localization within regional lymph nodes. fo llowed b,' ingestion either by 

mononuclear or ro l ~ 'mo rph (l nLlc l ear leucoc,·tes. Virulenl limccl/ae ha,'e the abi lity 10 Sllf,"i,'c 

in both po l~ morphonuclear and mononuclear phagoc~ tes and also call depress chemotaxis ami 

ph:1gocY lO sis b~ pol, morphonuclear Icucoc,·tes (OCO I1 and Reg llern. 19(),1). Afier phagocytos is, 

IImedllie prob:1bly Illultipl,· in the I" mph nodes as paras il es nncl then enter the blood and 

produce the bactecu<! ll1in fo llO\\ed by the acut e lebri k phase of the disease Froll1tile blood. tile 

organisms are distributed throughout the ret icul oendothelial system and become present in 

large numbers in the liwr and spleen. The' also locali ze ill mallY other sit es such J S the joi nts. 

hearl. kidneys. tile centralnerro us s' stem and geni tal tract (Balchdn and Winter. 1994)" 

The response to IIl fectlon ma" relate to the speci fi c IIr llcel/CI spec ies. nnd the nature" of the 

lesions produced depends upon the t"pe of infect ing organ is m: H. aiJul'lIIs has been related to 

the presence of granulom(l s in pat ient's Ih'ecs (Spink el 01 . . I %2) Thus. Ii. Cllmrllls strains 

produce more t ~ pica ll ~ ' n granulomutous reaction (Yo ung. 1979). 

2.5.3 Clinicalmanifestntions 

The ci llllcal mani fes tations of human brucellosis nre "ariable because of yariables methods or 

exposure and nonspecifi c cllIlical signs. The main incubation period of brucellos is seri es cases 

of laboratOly-ncquiced inrections in people is deternulled to last about 3 \\"eeks. III case of 

persons exposed to /1. alwrlIIS strain 19. the onset or symptoms ,"aried fro m 5-13 da' ·s. 

22 

Unfiled Notes Page 22 



In th~ re-e~posure case the ons~t ofsymptOIllS I\"as as short as 2 hours for n local reaction and 

as long as II hours for a systemic response (Young and Corbel. 1')8')). The clinical picture in 

11lIman brucellosis wn be mi xed up II ith cases of gasterointestinal. respiratory. dermal. and 

neurologic man ifestations predominalllly. II hich nre not uncommon (Shakir N (II .• I ')~ 7) . 

Acute or subacute diseases 1'011011' aner fe\"er and bacteremia. and may yary from I lI 'eek to G 

lI'eeks or sel'eral months. Acute brucellosis is characterized bl' an intermillent fel er ranged 

from 3H-41 "c. but h\'perpyre~ ia is present in a siglliJicalll number or denill cases. Th~ undulant 

reyer is typical in untreated caSt'S in which the dise:lSc has persisted for some time. Death ma~ ' 

occur from h~ perpyrexin. sel'ere toxaemia. t'ndocmditis. and mcningo-encephalitis 

(Dah~'mple-(,hampne\ s. 1%1)). 

Chronic brucellosis ma\" result from untre:lted patienlS lI'hen the acute or subncut e disease has 

persisted fo r () months or longer II'Ith or II ilhoul complications. In Ihat case. the disease is 

regmded as chronic. but in practice such type of elidence is difficult to obtain. The symptoms 

are generally related to the stal e of hypersensiliYily of Ihe palient and Ihen the illness ma\' 

persist l'or )'enrs (Arai and Lulu. 19R(,). 

2.5.4 Diagnosis 

B"callse of lariable symptoms. non-dist lllctire clinical signs. and subclinical and al~pical 

in feci Ions: Ihe clinical diagnosis of bruc"lIosis 111 humans is particularly dimcult . A " 'ide 

Yariell ' of symploms lI'ere re\'ealed by persons acquiring Ihe dis"ase in a slaughler plant. on a 

farm or ranch. or from Ihe consllmption of rail' milk or 11lIIk products made ["om raw milk. 

many of IIhich did nOI result in an illlllal diagnosis of brucellosis (Young. 19X3). The. 

conlirmalion of Ihe diagnosis came mostl~ ' aller detecting /Jl'llcol/a organism and its antIbodies 

by bacleriological and serological tests. HOl\'erer. Ihe results remalll ullsatlsfactolY in the 

chronic phase of the disease. Bacteriological leSIS in a lahcratory found fint('cl/u organisms in 

blood or bone murrOIl . 1\ mph nodes. cerebrospinal fluid . S\ noyial fluid . urine and abscesses 

and were occasionally iso laled from sputum. placenta. mOlher's milk. raginal discharge und 

seminal fluid (Castaneda. I ').j7: FlI1egold and White. I W,!): GOluZZO and Carillo. I 'J~G: Pal. 

2U(7). 
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Numerous serological tests ha"e been tried in the diagnosis of human brucellosis t() detect 

limed/a antibodies. Until recently. the most lI·idel,· used II ere the standard tube agglutination 

test (STA). II hich mensures totnl nntibod~ (both IgM Jnd IgG), and the l-mercaptoethanoltube 

test (l-ME lest). which measures only IgG ant ibody. Other useful tests used in the diagnosis of 

human brucellosis include: the Rose Bengal pinte tesl (RBPT). enzyme-linked immllnosorbent 

assay (ELISA). the compkmenl fi~ation test (CFf). the Coombs anti-human globulin test 

(AHG. Coomb·s). coumer-immuno-electrophoresis lest (CIEP). radioinllmmoassal test (RIA). 

and the conglutinnling compl ement Ii~ation tesl (Pal. 201l7) , The illirnderlllal test or skin test is 

only a complementary tes t in the diagnOSIs of blucellosls. and a positil e intradermal test in 

healtlly persons indicates a state of speCific allergy I'or bnlcellosis II ith a past e:'\posure to 

infection (Dil. <'I al. . I')X')) 

2.5..5 Prophylaxis 

The ideal method to prel'elll the spread of brucellosis in humans is the remol'al of the disease 

Ii'om animals. In addition. control measures among animals hnl'e a beneficial effect on the 

incidence of the dlsense in humans, The mcidence of human brucellosis In "n) region mainly 

depends on the spread and dcnsity of the infection. and direct or indirect contacts bet\\'een 

humans and ani mals or their excreta or products. No satisfactolY I'accine ex ists for thc 

prel'Cntlon of human brucellosis but the lil'e 1I, lI1"'iII.:I1S/ ~ ReI'. I yaccine is a uscful tool to 

decrease inrections ,yith n. lIIe/llel/si,~ in humans. In lI 'hole nock or hcrd yaccination 

programmes of animals greatly decreascs the prel'alenee of bruceliDsis III animals as well as 

human populations (European Commiss ion Report. ZOOI). 

Vaccinating people III high risk agncultllrnl occupations has been allempted in RUSS ia and 

China (WHO. 1986), The yaccine is gil'en by the intradermal route and imlllunity is produced 

in a short duration II here annual booster doses are required. Repeated doses of vaccines are 

increasing the risk of hypersensitil it)' reactions, Epidemiological el'idences indicate that eYen 

allaeks on cllIlical bl1lcellosis leads (0 an incomplete protection against reinfec tIOn . For this 

reason. a snfe ami efTcctil'e yaccine agninst human brucellosis m<1) ' be difficult to produce 

(Lopez-Merino and Asselineau. 1976). 
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2,5,(' Treatment 

The fnct thatll"",'dla is localized lI'ilhin th~ cell s of Ihe reliculoendothelial S~Slel11 presell!s a 

difficulty since many antibiOlics cannot cross the cell walls, /I/'licel/o strains are suscept ible to 

a II ide range of alllibiolics. but combinallons of slreptomycin and tetracycline h:l\'e been the 

preferred trealmell! for Ol'er 30 years-old persons (Young and Corbel. 1989), The World Hen lih 

Organization rccOllllll~nded Ihat rifampicin (600 - ')(X) mg) and doxI'cyciine (lO() Il1g) need 10 

be taken as a Single dose for at leasl (, lI'eeks (WHO. 1%('), Longer established is the 

combinalton of intrmnuscular streplomycin II ilh an oral tetracI'cline. wh ich resulis in fell 'er 

relapses (Ariza ,'I til.. 1l)~5) , Also a combination of rifampicin with quino lones seems as 

effeclil·e as either of tllt.'se reg imens (Ako\'a. 1993), Riluillpicin has sholl n a strong inhibltolY 

and bactericidal actil'itl' against Hl'llcel/a strains in bolh ,'itro (Corbel and Brace\\'elL 1')7(j) and 

experimental infecti ons (Philippon and Plolllmel. 1977), It has pro\'ed ,'er\' useful against 

brucellosis in 101lllg children and pregnant lIom.1n (Llorens-Terol and Busquets. 191\0), 

The response of chronic bl1lc<!llos ls 10 Irealtl~nt is much slower Ihon Ihal of Ihe OCllle di sease 

and iJl11l1lJlloslllllllinlll therapy l\'Ith lel'amisole. which brought bendits to patients (Thomes. 

1977), .'\nligen themp\' is potentially hazardous and is not recollllnended (WHO.19~6). 
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3. MATERIAL AND STUDY METHODS 

3.1 DesCliption of the silldy :ll'eas 

Afar tribal land is locnted in the Grent Rift Valley. comprising mngeland in northcnst Ethiopia 

and it has 5 administl':ltile zones. I\hicl! are further slllxlil"ided into 2'1 I\oredas and oncspecial 

" 'oreda current I,· called ;1S Argoba. The population estimate of the region is estim.1ted at 1.2 

million of \\'hieh <)0% are pastoralists and 10% agro-pastornl. Ge\\'ane is the Administrath'e 

center of Zone 3. The administrati,'e zone 3 consists of si~ districts (\\wedas) predominantly 

occupied b~ ' pastoral and agro-pastoral cOlllmunit ies (Asnake "I al .. 2(0), The altitude of the 

region ranges li'om 120 - 151l1l metres nbo,'e sea lel'el. 

Awash-Fentale dislrict 

A\\"ash-Fentale is part of the Adlllinistrati,'e Zone 3, It is located at about 170 kills enst or 

Addis Aoabn and lies at SO) 54 ' North latitude :lnt! 360 23' to 3<) "5.l' East longitude, There are 

si~ I\'oredas (Amibarn. Argoba. Al\nsh-Fentale. Bure-Modaitu, Dulechn and GemJne) in the 

Administfnil\e Zone 3, It is bordered on the south by the Oromia Region, on the \I 'est by the 

Al11harn Region, on the north b,' Dulechn, alJ(l on the east by Amibarn, The "'oreda has four 

nlrnl peasant associntions (PAs) (8010)'t3, Dudub. Kebena and Doho) and t\l'O urban PAs or 

kebcles (Awash-Seba! and Sabure), PA is the lowest administrati,'e unit within the district that 

is consicbcd during the SUfl'e,', In :lgro-climatic terms, about X5% or the area is classified as 

arid and Ihe rcmnining as semi-and , The district is n lo,dund area \\ 'ith an altitude of 650 -

1010 meters abo",,, sea Ic"cl. The a,wage annual rainfall of the district is -IX6 111m, It has :J 

mean minil11um and maximum temperature of 36"(' and -I2()C. rcspecliYcly (FARM-Africa-

Report. 2005-2007) 

The predominant agriCllitliral practice in Doho and kebena is pastoralism \I'hereas the 

agricultural prncticc in Dudub. Sabure and Boloyt:l is agro-pastornl. The li, 'esiock population is 

about ~65,~1I2 callie. 3-17,1150 sheep, 5-19.993 gonts. 13.809 horSeS. S.282 mules. IIM.ox3 

danker's and GlU31 camels. Cnmels. goats and callie are the most conll1Jon lin!stock, 

Migration to the border areas south east Amhara regloll, Argoba specinl. Dulecha and Amibarn 

districts is COllllllon ill years of 10\\' rainfall , The camel popnlation of the district shnre for 

pasture and \\ ater \\'ith the lir'estock herds of the different habltatioll areas of the Amibnra 

\\'oreda through the route of A\\'ash Ri,'cr Valley in the dry seasoJls (peDP, 20(4), 

2(; 
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Amibara disttict 

Alllibam lI"OI'ed~ is p~rt ofth~ Administrmil 'e Zone 3, It is fOllnd 25u kill from Addis ,<\bnb~ on 

the main ro~d to Djibouti port In ternt~ of geogr~phical reference, the district is located 

betll'een S"{)' - X"IO' North latitude and 39"45'- 40"}0' East lougitude, The a\ernge altitude of 

the dIstrict is 74(1 meter abol'e sen lel'el \\'ith mean annual tel11perntlll'e of 25T, The i\I'erage 

mean annual rainrall IS about 575 mm (Kassa. 2001) , The district is bordered on the south b~ 

AII'ash-Female. on the lI'est by the AlI'ash Ri\'er II'hich separates it Irom Dulecha to the 

south\\'est then on the nonlll\'est by the Adll1inisttntiw Zon~ 5, 011 the north by Gell'~II~. alld on 

the east by the Orol11ia Region, The 1I'0reda h~ four urban and fourteen rural PAs, The Urban 

PAs in Amibaru are Allash-Arba, A\\ 'ash-Sheleko. Mell-a-Sedi and ivlelka-Werer and the rmul 

arc Andidu. Gedal11ytu. Buri. Kab'at. Rakba. Hasoba. Badeham. Wele ·ese. Al11bash. Ga·as. 

Habydeghi. Aigetn. Angelile alld Kurkura, III fOllr or the elel'en rural l'As of the district. 

namely Alldidu. Gedamytll. Hala,'deghi. Aigeta, Allgelile. Kaln'm and Rakba, the pre(/omillalll 

agricultural practice is pastoralism \\'hereas tIle agricultural practice in Hasoba. Buri. Badehalll. 

Wele·ese. Ambash. Ga'as and Kurkllra is "gro-postorol. The lil'estock population is abolll 

275.10(. cattle. 187.000 sheep, R95.<>97 goals, 3.809 horses . l.OgS mules. 24:;,252 donkeys. 

1 (.4J;84 camels and lIO.623 poultlY, Camels. goats alld callie are the most cOlllmon liyestock 

(PCDP,2tlO-l), 

Amibara lYoreda is a patlmay lor pastoralisls during their migrations for pasture and water and 

Ihis \I'oredn is endo\\'eu \I'ith sel'ernl irrigation points as il is di\'ided b,' the Awash RI\'er 

Valle~ and hence. non-gOl'ernJllental colton farllls are foulld \\ 'hich allracts the pastoralists to 

reed theIr camels alt er the colton is being hntTes ted (Senait el lIl .. 2(10')) , The Melkn-Werer 

Agricultural Research Centre is found in Melka-Werer of Alllibarn district The research centre 

has researched \'al'ious agriculiure related sllldies lUld nu,'ocates thaI ril'ers, lakes. springs anu 

ground \yater resources of zone 3 facilitate both sllloll and large scale irrigated agriculture, 

FARM Africa is \I'orking ill Afar region, zO lle 3 and 5. since 1997, FARM is ill\'o" ' ~d in 

cOllllllunit\, onimal health programmes. slIIali scale irrigation. \\ 'omen del'eloplllent mitinlil'<!s 

and Jil-estock marketing (Asnake el al .. 20(5), 
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Alilibarn distdcl 

Aw:n:h .. F(' llf3!(! 
• di~u;ct 

- District boundary 

- Zone boulldary 

ICO 

Kilometres 

20G 
I 

Figu ... • 3: Map of tile stud,' districts (administrative zone 3) 

SO\ll'ce: Asnoke <:1 {II. (2005) 

3,2 SllId~' pOlllllation 

The camel populations of Awash-Fentale and Amibara districts 'Yere obout 68.33 1 and 

I (H,('~4, respcctiydy, I\'hich \\'Cre considered as stud~ population, Among which 70% are 

found in the rural community and 30% in the urban dl\'ellers, Herdsmen or patients Il'ho 

attended the health centers Jor dmgnosis with clinical symptoms similar to malorla m~re 

considered as the stud" human population in each study districts , 
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Tabll~ ,,: P~.lsnnl associnti(>lls in the districts and the type or farming system 

District 
(Total camel prn) 

Amibora (I (,-I.GX4) 

Habitation area 
(camel ppn) 
Urban ( 20.49<J) 

Ruml (-17 .)132) 

l!rbnn (49,-1')5) 

Rural (115.::!7'» 

PA 

A\\'nsh-Sebnt 

Sabure" 

Doho" 

Dlldub 

Kebello 

Boloyta 

A \\'ash Mba 

Sheleko" 

tvlclkn S~di 

Melka-Werer* 

Haklydeghi r) 

Angclile 

Algeto' 

Andldu 

Ged n myt u 

BUfi 

Kaln'at 

Rakba 

Hnsobn* 

Badeham 

Wele'ese 

Ambnsh" 

Gn"as 

Kurkum 

Fanning system 

Agro-pnstoral 

Agro-pnsloml 

pnstoml 

Agro-posloml 

pnstorol 

Agro-pnstoral 

Agro-postoml 

Agro-pastornl 

Agro-postornl 

Agro-pastoral 

pnstoral 

pastoml 

poslornl 

pnstornl 

pnstoral 

Agro-pnstoral 

pnstorol 

pnslornl 

Agro-pasloml 

Agro-pnslornl 

Agro-pnstoral 

Agro-pnstoral 

Agro-pnsloml 

Agro-pnstoml 

PA - peosonl association. ppn - population . . , rnndoll1l~ selected slud~' PAs 

Source: FARM-Mricn-Report ( 2005-20(7): PCDP (2tXI4) 
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3.3 SIllily design 

A cross-sectional sludy design was conducted fr0111 October 2010 to !'I'lay 20 11 . to determllle 

the prel'alence of IImcd/a infection in camel and human beings in selected pastoral and ngro. 

pastoral residences of the A\\'ash-Fentale and Amibam districts and to identi(\' potelllial risk 

factors associated with the disease. The study \\'as conducted in t\\'o randoml,' selected PAs 

Woho and Sabure) of Awash-Fentale and in six PAs of the Amil>ara districl (Table 4). Samples 

,,'ere collected and questionnaires were administered to each randoml, ' se l ~c ted camel oWller 

and 10 all human clinical patients, 

3..1 Santilling method 

First. 1," 0 district siworedas II-ere selecled l>:lsed on thei r access ibilitl' (non-probabilill': 

cOlll enience sampling. At present. there are 6 peasant associations (PAs) in AlI'ash-Fentale and 

18 in Amibara districl and 30% of the PAs (propol1ionalized) in each of the di stricts were 

included in Ihe il1l'estigation on the basis of feasibilitl ' and alTordability or cost In this Sludy. 

PA indicates Ihe 1011 est ad minis trat il e unit wi thin a di strict that lias considered dUring the 

sUrl'ey, Hence. tl\,O PAs from AII'ash-Fentale and six from Amil>ara lI'ere selected randoml y, 

Camel herds III Ihe selected PAs were sampled during the stud)' :Ind herds (cluste rs) were 

sampled by cluster sampling, Cluster sampling was the suitable method for this stud,O as 

construct ing sample frame lor random sampling lI'as not possible in pastoral production 

syslem, The lonnllia 10 d ~termine cluster size is as fo 110 II 5 (Tllrllsfield. 20(5): 

g = 1. 9(/ (n xVc + 1Ll!.:Jill. thentotnl sntnple size (TS) = g' n 
nd ~ 

Where.1s g = Number of cluster. p = prel'alcnce rate. n = ntllnber of animal per cili ster or herd. 

Ve = betll'een cluster I'Jriation and d = is precision lel·et. HOII'el'er. to appl)' the IOflnllla there 

was no information aboutlhe betll'een cluster I'arialion (Vd in the stud,' area. Therefore. illl'as 

necess:uy 10 look for other allernatil'e thaI is modificatIon of simple random sampling. 

Information about the prel'alence rate of the disease is needed from the area "hen simple 

random sampling is to be used, Blit there \\'as no prel'ious year's prel'alence of brucellosis in 

the districts. Hence. the al'erage expected I>rel 'alence rate was assumed to be 50% for the area 

lI'ithin 'l5'Y-. Confidence Imen'als (CI) at 5% des ired accurac, ', 
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Hence" the formula used b," Thrusfield (2()(l5) to colculnte sample size (11) lias as fol!tms: 

n = I. ~)(;: ~ P"., ~ (I-P<J 
d-

Where 11 = sample sil"e" d = deSired absolute precisioll (0"05)" P" = e~pected preyolellce (.50%)" 

thus the desired sample size for P'" = O"S is n = 384 Cluster sampling can lead to all increased 

sampling ,"oriance and a Inrge somple sil"c would be required to reduce ,"nriallcc to acceptable 

le'"els (Thrusfield" 20(15)" Therelore_ it II os safe to innate the sample size by tllo-Iolds as for as 

practically possible" Hence" n = 3X-I x 2 = 7Ml. Demeke (I 'J')X) reported the o,"eroge herd size 

to be 1-1 animals" 7(iXi l-l = :i5 herds (clusters)" Theretore" it II"OS planned to somple a total of 

768 camels using ''' "O-"\"'ag,' ("/IiSla sall/pllllg method 111 order to get this nmnber of camels" it 

was obligatot:" to go to the Awash Ri, er ' "alley" 

Smce the study ''"as stoned in the late do,"s oJ" October 20J()" it " "OS lIl1neCeSsor~ to ,"isit all the 

,"ncant PAs becollse the camel population Ii"om the agro-pastoral PAs were mo'"ed to the 

Awash Ri,"er yolle~" for search of pasture and ,,"oter. Camel herds were mixed together ,,"itll 

other camel population of the pastoral PAs which usually localize the ,,"atering point almost 

throughout the year. 1"lcnce" it 11"05 obligmory to route a long distance along the A,,"ash Ri,"cr 

, "olle~ to lind the target animals and administration of the questionnaire to the herdsmen" The 

Humber of" cnmel herds (clusters) from the selec ted PAs " "OS detenl1Ined on-site along the 

A,,"os ll Ri,w , " olle~ and the number of indi, idual comets in each clusters lI"as obtained from 

the herdsmen and then" indi,"iduol camels were rondonll~ " selected on proponionnl bas is from 

eocll cluster (1" "V-slOg" dllster .I"{{IIII,l il/g)" IJJcih"iduol comds aoo,"e six months of age ,yere 

included and blood samples" ere collected Irom indl,"iduol camels Ol random" 

PurposiYe sampling (non-probability sampling) method ''"as II sed in the surwy of human 

brucellosis" Clinical pOlients ,,"ho haye attended the health celllers in seek of medical sen ice 

lI"ere included in the study and herdsmen with pre,"ious and current disease histOJY and lI"illll1& 

ones ,,"ere ad, ised to ,"isit the Awash-Sebat or Werer heolth center and gi'"e blood sample" All 

humnn patients with lebrile illness IJresen(ing with clinical signs and symptoms resembling 

brucellosis but maiario negatil"e ",ithin specified tim\! duration of '!(J days (from first 

NOI"embcr. 20 I 0 to :!') Jonuot:"" 20 II) were inc! nded in the study (purposiye sampling) to 

determine the pre,"alence of" human brucellosis and 200 sera samples of" both sexes ,,"ere 
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collected during the st udy period nt the health centers of Awash-Sebat and Melka-Werer of the 

A" asll-Fentale and Amibara districts. respecth·ely. A special medical and ethical consideration 

"as gi'·en to under-age « Il; years old) clinical patents 

After the informed consent approach has made: no refusal to participnte ,yas recorded and then 

blood samples ,,·ere co llected and tested for the presence of nnt ibod~ · ngainstlJrucel/(f infection 

using serological tests (RBPT and CFT). Proportional number of herdsmen ,,·ere randomly 

selected from each of the 55 camel herds and approached for the admi nistmtilln of the 

questionnaire ,,·hich result a total of 113 respondents (t\\,o tnmslators added) and all of them 

"ere adult mules orabO\e I ~ years of age (Table 7) 

Table 5: Number of camels sampled from each PAs of the st ud,· districts 

Won~dll 1',-\ N2 sampled Fanning system 

r\,,·ash-Fentale Snbure ')7 Agro-pusto ral 

Doho 127 Pastoral 

Subtotal 224 

Amibaru Sheleko I"? J_ Agro-pastoral 

Habydeghi ]'l" _J Pastoral 

Melkn-Werer X:2 Agro-pustoral 

Algeia n pastornl 

Hnsoba 6X Agro-pnstornl 

Ambash 6 1 Agro-pastoral 

Subtotal 5.t4 

Total 768 

1',\ peasant as....;(w.:ialhill. Nl.!. IH lJllh.:r 

3.5 Stlldy methodology 

3.5. 1 Questionnaire SUITCY 

A structured questionnaire (Annex C) lI·ns administered to camel herders. This questionnaire 

was designed for 3 surre' · or the potentinl risk r~ctors ussociated \I ith the diseuse in camel 

herels nnd to gather rele,·ant information on the OI'ernll camel herd manngemenl practices. 
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Th~ inlormation lias based 011 the main risk factors . sllch as the introdllction of infected 

animals into the herds. the type of farming system and the exposure of the herds to an 

inl~ctiolls disease. Age groups of c:tmels \I'ere classilied as YOllng (6 months - 3years). adult 

(13-71 \ears) und old aged camels (> 7 ~ 'ears) or as immature (before puberly. < 3 I'ears old) 

and matured (age of pubert~ and abol·e. i e. :::: 3 years) (Annex 1-1). 

Camel cah'es belo\l' (i months of age IYere not included in the stud~ ' nnd actually Ol\"llers were 

not \I'illing el'cn to lay a hand on their camel cah·es. Herd si/.e 1\"lIS classified into three 

em egories as small (! 4-20 camels in it). mediulII (2 1--10 camels in it) and large (more than 40 

camels in the herd). Purity lias also categonzed 11110 three classes as ' no parturition' . 'single 

parity' and ' more than one' . 11 lias also concerned lI"ith the general chnracteristics of the herds 

and the mamgcment 51'stem All poss ible ri sk factors haye been collected using a standnrd 

questionnaire 10n111t to record information such as folloll 's (Table (,). 

Table 6: The sUlllma,,' of questiollnaires and Checklist 

Risk factors 

General characteristics 

Introduction or infected 
animals inlo the herd 

Management system of 
camel herds 

Checklist 

Herd Olmer 

Herd leatures 

Disease 
1l10llitoring 
S\'stem 
Management 
system 

Description 

Name. address. sex. age. educational lel·el. 

distnet/lI"oredal. PA/kebeleJ. t~ pes or IiI estock 

kept. rUlI" milk. cheese and meal consumplion. 

assist at parturition. milking ammals. slaughter 

Ii, estock. grooming animals. I'isit health afier any 

health problems 

Herd size/number of males. camel cah'es and 

breeding renmles/. sex. age. source of animals. 

parity. identilication number or particular name of 

am ilia!. Occurrence of abortion and RFM. contnct 

\1 ith other animal species. 

Breeding season. milking and production systems. 

traditional thernpeutlc approach. 

Farming systenvpastoral. agro-pastorall. watering. 

feed mg. 
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Th~h! were more thnn 3.0UO indi"idml camels observed withlll I () kilometres distance along 

the route of the Awash Rh'er dlJring the im'estigation period and these camels were from Illore 

thml 30 PAs of" the Amibara. A\\'ash-Fenwle, r\rgoba special woredn, Dulecha. Ge,le ' alo and 

Bure Mucbytu districts, But random sampling of indi, idual camels was only from the selcted 

PAs of the study \\'oredas (Table 5), Camel herders as ,,'ell as those \\'ith previous and current 

disease hi story \\ 'ere requested Cur their willingness and strongl\' recommended to ,'isit the 

health centers at Awash-Sebat and lvlelkn-Werer as the medical staffs \\'ere not willing nnd 

e"en demand costly payment to go to the distant sampling areas, Herdsmen /i'om each camel­

herd were rnndomly selected lor the 'ldministl'ntiun of questionnoire Chi ldren, old men and 

\\omen \\ere not included in the questionnaire sun'c)', The) are usually remain at their 

residence as their labour di"ision is to keep mainly small rUllllnants near the rermanent 

dwelling meas in case of the agro-pastoral PAs and temporarY residential territo~ in case of 

the pastoral people, 

Table 7: Number of respondents iurolred illtlte stud, districts 

Woreda PA N£! of Intel'\' iclI'cd N£! of willin): respondents 
(nil nmlcs) ami with di5icils .. · histo l)' 

Awnsh-Fclllalc Sabure 1-1 6 

Doho 2t 'J 

Suhtntnl 35 15 

Amibnra Shcicko 21 7 

Melka-Werer 12 3 

Hnlnydcghi 13 .j 

Algcta t2 2 

Hasoba 10 2 

Ambash 10 3 

Suhtutal 78 21 

Tutal )13 36 

Like\\ise, a struclured questionnaire (Annex D) was admin istered to clinical patients ",ith 

malaria like symptoms b)' the medical persons at the health centers, Before the start of this 

st udy and the beginning of blood sampling for brucellOSIS medical stall' at the health centers 

were unaware of the existence 0 f this disease and e,'en none of the Illedical staffs kne\\' such n 

disease condition named as 'brucellosis', 
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In fact there lI"ere no senior medical professionals in these health celllers, Hence, medical 

stafftnurses and labornto",' technologist s! ill\ 'ol",~d in the study receil'ed nn update on 

l>rucellosis, It lI"as to collect informat ion on potential risk faclors lor the occurrence of 

brucellosis in humans, The informal ion collected include the area IIhere the patienls came 

lI"ont sex, age (less Ihan t8 I ears old, 18 lip 10 -to years old and greater than -to years old), 

duration or stage or illness as acule «6 11I0nlhs of illness) , subacute (6-12 months) and 

persistent (> 11 months), olmership of camels and other lil'estock, mil camel milk , COli' milk 

andlor goat milk consumpl ion, raw l1Ieat consumpiion. assist at parlUl'llion, im'oh'cd in 

milk ing. slaughtering lil'estock. groomlllg animals and other rele\'iUlI queries lI"ere 

administered, 

3,5 2 Serology 

During the co llection of hllman and camel blood samples , shaking of the tubes II as al'oided 

during transport to prel'ent the distraction of the RBCs or hemoll'sis , The blood samples were 

allowed 10 ciol at room lemperature, The Ilibes lI'ere placed \'enically at room temperature for 

ol'emighl and Ihen sera were separaled from c10lled blood by decanling 11110 plaslic c",'ol'ials 

and \I"ere lransported in icebox (assumed 10 be +4"C) and Ihen kcpl in a frcaer (-:W"C) in Ihe 

immunology laboralolY orthe National Veterlllary Instilute at Debre-Zeitunti llesting with the 

serological tests in target. ReJ.leated freezing and tha\\'i ng were a\"oided :tS that might "al'e an 

effect on the protein structure of the serum, 

( 'omci hioud sam/Jles 

About 5- 1 (J 11\1 of blood samples lI"ere c.ollected from jugular \'ein of each camd using plain 

lacuwiner tubes (\\'ithoul EDTA) after proper restraining, All she-camels \I 'hich lI"ere included 

III the stlld~ ' lI'ere numerically marked dellbemtel~ on their 10ll'er neck and iail area II'Ith a 

liquid marking pll1k IIlk obtained from WereI' Agricultuml Research Center, Camel owners 

lI ere lold details of the study and hence. not to rcmo,",! or lI'ash the Imrking-ink IIntil thl! end 

of the chores with their animals, 

Application orthe plastic-card ear 13g lias tried but Ol\'llers become lllll\'iII ing when they sail" a 

drop of blood oozing Ollt oCthe pinna aner the procedure, Hence. an ink was lIsed for marking 

of target animals lI'hich was used by the con1l11l1nity sen 'ice prol'iders of the fARM Africa as 
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this NGO lI'as im'oh'ed in communit\' animal heallh progmmmes in zone 3 and 5 in 

collaboration with the research center, This tempormy marking ink (made Ii'om iron oxide and 

ferricyanide) can persist for more limn three mOlllhs on their fur/skinl Il'hich of course neither 

cause an~' harm nor create clIInulatilc or residual eITect on the animals and the elll'ironment but 

it callses slight alopecia on the painted area of the skin lI'hich can be recO\'ered lI'ithin ::!-3 

lIeeks, OIT course, slIch side effect of the marking ink on their animals was creating discomfort 

on the camel OIl'llerS, Tilis marking was to easily identil~ CFT conlinned seropositil'e she­

c:lI11els IIpon rel'isiling the herds Ib r milk samples, Recapturing or these seroposllil'c she­

camels II as based on Ihe cnticall~ collected information (district. P A. owner name, clan name, 

name of territol: where the camels IIlhabil for pasture and lI 'ater) during the blood sample 

collection, There,lb re, n totnl or 76g, 1 5~ m11 es + (,(JC) females, camel sera Saml)les were 

collected and allal~ sed Ibr bnlcell os is IIsing RBPT and CFT at the National VeterinalY Insl itute 

(NVI) at Debre-Zeil. 

Hlllllcm blood sCllI/ples 

Human blood samples (about 5ml) lI'ere collected from tll'O pubhc health centers al iJle tl\'O 

studl' dis tricts namely, AII'ash-Sebat and Melka-Werer heallh centers, Pat ients with ei lher of 

the clinical histOlY or findings of acute or insidious onset or fCI'er (>38"C), chills, night 

s\\'eating, lilldue fatigue (Iwnkness), anorexi:1, lI 'eighl loss, sel'ere or persistent headache, joint 

pains (:Irthralgia), musc le pains (myalgia), bone pam, back pain, Ilausea/l'omiting and thirst\' 

lI'ere criticall~ approached, The patients \\ere first diagnosed ror malaria (plasmodium in 

blood) and then onl\' malaria ncgal1l'e patients \\ere included 111 the study for blood/serunv 

samples and 164 sera samples lI'I~re obtained from pat ients of diITerent districts and peasant 

associations practicing ditTerent f.1rming systems. Afier administration of qlleslionnaires: 

herdsmen were requested to I'isit local health centers to gil'e about 5ml blood lbr the target of 

the study, Among the 113 interl'ielled camel herders (all males), 36 were \I'illing (Table 7) and 

blood samples were taken rrom them and I (>'I clinical patients lI'ere recorded at A\\'ash-Sebat 

and Melka-Werer health centers II'ho come lI'ith malmin like symptoms, Therefore, a total of 

::!1I0 (3(, + I (>'I) human sera samples were collected and analysed for brucellosis using RBPT 

and CFT at the National Veterina~ Institllle at Debre-Zeil. 
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Nil",' Jiellga/l'/alc Tesl tRW'}) 

According to the Onice iIllernational des Epizooties (OlE) appro\'ed tests. Rose Bengal plme 

test (RBPT) is sensiti\'e and rapid screening test and the RB antigen is a suspension of smooth 

cells of /Jl'llcel/u organisms stnined with the Rose Bengal dye. bun'ered to pH 3,n and is 

commercially J\ ailable. The RBPT is 11 simple tes t for the diagnosis of human and animal 

brucellosis, The basic principle is the buffered acid antigen stall1ed \\'ith Rose Benga l used for 

the early detection of Hf'IIc'd/a specific agglutinins (Annex F: A) The RBT is a rnpid 

agg ltHination tes t based on mi ~i ng a drop of serum and n drop or antigen iogcther (ECR. 2002), 

Rose Bengal plme test \\'as conducted at the National Veterinary Institute and it \\'as u 

suspension of smooth cells of!l. a/)o(,IlIs , ant igen S'Jl) which \\'as commercially a\ ailable, The 

RB antigen \\ 'as s hac~ ed up gently before it \\'as used It was not froun, and \\ 'as stored at 4°C 

in a dar~ Illace, Sem samples \\'ere kept in refriger:ltor at +4"C before testing. Sera and ant igen 

\\'ere len at room temperature lor hair an hour before testing to maintain to room temperature 

(I S-25°C), All sera samples co llected were initialh' screened and the test procedure 

recolllmended by Alton '" 0/, (1')7 5) \\ as follo\\'ed 

One drop (30pl) of serum \\'as mixed with an equal \'olume of antigen on nn enamel plate to 

prodllc~ a zone approxllllatel\' 2 cm in diameter. Alier that. both drops \\ 'ere mixed bY the 

disposable stirring stick. spreading them o\'er the full surface of the circle, Alienmrds, the 

serum and antigen \"ere thoro ughl~ mixed, The mixture plate was then rotated manually for 4 

minutes at room tempern ture, The results \\'ere then analysed according to the presence or 

absence of an~' degree of agglutination, The assessment \\'as carried out exactly ~ minutes aller 

the beginning of the shaking, Then an~ \'isible agglutination reaction was considered to be 

posit ire, As a screen test. the degree ofagglutillatioll reactions was read and recorded as : + + 

++ (conrse clumping alld clearing). + + + (clumping and some clearing). + + (\'isible fine 

agglutination). + (\\'eak fine ngglutmntions using magnifying glass) ill case of positi\'e 

reactions and (] (no agglutinations) in case ofnegati\'e reactions, 

(, 'oJl1p/<?/Il rlll Fixation n 'ST ( 'F'!) 

The standardisation of antigen and sheep erythrocytes \las performed as described in the 

literature. Sera tlwt tested poslti\'e to the Rose Bengal plate test (RBPT) were tilrther confirmed 

using complement Ihation test (CFT) for confirmation using Standard 81'11(''''/'' "bOI'llI,\' 

antigen, CFT \\ 'as conducted at the N;n ional Veterina" Institute, at Debre Zeit. 
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Pr~parntion of the reagent 11':1$ el'aluated by titration and performed according to protocols 

recommended (AIUlex F: B), SlOncbrd 8, ahul'/lIs antigen S(N 11':1$ used as an antigen (CVL. 

Nell' Hall' Weybridge, nnd Surry KTI5 3NB. UK), The nllligen. control s~m and cOl1lplel1l~nt 

lI"cre obtained from Gern.1nl', The 2'Y" sheep red blood cells suspension lI 'as prepared before 

the beginning of the test. Sem with strong reaction, more than 75'1., (hat ion of complem~nl 

(3+) at a dilution of 1:5 or at least II ilh 50% fixation of complcmelll (2+) at a dilution of 1' 10 

and aoo\'e lI'ere cbssified as positil'e (OlE. 20(4), The test lI'as examined by the eye and 

interpretation was the sedimentation of the sensitiud RBC 11"<15 posi ti\'c result <lnd the 

complete I~sis of the sensitized RBC II'<lS neg<ltil'e result. 

3,53 Bacteriological examination of milk samples 

Milk samples lIere collected through aseptic sample collection procedme from the udder of 

each seropositlle milking-comelusing stenle unil 'ersal bottles, The udder of each Serol)ositi\'e 

milking-camel \\'as thoroughly disinfected with sn\'lon, cleaned and dried II ith stenle COllon 

and then teat openings lI 'ere dIsinfected lI'ith 70% of ethyl <llcohol. Aner discardlllg fell ' drops 

of milk. aboUI 10 ml of milk lI'as collected and transported in ice box to the laborntor~ and 

stored in a freezer (-20"() untIl processing at later day, Dried Of non-lactating sh~-cal11els Il'Cre 

excluded despite their scropositl\'lt l'. Bacteriologic:ll processing of milk samples \\':1$ 

conducted at the microbiolog~ bborntory or the School of Vetrinary MedICIne, Debre Zeit. In 

el'ery procedure of the isolation trial. bioho~,1rd sorety cabinet lel'e/ II II'OS used and all 

obligator~ laboratory safet~' mcnsures were follol\'ed , Bacterinl isolation trials from milk 

samples IIwe made oniJl'llcel/" l\'Jcdium Base (Oxoid) supplemented lI'ith :i% 1'/\' horse blood. 

Jil'llwl/" medium \\ 'as prepared and cooled to 50"(' and 5% horsc blood lI"hich was incub<lted at 

35"C for 10 minutes were incorporated immediate'" to the fJruce//" medium and mixed lI'ell 

and poured into sterile petri dishes, 

The milk samples I\'ere centrifuged at ·WOO gral ity for 10 minutes in conditions that a\'oid the 

risk of aerosol contamination and the cream was spread on the prepared 81'11('(://<1 mediul11. 

Cultures were incubated in duphcate fOf 7-10 days in <I 5% and lI"ithout 5% CO! tension at 

37"c' Bacterinl isolates lI"ere identified according to Ihe standard procedures (Quinn ('/ of .. 

200-1: OlE, 2()O-l) (Annex G), 
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Thc plates lI'cre obscn'ed at cl'ery 2·1 hours for colony groll"lh. The suspected cl'lonies of 

/lmccl/a II ere pIcked up and transferred to other Bmcel/a agar mediulll pbtes and incuoated 

under 5% COl tension to obtain pure culture. CololI\' characteristics were seen on the pure 

bacterial colonies on Hmcel/a medium according to the procedures of 1'"loriyon 1:/ al. (200-1). 

The isolates so obtained were streaked on plates or blood agar (7% 1"11- sheep blood) and 

MacConkey agar. The isobtes producing haemolysis on bll'od agar and colonies grollll on 

rVincConkey agar were eliminated conslderlllg nonlJn/('cl/o, Sllspected isolates lI'ere subjected 

to Gram's staIning and modi lied Ziehl-Neelsen (MZN) staining lor checking the purity of 

cultures and morphological dwracters. The Isolates suspected to be of IIme-clla were subjecled 

to agglutination and biochemical tests: oxidase. catalase. motilit)' (SIM medium). urease 

productil'n (urea agar sinnts). H:S prl'duction (SIM medium) and Oxidation-Fermentation test 

(OF medium) (with sterile 10% dextrose. I tl% sucrose and 10% lactose sugars). 

3.6 Elhical considerations 

All experiments in thi s stud)' lIere conducted fultilling the gllldelines of the decimation of 

National Heaith Research Ethics Gllldehne of the EthIopian Science and Technology 

Commission. National Health Science and Technology Council and hence, consent ,,"as 

obtained from tile institutional reyiell' board (lRB) ollice AddIS Ababa Unil"ersit) College of 

Health SCIences. Medical FaCility (Ethical clearance. Annex E). All participants lI'ere informed 

about the aim and procedure of thc stud\' and wcre asked for tilelr consent to be clinically 

examined and for the collection of blood sample !llld no refusal to partiCIpate Il"as recorded. 

Specinl attention lI"as gll'en when clenring proposals iJ1\'oh'ing I"llinemble groups such as 

children, pregnant lI'omen, mentall,' dIsabled, subordinates, communities unfamiliar \\'itil 

clinical concepts. ctc. Herders II ere asked lor participation one poilll in time m this one "ear 

study. Herdsmen and/or clin ical patients were adl'ised to I'isit the health centers for diagnosis 

and gil'ing blood sample. Written informed consent was obtained from nil participants in the 

stud) (Anllex E), Tile consent forms " 'ere typed in EnglIsh and Amilnric. yersions but II ere 

tmnsinted to tile local language. Alhrigna, during the administration oCthe information to target 

groups, 
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3.7 Dal'a manmlgemenl and processing 

The data " 'ere sUlllmarized and compiled by summing up the labornlolY findings of human and 

camd stud,' population An animal or human was said to be posi ti' ~ if it tested positi"e to both 

RBPT and CIT. Illdi,'idual cnand or human le,'e1 seropre"alence was calculated Oil the bases 

ofRBPT and C'FT positi"e results dlyided by total number ofcamellhurnan tested. Coded data 

" 'ere stored in Microsoft Excel 2007 spread sheet and transli:!rred to SPSS' Version 15 for 

stnlisl iral analysis. Descript i"e and analyt ic statistics "ere compllled using soft ware SPSS' 

V j 5. Logistic regression and Chi-squar~ test (i) were employed to see the association of risk 

fnclors " 'ililthal ofseroposili,·it'· to limed/a nnlibod~ ' : the degree of association " 'as computed 

using Odds rntio (OR) and Y5% confidence interval «('I). Odd ratio (OR) "as used to indicat~ 

the degr~~ of risk fact or association ,,-ith the dis~ase occurrence signified by 95% confidence 

int~ryals . Odd ratio is the ratio of the odds of disease occurring alllong indi"idllals exposed to a 

yariable and the odds of the disease occurring alllong I1ldi,'iduals not so e.~posed (Thrusfield. 

20(5). 
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4. RESULTS 

4.1 Camel bl1lcellosis 

Results of Ihe serological diagnosis of brucellosis in humans and camels 01 Ihe shl(h' dislricls 

and peas am associal ions (PAs) and mi Ik cuhural delection trial are summarized in Tables (g_ 

25), The slucl)' di slricls, A\\ 'ash-Fenlale and Amibara, lI'ere praclicing pastoral Jnd agro­

pasloral farming S)Slems The 224 c,amels fromlhe PAs ofAllash-Fenwle belonged 10 Sabure 

and Doho (Table X) \\'ilh agro-paslornl and paslornl l:lI'I11l11g s)stems, respeC1in~ly , and o\lned 

b~ the same clan \\'ho lI'ere mOl'ing togelher and I\'ere dril'en to the Amibara lI'oreda along the 

rOllie or the All ash ril'Cr in search or pasture and ",mer in the dry seasons, On the other hand, 

the 544 camels e,~amined in Aillibara I\'oreda belonged 10 Sheleko. Melka-Werer. Hnsoba and 

Ambash I\'lth agro-paslornl and Halaydeghi and Aigeta \\ 'ith pnsloral farming s)s tems (Table ~ ) , 

-I, t. I Seroslll'l'e) of bill cell os is 111 cnmels using RBPT and CIT 

A towl of 7(,8 camels \\ ere sampled and serum samples Il'ere collected I,'om camels aoo ,'e six 

months of age RBPT identified 91 ( 11 ,9%) positile reactors out of 7(,8 serum samples, 

Further confirmation b,' eFT sholl'ed 5R «(,3.7"(',) positil'e cases out of91 (II. 9'X,) (Table X). In 

thiS siudy at least I\'ilh 50'X, (j ~ation of complement (2+) at a di lut ion of I: 1 t) and abol'c lI'ere 

considered as posl1i, 'e lbr lJrll<,;el/a antibodies and henCe, approximately G.J% (n = 37) gm'e a 

result or at kast 2+ and 36% (n = 2 1) tested :n 3+ and 4+ 

Table 8: Serosufl'ey of brucellosis in camels using RBPT and CIT 

NQ CFT +ve 0111 of 
WOl'eda No ofPA examined RBPT +vc (%) RBPT +ve(%) 
AII'ash-Female Two 224 26(11 ,6%) 14 (S3,S%) 

Amibara Six 544 (,5 (1 1.9%) 4-1 (67,7%) 

TOlal 768 91 (J 1.9%) 58 (63.7%) 
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~ " 1,2 Ol"emll seropre l"alence of camel bruc~llosis 

CJlllel brucellosIs II'JS delected in both of the study districts Iri th district le l'cl pre l'alence ru tes 

rnnglllg !i'om (d%' (n=224) in .'\II'ash-Fentale to 8,1°;', (n=544) in Amibarn district and the 

ol'emll pre l'alene\! of brll c~lIosis in the call1el population of the s t ud~' dislricts lias 7,6% 

(n=7(,g), It II'OS also shOll'll Ihot antibodies lI'ere detected in camels of all Ihe peasant 

associations studied within each dist rict. The PA le\'ej pre\'alenee rates ra nged frolll ,I 1°/" 

(n=<)7) to 7,')% (n= 127) in AII'ash-Felllale "it h higher pre\'alence in Doho and from (i.!j'Yo 

(n=() I) to 9,S'Y" (n= 123) in Alllibam \\'oredn \\'Ith higher pre\'a lence in Hnlnydeghi (Table 9), 

HOlI'e\'er. no statisiicalll' signilicant diITerence (i = 3.211. P = 11,872) lI"as obserl'ed in the 

prel alenee of camel brucellosis among the peasani nssociations of Anubarn and A\\'ash-Fentnle 

district s (Table <J) , 

Table 9: Dislriblltlon of seropositi I ity to camel uruceJlosis on the uasis or PAs of the districts 

Wo I't'ti a PA NJ! eX:lmi ned eFT +ye (%) x.' P·,'aluc 

All ash-Fentale Snbure 97 4 (4 1%) 

Daho 127 10 (7 .9%) 

Subto tal 22-1 14 (6.3%) 

Amibnro Sheleko 132 <) (6,8'%) 

Hnlaydeghi 123 I:! «() . SI~11) 3,20$ 11,872 

rvtelkn-WereI' g2 7 (~ 5%) 

Aigetn n 7 (9.0%) 

Hasoba (,8 :\ (7.4%) 

Allluash 6 1 4 (6,(;%) 

Sub to tal 544 4-1 (8. 1'1'.,) 

Totnt 768 58 (7 .6'Y. ) 

NB: One edl hnd c~p~c lcd COUlII tess thnl1 5 & h~nee. It wos cnlculatcd wi lh Fisher s c,act '-/ tcst • 

~ " I.3 Risk 1:1ctors and seropre\'alence 

There \1'0$ no stntistically significnnt d i ITer~nce in the Seroprc\'alcnce of camel brllcellosis 

be t \\ 'e~lIthe sllld\' districts (i = 0,80. P = 0,373). habitation area (i = 0,%. P = 0.328) and the 

pastoral and agl'O-pnstoral farming systems (:/ = I 35. P = 0,245), 
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Tabl~ 10: Risk ractors lor the occurrenc~ ors~ropositi\ ·it\ · to call1el brucellosis 

Risk Categol)' N~ CFT 01., 
fartol 's cxamincd (Iosi ti\'('s (I0Sil i\'('s i P-\·"Iuc. OR (95':-'. C I) 

Distnct A\\ash- 224 14 (,3 

Fentnlc 
0.80 

Alllibara ~-I-I 4" S. I 
0.373 

Habitat ion Urban 31 1 20 !i..l 0.96 0.328 
area 

Rur:tl -1 57 3~ X.J 

Fnnning Pastoral 32::'; 2') lUI 1.35 0.245 

system Agro-pastoral 44D 1'! 6.(' 

Sex i'I·jale 15') ') 5- 7 

Female WI) 49 lU Ll O n.1'») 

Age Young 226 

Adult 355 4') I3 .X -I .9i\ 0.026' 1.70 (I -15-1 ')5) 

Old age IX7 '.J 4.ll 1.52 (114-1.71) 

Herd size 1-1-20 (>111,, 11 ) 2~2 

21 ·40 (IlI~JiUIllJ 353 54 15.3 8.-17 11.004* I 5X (140-1.11-1) 

>-I(J /large) 133 " 3.0 1.20 (1 .0(,-1 .50) 

COlli act With callie 230 5 2.2 

With goats 2 19 8 3.7 34.7-l O.D(lOI * 1.23 ( 1.J1-1.50) 

With cattle &. 3 19 4 5 14.1 1.71 (155-).30) 

goats 
Parity No parturition 102 

S ingle parit ~ 200 17 ll..5 11 .30 0.00-1· 1.25 (IOS-2 32) 

I\-Iore ll llUl one 307 32 lOA 3.26 (153-6.1)(,) 

·;rSlgJl ilicanl .. t 95% k\\'1 or !) 1 ~Jlili ~nn~,,; , NB. Zl.'ro 'fl lllI ..... {It'Cr-f +\,,,:;r.; "'1.:[1': fI:pIa C"''''! with I 10 (""kulall' lh~ ()R 

Likewise. the re was no statistically significant association (i = 110. P = D.2,!) between the 

occurrence or the disease and sex or the study animals (Table 1O). Out or 159 Illale camels 

exall1ined ') (5 .7%) were seroposil1\'e for brucellosIs and 121 (7(,.1 'Yco) or them \\'I!re at puberty 

age (that is three years nnd abO\'e) at which age the~' call mate and llsed for breeding in the 

herds and none of the immature males (less than three years of age) were posith e for the 

disease. 
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Out of (,()') she-cmncls examined. -I\) (R.O%) were seropositive and 421 «(,\). I 'Yo ) of them were 

ttt the age of pubert'· (Table II). This indicated that the presence of seropositi"e breeding 

males and she-cnll1els '\'ere considered ns risk faclQrs playing n role in the transmission of the 

disease in the stud~ districts. There lias s tatistica li~ significant difference (X1= -I,\)~. P = 0,(16) 

in seropositi'·it,· among the different age groups of camels and significantly higher 

seropre"alcnce (13,~%) was recorded in adulls of 3 to 7 years of age than in youngs (il%) und 

old age camels (-I ,X%) (Table 10). Thnt is. adults were 1.70 tnnes (P= 0,026. OR= 0,70. ')5";(, 

c. !. = IA5-1 .')5) more :II risk of acquiring the di sense than youngs and old age camels 'I'<:re 

1.52 times (P= 0.026. OR= 1.52. '.>5% c.l. = 1.2-1-1.72) more at risk of being seropositi,'e than 

young camels . 

Table 11: StalUs of'sero-posolIl'i ty to camel brucelloSIS before and nner nge of puberty 

No examined eFT +\'e (% pe.· sex) 
Age M F Toial M F Total +ve (%) 

-Belore puberty 
« 3years) 3S IX~ 226 

-Aller puben.,· 
121 421 5-12 ') (7.-1%) 49 (11.1;%) 5R (10.7%) 

(0) 3 "ears) 
Total 151) (,(19 768 I) (5.7%) 4') (Ii,O%) 58 (7.6%) 

M- male. F - female 

Age lias also classified as 'belore and nner puberty' in order to see the distribution of the 

disease in immJture and sexually matmed cJmels, There lI 'ere no seropositi"e camels belo'" 

the age of puberty « 3 years). All positi, 'e animals II ere abO\'e three years of age (Table I I) 

and hence. age was one of the potclllial risk factor for the occurrence of the disease (Table 10), 

Herd size IIns classi lied into three categories (smull: 14 - 20. medium: 21- ~n and large, > 411 

animals) as judged with respect to personal ,,'eahh of the herdsmcn and local hcrding condition 

cOlllexl. Relntiwl~' smalilllll1lbers or indil'idllol camels lI 'ere included 111 the sample Size I1'om 

large herd sizes and there lI'as statistically significant diITerence (X1 = R,47. P = (l.OM) in the 

occurrence of the disease among the different categories oC herd size. 
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The camels lI'ithin m~dillm herd si;::e (21-~() indiyidllal camels) Irere I 58 times (P~ O.Oll' l. 

OR= 1.5X. 95% c.1. = 1A(l- 1.~4) more at risk of being seropos itin~ to brucellosis thun the 

camels in small herd sil.e 04-20) IIllile individual camels lI'ithinlarge herd size (> 40 camels) 

lIere 1.2 times (P = tI .004. OR=. 1.20.95% C.I = 1.06-1.:'0) more at ris~ than camels I\'ithin 

small herd size. The seropreml~nce of the medium and large herd si%c lI'as 15.3')!. and 3'y". 

rcspectiycly. 

There lias ;llso highl~' stallstically signilicant dirrerence (X~ = 3~ . 7~. P = O.O(lOI) 111 the 

prelalence of the disease In these camel population which nlUde contactl\'ith nllninants. Those 

camel herds Iylnch usually made close contact on pasture II ith gOalS and callie II ere 1.71 times 

(P = 1).000 1. OR = 1.71. 95 '% c.1. = 1.55-5.30) more at risk o/'llcing seropositll'l~ to the disease 

than those 1I'llIch made contacts I\'lIh callie while those camd herds which made contacts or 

rearing lIith goats \\'~re 1.23 times (P= 0.0001 . OR = 1.23.95%, c.1. = 1.11-1.50) more at risk 

of acquiring the infection than those camel herds which made contacts or rearing \\'Ith callie. 

Higher seropreyalence lias obsen'ed in the C<1ll1ei population IIhich made close contact with 

callie and goats) (14 . 1%) on pasture than either with goats (3 . 7'Yo,) or lI'jth callie (2 .2% ) (Table 

10). 

Likell·ise. there lI'as statistically siglllficant associnlion (z' = 11.30. P = O. OO~) betll-eell parity 

and the seroprel'alence of the disease. Those she-cUlnels with the hi story of more thall olle 

parity lIere 3.2G times (P= 0004. OR = 3.26. 95% c.1. = 1.53-(,.%) more at risk of being 

seropostl iH: to R(IIn'/I0 infection than those \I ith no parturition and those she-camels II ith 

single parit\· were 1.25 times (p= O. O()~ . OR = I 25. 95% c.1. = I OR-2.32) more at risk of 

being seropositi'e than those did not gil'e birth (lI'ith no history or parturition). Higher 

pre\ alence was recorded ill the she-camels which gm'e birth to 1110re than one calf (I tJA'l"l than 

those lIith single parity (l;.5%) and no seropositil'ity IIllS recorded in those she-camels ",ith no­

partlU'ition (O'v..) (Table 10). 

~ . I . ~ Frequency of abortion and seroprel'alence 

During the data collection. female camels lI'ere found with a histo~ of abortion at the second 

hal I' and last stage of pregnancy (gestation period 365-395 days). Of the total 432 she-c:ullels. 

~(, (10.(,%) had aborted and among which I () (21 .7%) were positire for brucellosis. 
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Th~r~ ,,'as higher seropl'$ith'e and aborted she-camels in Awash-Fentale district than in 

Amibarn Idth 7 (-11.2%) and 10 (21.7%). respectil"ely. The highest s~roposith'e nborted she­

camels Il"as recorded in Doho and folloll"ed by Sabure nnd Amlwsh 1\'itl1 eq ual infection ra te o f 

2S.!>'l{,(TabJe 12). 

Of the J 59 breeding nk11es in the herds of the camel population of the stlldy areas. 9 (5.7%,) 

were fOllnd seropositil'e to brucellosis Amo ng which. 3 «(1.'1%) and (, (5 .4%) were found in 

AIl"ash-Fentale and Amibnra dist rict s. respectil·ely. Higher seropositil"e breed ing nk11es were 

obserl"ed in Melka-Werer and I-Inlaydeghi "hieh logica ll y contribute to the occurrence of the 

disease. 

Table 12: Distribution oi' seropositil'e breed ing males and aborted she-camels 

Location Mules Femalcs Abo.·ted fC lllales 

Disllict PA Total Nn +\'e ('Yo) Total NQ +\'e (% ) Tota l NQ +\'e ('Yo,) 

A"'ash- Snbure 20 J (5.0%) 77 3 (3 <)%) 7 ]. (2X,(,%) 
Fentale 

Doho 27 2 (7 -1%) 100 ~ (RO"/',) 10 5 (50.11%) 

5 u biotal -17(2 1% ) 3 (6.4% ) 177 II (6.2% ) 17(9. r;% ) 7 (-11.2% ) 

Amibarn Sheleko 27 I (3 .7%) IllS 8 (7.6%) II 2 ( I H.21V-1) 

Hala\-deghi 25 2 (lUl%) 98 10 (10.20;;, 12 3 (25.0%,) 

Melkn-WereI' 17 :2 (11.8% (,5 5 (7.7%) 5 I (2(1.0'% ) 

Aigeta 1(, I (6.3%) 62 (, (9.7%) 5 I (20.0%) 

Hasoba 14 0 54 5 (9.3%) (, 1 ( 16 7%) 

Ambash 13 () 48 4 ( X.3'l{,) 7 2 (2X.6%) 

Subtotal 112 6 (5.4%,) 432 38 (8.8 'Yo ) -I(,(J 0.6'11,,) 10 (21.7% 

Total 159 9 (5.7% ) 609 -19 (8.0·;',) 63(10.3% ) 17 (27.0%) 

Unfiled Notes Page 46 



Th~ frequenc,· of nbonion " 'as recorded as once and twice (Table 13), Among the 17 aborted 

she-c'lmels in A\\ash-Fentale district. 12 (70,(;%) ,, 'ere aborted onCe and:> (2'>.4%) "ere cases 

of she-callleis aborted t" ice. Sillli l ml~·. out of the -16 aborted she-callleis in Amibara woredo. 

31< (R2.6%) ,,'ere aborted once and 8 (17.4% ) ,,'ere abo rted twice, Among the 63 (10.3%.) of 

abo rt ed cases of she-camels in the study distric ts (Table 12). 50 (79.4%) abOl1ed once and 13 

(20.!i%) nborted t" ice (Table 13). Highest abortion rate "as obsen'ed in A wash-f emale 

district despite its cnm~ 1 populat ion included in the study. 

Table 13: frequency of abortion ofshc-cameJs in the st ud,' peasant ass()cintions 

Loca tion AboJ'ted femall's FJ'e~ue ll cY of abOl1 ;oll 
Dis tric t PA Total NQ NQ 'lb0l1ed ollce NQ ab0l1ed twice 

(%) (%) 

A\\'ash-Fentale Sablll'e 7 :> (71.4%) 2 (2);.6%) 

Doho 10 7 (70%) 3 (30'%) 

Sub to tal 17 12 (70.6%) 5 (29.4"1..) 

Amibarn Sheleko II 9 (XU%) :! ( I X.2':r..) 

Hn la;'deg hi 12 10 (X3.3%,) :! (1(,.7f%) 

IVlelka- WereI' :i -I (XO%) 1 (2!1%) 

Algeta 5 -I (80%) I (20%) 

Hasoba (; (\ ( IO(J%) 0(0%) 

Ambush 7 5 (71.-1%) :! (2X.6%) 

Subtotal 46 38 (82 .6°1..) 8 (1 7.4%) 

Totnl 63 50 (79A 'Yo.) 13 (20.6%) 

4.1.5 Geographical distribution of camel brucellosis 

The secondar;' objecti"e of this study ,, 'as to assess the geographicnl distribution or camel 

brucellosis in re lJ \lon to the farming sys tems of the peasJll t associJtions of the distncts. As can 

be seen from Table 1-1. relnt i\'ely higher percentages of serapositi \'ity to camel brucellosis \\we 

obsen oed in those locntions " 'ith pastoral type of fanning system 
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The infect ion rates of camd brucellosIs in the pastoral peasant associa tions \1 ere 12 ('i. X% ) :\11d 

7 (9.0%) in Hala~'deghi and A lg~tn of Ihe Ami bara district. respecti, 'el\". and 10 (7 ,')%,) ill 

Doho of the A\I'ash-Fenta le district (Table J 4), Therelbre. relnti \'ely higher seroposi ti I'it\, to the 

disease \\"as obsen'ed in that li,'eStocK-O\ming con1l11l1l1 it" lI'hleh \l'as practicing pastoral type 

of farming system 

Table 1-1: Geographical distribution of camel brucellosis in relation to the t've oCfarming 
sl'stem 

\Vo 1\'11 a PA NQ. of camels Farming system CFT +ve (,y.,) 
!lIis trict! sampled 

AII'ash-Fcntale Sabure 'J7 Agro-pastoral ·1(4,1 'Yo) 

Doho 127 pastornl III (7 ,9%) 

Subtotal 224 14 (6.3'%) 

Anllbnra Sheleko 132 Agro-pastoral <) (G. ~f%) 

Halaydeg hi 123 pastornl 12 (9.R%) 

Melka-Werer R2 Agro-pastoral 7 (X.5t~~,) 

Algcta 78 IJnstornl 7 ('J.O%) 

Hasoba 6H Agro-pastoral 5 (74%) 

Ambash 61 Agro-pastoral 4 «, m'i,) 

Subtotal 544 44 (8.l '!I., ) 

Ov(,rall To tal 768 58 (7.6"/0,) 

4.2 Preva lence of bl11cellosis in human 

During the study penod a towl of ZOO humans: 97 fi 'om A\\"ash-Fen tale. X2 from Amibom and 

21 from Dulecha \l"Oredas hare been attended the A\lash-Sebat and 1'\"lelkn-Werer heallh 

centers, Patients \\"ith febrile illness presenting \I 'ith chn ica l signs and symptoms resembling 

brucellosis \I'ere 11lcluded in the stud,', Aner the purpose of the study IIns explained and 

consent (Annex E) to participnte in Ihe study I\'ns obtnined fi'om Ihe palienls or their pnrenls. 

they lI'ere inten 'iell'ed by the medical slaO' using a structured questionnnire (Annex D) to 

collect demographic. epidemiological and clinical data and blood samples lI 'ere obtmned, 
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Screening of serum samples by RBPT identified 32 (I C;% ) positil'e reactors out of 200 sern 

s~mples . Further confirm~tion by CFT sholled 30 ( 15%) positil'e cases out of 32 ( 16%) (Table 

15). In this st udy at least lI'ith 51l% fixation of complement (2+) at a dilution of I: III and 

~bol'e II ere considered as positil'e for lirllcel/a ~ntibodies. The district lel'el prel'alence rates of 

hUlIlan brucellosis lIere: IX (18.6%). <) (1 1%) :Uld 3 (I·U%) in Awash-Fentale. Amibarn and 

Dulecha. respectil 'eh·. Therefore. out orthe 200 human blood samples. 30 lI'ere seroposit il e to 

Brun'l/o antibodies and hence. the ol'emll pre I alence rate of human brucellosis lI'as 15% 

(Table 15). 

Table IS: SerOSUI'I'el' in hUlIlan patients of dilTerenl districts uSlIlg RBPT and CFT 

Patient origin N2 examined RBPT +ve ('Yo) CFT+ve (%.) 

AII 'ash-Fentnle <)7 I\)( I <),(,'10,) I X (IB.G%) 

Amlbara X? \) ( II '}t.) 9 ( 11 %) 

Dulechn ~ I .1(1<). 1% ) 3 (1.1.3%) 

Total 200 32 (I()%) 30 (15.0%) 

Z' - 2.05. P-,al"c - 0,]60 

No statisticall,· signil1cnnt dilrerence was obserl'ed in the prel'alence of IHunan brucell OSIS 

among the Origin of the patients (i = 205. P = 0.3(,0). This means that there was no 

association betll'een the occurrence of the disease and the origin of the patients li'olll di fferent 

districts of different geographica l location. Relatil'ely higher distribution \\'as obsen'ed in 

AlI'ash-Fentale and lolloll'ed by Dulecha dist rict. Pmicnts coming from differen t pensant 

associations of different pastoral districts had about the sume chance of acquiring the infection. 

Table 16: Distribut ion or seropositi l'ity on the basis ofse:'> and patient origin 

Palienl oligin N2 Sl'X RBPT +ve CFT +ve 
eXnInined Male Female 1\1 ale Female Male Female 

AlI'ash-Fentale 97 38 59 X II ~ (B 3%) 10 (10,3% ) 

Amibara ~2 -14 31! 8 ~ (9.X% ) I (1.21!{J) 

Dulecha 2 1 14 7 3 2 (1).5%) I (4.X%) 

Total 200 96 104 19 13 18 (9,0%) 12 (6,0%) 
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Pati~nts \I'ere strntifi~d according to the duration or i lln~ss in ncut e «(, months or i lln~ ss). 

subacute «(i-12 months) and persistent (> 12 months). 0 r the 30 ( 15°;'.) seroposi ti,'e patients. <J 

(3\1%) \I'ere acute. 4 (13 , 3%) sul>acul~ and 17 (56.7%) had persistent di$~a$e (Table I X). 

Table 18: Seropositi \'ity 10 brucellosis in patients according to slage or illness and patient 
origin 

NQ of seropositive patients in each slage of illness ('X.) 

Patient oligin Acut~ Subacute Persistent Total 

A\\'ash-Fentale (i (33 .3% ) 3 ( 1(i.7%) () (50. nOlo) I X 

Amibara 2 (22.2%) 7 (77.i\%) <) 

Dulecha 1(33.3%) I (333%) I (33.3%) 3 

Total 9 (30%) .t (13.3'%) 17 (56.7%) 30 

Among Ihe 200 patients. (,0 (30%) \I'e re considered acute. 27 (13 .5%) subacllte and 113 

(5(\.5%) had pe rsis tcnl d isease (Table I ~). All seropositl\'e patienl s rrom the stud~ districls 

suO'ered from headach~. \leakness. joint pains (arthralgia) and back pain . Muscle pains 

(myalgia) and bone pain \lere o lher prominent symploms but of this on ly back pain \I'us 

obs~r\'ed slight ly more orten among SerOI)osit; \'e patients compared \I 'ith seronegath'e patients. 

HO\l ·en~r. different clinical lindings \lere recorded aillong Ihe stages or illness of seroposili \'e 

llnd st!fonegntln! pntients, 

Table 19: Clinical cases of non-brucellosis :lI1d seropositi\'il )' 10 bnlcellosis in palienl s 

according 10 slage or illness 

NQ of IHltienls in each stage of illness (%) 

Test result Acute Subacute Persistent Total 

Seroposith'e 9 (4 .5%) 4 (2%,) 17 (~ .5'1;.) 30 (15%) 

Seronegati"e 51 (25.5'Yo) 23 ( 11.5%) 96 (-18%) 170 (::15%) 

Total 60 (300;'.) 27 ( IJ.S%) 113 (56.5%) 200 (100%) 
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Mnjority of th~ patients I\ '~r~ suffering from persist~n t and acute c1l1lical a ilm~llIs lI'ith o\'ernll 

pro))ol1iol1 (If 113 ( 5G . ~%) and 60 (30%). respecti\'ely (Table 1<). This means thnlmany people 

\\ere suffering frolll a dis~ase ofunknoml et iology and health ~ffec t s . 

There \Yas stmistically sIgnificant differcnce (/ = 2~.-l1. P < 0.(1)0 I) in the prc\·alenc.e or 
hUllIoll brucellosis between the postoral anci agro-pastoral COllll11ll111 ties where the patients 

cnme from. Those pntiellls \\'ho came from ngro-pastoral arens were 2. I times (P -:: O.OOU I. OR 

= 2. 1. '.>5% ('. 1. = 1.70-6.30) more at risk of being seropositi\'e to Jim,d/{J antibodies than 

those from pastoral areas. Of the 30 ( 15%) seropositi\'e patients . .j (13.3%) we re ti'om pastoml 

and 26 (S('. 7'%) wer~ frolll agro-pastoml areas (Table 20). 

On the other hand. there I\ 'as no statistically signilicant difference (i = 0.12. P = 0.6(.2) in the 

prel"ulence of human brllcel illsis betll'een the urban and ruml society (Table 20). This means 

that there I\'as no difference in the occurrl'l1ce or the infection in the human popul:1tion of the 

urban and fuml residential areas of the study distri cts . 

Table 20: SeroposiU\·it\· to human brucellosis and spallal risk I~ctors 

Test result 

Risl, factors Positive Negative ToI"a\ ('Yo) i P-\,aluc OR (95% el) 

J-lIrmillQ SFSfelll 
.~ . 

-Patients came from .j -II -15 (22.5%) 28.4 1 -::0.000 I 2. 1 (.I.70-(i.30) 
pastoral nreas 

-Pati ents came from 26 119 t55 (77.5%) 
agro-pnstornl arens 

Re.'·;idenc.:.' area 

- Urban 17 :\9 10(. (53%) 0.11 (I. (,(,1 

- Rural 13 XI 94 (47%) 

The occurrence of human brucellosis in those with the ownership of li\'estock or milklng 

camels \\as 2.3 times (P = n.nol. OR = 2.3. ')5% ('. 1. = 1.7X -:\.35) more at risk of being 

seropositi\'e to the disease thon in those \\110 don't have milking camels or other animals at al l. 
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The likelihood of occurrence ofseropositil'itl' to hlllnan brucellosis was U times (0.0003. OR 

= 1.211. 95% c.1. = 1. 5R -2.24) more in those patients 11'110 consumed faW milk. cheese and 

meat than did not (Table 2 1). 

Table 21: Annlysis of potential risk I:,ctors from questionnair~ suney of qua litatiye nominal 
categories related to human brucellOSIS 

NQ.of NQ. of 
Non-brucellosis Sel'opositive to P-vaille OR (95% el) 

Risk f~ctol's cases (,X,) (N= Dl1Ic('lIosis (0;',) 
200) 

Own~rship of Ii , estoc~ or 
milking camels 

1-15 (72.5%) 28 (14%,) 0.001" 2.30 (I. 7R -~35) 

Keep animals at I'arcl 46 (23%) <) (4.5%) 0. 11 5 1.2l.1 (1I/>I-2M) 

Keep animals in pasture 1-13 (71.5%) 23 ( I 1.5'7.» O. 5~8 1.21 (0.55 -2.75) 

Cleaning animals 109 (5-l .5'X,) 19 (9.5%) 0.-'41 0.77 (037 -1.59) 

Grooming liwstock I ()<) (5-15%) 23 ( 11 .5%) OJ lO3 " 1, 17 ( 1 58 -2.32) 

Mi lking uninwls 107 (53.5'}'Q) 23 ( 11.5')10) 0.062 1.04 (0.51 -2.11) 

Assisting partufllion Il){) (50%) 19 (').5'X,) (UII) !) I " 1.20 (UiO -2.29) 

Slaughtering li"estock 72 (3(,%) 16 (WX,) O.2(i4 1.00 (O.4X-2.50) 

Consumption of rail 73 (36.5ty;» 21 ( 10.5%) il.030" 1. 1 (15 1 -2. 12) 
camel milk 
Consumpt ion ormll' 132 (66%) 25 (12.5%) O.01S" 1.1 (1.47 -l.SS) 
cattle/goa t milk 
Consumption of fresh 71 (35 5%,) 13 (1\,5%) 0.0032" I.-lO(16X-2.76) 
cheese 
Consumption of rail' meat 103 (51.5'%) 22 ( I 1%,) 0.tl347" 1.03 ( 1. 50 -2 .0R) 

Consumption or raw mil k. 160 (XU%) 30 ( 15%,) a .OOO)· 1.20 ( 15H -2.24) 
cheese and meat 
,) S t :Jlistic :JIl~- significant associn tioll at CJ 5'Yn C I 

Keeping of liYestock in close contnct at yard and in pasture. consumpt ion of rmy camel milk. 

assisting animals dUflng parturition and grooming lil'estock I\'~re potential risk factors which 

contnbuted to the occurrence of human brucellosis in the camel or li"estock rearing 

communities of the study districts. In genera l. the human popUlation in th~ stud,· districts lI'ere 

exposed to the risk of acquiring the disense due to the Jlresenc~ of the explanatOlY 'yes' or ' no' 

tlve categorical I'ariables gil'en in Table 21. 
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".3 Results of qUl'Stiollll aire s\II'vey 0 11 call1el herdc.·s 

The ob.i~ti,-e of the queslionnaire slllTey lIons to determine the camel m.magcment practices 

and feeding habit of the h~rdsmen and identi(y the potential risk factors 1I"11Ich can lIlel"itably 

associated Inth the occurrence of the disease in humans and animals II ithill the society of the 

pastornl and ngro-pasto ral areas_ In ord~r 10 achie,-e a fu ll understanding of the distribulion of 

the disease, the queslionnaire sun-ey II-as conducted to assess Ihe potelllial risk factors hI' 

illl~ITiell'ing camel herders_ A t01a1 of 113 respondenls (all males) II-ere included in the sun-ey 

Ii-o m th~ study districts_ The data collected from the questionnaire sUfl'ey were analy~ed by 

using descripll,-e stalistics (percenlages), 

The results of the questionnaire sUfl-ey are summarized in Table 22-2" _ The results of 

questionnaire inl-estigation included possible risk factors (Table 23) re lated to the occurrence 

of the disease_ Out of the 113 respondents, 3(, (32%) hnd prel-ious and currenl disease history 

ami lI'ere lI"iliing to ,-isil the health cenlers and lI"ere serologicall,- lesled lor Urtlt"clia 

antibodies and R (7 I % ) were seroposilil"e to human bruce llosis (Table 22)_ 

Table 22: Number of respondents in each PAs of the sludl' districts and seropositll"lly 10 
IHullan brucellosis 

Di_'lrkl I'A N!l NQ of willing & RBPT+w CIT +n (%) 
11\ orellal rc~p(jlHll\ ll ts wilh disease hislOn-
A\\-~s h-F~ntal~ Sabure 14 (, \) 

Doho 21 ') 2 1 (7_1%) 
Subtotal 3:- 1:- 3 1 (2.9'X.) 

Amibara Sheleko 21 7 3 2 (9_ S'X.) 

Hulnydt!ghi 13 3 2 I (7 _7'Y., ) 

Melka-Werer 12 .. I (8.3 f!{» ) 

Alger~ t2 :1 2 1 (~ , 3%) 

Hasoba to 2 I (to% ) 

Ambash 10 3 I (10%) 

Subtotal 78 21 10 7 (9%) 

Total _113 36 (32%) 13 8 (7 1%) 
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Th~s~ seropositi'·e herders \\-ere in fnet summed up with the lOO clinical pntlellls in the henllh 

centers and their o,·ernll p~rcel1lages nnd distribution ofhum3n brucellosis in each of the stud,· 

districts is gi'·en nbo'·e in 6.2 under the ·Pre,·alence of brucellosis in hUI11:1n ·. Table 22 is only 

to sho\\" the proportion of seropositi,·es nmong the respondents \\ho had pre, ious disense 

histo~· and wi ll ing to get the diagnosis in relation to the totnlnumber of respondellls or camel 

herders inyolyed in the questionnaire sUITey. 

Table 23: SeroposiIlYit,· of respondents 011 the basis ofdiffercnt categories 

Catl':,!urics N!! rcstlUndcnts Scroptll"ilin:'s 
(% rrolll N= (13) ('Yo ) 

Dimictlworeda 

A\\ash-Fciltate 35 (31%) t (2.<)%) 

Amib"rn 7~ W)'Yu) 7 (~'y.,) 

Farming s~'stcm 

Pastoml ~6 (~ I %) 3 (65% ) 

Agro-paslOr:l1 67 (StYi'll) ~ (7.5%.j 

TypCl' of Ii, estock kept 

Camcls 32 (2X(%) 2 « ) .3,}~) 

Cn mcls and gO:lIS 51 (-15%) 3 (5.')%) 

Ca mels. gants and can Ie 30 (27'Y.) ~ (IU%) 

Herd size 

1~-2U 29 (26%) 1 (3.5'%) 

21...j(J GO (53'Vc,) ~ «,.7%) 

>-10 H(21 %) 3 ( 1.3%) 

Age 

I S-~U years 86 (76%) 7(H.t %) 

>~ O ) cars 27 (2-1%) I (3.7"/0) 

Educationlc,·el 
Literate 19( 17"10) 
Ill iterate <J~ (83'Yo) S (K5~/u) 

Ivl05t (59%) of the respondents ,yere from agro-pastoral meas and majority (-15%) of thel11 

o\\"lled cOilIels und goats and 2X% of them o,Yned only camels \\·hile the remninlllg 27% O\med 

mixed li,·estock (callleis. cntlle nnd small ruminants) (Table 23). 
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Potenti~1 risk f~ctors commonly practiced by Ihe study populalion such as assisting \I ith 

parturition, slmlghlering of an in mIs, illl'oh'ing in milk ing ofnnimnls and consumption ww milk 

~nd meat were the major points of interest which haw got pusiti\'i~ response by 93-9X% of the 

respondents (Table 24), 

Table 24: I'vlnjor risk r.,ctors related to seropositiyity to human brucellosis 

RbI, factors 
Ra\\ milk consumption 

Assist animnls durin g tkliycr~' 

Slaughtering livestock 

Rrm men! COltS Ulllpl ion 

hlyoh"cd illl1t1lking or ~ lIin U1 l s 

N = totolllliinbcr of respondents 

N!! of rcspollllellls 
(N= 113) 
ttl " 

to5 

t07 

107 

II J ' 

94,7% 

'.).1. 7"/0 

Of the 113 respondenls, onl' t" ,o persons' \I 'ere not drinking ra" camel milk and ne" er 

ill\'o/l'ed in milking or ,Ulimals slarting Ii-om few vcars aner their marringe, Both of them were 

in the sam~ :lge group. > 40 years. nnd clan named \1S 'Ga' as' . There is a surprislIlg SOCial 

cllstom of this clan to completel~ cease drinking camd milk and e,'en ll1ilklllg 0 I' camds If an 

adult man is found steri le, They are considered as cursed persons who recei,'ed strong 

punishment Ii-o m Allah and hence, they can rear camels but neyer dri nk the milk and milk 

products, List of IJmedla seroposi ti,'e patients ,,'ere sen t to their corresponding health centers 

with their personal info rmation to nnmediatel~' stM the therapeut ic recommendation or the 

medtcal persons, 

4.4 Isolation and identification of Brucell" 

All she-camels (n = (,1)<) II Ilich were included in the study were numerically marked 

deliberately on their lower neck and lail area with 0 liquid mark ing pink ttl).; which \las helpful 

10 specifically know the seropositi,'e she-camels in the herds, In order to attempt the isolat ion, 

milk samples lI'ere collected from seropositive milking-camels by re"isiting the pastoral and 

ogro-pastornl camel herds Dried or non· lactating she-camels were e~c ll1ded despite their 

seropositil'ily, Out of4() seropositil'e she-camels, 34 (G').4'!!' ,) lI'ere milking camels whereas 15 

(30,(;'}(') were non-lactating she-camels (Table 25) , 
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Tabll~ 25: Number tl fmilk samples allltlng the seropositiYe she-camels tlfthe study districts 

District Serollositive <'\; Serollositive but Totnl serollositive 
milldug camels Non-lactating she-camels 

A,,'ash-Fentale X 3 II 

Amibara 2(; 12 3X 

Total 34 15 -'9 

Milk samples ,,'ere, therelore, taken onl~ frolll the lactating ones The milk samples ,,'ere 

centrifuged at 4000 gra\ ity for 10 minutes and the cream ",as spread on /lmcel/(/ mediulll, 

Thirt" fOLlr cu ltures ,,'ere incubated in duplicate lor 7-10 days ",ith and " ithout 5% COl 

tension at 37"C. Gro\l'th ofbactenal colonies W:IS obsen 'ed m all of the 34 plates ill both of the 

ill cubntors, \I ith and \I ilhollt 5% COl, 

Fi\'e plat~s (2 within the 5% CO~ tension and 3 in normnl incubator) ,,'ere showing heavy 

contamination and were discnrded, Colonies from 29 plates (II from normal and I R from 5% 

C02 incubators) were sub cultured onto other fJrllt'd lll media and growth of pure bact~rial 

colonies ,,'ere obse,rYed, In the presence of sumcient light source: pinpoint. smooth , glistening 

and translucent colonies ,,'ere obsen ed ill 17 plates (7 from normal and I () from 5% CO! 

incubntors) "hich ,,'ere incubated" ith and" ithout 5% C02 tension ami streaked on plates or 

blood agnr and MacConke~' agar. The iso lates (13 plates) producing haemolys is on blood agar 

and co lonies gro,,'n on MacConke,' agar were eliminated considering non fJmcl'l/a (4 Ii'om 

normal and <) from S'X, CO! incubators), The iso lates (-I plates: I from normal and 3 from S'y., 

CO2 incubntors) suspected for iJmcel/a (non-hae molyt ic on blood agar and lai led to gro'" on 

MacConkcy agar) were subj ec ted to Gram' s stain and modified Zi chl-Nee l s~n (MZN) staining 

lor checking the purit~ of cultures and morphological characters, Small rods, r~d-stmning 

Gr:un-negati,'e organisms m~rc obsened under the oil immersion magnification po,,'er. 

The isolates suspected 10 be Bl'llcellu (4 plates) ,,'ere subjected to agglutination and 

biochemical tests, The pure COltllll es rrom Bm('('l/o media \I'ere found o~idnse-pos i ti " e (/:I, (}vis 

and II, ne()/{Jl/we are o~idnse negati,'e), catalase-positi,'c, non-motile, purple/pink coloLlr ",as 

ObSCITCd in lIfel! agar slants IIldicat ing ability of the isolates to produc~ urease enzyme, 
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Th~ SIM m~din \\'as used 10 Sc~ H,S produclion by Ihe i solal~ bUllhere were no blackening of 

Ihe sirill and h~nce. innbilily of Ihe isolales 10 produce H,S was confirmed . The Oxidaliol1-

Fermenlalion (OF) tesl \\'as us~d to cI~(erllline Ih~ abilil\' of th~ iso lales to metabolize 

carbohydrales (sterile 100/" dextrose. I 0% sucrose and I ()% lactose) and llxidatiw and 

fermentati\'e reactions were obsen'ed in the open and paraffin-sealed tubes. IImcel/a is 

lInr~acti\~ and does not produce acid on agar containing carbohydrate. and does nOI ferment 

lactose and hence. the remaining iso lates \\'ere then elimiuated considering uon HI"II"~I/({ lu 

fact the microbes such as Hac/IInphilllS . Call1Jly /oh({clcr and J'({Srcllrcl/a are lIIlfcacti\c to OF­

test but Illrlh~r ilm~stigalion of Ihcse microbes \\as nol the olJ.iecli\ ·~ or this study . 

Bacteriological approach~s were conducled to allempt the iso lation and idenlification but th~ 

(urget organism \\as not successfull\ ' identified in Ihe seropOSi li\'e camel milk samples. 
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S. DISCUSSION 

In the \\·aning years of the tlwntieth century. zoonotic diseases remained unCClntrolleo. At the 

threshold of the tlvem\"-lirst century and today. the emergence or re-emergence of I.oonoses 

takes place \\ orldwide. One step lowards their destruclion is lhe killing of infecled resen·oir 

animals. The commninalion of their products may in fecI people Ii·olll a direCl or indirecl 

e~posure to zoonotic agents . TIle prevention of human exposure 10 zoonoses has been the main 

task of the I·elcrimlrinn and the lil·estock renring societ'·. The conlrol of hUlllun and animal 

brucellosis should be a major nutional and inlernalional priorily for medical und I·elerinnr\" 

doctors (Beran and Steele. 1\)9-1). 

Elimination of infecled animals b~ lesl-and-slnughler 10 oblalll brucellosis free Ilock/herds and 

regions is usually accepled that n progrnllll11e of eliminating bmcellosls by lest-and-slaughter 

policy is justilied on economic grounds only when lhe prel·nlence of infected 3nimnls in nn 

area is ubOlll 2'!·;. or less. For lhe implemenlation of such a progrnm it is essenliallhat the nocks 

are under strict slll"l'cill:mce and mo\·clllent control. Animals must be indil idually idemilied 

and an ellicienl and \\·ell organised I·elcrinary se rl'ice for surveillance and laboralory lesling 

must be in place (Alton. I \J\)O; N icolelli. 1<)<)0). 

Brucellosis. caused by IImedla aburt/ls and II. melitensis. remains a \\"Ofld\l"ide public health 

problem Th~se are considered a public heallh problem largely III counlries like Elhiopin \\·here 

people of all ages art~ lit-ely to consume milk and milk producls. A study of I1l1ninanl 

brucellosis has been done prenously in some limited areas but lhe camel and human 

prel alencc of brucellosis in the country partieularl~ in the camel-rearing pasloral and ngro­

pasloral areas lI·ns UnknO\lll . The results obatained in the present stud,· are discussed as 

follows. 

5.1 Camel bl1lcellosis 

The sludy·s main objeclil·e was 10 determine the prel"alcnce ofeamel and human brucellosis in 

a total sample size of 76~ camels and 2(10 human palienls in AII·ash-Fentale and Amibam 

districlS of the zone 3 of the Afar region. dming the slud~ · period. 

5') 
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5, 1 I S~rosurwy of camel brucellosis using RBPT und CIT 

The RBPT. \\hich is based on Ii, abo/,lIIs antigen, is less sensili\'e in delecting antibodies 

against B. IIIc/ilcnsls (Garin-Bastuji (!I al .. 20(J(,). This stud\' demonstrated that the o\'erall 

seropre\'alence proponion of camd bJ1lcdlosis III the study districts ",as 11.9% by the RBPT 

and 7,6% by CIT. Of the cailleis that tested positi\'e by CIT, 64% gm'e reactions oCat least 2+ 

and 3(, % ga\'e \'e~ strong reactions (3+ and 4+), 

Since none of tile aninwls under stud~' ",as \'accinated. this seems to re\'eal n moderate 

prevalence and natural transmiss ion of /Jrtlcel/o organisms in the study areas, Less thnn half of 

the sera " 'hich tesled posili\'e lor anI i-Limed/a antibodies by RBPT_ tested negati",! by eFT. 

This could be due to cross-reactions bet,,'een lirtlccl/o and other bacteria which share similar 

epitopes, Cross-reacting bactena such as I~'scilerdll(l CO/I. Yasilll(l enlTOcolillCIl (l11c1 

SallllOl1ellLl ser ol)'l'es (Cloeckaert el 01.. 19')2: Garin-BastuJi cl LlI , 1')99) ha\'e potential to 

alTect serologIcal findings ,,'hcntests of low specilicity nre used, 

On the other Iwnd, the inlll111l10-SUppressJre effects of trypanosomiasis, ollen pre\'alent in 

"here camels are rai sed ,,'ere reported in \'accinated catlle and goals implying possible impact 

on Serological Iindings (Chuk",u. 1985), Ouma el al. (I ')')7) hJ\ 'c obserred classical pass" ay 

hemolytic complement ncth'it\, "'ns negati \ 'el~ correlated " 'ith pnrositnemia. indicating 

il11l11uno-suprcss ion by trypanoso miasis. Sample selection bias also might affect serological 

findings (Ajogi and Adumu, 1')<)8). It is itllpoJ1ant to note Ihat slide agglulinalJon tcst and tube 

agglutination tesls ha\ e been sho\\'n to hare poor diagnostic sensiti\'ity compared to RBPT or 

card test (Alton el ai, 1975: Quinn cl al .. 2(04), Accordingly. RBPT is considered as 

salisfactolY screening test (Nicolelti, 1')92: 01 E, 2004: Quinn el al .. 2()()~) , 

The highest specilic ity of CIT permits one 10 use the test as confirmatory test III serial testing 

(OlE. 20Jl~). Therefore, the lise of serial testing procedure inilially screened all samples b\' 

RBPT. and Ihell applYlIlg CFT 011 posili\'e reaclors as employed ill Ihe current test impro\'es 

the efficiency of detecting brucelk)sis, Impro\'ement of test diagnost ic specilicil~ ' is particularly 

useful in control programs ",hen test and slaughter policy is adopled (Dohoo ," "I .. 1985; 

Teshol11e el "I .. 20(3). 
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5.1.2 O,·emll seropre'·nlenc~ of camel brucellosis 

The 7.(,% prer:llcnce or brucellosIs in camels observed b~' C'FT in Ihe sludy is in accord lI·ilh 

the resulls of man'· prc,·iou5 obs<!rYJlions of differenl counlries, including studies in Ken~ ·a b~ 

Kagunya and Waiyaki (1 9n) and b~ Wi 150n ('I a/. (19<)0) lI·ho rClxlfted prc'·alencc rates of 

4.(,-111.3 and (, . (J-3~ . 1I. respecti,·ely. and in Sudan bl' Osman ami Adlam (1987) who r~poned a 

pre,'alence of S.Oo/.. (Table 2). Ho,,·erer. the resull in Ihis slud,· is grealer Ihan the result 

recorded h,· Bekele (20114), Teshome el 01. (2003) and Domenech (1977) in Borena, Oromia 

region wilh prc,·alence rnles or 0,4-25%, 4.2% and 4 4'X" respecli'·el,·, and by Rechard (I <)XO) 

II 110 reported pre,·alence rates of 5.5% in Ar.1r region and in olher camel-rearing ar~as of 

Ethiopia. 

On Ihe olher hand. th.: resull of this stud~ IS less Ihan Ihe resull recorded by Kebede (2010) in 

Fenlale disirici of Ihe Oromia region ,,·illt Ilfe'·alence rule of 'J. I %. in Somal ia b,' Andrcanl el 

ai, (I 'J}i2) and Elmi (19X2) who reponed preyalence rales of 10.4% and 12 mo. respecli,·ely. 

This difference could be due to differences in Ihe sample size and the lesls used. Ehni (19R2) 

used the enzl'll1c-lmked immunosorbenl assay (ELISA) to delect :Ullibodies againsl /?mcel/o. 

The muhor of Ihe Jlres~n1 slud,· used Ihe RBPT as a screening lest and Ihe CfT as Ihe 

confirmalOlY test. The RBPT. which is based on II, ahotilis antig~n. is l~ss sensili,'e in 

del~cling anlibodies againsl 11. mdll~mi;· (Garin-Basl1!ii <:( (11., 2006), The differ~nce could olso 

b~ due 10 \mialions in animal managemen1 and production S'·SleIllS. KenY,l and Sudan are 

charncterised by mixed r.1rmlllg (Wilson el 01 .. 19')(j: Scll\I-arIZ :Uld DlOli, 1992i in ,dlich le,,·er 

animals are raised and Ih~y are raised sep;mltely, whereas in the camel-rearing nreas of 

Ethiopia. large numb~rs of difrer~nl species of :Ulilllais are raised on conllllllllal pastures and 

\\·mering areas. 

5 1.3 Risk factors and seropre,·alence 

There lias no slalislically significanl difference in the infeclion mle of camel brucellosis 

bel ween Ihe sludy dislricls (i = O.XO. P = 0.373) and Ihe pasloral and agro-pnslornl Janning 

syslems (i = 1.35, P = 0.245) (Table 10). I·(ence. the difference III dislricls and Iype of farming 

syslem used in the camel-rearing areas \\·ere not pOlenlial risk fuclorS for Ihe occurrence oflhe 

disease. 

()I 
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The seropre"alence of brucellosis in camels IS IO\\ '~r in extens i"~I,' kept agro-pnstoralist camels 

than camels kept by p:lstoralists. Thus. pre"alenc~ ranging fro m 2 to 85% w~re r~ported from 

most countries ,,'here c;lInels nre produced b~ ' agro-pastorahsts (Abbas and Agab. 2110:!: 

Wernel' and Kaaden. 200:!). This is therefore. in agreement with the pre"alence rates of the 

disease. ranging from 4. 1 to 8.5%. in the agro-pnstoral areas of the present study (Table I.ll. 

On the other hanel. it IIns reported ns high as 8 to 15% in intensh'ely kept camels especiall~ in 

Saudi Arabia (Raclll'alle" 01 .. 1')92) and KUII'ait (AI-Khalarand EI-Khaladi. I ')R9 ). 

E,'en though there II as no s(;lti s ticall~ signilicant dilTerence. there II ns slight obsermble 

"arint ion III the pre"al~nc~ rates bet,,~en tile farming systems. The preseni stud~ sholl~d thnt 

pre"alence rate of7 .') to ') '\\"'0 in the pastoral arens of the stud, ' districts (Table J4) and hence. 

it is in accord II ith these prel"ious studies ill Saudi Ambia and Kuwait. In Illost pre"ious 

studies. pastorahsts are of the slime cbn and mo,'e in group in search of past ure and lI·ater. In 

such farming s~ 's t enl large herd size together lI'ith QI'ercrowding in restncted watering area 

1)[0 ' ide more chances of contact between ani lllais lending to IIlcrensed likelihood of infection. 

Of tile male camels examined') (5 7'!'o) "ere s~rojlositi\"t! for brucellosis and 121 (76.1 'X.) or 

them" ert! at pu be rty age (that is three years :lIld abo"e) at which age thc\" cnn matc and used 

for breeding in the herds and none of tile immature males (l ess tlran three ,'ears of age) were 

positlre for the dise:lse. Like,,·ise. Ol1l of 609 she-camels eXUlllined 4e) (~O%) " 'ere 

seropos iti "e and -121 (69.1 %) of them "ere at the age or puberty (Table II). This Indicated that 

the presence of seroposi ti, e breed ing males and she-camels" ere considered as risk factors 

playing a ro le in the Ir:lllsmission of lhe disease in the study districls. Serapes;t;\"ity to camel 

brucellosis " as seen in adults than in \"Ollllg camels as it is a di sease or sexually matured 

animals. 

No signilicant difference was obsen 'ed in the pre, alence of brucellosis between sex (Table 10) 

Larger proportions of femoles in herds of both districts indicate a strong des ire of herdsmen to 

maximize their herd size. The number of breeding males in the camel herds of the present 

silldy " 'as "ery small on which random sampling method \Vas applied and which ine"itably 

bins the statistical analysis. E,·e.n though it is dirJicuit to drall" a linn conclusion. due to the 

smaller sample of males. the lack of dllTerence between the t,,·o sexes obsen ed in this study 

contradicts the established facts. Hirsh and Zee (19')9) ha,'e reported that male animals nre less 

susceptible to Hru<vlla infection. due 10 the absence of erythritol. 
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Ho\\e\·er. in support of the present findings. other authors reported equal distribution of 

limedla al1libodies belll'een both sexes (Waghela <:1 (/1 .. 197X: Abbas el al .. 19X7: Abu Domir 

('I (/1 .. 19R-I). 1'vloreQl"er. Ashennfi el (//. (2007) Iws also reported no obselTable difference in the 

pre\'alence ofbrllcellosis between Imle and femule small ruminants in the Ar.1r region. 

On the contrary. reports from Ethiopia (Borena) (Bekele. 20(l4). Sudan (Yagoub <=1 (//.. 1'>90: 

Agab elul .. 199-1) and Nigeria (AJogi and Adolllu . 199X) rel'ealed the likelihood of occurrence 

of in fec tion is higher in fema les than male animals. Re l :lli\ 'e1~ ' higher susceptibilit\· of shc­

camels could be due to the fac t thm they ha\'e more phI sio logica l stresses (Walker. 1(99). 

Okoh (1979) reported that male animals hnd higher infect ion rute bill the sample size of 

females \\'os too small to make the comparison. There lI as statistica lly significant dillerence 

(i= -1.% . P = 1l.1121i) in seropositint\· among the di fferen t age groups of camels and 

signi ficantl \ higher infection rnle (13 ~%) was recorded In adult s of J to 7 ~ 'ears orage than in 

youngs (0%) ond old age camels «l .S'X,) (Table 10) Tilis result IS. therefo re, in consistent lIith 

the study by B~kele (20Il-l) thm re\"enled higher seroposi tl\"ity 10 cnmel brllcellosis in adults 

than in young animals. II has be~n reported tbat brucellosis is essentially a disease of sexually 

mature animals (Qullln cl ((/ .. 200-1) 

Sexually mature and pregnant animals nre more prone to IJrrrn'lkr infection and brucellosis 

tban sexually immature animals or eitber sex (Radostits <'I ((I .. 2(00). On the otber band. it is 

also true tbat \'olillger onlllla!s tend 10 be more resistnnt to infec tion and frequent!\· clear an 

established infection. although latent infections can occur (Walker. 1999). This may res ult 

from the 1:1ct that sex hOl"lnones and elythritol. which stimulate the gro\\·th and lIlultiplicatlon 

of I lmedia organisms. tend to increase in concentration \I 'ith age and sexual maturit\· 

(Rados tit s <:1 al .. 20(0). The presence of gro\\ lh faCIOrS such as erythritol and hormones fm'our 

infection in mature animals (Walker. 1999: Quinn <:1 01 .. 2(HJ4). 

Camels produced under e~ tens il 'e production system reach maturit~· m 3 - 4 years of age 

(Wilson. I l)l)g), Tefera and Gebreab (200 I) recorded age at pub.!ny and first call"ing to be 4 

and 5 years. respecti\"el\' for females whereas males had age of 5 years at pubert\· in eastern 

Ethiopia. Wossene (1 9<) 1) also repolled the same age lor puberty and first cah'ing in Ogaden 

female dromedaries. Accordingly. age was classified as ' belore and aftcr puberty' in order to 

see the distribution o fth~ disease in immature and sexually matured camels and camels 3 years 

and abol'e considered mature (adult) and less than 3 years considered sexually imnmture for 
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this stud~· . Statisticall\' significant difference \\'as obsefl'ed bet\\'een young. aduli and old aged 

camels (i = " 9X. P = tl.(12(»: the probability of disease occurrence being 1.70 times more iu 

adulis than in young camels and old age camels ,,"ere 1.52 times more at risk thM ~ 'oung 

camels (Table 10). There lYere no seroposith'e camels beloll' the age of puberty « 3 : ears). All 

positi"e animals lI"ere auo,'e three years of age (Table I I) nnd hence, age lI"as one of' the 

potential risk factor for the occurrence of the di sease. 

In the recent study herd size lI"as classified inlO three c<IIegories (small : I -I - 20, medium: 2 1-

411 and large: > -Ill animals) on the baSIS ofpersonaillealih of the herdsmen and local herding 

condition conte.'a, Some camel herders replied '1 am 100 poor!' to the queslion ' holl' man~ ' 

camels do you hm'e'! ' and this indicated thallhey consider as if Ihel" have nOlhing iflhC\' hale 

I-Ito 20 camels and hence. IllIs lYas taken as the basis for the furthN stratification of herd size 

as smaiL medium and large. Small number of herds were comaining lorge herd size (>./() 

camels) and this is because of the presence of sudden camelmortnlilies due to IInknoll11 causes 

and hence. relntively small number of itldil'idual camels were included 111 Ihe sample si/.e and 

there wus stat isticnll)' signilicanl difierence (/= ~. -I7. p = 0.0(4) in Ihe occurrence of Ihe 

disease among Ihe differenl calegories of herd size. The seroprel 'alence of Ihe medium and 

large herd size \\'as 15.3'Yo and 3%. respecth'e!1" (Table 10). 

Bekel~ (2004) reporled thm the within herd seroprel"u lence of' brucellosis mlarge herd size \las 

2.7% \\'hich is comparable ",ilh the presenl sludy. Teshomc el til. (2(103) recorded 10ller 

prel·aJencc. 1.2%. in small herd size from Borena which seem in disagreemenl wilh the current 

finding which is 0% in small herd si7e ami 15.3% in the medium herd size. As herd size 

increases. Ihe chance of COl1laCI bel\\'een animals increases leading to more chnnc~ of 

infection (Abbas and Agab, 2(02). which is particularl) more important during cal\'ing or 

aborlion when mOSI of brucellosis conlaminalion occur (Gnmcel el 01 .. 1993: Agab ct al., 

1 99~) . Thus. herd size and densil) of unnllul populalion together \\'ilh poor management are 

direclly relnted 10 infeclioll rnte (Abbas et al .. 1987: Abll-Eisha. :WOO: Wernery and Kanden. 

2(02). 

High number of camels. callie and goat dil'ersilication \I-ere obsen'cd in the sludy districts. 

Such allllnal species distribullon and di\'ersificalion is common to other areas and has 

economic and ecological adl'antages (Wilson '" "I. I 'NO: Gelahun and Kassa. 2(00). 
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HO\l'e"er. it increas~s the chance of brucellosis and other diseas~ transmission from oth~r 

infected rlllllinants to dromedaries (Andreani 1:1 ai" 1<)82: Radll 'an t'l (II .. I <)\)2), In the present 

stud~, there lI'as highly statistically significnnt dilTerence (Zl = 34,74. P = tJ.(IOOI) in the 

IJr~, 'alence of the disease in the camel population II'hich made contact with other lil'estock, 

Those camel herds \\'hich usuall, ' made close contact on pasture \\'ith goats and cattle lI'ere 1,71 

times more at risk or being seropositi,'e 10 Ihe disease than those II'hich made contacts \\'ilh 

callie lI'hile thos~ camel herds lI'hicilmade contacts or rearing lI'ilh gOals lI'er~ 1.23 limes more 

at risk of acquiring the inlcclion Ihan those camel herds lI 'hich made contacts or rearing \\'ilh 

cattle (Table 10), Higher seroprel'alence \\'as obsefled in the camel population \lhich made 

close conlact \lith cattle and goals (14,1%) on pasture than either lI'ilh goalS (3 ,7%) or with 

cattle (2,2%), It can be concluded that ruminants hod a role in the triUlSll1Ission of the disease to 

the camel POpulntlon, 

Amibarn district is a pathll'ay for pastoralists during their I11lgmtions for pasture and \\'ater to 

their animals and this 1I'0reda is endo\\'ed \\'ith sel'ernl irrigation poinls ns II IS dil'ided b~ the 

AlI'ash RiI'er Valle" and non'gO\'ernmental cotton farms are round II hich attracts the 

pasloralists to teed their camels aller the cotton is being han est~d (SenaJl '" al . 2tXI'» and 

henc~, a large number of li,'cstock herds are congregated ~t this cotton farm and other II ater 

points lI 'hich 1:1cilitates the spread of disease, Traditional Il'ells, ponds and Allash Ri,'er nre 

major permanent lIater sourc~~ in the are~ where animals come to close e~ch other. i'vlixed 

herding and fi'equent contact 1\ ith small ruminants and callie are cOl1lributing factors to 

infection rate, Herders 111 Afar and else,\'here in\"lriabJ~' keep small ruminants and cattle 

alongside with camels, There is high chance of brucellosis transmission from these ruminants 

to dromedaries ns they lire in free range 111 contnct In the bush and m \I'ater points (Andreani CI 

al .. 1982), 

Speciall\', contact beh'een dromedaries and small ruminants were more incriminated for the 

transmission of brucellosis to camels (Radwan CI 01 .. 1992), Abon-Eisha (2000) also obsen'cd 

higher seropre,'alence in camels that were in contact " 'ith sheep and goat. rvloreo,'er. higher 

frequencies of If. mclllcl1sis isolntion from caJnds perhaps magnlf~· the role of small ruminants 

in the transnllssion of brucellosis to camels, The seropreralence status or brucellosis in Afar 

goats ",as reported to be 5,8% (Ashenafi, 2(07) Ii'om Alor pastoral and ngro-pasloral areas, 

This indicates the potentinl role or goats , and cattle possibly sheep in the transmission or Ihe 

disease to camels though there is no information on cattle brucellosis status in the area, 
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Th~r~ \\'as stntisticnlly significant association (i = 11.311. P = (),()O~) between paril" and the 

seropre"alence of lhe diseas~ , Those she-camels " ilh the 11Islory of more than one parih ' " 'ere 

3.26 times more at risk of being s~roposili\'e to Brucellll infection than those " 'ilh 110 

parturition. Those she-camels "ilh slllgie parity ,,'ere 1.25 times more at risk of being 

seropos it i,'e than those Ilith no histolY of parturitioll , Higher infection fnte was recorded in the 

she-camels which ga\'~ birth to more thom olle calf ( 10.4%) than those " 'ith single parity (K5"!.,) 

and there was no record of seropositi\'it~· ill those she-camels " 'ith no parit\, (ll%) (Table 10), 

The prescnt st udy is therefore. in consistent \\'ith the prel'ious stud,' by Bckelc (211(1-1) \\'here 

higher reactor rate" as rewrded in camds " 'jt h more than one parity. compared to other gro up 

of camels, On the other hand. this st udy is 1/1 disagreement" ith the find ings in Borena 10" 

lands (Bekele, 2()t)~) where " 'ith single p:lrit, had slightly lower reactors tlwl1 ,,'ithout 

partuntion. where the re'Nse "as t!.~ pec ted . 

5. I A Frequenc,' of abortIOn and seropre"alence 

The cilllical manifes tati ons of brucellosis in emnels are similar to those in cattle and small 

ruminants in regard to abortion. stillbirth and reproducti,'e failure , Thus this disease causes 

hea,'\' economic losses in animal production resultlllg fro m abortions. sterility. decreased milk 

Jlrodllction. and the costs of replac~r animals (Ariza ellll .. 1992: Radostits e l 01 .. 200ll), During 

the data collection. female camels " ere found \\'ith a his tolY of abortion at the second half and 

last stage of JlregnJn c~ (gestation period 365-395 days), In the present sludy. the seroJloslii,'ity 

in aborted she-camels of the A\\'ash-Fentale and Amibarn di stncts were 412% and 21.7%. 

resJlectil'el) . 

The frequency of abortion I\'as recorded as 'once' and ·t\\'lce ·. In general. there was 

statistically signi ficant association (x' = 17.92. P = 0,0(1) bct,,'een the presence of seropos iti"e 

breeding males and the occurrence of abortion in she-camels /II the herds of the stud" districts 

(Table 12). Higher abortion mte " 'as obs~rl'<~d among seropositi, 'c breeding lemalc camels by 

Tesholllc (:2003) and Bekelle (20tM) III tht! low land pastoral areas of Borena and it is in 

concurrence \\'ilh Ihe present stud~' which sho\\'ed 27% ,,'ere seroposith'e among the 63 

( 10,3%) cases of abortions. 
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Due to the higher percentage of seropositil'es in nborted cases in this stlld~' , it ma~ be possible 

to suggest that those clillicalmanifestations or abortions ,, 'ere due to brucellosis, Getahun and 

Kassa (2000) reponed annual abortion and stillbirth rates of <)'1., and 4,3%, respectirely in 

c:tmels kept under similar production systems 111 eastern Ethiopia, 

Brucellos is III camel ids occurs in all knoml IOfil lS Irhereb~ abortion is the most 01)1 ious 

manifestations (AI-Khalaf and EI-KJlaladi, I <)S'J : Agab Ifl u/. . 1994: Wernel~ and Kaaden, 

20(2), RadwaJl CI ai, (19'!2) recorded abortion rat e of 12% with ll% se roprel'alence, Lo\\' 

seroprcI'nlence repol1 in Somalia by BnUlllnlln and Zessin (1 992 ) did not indicate tile presence 

or brucellosis in camels with nbortion as c1inicnl mnnifestations In e~tensll'el~ produced 

animals other di seases such as tnvanosomiasis ma~ ' also cause abortion (Wilson, 1l)<)S), 

Billcellosis can genera III' cause SIl,; llIficant economic loss thraugl' abortion. late first cal ving 

age. long ca lnng interH,1 lime, 10'" herd fertilit~ , and comparnti\'el\' 10'" mill; producti on 

(Chuk"u. 1%7: Wernery and Kaaden. 2(J02), 

5, 1.5 Geogmphical distri bution of camel brucellOS IS 

Camel brucellOSIS " 'as found to be distributed among the t",o study districts of the Afar 

pastornl and agro-pastornl region, and there was no significant difference in preyalence rnte 

among the districts , The disease \I'as det ec ted in all peasalll aSSOCiations im'estigated , 

Brucellosis is, therelorc, wcll entrenched across the entire districts, This might be well 

nllributllble to the use of similar animal production and Imnagemelll systenlS of similar agro­

ecological conditions (hroughoutthe peasant associations of the districts o[the Anlr region, 

Moreol'er. lUlrestrictcd nJllIl13l mo nmlents and contact " 'ith other li\'estock lIlay have enhanced 

the spread of infection, such as IIltH'emcnts of animals in sea rch of pasture and Iyater. trade 

within and between zones and districts, the mixing or animals nl II1nJ'ketplaces, pastures and 

\\'atering points, such as the Awash Ri\'er. especinlly during the dry season, Accordlllgly, the 

results of this study indicated that the pre\'alence of camel brucellosis " 'as higher (7,6%) in the 

districts of the Afar reg ion where there was frequent ilIl~ing of nocks, than in the Somali 

region ,,'here clan-based flock/herd segregation " 'as usual. In this regard . Bmnll.1nn e l ai, 

(I <)9() and Bmnnonl\ and Zessin (1')92) sho"'ed that pre\'alence rates of 3, I y,;, (Uld 0,3-1,9"1.,. 

respectively, 
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The absence of hygiene measures. such as the use of isolated cah·ing areas. appropri(l(e 

disposal of aborted materials and remo'·nl of foci of infect ion. can nggrm·ate the spread of 

infection as pasture's nnd waler become contaminated. 

5,2 Prevalence of bl1lccllosis in hUlllan 

At the beginning of this sllld,·. the medical staIrs nt the health centers ' \"ere unall·are of the 

existence of this disease in these parts of Alar district s and el'cn none of the medical slnffs 

lI ere knowing such a disease named ns ' brucellosis' . In fact there lI·ere no senior medical 

professional III these hea llh centers. After the purpose of Ihe study lI'as explained to the 

medical staffs. blood samples II ere co llected from 200 clinicnl patients on the bnsis of clinical 

manifestations nnd 30 II ere seropositi'·e to Bmcel/a antibodies with a conlirmatoi"l serological 

test. Allhough no si ngle test prol"ldes I ()O% sensIIII·it,· nnd specilicity. RBPT nnd CFT still 

remnins the test of chOice in the diagnosis of the disease. In the presence of appropriate signs 

and symptoms. a presumptil'e diagnosis of brucellosis was perlbrmed serologically and hence. 

the ol"t~rall prcvnlcnce rnte of human brucellosis lI"as 15% (Table 15). 

Dnta from de,·eloping countries in the Mediterranean basin. particularly the Middle East. 

report ed seroprc,·alenee rates ranging Ii"OIn R% in Jordan (Fox and Kaufman. 1(177) to I ~% in 

Lebanon and KUllait (Araj and Azzam. I \)96). E'·~n higher seroprel"alence rates hm e been 

reported in sub-Saharan countries. with percentages of I S'X. In Uganda (Nd)·abahIlldub and 

Chu. I ')X") and 13% in Nigeria (Six CI (f l .. 19(7). The present study is. therefore. about in 

consistent ,,·ith these findings in the different countries. 

Since there is close conlnet bet,,·een humans and their Ii, estock. "hich sometimes share the 

same housing enclosures. brucellosis is a significant health risk for the emire COlllI11tIllity of the 

stud" areas. As per the information Irom medic:11 persons of the health centers at the study 

districts. there hns been high IUI/mn morbidity und less 1l1011ality due to diseases II ith 

s,·mptonlS such as fe,·er. aches and rams. latigue and debility . These symptoms lI"<~re generally 

considered as malaria. c,·en ,,·illlOut an) laboratory confirmat ion. but in I:,ct brucdlosis mny 

also be a possible additional cause. Reproductive problcnlS. such as abol1ion. stillbirth and 

retained foetal membranes. nre the most common reproducti,·e wastage in camels. canle and 

small ruminJnts in the stud) districts and hUlllans Illlly become contaminated ,,·hile handling 
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the infected material. Either brucellosis or malaria could be the cnllse of human illness in these 

situations, In brucdlosis endemic areas, identi~\'ing the population at risk is important to detect 

unrecognized caseS, DilTerent epidemiological and diagnostic strategies hare oeen used to 

identi0 cases and hm'e led to a higher incidence of the disease thon has been reponed 

(Abramson el "I .. 19') 1), In the present study, no statistically significant (X~ = 2,(1:\, P = O,J(,O) 

differenCe \\ as obser\'ed in the pre\'alence of human brucellosis among the origin of the 

pmients. this means that there \\'as no association between the occurrence of the disease and the 

origin of the patients from different di stricts of dilTerent geographical location, But the 

prop0l1ion of seropositi\'ity to orucellosis \\ as higher in \\ olllen and the Imle-Io-female ratio of 

seroposi ti\e palients \\'os 1.5, This is obout in agreemenl \,ith the results of Genene ~I al. 

(~()()lJ) thm the n\1Ie-to-female ratio of seropositive patients of Borena and Hamer was 1.4 but 

no difference in seropositi\'ity was observed between the t\\ 'O se:-;es, 

In this stud\', majorit\' of the se ropositi\'e females \\'ere non-alar tribes , In facL Afar females of 

15--10 years or age are culIurally constrained Ilot to drink the camel milk as it is belie\'ed to 

make them se:-;ily, rude and cheek~ in behm'louf, Nowadays. cmnel milk is supplied by Afar 

pastoraltst and sold in retailer shops and used by different non-Afar tribes such as Amhara. 

Argobo. Oromo. \Velo\'to. Tigreon and Hodi\'lI which de\'eloped custom of consuming raw 

camel milk as a substitute of CO\\ ' milk and as traditional treollnen!. Therefore. abollt Imlf of the 

seroposi ti \'e females \\'ere non-Afar tribes, At presen!. some of Afar remales are changing their 

customs in spite of their cultural obligations and stoned consuming ra\\ camel milk 

There \\'as no statistical'" significant difference (i ; 2,J), P = 0,3411) in Ihe seroprel':llence of 

the disease among the age groups, In contrast to this stud\'. obsen'otions mode ill Iron. Jordnll, 

Lebanon. and KII\\ ait (Araj and Al..ZlIlll. IlJ%) shoml that the premlence rate of bntcellosis 

increases with age. All seropositi\'e patients from the stud~ ' districts suffered from headache. 

\\ enkness. joint pains (arthralgia) and back pain, Muscle pains (myalgia) and bone pain ,,'ere 

other prominent symploms but only back pain \\'as obsen'ed slightly more alien among 

seropositil'c patients compared with seronegati\'e patients und this finding is similar to that 

reported by Genene /11 ,,/. (2110lJ). Ho\\'e\'er. different clinical findings were recorded among the 

stages of illness or seroposit i\'e and seronegati\'e patients, 
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Th.! principle or the t~st is that IgG fix~ the complement II ellll'hereas Igl\-I does nol. In enrl~ 

slages or the disease II hen onl~' IgM IS present eFT is usually negmi'·e. III acute brucellosis. 

eFT titres appear in the second month and reach the maximuill at the fourth mOllth of the 

disease. eFT is usually positi"e in subacu te and chronic brucellosis. High titres remain about 

12 months (Taleski. :20 I 0) On the basis of this rac!. stages or illness was classified as acute 

«(, months or illness). subacute «(,-12 months) and persistent (> 12 months). Maiorit,· or the 

pmiellls lI'en~ suOering Ii'om perslstelll (chronic) and acute clinical ailmellls with o,'emll 

proporllon of 113 (5 ('.5%) and (,l) (30%). ft'Spectivel~ . This means that many people " 'ere 

su fl'ering rrom a disease or unknown etiology and heahh eflecl. TIlcre lias stallstically 

significant diOerence (i = 2t(AI. P < 0 Ot)()l) In the pre,alence orhumalibruc~llosis between 

the pastoml and agro-pastoml communities lI'her~ tli~ patients were come rrom. Those pmiems 

who callie rrom agro-pastoral areas '\"ere 2. I times morc at risk of bemg seropositive to 

Ilruc<,lIa antibodies than those rrom pastoml areas. Of the 30 (15%) seroposit i"e patients. 4 

(13.3'V.,) lI 'ere rrom pastoral and 2(, (XG. 7%) lI 'ere from agro-pastoral areas (Table 20) . 

The occurrence of human brucellosis in those " 'ith the ollllership or )j"estock or milking 

camels ,yas 2.3 times more at risk of being seropositiYe to the dis~asc than in those lI'ho don·t 

hay~ milking cam~ls or other animals at all. There are "ery r~,\ reports or indigenously 

acquired human cases ofbruc~lIosis. ,yhile acute imported human infections continue to occm. 

often associated \I ith the consumption or ra\l' cheese or milk (Taylor ,lIld Perdue. I %9). The 

consumption or contaminated rood and an occupational contact remain the major sourceS of an 

intectlon. Small number or incidences reported in bruceliosi s-end~lIIic areas nkl" reflect a poor 

standard of sUfl'eiliance and reporting. e\'en though other l:,ctors such as the methods of food 

preparation. heat treatment or dairy products. and direct contact \I'ith animals also inllu~nce the 

risk to the popUlation (Mantllr and Mulimani. 19%). 

The likehhood or oCClirrence of seropositil"ity to human brucellOSIS in the present study was 

1.2 times more III those patients who consllllled r;tll" milk . cheese and meat than those \\'ho did 

no!. According to the present findings most or putients had a history of mil' milk and cheese 

consumption or direct contact \I ith camels. goats and callie. Almuneef <:1 at (20(J4) reported 

tlwt ingestion ormw nllik was considered tile likely source or infection alllong family members 

and the present study IS in accord with il. Keeping of livestock in close contact at yard and in 

pasture. consulllption or raw camel milk. assisting animals during parturition and grooming 

li"estock were potent ial risk factors which contributed to the OCClllTence of human brucellosis 
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in the camel or li"cstocK rearing communities of thl! present stud, districts, The medicnl stnn' 

at the heallh cellier knell n1l1l1" of these patients for commonl~ occurring infectious disease 

such as malaria or had not bi!en aule to help these patients, Aner treatment at thcse eMlier 

occasions pat ients either had not sholl'n irnpro"emelll or had become ill again, Frequent 

changes and/or periodical absence of medical staO'together \\'ith poor record keeping hOIl'c,'er 

did nOt 011011 the inyestigator to trace uack the exact medical histolY of these pnlients, 

Alier CFT analysis of the sera samples of humans, the lI1yestlgator has contacted the medical 

persons in the health centers of the study districts and suumilled the hst of all seropositi\'e 

patients to start the treatment as per the recommendation of medical persons, As per the 

inl'ornmtion from the hcalth ccnters, those patients were contncted personnlly, not all. slnrted 

the treallnent and showed SIgnificant impro\'cment nner antibiotic therap,-, The medical 

persons notllied that the nyailable drug 1'01' treatment lias dox~ c,-cline (4 mg!kg Iler day: 

maximum, 200 mgld in t\\'o diyided doses) orall~ ' and this need to be continued for (. weeks as 

prolonged therapy is imperatil'e for achiering a cure, 

5.3 Results of questiollnaires survey 011 camel herders 

The questionnaire sun'eys I'we conducted to assess the potential risk factors b~ ' inten'ie\\'ing 

the 113 camel herders of Uoth the pastoral and agro-pastoral areas, As a result of the 

questionnaire slll"l'eys essential risk filctors \\ere identified \y!rich are associated \\ith the spread 

of tlle disease to the animal and human population, The objectl\'e of the questionnaIre suryey 

\las to de.terl11ine the potential ri sk ractors of Ihe management practices and rdate the 

occurrence of the disease witll the social cllstom of drinking ra\\' milk and relnte it with the 

occurrence of camel and human brucellosis, The camel brucellosis can be a health hazard to 

human beings particularl~ ' to pastoral households Iyho in many lI"a~ 's are exposed to the disease 

(Abbas and Agab, 2002) Camel O\\lIers of the study area consume rail" milk and milk products 

and meal. :md do deli,'e~' assistance, clean newborns, assisl suckling and car~ the young from 

lield to home without ,my protection, The knowledge aUout brucellosis is nil among herdsmen, 

These can pul the public health of the urea at risk, Abou-Eisha (ZOOO) reported I 'X. (3 out of 

330) brucellosis sel'Oprel'alence among nomadic people, The disease in man ma~' be 

misdiagnosed due to the prel"fliling malaria infections in dlY areas (Abou-Eisha, :W()o: EI­

Ansary el (/1 .. 200 I), Hence, the same phenomenon is obsen'ed in the present study thai the 
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disease is misdiagnosed by the ol'oilable health profess ionals nnd el'~n the usual occllfr~nce of 

malaria inf~ctions together Il'ith the absolute absence of o\\'areness of tllis di s~ase. Most of the 

respondents \\'ere from agro-pastoral areas and majority of them o\\'ned cmnels and goats and 

:!~% of them owned onll' camels wh ile the remaining :!7% o\lned mixed lilestock (cnnlCls, 

cattle and small 1111ninants) (Table 23). Potential risk factors commonly prnctic~d bl' the study 

population such as assisting II ith partmition. slaughtering of an imals. illl'oll'ing in milking of 

animals and consumption rail' milk and meat lI'ere the n.1.10r points or interest lI'hidl hm'e got 

positl \'c response by the respondents (Table 24) 

Wdl knOll n risk factors IIldudlllg IiI ing in close proximit~ 0 I' li\'estock. keeping and att ending 

to liwstock and the consumption of rail' milk and fresh cheese I\'ere Identified as risk factors 

for hal'ing brucdlosis by the stud~' areas ' peo ple, All the respondents \\'ere males IIhich 

indicate that only adult males are Illol'ing long distances in d~' seasons lI'ith their animals and 

contacts of anlillais ma\' pose n higher risk of infection than females. kids and aged ones \\'ho 

usually sta" either in their temporary (pastoralist) or penn:ment (agro-pastoralist) shelt~r 

Precise knoll'ledge of the di fferent fi sk factors is important lor the derelopment of control and 

prel'entil'e Illeasur~s , For instance. EI-Sherbmi el ai, (2007) found that in I'illnges in Egypt 

keeping sheep but not the consumption of fresh dairy products lI'ns associated with brucellosis 

and sugges ted that Ihis lI'as relnted to the relnt,,'ely lOll' prel'alence of the infecllon, 

The questionnaire in this sludy also. included ques tions related to knOll ledge of brucellosis but 

as expected none of the herders had an" knoll'ledge about the cause. prel'ention and treatment 

of brucellOS IS. Health education could hdp to pre\'ent bmcellosis but giwn the liring 

conditions and dietary Imbits of these pastoralist communities. control of brucellosis in the 

li"eslOck populatIon ma~ be the main option io prel'ent dIsease , The control of brucellosis in 

rural and pastoral Ethiopia lI'ili be challenging giYen the mobile Iifest"le of the pastoral 

population. the di\'ersity of farming practices and husbandry systel1l.~ and the high number and 

dlwrsitr of animals in\'olrecl, Most of the Alrash-Fentale and Amibnra districts OIm camels. 

cattle. goats :mdlor sheep. each of which ml" be intected and transmit brucellosis, For th~ 

prel'ention of zoonoses such as brucellosis and io COlli 1'01 other diseases in their lil"estock 

improl'ement of the I'eterinary sen'ices is essential as wel!. With the growing popuintion 

pressure to imprO\ e the agriculturnl system is lIlcreasmg. dIseases such as brucellOSIS are 

impediments for export and economic grOIl·th, 
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Experience in de\'eloped countries has shown thm it wkes dec:1des to control brucellosis 

through a control strnteg\' based on vaccination und th:1t the presence of a test nnd slaughter 

polic\' of infected animals could be crucial. In Ethiopia \'nccination ma" become available and 

the ayailabilit\ of labofntOIY testing for brucellosis at medical health f.1cilities in rural areas in 

Ethiopia could help to reduce the risk ofse\'ere disease and disability 

5.4 Isolation and identification of /lmcellil 

To declare the consumption of m\\' cnmel-ll1il~ and milk products ns the most important risk 

factors for hUll1an brucellOSIS o\'er the other routes of infection. iso lation trial 1\ ns allempted 

li'oml1lilk samples, Bruc~lIos i s is diagnosed either b~ iso lation of Brl/cdla organism in culture. 

or b\ a combination of sero logica l tests and ellIlical findings consistent " 'ith brucellosis, 

Isolation of the /ll'II e('l/" organiSIl1 is the deliniti\'e means of diagnosis. but in practice it is 

difficult due to the ea rly tissue locali zation and the exacting culture requiremenls of the 

organism, Isolat ion of 8l'11ct'lla species IS usually difrlcult . cultuml eX:lminations nre time 

consuming. imllractical. halA1r<ious and not sensiti\·e. ho\\e\'er the iso lation of /11'11('('//" IS 

considered to be the o nl~ unequivocnl method for the confirmat io n (Alton ef ul .. 19R8), Thus. 

cllllicians oft en rel ~' on the indirect proof of infection. 

The bacteriological diagnos is of Hmo'ella can be made by microscopic e,amination of stained 

smears from milk. \'nginal s\\'abs, placentas or aborted foetuses , Ho\\,eyer. morphologically 

related organisms such as Ch/o/llJ'dol'llila aborT/fs or ("oxicllo h/fmel if cnn cause misleading 

diagnoses, Therefore, Isolation of I/mwl/a on approllriale culture media is recommended for 

accurate diagnosis (AL-Garadi ~f al . 20 II) , In fac\. the cultuml detection tmil \\ 'as nltemllted 

using /Jmcc://a medium base supplem~nted " 'itll 5% horse se rum. I 0% sterile dextrose so lution 

and antibiotiCS and made to selective medium agar. Blit the antibiotics a\'ailaule were out-of­

date allo\\'ing the grO\\1h of fungus and some other bacterial colonies. In Ihe present study. the 

absence of /Jmcel/a selecti\'e med ia and uptodate aniibiotic supplements together \\'ith the fact 

that the bacteria are excreted intermittently in small numbers in milk throughout the lactation 

and the likelihood of tile organism to lind in the milk samples taken III one point in time made 

the isolation trial impossible, 
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6. CONCLUSION AND RECOMMENDATIONS 

IJl"lledl" contaminated milk presents n potential threJt to the nell' born c;lIl1el-cah'es and 

human beings as it can sprelld through ingestIOn and causes infectious abOilion ,Hid undulalll 

Ihef. The present stud" ,,'as undertaken 10 detect the fjru('~//a antibodies in camel and human 

sera and to isobte Hl"llo!//" org;lIlisms in camel milk , The result of the present seroslIl"\"e" of 

brucellosis sho,,",~d that brucellosis is an iml)Onant cause of ailment in camel and human and 

,,'ell elllrenched infection across the selected districts of the south Afar region ('ompamtl,'el,' 

higher seropositi"it" (I -%) of IJruce//a antibodies " 'as obsel"\"ed in hllman than in camels 

(7_6%) b,' CFT, The tmditional husbandry and animal management praclices tog~ther with Ihe 

habit of fa" camel milk consumption of the A!:,r tribe support the spread of human Jnd camel 

brucellosis III the areas, This shows that brucellosis is becoming an Impediment to the 

exploitation of the huge CJfllcl popul,lIion of the pasloral and agro-pastoral districts of the Afar 

region , Based on the present cross-sectional stud" , the sero-reactor camcis and humans ,,'ere 

lo und I\'Idely distribut~d , 

Age, herd Size, parit)' and contact of camels " 'ilh ruminants were found important risk factors 

associated " 'ith the episode or brucellosis in cOlllels, Lack 0 f a,,'areness about brucellosis, clOSe 

proximity/contact" ith li" esLOckinulking camels, habit of consumpllon of r:J" milk and milk 

products, assisting animals during parturition and milking of animals were the potential risk 

factors associaled \\"1th hlllllan brucellosis, The importance and achievements of this research is 

made clear by the fact that it records the alUmni health situation and the pre,'alence of 

brucellosis for the firsl time, Illll~ enabllllg the authorities to control the disease b,' pro' iding 

them \\'ith the dala of distribution of brucellosis in camels and humans in the south Afar region, 

Based on the study results, th~ follo,,-illg recommclldalions ha,'e been made to reduce the risk 

of human and animal brucellosis: 

:;.. The overall preqlence rate of camel brucellosis obsem!d in the stud)' area may suggesl 

the absence of implementation of test-and- slaughter policy, Therefore, impro"ing 

management practices call assist ill reducing the spread and maintenance of the 

infection in camel herds, 
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:.- Pnstorall sts are onen marginali~ed far from public s~n'ic~s. faciliti~s and information, 

Thus. nll"aren~ss (public Ilealth educ:ltion) through e~tensil'e e~tension sen'ice 011 

modem animal husbandry and disease prel'ention is quite necessary, 

;.. Public health centers and local intellectuals should put maxi mum efforts to grnduall\ ' 

change the risk) ' habit of consumption of mil' cmnd-milk, Hence. camel-milk should 

not be consumed rail despite the soc ial custom of the Afar tribes to consume the cam~ 1 

milk as fresh, 

;.. Diagnosis of' brucellOSIS is often difficult 10 establish, occause of' Its similarilY \\' ilh 

clillical presentations or other infeclions such as malaria, Therefore laboratory t ~sling 

should be an absolule prereqUisite for a proper diagnosis orbrucdlosls in humans 

r The screening of camel herd o\\'ners and family members should be mandalo lY in order 

to slart early treatment \\'hieh is likell' 10 decrease the rate or complication and relapse. 

;... The nalional animal health department should be strengthened and animal health 

professionals should be al'ailable in the distant pasloral districts and henc~. assist and 

educaling local eXlension personnel' s os to the cont rol of' the trnllSm issio ll of dis~nse , 

;- Further epidemiological research lI'ork shou ld be conducted that inlended on iso lation 

and id~nlificalion or the biotypes of'Hl'llcelill responsi ble fo r illfection in Ethiopia, Such 

im'estigalions ha\'c importallt implicalions for the type or I"accinc lhal should be us~d , 

Vaccillation of animals at ar~as of high prc\'alence could reduce lhe incidence or Ihis 

disease to a sign ilicalll ly lO ll lewl, 
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8. ANNEXES 

Data Collecting Fo .. mats 

Anncx A: Blood sllmille collecting fonnat fl"Om individual camcls 

Dishict Famting system Scx Age in yea .. s He .. d size 
NQ 01' 

Wo .. eda PA Plt~toral 1 A~rO-[l'L'ljfur:,1 M 1 F 0.6·3 1 13-71 1 >7 1-1.20 1 21 .-10 1 >./0 

Datc . .. . . . 1 ••••• .1 ••••••.• 

OCCUtTCnce OcclIITence Contact with Palit)' 
of abo Iii on ofRFM 

Yes 1 No Yes 1 No C"ttlc 1 Shoats no, single 01' 

> one 
--



c: 
~ 

" c. 
Z 
o 

" III 

'"t:I 
~ 
" 00 
\0 

Annex B: Human blood sample collecting format 

Wort~da PA Age in ~'c ;lI 's Hm·c milking Camel raw 
camels'! mill. 

Patient's Sc, conSulIllltion 

N!! 
name 

M IF ~] IN] >~ :~'l N"_ Ye_, I No 

-- - I- -

Date -.. - .-._.-- ". __ .- ... , .... -. 

Coat raw milk Contact with Assist Hoimnls Duration of 

consumlltinn uthrr anim:lls during ddln' r)'? iIInr!S 

Yes I Nu Callie I Shuats Yes I No A\."Ut~. ~ub:u .. ulc 
or Jlc:r~j,(~nt 



Ann~x C: Queslionnnil'c fol' Uw slII"Vcy of call1~1 mllnagement pmctices by cHlncl 
owncl's (Questionnaires dislributed to 113 camel herders) 

Note: This questionnaire is designed for a sun-e~ ' on the potential risk lactors to camel 
brucellosis associated wilh camel management praclices. The dala are collected lor 
stud,' purposes onl\·. 

Dnte ...... J.. ...... ..! ............. . 
I. Geneml infollllation 

Districi .. . .. . ...... PA ...... Village ... .. .. .. .. . ... .. . . . 

Name of respondenl .. .. ........... . .. .. . .. ... _Age .. .. . ... .. .. .... Sex. 

Famih' size ...... _ .. . 

Educalional Ie' el : 

Primal~ School ___ High School __ Secondary School ___ Graduate __ 

Prol~ss i onal training ___ Uneducaled _ _ _ 

Number of experienced years in camel keeping ______ wars 

II. COlllparatiw imlJOliancc of cmnels allli its pl'oducts 

I Types 01'11, eSlock kepI and purpose 

Species MOl'e liked II " .~-.J'· . .. J 'Vh),,! (pu"!,,,.«·) 

Canle 

Goats 

Sheep 

Cmnels 

Equines 

2. Informat ion regarding lhe slud~ ' animals inlargel (camels) 

Relative imlJOliance 

(a) Inilial camel originlName of the area \\ here fro 111 (Location) _____ _ 

(b) Ho\\-many camels nre Ihere in a herd" (Herd size) ______ heads. 

Female heads. 

t-.1aleiBull _____ heads. 

Camel cah'es' heads 

Milking she-camels ____ heads. 

')0 

Unfiled Notes Page 90 

Count 



(e) Do th~~ ha"e nn iuentificntion nlunber" Yes __ No _ _ 

No __ (d) If no. do the" ha,'e a particular name" Yes 

3. What is the purpose of cllmel productiou') 

II . High milk prClduction b. Drought mitigatioll 

c. Bush encroachment control d. H~rd accumulation e. mixed purposes 

-I . Rank the use of camels ' a. Milk production b. Transportmions 

c. Draught pO\\'er 

e. Meat consumption 

5. Hertl composition or Herd illl elllOlY 

- Breeding females dry (non pregnanl) ... 

- Bre~ding blllls ... .. , ... .. . . . 

- Non-breeding males (beloll" 5 , ·eMs) .. . 

- Un"'eaned males. 

5. Whal is the amounl of camel milk used for'! 

5.1 Ilome consumption" ('X, Iro lll tOInI) 

5.2 cash income by sell ing'.' 

G. Milk consumption and presen 'ation means 

6.1 Frequency of milk consumption 

d Cash income b)' sa le 

~ pregnant. .. " ..... ... - Laclnting ... .. . 

- Caslrated male. 

- Non-breeding females . .. . , ....... . 

- Un"'eaned fem .. ,les ..... . ... .. , .. .. . 

a . ( 100%). b 75%. c. 50%. d. 25% 

n ( lllO%). b. 75%. c, 50%. d. 25'X. 

a) Frequently eonstuned b) Rarely consumed c) Deliellc" /more liked 

(,2 HOII" to drink" 

a) Freshly or when it is raIl' b) Alier boi ling c) When it is becoming sOllr (da) s 

aON} 

G.3 What is Ihe shelf life of cmnelmilk (for ho,,' man) days can be kept)" 

7. Do yo u slaughter camel at home" (Yes / No) ... .. .... if yes for what reason'? 

a. fo r home consumption. b. group share. 

c. ceremony. d. emergency slallghterillg. 

8. 1-/011" do ) 'Oll consume camel meat? 

a. cooked. b. ra,,·. c. olher trealment 
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III. Herd dyu>nnism 

9, Animal ~ntered the h~rd (born. pllrchas~d. gi n in) or len the herd (sold. dead. gin Ollt. 

slaughtered or eaten b,· predator) 

Animals entc.'Cd the herd Animals Icft th~, he'11 

Animal This year Last year This yClll' Last year 
tYJles 

NQ. Reason N.\!. 'Rellson N.\!. Reason N.\!. Reason 

Breeding 
female 
Yo ung (F) 

Yo ling (M) 

Adult (M) 

Calf (M) 

Cnlf(F) 

10, Do YOIi do deli\'~n ass istance" Yes D NoD 

If yes ho\\' do ~Oll do? a. Hand pulling b. other means . .. .. 

II . Ho\\' do "Oll take care lo r ne\\ ' born') 

a. Cleaning ne\\'born b, Hand re~ding of\\'eak cah 'es c Carry ing newborn to home 

IV. lieI'd management and hl"alth carl" 

12. Acti\'it ies and labour di ,'isions 

Youngsters ( 13-25 years) 

Activiti es Male Female 

Herding 

\ Valering 

Milking 

Deli"ery assistance 

Mat ing assistance 

13. Water points in different seasons 

\Vatc.· sOurces 
Scason River Ponds Tl'Ilditional wells 
Dn' season 
Wet season 
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1-1 . Do you know if \'our camd gels sick~ Yes _ _ No __ 

I f yes. how" ------ - -
15 What is the /min means of health care ror your camels') 

a, Tradi tional healer b. Seir-admJllislered Vet drugs c. Vel cl inic d. Len untreated 

15.1 \vh~ t are the cOt11monl, ' encountered discases arrcctccl YOllr camd in orda of importancc ',' 
(List and prioritize major camel diseases) 

A) .. . .... .. . .. . . .. . B). ... . ..... C) . .... .. . . . .. .. D ) .... ... .. .. .. .. ... .. . E!. , .. . . . 

15. Reproduclil'e disease el enls in Ihe herd (ind icators of brucellosis) 

Ewnts in the Since one year Sinr~ th"ee years Season 
camel herd 

Yes/No Number 

Abortion 

Still bi rth 

Retained retal 
membrane 
Bull with swoll en 
tests and joint s 

1(,. Do ~ 'ou knOll' any diseases thai cause aborlion in cllmels" Yes __ No _ _ 

If yes , whal :Ire Ihe local names of these diseases" 

17. Was any el'elll of abort /on in ~ 'our herd" yes ___ _ No ___ _ 

If yes. lI'hich ani mals and at II hal lime (monlh ) does it occlIrred? .. ... .. .. . .. . .......... . ... . 

17,1 What do yo u do wilh camels that frequenlly abort '! 

a. S& b. slaughter. c. keeping d. other .. .. .. ... ... .. .. . .. . 

17.2 HoII' do "ou manage aborted retusifeto llllembrnne'! 

n, Leal e in Ihe fie ld b. Disposing c, GiI'e to dog d, others ........ ' , .. ... .... . . 

17.'" What do yo u do lI 'ith remale that doesn' t conc.ei,·e·' 

a. Sell. b. s inughter. c. keeping d other .... .. .... .. 

I g. Where is the source of bull [rom" 

n. From 01111 herd b. \'i ll age bull c. others .. . .. ... ... .. 

19. Hall do VOll herd Camels'? 

a, Separately. b, with village herd, c. with caille. d. lI'ith small ruminants 

19.1 Hall is night res ting'! 

a. Separnte. b. shnre II'Hh callie, c, Share II ith small rumil1ants 
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19,2, Hale you el'er s(\ld breeding fenmles" (yes/No) .. ..... 

Ir yes ",hat \I'as the reason or sell ing 

a. Disease b. Inrertilitl' c. Shortage of money d. Olhers .. ... .... .. .. 

V. Breeding aSIl~c.s 

20. Comparati\'e age or male and remale (years) 

Parametres Male Female 

\Venning nge 

Age at lirst mating 

Reprodncti\'e lire 

Life span 

20.1 Age at first calving (Years) . ..... ... .. .. .. . Gestation length (Month) ......... .. .. .. .. . 

Cm'ing illlel'l'a l (Month) .. .. .. ... .. .. ... . ..... Lactmioll length (Month) . .. ... .. .. .... . .. 

21 Seasonal \'arimions of rcproducti\'e traits 

Parametel's Dry season 'Vet season Bo.h seasons 

Cahing (YesfNo) 

Maling (Yesi No) 

Milking frequency 

""Iilk off take per day 
(Iilrcs) 
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Anne,\: 0: Qucsliollllllil'es to human clinical patients 
(Ques tions to be adlllinistered by the Ilhysici:lnlclinirian) 

Note: This questionnaire is designed ror a Sl1rYe~ on the potent ial risk ractors associated with 
human health problems. The data are collected tor study purposes only. 

Date ..... .. I ......... .! .... ......... . 
A. Patient dClllogmllhic data 

(:1) Name _________________ _ 

(b) Districl ______ PAlke bele _____ I'i!lage, ____ _ 

(c) Sex: Male ___ Female __ _ 

(d) Age ____ I'ears 

(e) Educaliomllel'el ' 

Primory School ___ High School __ Second :,,~ Schoo l ___ Grouuate __ 

Proressional training ___ Uned ucateu _ _ _ 

(I) The number or household members 

B. Patient his tory 

1 Clin ica l symptoms 

Signls)'mptoJl) Yes No Unsure IrYes, Date or onset 

Fel'er (>3t1"C) 

Chills 

Sl\'eatmglnight sweating! 

Sel'ere or persistent headache 

Joint pains (ArthralgIa) 

Muscle pams (Myalgia) 

Fatigue (lI'enkness) 

Uni nt end ed lYeight loss 

Bone pain 

Back Pain 

2, Do you hm'e camels and/or other animals') Yes_ No_ 

3, Hal'e vo u erer assisted ani mals during deliwry'! Yes_ No_ 

To which animals" Can'els, ___ COli' ___ Sheep &: Goats __ _ 

-I , Do you have milking cDlnels') Yes_ No_ 
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5. Ho\\ do yOU consume camel milk') As fresh!ra\\· 

( •. Ho\\' do ' -ou consume goat milk'? As fresh/rail 

7. Consume fresh cheese" Yes_ No_ 

aner boiling_ 

aller boiling __ 

S, Where do you keep your animals" at ,·arc! ___ in pasture __ _ 

\! _ Do ~ -O\l clean or groom your animals" Yes ___ No __ _ 

10. Who is the one II1I-oh·ed ill milking animals ill , ·our family-! 

Your self Family member 

I L Do you sbughter [Ulimals·' Yes No ___ : IrYes. II hen'! On holida' 5 

12. HoI\' do you consume men!"' As freshfrall- aller cooking_ 

13, Han! you ,-isited an" health center l>efore') Yes_ No_ 

Unfiled Notes Page 96 



Annex E: Consenl .III1J assent fOl1lls (English & AmJuu;c versions) lind Elhienl c1eanlnce 

A) Consenl for IIRI1icilinlion in Ihis I'esenreh wOI'k 

Hnman Bl1Ieellosis 

Awash-Fenlale nnd Ami barn Oisll;els 

Invitation to Pm1icipale .md Oeseliption of Rese.u·ch Work 

You are illl ited to pal1icipate in a study designed to gather informatIon about HIIl1\1n 

Brucellosis in Awush Fental~ and Amibara districts, The results of the study lI'ili be used to 

betkr understand the disease brucellosis and to help the camel-renring pastoral community of 

the Afar region \\ ho decide to quit consumption of raw camel milk , The study \\'ill also used to 

I;no\\' IIhether the disease eausmg bacterium can be released I'ia milk or no1. You are IIl l'ited to 

part ic ipate uecause ~ ou are rearing camels and because) ou hare indicated that yo u current I, 

consume rail camel milk and assisted animals during delil'ery, Your part icipation in this stud,' 

II ill last only one lIeek (from date of blood sampling to the time of gi"ing feedback to yo u 

about )'our test result), and it lI 'ili require approximatel)' 111 minutes of your time to gire about 

3-5 ml or blood, 

In order to decide whether to partiCIpate in this study. "ou should know enough about the risks 

and benefits to make an mfoTl1~d decision, Th is consent Corm gil'es you detailed inCormation 

nbo ut the study II hi ch a member of the research team (the researcher and the human health 

proCessional at the public health centers) \\'III discuss lI'jth ) 'OU, Once you understand the study. 

yotl l\'ill be asked If you lI'ish to partIcipate. and. if ) 'Oll do, YO ll lI'ill be asked to sign this form, 

Descrilltion of the Pl'ocedlll'eS 

!f you decide to paniclpate in this study, you "III be asked to complete questionnaires about 

your camel rearing and management practices and other related actil'it ies, These questionnaires 

are expected to take approximately 10 minutes of your time, In addit io n, I'ouma" be asked to 

speak to a health care professional for approximately 15 minllles about your feedi ng behal'ior 

and beliels, Duri ng thi s meeting. "ou may be asked to gi,'e a 5 ml oC blood II hi ch inl'olves 

l'enepunclllre oC radial I'ein of your arm and a tube for about 15 seconds und you \\'ill be 

subjected to the procedure only once under most possible minimum discomfort and Tl sk, One 

II eek aner. lI'e II ill ask you to come back und kno\\ ' your test res ult and then yo u \\'ill be gil'cn 

recommendutlons accordingly, 

')7 

Unfiled Notes Page 97 



Risks an~ Inconv~nienc~s 

There arc no risks or discomforts uJllicipmed for p~rsons who ,'olunteer to take pari in this 

study, In the unlikely e\'elll that you experience any discomlort fi 'om your participation, you 

ma~ discuss this I\'ith the health care professional \\ho ma~ ' meet \\"Ith "ou, or ~ 'ou may c.ontnct 

Sisay Weldegebrid at +~51 <)12 Xc) 13 U4. 

One potential benefit of this stud" IS that Y0tl ma, get beller information about the hazards 

associated with the di sease and publiC health consequences and hence, quit consuming fi 'esh or 

ra" camel and goat milk should YO U choose to do so, Howe,er. "OU ma~' not recei,e an" dir~ct 

lJ~nelits from parlicipatlllg in this silldy. Generally" the result of Ihe study could hdp to 

increase food security and impro'c the yulue lor trade in Ih'cSlock nnd liwstock products. 

Economic Considel~ltions 

If "Oil choose to pnnicipnte ill this study YOU \\'ill receiYe frec medical consultation sen'ices 

and treatl11cnt and recommendations to the result of your diagnosis, 

Confidentialit), 

The inlormalion "ou pronde will be stri ctly confidential. A lile number \\'III be assigned to all 

the infonmtlon "ou pro\'lde in th is study so that your rights 10 pri"ac), and confidentialit~ are 

protected, All queslionnaires ,,"ill be kept in a locked liling cabinet that only the researchers 

\\"ill be able to access, Your name "ill be kept in a separate liling cabinet and \\ ill be accessed 

onl" to schedule follow-up appointments, Your identifying information ",ill never be 

connected to your questionnair~ responses, 

Voluntary P;1I1icil.ation 

You are free to decide to participate in this study and free to withdraw at any lime without 

gi"ing the blood sample or economic incenti"e promised for the session during \\hich you 

decide to \\ithcJraw. 

Questions 
Please nsk for nn explanation orany aspect of tillS consent 10rl1l that "Oil do not understand, 

98 

Unfiled Notes Page 98 



A IIlhOlizlItion: 

Do you agree to participate in this study (please circle one)',' Yes No 

I. ____ ____ ______ ' haw rend this lorm and decided thai I \\'ill pnrticipate 

in the project described abOl'e, Its general purposes, the nature of m~ invoil'ement. nnd 

possible hazards and inconveniences have been explained to my satisraction. My signature also 

indicates thai I am IX years ornge or older and Ihall received a copy orlhis consent rorm. 

Signature 

Date 

If"oll have further queslions about Ihis research \\'011, please coni act Sisa~' Wcldegebriel at 

+:251 ')12 X'J 13 O~ . 
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B) Solicilation leiter to IUlmIts of child I,:wticil"lllts (For child l'cn of <18 )'NlJ"S old) 

Dear Parent: 

M)' name is Slsa, \V~ldegebnel and I am a post-graduate student at the School of Vet~flllnr)' 

rvl~dlcine of th~ Addis Ababa UniYersity. I am currently conducting my research ll"Ork on the 

"Serological and culluml detection of Uri/eel/II infection in humans lind camels in 

selected pastoral,'"' agro-I,astoral residences of the Awash-Fental,> and Amibam di stlicts 

of the Af,"' region, Ethiollia". I hope that this research lI'ill be usellil to the pastornl 

commllilities of the afar region by protecting the societ"lrol11the potent ia lly damag ing disease 

called Brucellosis whieh can be acquired lI'om the direct consumptIon of rail camel milk and 

close contact lI'ith animals of the pastoral eomll1lmit'· (camels and g.oats). I am writing to 

describe this research and to rcqucs t YO U to gil'e permission ror ) our child to pal1icipate in a 

one-time IS-minute session 

The study II ill take place this time at th e Allash Seb:lI and Werer health centers at n time that 

is conl'enient for ,'ou and "our child. In thi s seSSio n. , 'ollr child lI'ill part icipate in this study 

indll'idually to gll'e about 3-Sml of blood and get diagnosed for the disease in target and II ill 

b~ gi"en positil'e feedback about the result of th~ diagnosis. Children 11"111 be asked questions 

about th~ir moti,'allon for the puzzles and for school more generally. Children will be 

participated til ice III the stud) period (during blood colkction and during pro"islon of the 

feedback about the result of the diagnosis. Participation in this stud,· is ,·oluntary. and 'ou hal'e 

th~ right to withdraw , 'our consenl at all)' time " 'i thout consequences. and your child can refuse 

to participate in the study. Your permission in no way obligates your child to paniclpme in the 

study if sl he is unwilling. 

If you agree to ,,11011' your child to participate in this stud)'. pl~ase SIgn and tell your child to 

return the attached permission slip to me or health prof~sional in the health centers of yo ur 

area as soon as possible. Either I or the medical person. /vlr. Moges. will contact you at th~ 

beginning oflhe Januaf) 21)11 to arrange n cOl1l"enient time for your child to come to Ihe hea lth 

center. Once) our child arrh'es at the health center. S!h~ will subseq u~ntlY be asked if s/h~ 

\\'ould like to participate Ifso. s/he \\'ill be asked to sign a separate consent forlll . Please keep 

Ihls lellt'r 117 a seL"llre I"collon 10 ensllre Ihat certaill il!fimllmicm "/)0111 Ihe J //I((I ' is prolecled 

I1l1Iil a{ter yallr child has colllilieled Ihe .<1I1l1)' (Ii'OIll dall! (!f Mood SlIlIIple m/leclion "l' 10 Ihe 

lillie f!f resull nOI!{tcatifJ/1). 
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Unfiled Notes Page 100 



If vou h3\'~ all'" questions :\bout any aspcct or the study" plcase do 110t hesitate to contnct me 

for further informatio11 or clnrilication at +251 9 12 l;9 III tl~ " I would be happ'" to lnlk with 

you l Please remember that the success of this stud~ rests on ch ildren not kno"in~ the gools of 

the stud," in ad'"ance" Thank VO Ii for your ,"alunble time" killd helps and esteemed cooperation" 

Sincerel,"" 

I) P:II"ent consent fOl"m 

Please onl~" return this page 
Keep the letter Jor your Information 

M," signature indicatcs thoi I AGREE to allo,," m," child to pll11icipnte in the research st ud, of 

Sisa," Wcldegebricl prenousl," described" 

Child" s Name: _ ______ _ _ _ _____ _ _ _ 

Child"s Binh MonthIYear _____________ _ 

Parents' Namcs 

Fanul, Address 

Telephone Number 

To schedule the procedure session at the health ccnter. " "hat wo uld be the best tllnc ol"day for 
US to cnll you"; _______ __ _ 

Parent "s Signature _________ Date" ______ _ 

Thank you l 
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2) Child Assent f01l1l 

• We \\OIJld like you 10 be in our r~search slud~ aboullhe ill\'~sligalion of,~ry damaging 

dis~ases in human and camels "hich make your soc i~l~ nnd friends inleresled in 

kno\\ing and pre,'enl ing Ihemsd "es frOIll acqu iring diseases fi-om 'our anin'lls, Your 

parenls ha,'e alread" said Ihal il " 'ould be line for you 10 participale, bUI 'W ",anI \l1 

make sure Ihal you would like 10 be in Ihe sludy, 

• If YOll agree 10 be in Ihis slud,', \\e " 'III ask , 'ou some queslions aboul camels, olher 

animals ",hich Yllli and your 1~ 11lih~s ha"e and aboul consumplion of ra '" camel milk , 

Think abolll yo ur regular aCli"ilies and rel alionship ,,,ilh "our animals, Th~n YOli \\'ill 

donale onl,' aboul 3-5ml of blood_ These arc all "opi1110n qllcslions" and Ihere are no 

righl or \\'rong ans\\'ers, The "hole procedure ,, ' illlak~ abOli1 I :; minules and yo u \\'ill 

be back aner fe\\-days 10 kno\\' your I ~s l r~s lill and gel recommendal ions or Ir~;lImenl 

accordingl,-, 

• EI'~lylbing ,-ou " 'ork on loday \\'III be kepI conlidenllnl. Th is means Ibal ,,'e "'ill nOI 

lell an"one ds~ I"hal "ou lIunk abolll I be slud ~ ', We ,,'on ' l lell your leachers, parenls, 

or fri~nd s, ~I'en if Ihel' osk us 10, We '1'111 "Tile a code number, nOI yo ur name, on all 

Ihe queslionnaire forms and e,'erylhing Ibal you work on loda~ ' , 

• Remember. belllg in Ibis slud,' is "our choice, No one \\'ill be upsel if yo u don'l \\'anl 

10 parti cipate or el'en Ir you change vo ur mind later aner the questions and ,,-anI 10 SlOp 

in the middle before donating yo ur blood, No lllaller II hal. YO ll \\ '111 slill get the morals 

and POsilil'e snlJl~s framus If yo u ,, 'ant to skip a question, Ihat ' s olrighl 100, Just say, 

"I don't 1I'0nt 10 ansll'er Ihal queslion"_ 

• You can ask an~' quest ions aboullhe sludy no\\ or at any time, Signing your name at 

Ihe bollom means Ihat ' -au agree 10 be in Ihis stud~', 

(Name of child) 

(Signalure of child) (Dale) 
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U) ore?"e {Pis-CD- (11:/)'1' """<'Iff rJ.",.~'Wt· '1f):IJ ""to.!' ~ 

(lh'I'7i L 1;,..'1.', ot.""}'Is- a1l.-sP':r· ' Me hMI 

Am'ulI"ir v~l'sion 

?f:il?"t tllI.u h~,'jil" (I)~ I'Im· ·,· ...... 6. (lin(/)· l'I'I?'1'· 07;;/' .... r. o "'I .. r.l·/{l)· \'7"(Y'C 1"6-

m·il'!' /I "'ll'l"'fj: M& ..... /. IYS:tI :: 1' 7"C:Y"C POls-(/)' tI/.'P·I; ;': I;"/I,t; M.' ''I.'I&· ml·'lP':r 

f ,II'L.V,tI :: I'II,U 'I"i'" ol·m .. )· II/,C~H" M.~· ~,').'W·Y" 1'"ltJUtI (II ,H"i "(Il,H' " "P)I\I, 

'I-In:l''''1. /l1r'im' U~I("I'O'II '(',IIl'}''''ltI :: il/lll.u I'M:ilP' "'I\,h: (If,IINI' 1""I.rnhtD(j)o 

M,C/'l?'~' (111.0 (/ll~: /I'''I.'f5· 1'/.C'fI'I·· / •. r,C U'IHI ~(/l.:: ;,CilP' IlII.U I'Y''C9''C: l"Is- (Il ' /'I',' 

;,'}.<I.'H" ': 1',1'/../1'/11 '" '1''1 9"ln.r" · (1"1""(.\ M:'II,r· M,C',.), l"Is- ""Ill! "'j!. M/I· ~OJ' :: IIII.u 

~7"C7"C IV"" m·i1'" 1' '''/. ,1'\0, 9."/'1" M,'j.~' 1\9"'1'}· 'Oil: '/£Il':: hM:i1P' 1''''I.mO'''(IJ· 5(1.0. 

,1'UA .f.'1'''i 1'9u CaD "'. lIJ·rn.f·') 11 . .1'(0"" g."/'r' h,I,I1.'I":)'- I''''UWIO)' 1'7"IIC 1.'1(.\"//1·+ """'fI(.\ 

'/CI)' :: f , U I'f.?" unm'l hl.(:i19' I'I,(I)O,~' 9"'19" '1,1.'.''''' 1'1,11(.\ ;,r; l'un 'l/..ll m,T"" oo:!,f.tI 

;,·I.r.'''1 Nlh"'('\~IP' hlO.'I.II· ~, 'ltI'l.· (.\P' ;J-(I/I' :: (lII.U I'S.'1" tJUOJ·O.~· "'"/fIC~' ' 1 ';I ,'I:~ ' I' J"I~ p')'. 

10 .I'.'~.4' ·Oil: ,I.',/'.:<»II?,;/ ·tI :: 

IIl1,u 1''1''C9"C r6- (/)NI' /laul\" '<J: i,{; l''''I''''C'flA?''''') (r'!'·'~ (lauunl\ll ('30 f.·I::I· '1.11. 'O~: 

.!',II,~·tI:: !lItu 'I",' ,, · OJ'il'r oaul\·,·<J: <J::J·P.'i' uull")9")'i 1,,'){tDl/"}?"j ,'""J':""""rw· '1',1"~ 

g.lr','(.\ :: ""1'(1-\1" M "/,roo·:r I,P P'II'1 I'M:I,?")'; ,'O."·I'I·OP") 11"/un(.\ "''P;>''I, ;JC 

"·J'.I' ;fr't " , ,('(I(f)' ,'h{tD;.o'HI 1/"";" f!,If'itl :: 

I,II"W" 1I ,~';Jo~, ""'1""11 1' '1''&.tI'/IO· ','Ie; tlse IIlt lltl9")'; I1m.T,"'?' 1''''I.~.Cil "":I'(OiI 

1.j!.';·C?,, :: (111(1(11 onl.:l! " 'oD6' ''~(,01'') OJj!;W" (1/"<', ... g, .1'(1 I'rn,',' 1]000' .1' "'1"'/hC p.:""'(I':: 

11"'/./.. III1,U I'?"C\I"C: l"Is- "''P'' '''; I'll", \"1')11-11 (Il,!',?" "'~I\'~i1 '1"}'"'1'1'~'1''' 1,'1.f.l'I.t\o)' 

h(o~;,I1' au'1/1;>.· 1,10,(.\,7/11/':: m,C:il?' "Y.I''' (joo ·'1 OI'i1'r '1''1'': ~o'l. ool7"lol·'1 O'l;; I' I,I'''('I~, 

Ilh'I:",!' IH"{'; nUl'!"': ,",lI oo,e:;)'d' 1,'t ,V,,»;?"';' J'~.c;.otl:: ",~,'1" '1"COO<'r (I}.(I""?" M,cl'IP' 

"J:I' ',tI/y·/ f1ih ... (On M?.'I'IC'1":: 
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7,'" _________ _ 

I "t-(JI' "HI 'I' 7,·}.e.·fl·I·tj:~· I'I,~, '1'1'1·)-0': flIlC1I-1·· M .<. lHIl.·I·flil 1,'}~"'/,(n~'Y" ·1··1"IIItI. 

I,V'd!'I''' 11'1''1'1: cui")' fl . .I'.r:fl'll"i 1''''/.~:fl(JI0 ·/"tlt-I:-!'·A"i (fD·fI· na"·fl· '/fln··; ·1"NI.C·flll·:: 

IIflll.u 11'1";'/: (uNI' fl,I1Jfl'I'<j:'i 1118 'I (fD.). 11'1.1', 'I1Jln:} n'I1J"IM .. I' ,I.U \'I,7i:" '/O'/O'J' i'lI' 

7, ·} .~.IJJfl.f;h· n •. c'''II!. ',,~ :)"I"ltlU':: 

/..(:°'1, _______ _ 

·1' ·; ______ _ 

II"'~ flAJ'. (j)/'HIC',.A M'Iflll':: Ol,J;.1I WI] 1:',,;icll'l: ri.·I·C,,·t "'·flfI.h 'tjt\'11 1'2';: ,,;."11'. 

'I""!t ~"i :: fllll/ ·',. mN' 1'Y"C9"C I"t-IV) 117,'IM')' O).~. (J9':r· tI"'/: b'lMJJ' '11<'.(1.'1 n'I"lfl 

11't'i:'· M"r.'.l. tJ'Pll 'I.e 'I"i')' fI"'/):;{'"1 ',(JI':: g.tJ 'I", .. ). nM·C hAA fl"'/,'{';O)' I'to(:·IH· M'.C 

tJ1I{' ·"''1·1I 1,·H'.'''/,(n~Y'' (fD"/flll' 1,(I).':flU·:: l"I"i 'l: (110m .. )· I1I1.u ',.1':/'.: n'li:" 119"('R u'/'II 

n·I·fI.(', fl"I,roA ',C'f1'!" M.r. U'f1l'I'flil 10'1''' '/':1'(0' 1'1'1 ~(IIo :: .eu u'Pll co.eY" 'lh'I:M' 

11"I,/UfI"1: .:JC ,,"c·n I'ln "/T'i""}' I 'Pt., I'"IUOA lD ·H·'i \'lo'H' ' I·'P? .. " I,·W.!)·Y" \,"I""A 

'I't.. fP,;J n(fD""'/'fI \''''I,'M,W '/I))':: ,l?u I''I'~'} O'/·f1t-t.C' l'Y"fl"11'·U' A1H'I/ ' IlII.U 'I"i')' 

co'II'I' t'll,'}!1; 'LII, \'15 ):.'1:;1' ,l'uA 1'{,.:l'.I'."i',.)·P' ·} '/1'111 I, ·}·'t l'lrn· '/C[)O:: y.u 'I"i')' 1''''INI.r.(I)' 

1I1l'P'ii M ')' l.'i II ""AI, CIllC rnS "1tI.J'p'~i· (1)'11'1' ',(I)':: M,C{)P"i flA'f:fI' tn.r.'''I.oN:II(J1· 

Ill.'i "Ill.!' 1I""')'lll cng.Y" M"I1Jt-'Olto>' A'f;f"'; 1I'1"i'l: N°I"'I " ,: tj::l',I'."i'I')·fI' ·; ""11/11') ' 

g.;':'IA: : A'f;P' fl'I"i'l: '!.r.')' 113 7,1111 5 11.11. .r.Y" n'I1Jllm') ' fl"'l.t .fI ·/(n· \'u'l'fl 9"C"Dt-

1,·i.o.fl"1I1'1 ,')I"C)I"<'. o>·m .. l· I,·i.r. Mt.'l·I,'I'I: ,'9"hC',' "h')")'A ,,'/A"/fl- ')' ,l'.II"lA: : ,'I.(:IIf1' 

A't: 11'1"i'l: '1.1'. flU·fI·)· '1.11. 'IJ:I: ,l'A/·1·A (.~.I'" lI.fl"/II'i I'.V.Y" Y"r.uot· ClJoIn .. I:') 1I.'c'oH'p : 

\"I"i'l: "I·n 'IAlI'" ll'li:J' ',9"(.1.\. 9"Cuut- M?"'/ •. e.·r:: ATi:?' .e."/'I" fI.mt- 1""I.:)'·fI(IIo '1"i'l: 

\'o'/.t.A·IOr'i u'l'lI 11'1'1'1 uhY"'IoJo'} fl""lIrn') ' ·n:': Y.,f'iA: : Y'''}Y'' I,'}I):> 1,I:M" A1.flJ 

I,'}.'VI · I·~ fI. &.~.q.7" t.Ij':'?' tj:;~y.~: IIA,r', M!:W.fI.·7": : 

A'J':?' '1"i'l: (1)'11'1' fluofl·I·tj: tj:;J'.I'.'i' (r';' 1l?"C?"C I"t- (1)·11'1' Milfl .~:t.1I ,l'.u ~lI' hl.CII?' 

',.efl,l',:: hn·c m'll":' O'/')';:(I)'Y" 'I,l'.',} 'I'p·t IIAfI"" ?,',:) /lfl1J rn I")' u).r:>.'1 ',.enfl· :: 
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1) I'lDl\~ "1i.:!' ?lI. DO"'"' ~K' 
(.",U'} '1'1.' ·Oil; ,e,ootll"') 

'/'00&-"'1&01' O(lIn'i "'Hl/rtJ' ""/J'd' A;( M"t:l"'C: I"t·(O· mNr ?,'},'l.o'J·/·r,:O, '}.C.+o'J,/·r,: 

II,(,(:'''II~ ,/ ·rtool'I"~; (lV';; 

l'Ai':' M" __________ 11.:). ___ _ 

1'·hJ}·A,f.· II""'} ___________ _ 

1'(I)Il~': I 1'11''\.';'1, M" _______________ _ 

I, .f.·/r'li : ___________ _ 

11.-1' ________ _ 

I'Cllll)'; U:'"I _______ _ ,/") --------
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1,' )0/'1'1: n9"C9"C rb-OJ' '1"\:"':. ?,·}.'l:·hnl"i '1'(l0Crn" f.I(lif.l :: (II'Ip.:)'-uY"/7iY" 1")'1'1'/: 

11'1"i 'l: '1'(\;.1'6. ?, ')~")'I1")(i &.·h~.'Pf.l:: MII.U I,~: I'" \'l,'}-f "I/\'l,'FI:'} \,&.:/ • .1',:';'1'1' :/'Au(ti 

?,·)~+(\(n·l/lr'l(,f~. 'l ?,·)/.,f.I;.otl·} :: 

nll.u 'I"i')' 'Ig. (j:;)' .l'.r,: III '''Illfii h').<n.~· '1',l"I:J":-i- ~ .. H·\· (fI'f.lI)f.I"/:' 113·5r'l.r'I. .~,Y" 

?, ·i~·)·tI"/{j(li 7,·)/..f.I .:J(I') :: .l'.Y" r'l.(I)M: 1"")9" 'H!,'I') ' UflOY"Y" 11"1 '/ .. ,\.), M?~' t.I"':: (Ul.u 

·I·"/'Ir. \'15 .l'.·I:;)' '/.11. '11:): g.(I)Il.'\f.I: : \'I"'CY"C (11-/11." :1'" .r~ \"I'.I'·~?':I' uo(MI '''/.Il:':.{'·'1: : ~· 

1"/' :1:1)0/' ;):". :'f.I :: 1""/,e'IDtll1lut'li w,eY" ''''('''till \.,n/.) ,/.. f.I ' /(1)'/1(1)' ' \' J"t "tI uo·Utlf.l 

.l'.;':'If.I: : 

uoll1l"1' \·I"")·,:.f.\·lOr/·I.(Il· ·I··..,g. 'ltl tI(ro"/tI'I, '11"/1:'. '/ :~ :: MII.U 'i:;) .. ~.y,: hll")hi'li 11:"1" 

fHr'lrn(]) ' (1:" 'Ig. 1l?''V'}({j' ) lIr,:/t,:: 

\'Ai':- M" 4'1 ________ _ 
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SOl'" ,\ ,\\ I ~I F aUk 

Version 2.0 

:-:-:--------------------1 Effective d:ltc: 

3.2. Use of St.udy Assessment Fonll 

IRB's Decision 

1 Feb. 2009 

Page 14 of 13 

ANNEX 3 
Form Af\UMfo ()3-008 

1Vlecting No 035 /20 II 

Protoco l numb ;.:: r: 00311 1/ Ex l. 
Date (DIMl Y) : ,Tune 01 /20 11 

Assigned No .... . . ... . . .. .... . . 

Protucul Tille: Serological, Cultl1J'al and molecular Detection of Brucell a in fcction in 
Camel anel its publi c hca lth significance in selected pastoral residences ortllc Awash 
rcnatal and Amibara distri cts. Awash sebal, A f~lr region, Ethiopia. 

~1~CiPa l I nve: ti ga;~~ Sisay W/Gebrie l 

I AA U- School orVe tel~inary Medicine Institute: 

Elcmcnls Reviewed (AAUMF 0 1-008) o Attached o Not attached 

Review of Revised Application Date o,fPrevioLls review: February 0912011 

0 Yes 0 No 

; Decision of' the meeting: 0 Approved o Approved with RecomIllendation 

L tJ Resubmission o Disapprovcd 

Elements approved- I. Protocol Version No . .. .. .. .. .. . . .. .. ...... .. .. .... .. .. .. .. 
2. l' rotocol Version Date .. ... .. . . ...... . .... .. ..... . . .. .... .. 
3. In formed COIlsent Version No ... .. . .. .. .. .. , .. .. ....... " 
4 . Informed Consent Version D~t c ." ....... .............. . 

II. Obl iga tions of the I'l-
l . Should compl y with the standard international & n a tion~1 scicntifit: and eth ica l guiddincs 
1. All alllcndmeills and changes made in protocol and COllsent form needs IRE ilpproval 
, Ille 1'1 should report SAE within 10 days of the eve nt 
'I End of the study, including manuscripts and tll cs is works should be reported to the IR13 

Ill. TO I~STM 0 
Institution Review Board (lRB) Approval: Period from 07/06/2010 to 06/06/2013 

Follow lip report expected in 

3 Months 6months ~_ 

Chairperson, IRB 

9 ITlonths ___ one year _ _ 

Associate Dean for 
Postgraduate and Research 
Signature ______ _ 
Date -----



Ann('x F: P,·ocedu''es.list ofequiplllcnts. chelllicnls and ''eagents used fO"/Jrucl'lla 
diagnosis 

A) Rose Bengal plate test (RBPT) 

A rapid agglutination slide test for the detection of limcel/a specitic agglulinins 

Intt-nded use 

Bmcc/la allligens are bacterial suspensions for use in slide agglutination tests to detect the 

presence of bacterial agglutinins associated lI'ilh bacterial infection or preyious exposure to a 

related organism This slide test is recommended as a screening procedure onl\' to establish the 

presence or absence of homologous antibod~· . 

Pdncillle of the test 

In the course of IJmcel/u infection lI'ith an~ ' pathogenic microbiologicnl agent. a ,·ariety of 

anlibodies :Ire lorll~d . Among th~se antibodies me Ih~ agglutinins. An aggllltlllll1 \\'h~11 

combined lI'ith homologous antigen (agglutinogen) under the properJ,· controlled conditions is 

capable of causing agglutination. A suspension of IImccl/a possess ing acti,·e antigen 

agglutinates lI·hen exposed to homologous /fmcL'ila antibody. This agglutination forms clumps 

of bacteria which become macroscopically ,·is ible. The Rose Bengal stained Jimcel/u antigen 

is used for the earl~· detection of IJmn'/Ia agglutinins (llmce/la Ahorll/s. 11 Melilc'//S;S and II. 

Sl/i.,'). 

Reagents 

o Rose Bengal limcei/ll Antigen (n.:''!!" phenol) 

o Positiye Control (0.0 I % sodium azide) 

o Negatiye Control (n.nl% sodium azide) 

o Tesl sera 

Mated,,'s 

o [lmc~lIa Antigen. Rose Bengal Stained 

o POSili, e Conlrol. 

o N<!gati\'e Control. 

o White Glass slide (or enamel plate). 

o Stirring Sticks/applicator stick 

o Micropipettes lor dispensing 3tl-40pl serum. 

lOR 
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P.-ocetl u I'e 

1- Allol\' r~agents :md s~nlln somples 10 reach room lempernlure for I~ sling, 

2- Shake Ihe anligeni.>ollie genii, 10 insure a lIniform sllspension. 

3- Place 30~tI sample serUlll onlo Ihe selecl~d ring of lhe While Glass slide (or enamel plale) , 

4- Place one drop (30~") of Ihe Rose Bengal !U1tigen onto sennn sample. 

5- Mi :.. s~rum sampl~ wilh Rose Bengal anligen using Slirring Slick, 

(,. Repent Ihese SI~pS using the posili\'~ and negatll'e controls inslead ofserulll sample, 

7- Gently shake the slide lor 2 to -Illlillutes (automatic rolalor can also be used), 

~- Obser\'e for ag!>lulination afler 2 10 -I minutes li'om beginning of shaking (Ihis IS ihe 

oplimllmtime limit) , 

Results 

Negall\'e: No agglutination 

Posilive, (Presence of Spec inc An tibodies) . Agglulination 

IlIlcqll'Clalioll of I'cslIils 

Th is tesl is a screening lest only for Ihe deleclion of IIl'11cel/{1 agglul inins. I I' res ull is positi,·c il 

must be conrlflll~d bv CFT or other serological tests lor Brucellosis. 

Reaciion lI'as Idemined as O. +. ++. +++. according to Nielsen and Dunken (1 <)<)0). 

0= No ~lggl111inntion 

+ = barely ,-isible ~ggilltlilalion. using magniJied glass 

++ = tine agglutination some c1~aring 

+++ = Coarse clumping cieJlnite clearing 

Those samples \lith no agglut ination \I '~re recorded as negalive. \lhile Ihos~ +. ++. +++ \lere 

recorded as positil'e. 

1(1<) 
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8) Comlll~ment fixation Test (CfT) 

I\'I,IIelial prellaration, evaluation and titration OfCollllllement Fhation Test. 

Matc.ials requ il'ed 

I. Reagellts 
I. Ve"onal buffl'l': ddu~nts (prepared by mixing I-\'ial orthe constituents illto I liter of 

distilled wHter (pI! = 7.25). Commercially a\'ailable or could be prepared as [0 110\\5 and 

stored in 3 rereigernlor 

Nacl X5.0Ug 

5.5 dicthyl barbituric acid 5.75g 

Na 5= 5diethyl barbiturate 2.00g 

MgCl~(iH~O 1.(,Xg 

(aC11 () . 2~g 

Dissoh'e the barbituric acid in :iOO 1111 hot deioni7ed or distilled \\'nt~r 

and then add other ingredients. 

Mak~ up to 2: I with deionil.ed water 

Autocln\'e at 121 "C lor 15 mins 

For use. di lute 1/5 in deiolll l.cd wnter 

Adjust pH 7.25 

2. Shcell RBC 

A. Colleci blood i"romjugular \"~in ora sh~ep II1to Alse\er's solution ni a ratio of I: I 

./ Alserer's so lution 

D-glucose (Dext rose) O.05g 

Sodium citrate O.Sg 

Sodium chlOride (J 420g 

Citric acid O.OO5g 

Distilled water I noml 

,. Autoclnl'ent 121"C for 15mins. 5tore+-I"C 

,. Wash erythrocytes in the blood 3 tinn.'S in AIse\'cr"s solution 

., C~lltri[uge collected blood in n tube at 5000 rpm for I [) mins 

;. Discard th~ supernatant 

;... Centrifuge at 1500rpmlor 10 mins 

y Discard the supernatant 
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,. Continue the washing once more 

,. This can be used fresh or can be stored at ""e for 2 weeks. 

B. preparation of _I ";;, sheep red blood cell (RBe) 

;. Transli!r an aliquot of the stock elythroc\"Ies in Aise rer"s so lut ion to a 

centrifuge tube 

;;.. Add reronal bulrer and wash c~lIs b~' gentle pI petting 

,. ('entrifuge at 30\lO rpm for l:i mins 

:;.. Remo\'e supernatant fluid and discard and add an equal ,olume of "ernual 

bulfer 

r Repeat centrifugation until the supernatant fluid is clear 

>- Fll1ally remo,'e sufficient packed cells to gi,·c a 4% suspension in "eronal 

bufler. 

3_ Haemolysin (;l\'ailable commercially) 

4. Standard antigens 

;;.. Standard antigens are prepared rrom appropriate infected mice. emb" 'onated 

eggs or cell culture etc. 

;. Some antigens exilibii non-speci fic hemolytic actirll,· which can be rcmo"ed by 

treatment oremight with chloroform. fluorocarbon or absorption " 'ith RBe 

If necessa" ill so me cases: 

:.- Add 2% chloroform to the antigen suspension and shake, Igorously by hand for 

2 minutes . And then lea,'e o"ernight at +4"C. 

;. Some antIgens are also anti-complementary, They are treated by heat ing at 56"(, 

for 30 minutes or by adding 5- 10% inacti"ated guinea pig serUlll and incubating 

t be mixt me for one hour at 37"(' 

5. COlllplement. commercially a,'alinble or collect fresh guinea pig serU IlI " 'hieh could 

be stored in sealed glass ampoules at _70°(, in small aliquots or call al so be preselTed 

by Richardson's methods and stored at 4°C for (, months. 

A) Preparation or complement 

• Staryc guinea pig for 24 hours 

• Bleed guinea pi gs and collect blood in steril e container 

• Hold collected blood at roomtemperntllfc lor 1-2 hours 

III 
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• Carerully separate the clot Ii'om the wall orth.! tube with an applicator stick. 

• Store nl -l°C o"ernight 

• Decant the nuid and cen trifuge at 3000rpm for 15-311 mill utes. 

• Remo, e serum 

B) Richardson 's method lor pre.serr ing complement 

• Borax (Nal B,O, IOH,O) 

• Sodium azide (NaN;) 

• Sorbitol (C.H "Ou. 12H20 ) 

O.57g 

(I.XI g 

II,7-lg 

Dissolre in saturated Nael so lution and make up to IOOml 

To preselTe complement nux X parts 01' guinea pig serum ' \"I th one pan of so lution A. 

nnd thell add one pan or solution B. nnd store nt 4"C lor up to (, months. 

To use in CFT test dilute one part of the presen'cd serum " 'ith 7 parts of distill ed water. 

The errec ti re dilution is 1/ 10. 

6. Standard antisera 

Standnrd posit i" e and negati"e sera collected fro m the snme species nre used. 

Incubate all standard sera at 5(,"c lor 30 minutes to inaetj,'at e the complement. 

1\·lany sera nre an t i·compl emeJ1!nr~ . Reduction of anti-complementary activity is 

sometimes achieved by mi'((ng equal pans or serum and III (I complement and 

holding the mixture o\'ernighl in a refrigerator. 

Standardization of reagents 

One unit of a complement (HD50) is the dilution gil'ing 5D% lySIS with the 

optimal sensitizing dose (OSO) ofhnemolyslll 

One unit 01' a complement (HDIOtl) is the dilution gil'ing 100% lys is \\'Jth the 

optimal sensl!izing dose (OSO) of hac moly sin 

• One unit of haemol"sin (OSD) is the dilution gil'ing most lYS IS " 'ith highest 

dilution of complement 

Units arc assessed s illlLlltaneoLlsl~ in a chessboard titration using dilution of 

complement dOIl1l the board and dilutions ofhnemolysin across the board. 
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Materials 

• Preseryed guinea pig complement 

Distilled linter 

Verona I bun~r (VB) 

4% sheep RBf in VB 

15 tesl tubes and rack 

• 4~1 ml pipelles 

Haemolysin Dilution 

Syringe 

Refrigerator 

Incubator 

Agglulination plate 

Prepare Ihe tll'O fold serial dilution staning lI'ilh 11100 in lest lube 

0.1 haelllol~ sin il110 9.91111 VB = 1/1(1) 

1.011111 /1(1) 1.l1 nil VB = 11200 

I,U m11 /21H) I 01111 VB = I f4()O 

1.11 ml I!..jon 1.01111 VB= IfXOO 

1.0 nil 1 !~Il0 1.0 ml VB = 11160U 

1. (I ml III (,00 I .n nil VB = 113200 

1.0mll /3200 1.0 nil VB= 1/6400 

Conlrol 1.0ml VB 

Add 1.0 ml '1% sheep RBf In VB to each test tube including tlte control tube. 
Hold at roomtemperntllfe for 30 minutes. 

Complement dilution 

Prepare a dilution I/SU oflhe complelllelll 

3.01111 1!50 complement into I 0 Illi VB = 1167 -- Il7n 

3,01111 11(,7 I 0 ml VB = 1/89 --- 1190 

3.n ml 1 ! ~9 I.n nil VB = 1/11'.>--- 11120 

3.0 mllll1 9 1.01111 VB = 1/159 -- 11I(1) 

3.0m111159 I.lJmIVB= 11212---11120 

3.U ml 11212 1,1) ml VB = 11203 --- 112XO 

Position the WHO standard agglutination plate to hal'e X columns and 101'011'5 

• Add 1),2 1111 VB into all II-ells in rOils I-~ :Uld colunUls 1-7 

Add 0.3 ml of VB into R lI'e1ls of columns X 
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Add n. I ml \'olumes of the complem~nt dilutions . Th~ ~ wells or ~ach column 

r~C~I\'~ the sam~ complement dilution. Sta.1 \\·jth th~ highest d.lut ion in colul11n 7. 

colullln (i. and column 5 etc. 

Add 0. 1 1111 of the $~nsitjzed erythroc~ tes. The:; \\ells of each ro\\ recei\e the 

san~ hnelllolytic dilution: start with the highest haelllolysin dilution in row 7. 

Add n. 1 1111 of the RBC control into the X \I'ells ofro\\' K 

Incubate the plate at 37"C lor -IS lllinUle5 shaking at 5. 30 nnd -15 Illinutes. 

Hold for:! to" hourS:1t -I"C until the cdls ha\'e settl~d. 

OSD (optinml sensitizing dose) = Imemolysin dilution gi\'ing 1110s t lysis \nth highesi 

di lut .on of complement sho\\'ing ncth it~ = I/-IUO in the c~nmple. 

HD 50 (median h:1emolyt ic dose) = one unit of complel11elll is the dilullon gi\'ing 50% 

l\'s is with OSD is 1/ 1(,00. 

In the eFT test prop~r -I unit s of complement are used i,e. II-I(K) 

Standardization of antisera 

Matelials 

Antiserum 

Dist ill \\'nter 

Hnemolysin 

14 test s tubes nnd rack 

Prese,ycu guine:1 pIg complement 

Refrigerator 

Water bath 37"C 

Procedure 

Inacti\'nte the ;uHiserum :1t 5(i"C for 3tlO1ins 

-Ix I 1111 pipettes 

-Ix I pnsleur pipettes 

1x5 ml pipettes 

Veronal bun~r 

-1 % sh~ep RBC' m VB 

\\ ater bnth nt 5(,"C 

plate 

incubator 

Prepare a 2 fold dilution series orthe standard ant i serum in ihe test tube blanKS containing 1.0 
ml VB starting \\'ith liS. 

0.3 ml antiserum into 2.1 011 VB = Jig 

I. 0 ml IIX 1.01111 .. = 1/16 

1.01111 1/ 16 1.0 ml .. = 1132 

1.01111 1132 1.0 ml .. = 1/6-1 
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1.0 ml 1164 l .lIml .. = 1112X 

I.lI 1111 11 12g .. I. 0 ml = 11256 

1.0 ml Jl256 .. I. 0 1111 = 1/512 

Prepare a 2 - fold dilution series of the standard antigen in test tube blanks cOlllnining 1.0 ml 
VB from \'; to 11l2X. 

Position the agglutinntion plate to hOI·e 8 colul11ns :IndIO rows 

Add O. lml yoluilles oflhe ontigen dilut ions. The ~ lI elis ofeach rOil reeeile the same di lution 
staning "ith the highest dilution III row 7 

Add 0.1 1111 VB to ,,·ells 1-7 in column 8 and row 8 

Add 0.3 1111 VB into the H'h ,,·ells ofcoluIlln8 or row Xand into 2'.1. 4'10. and S'h well ofro,,· 9. 

Add tlA ml VB illl" the I" II ell of rOil 9. 

Add lI. 1 Illi complement diluted in VB to contain 4 units to the I" lI·elllll rOil 9 mixes 
and transfer U.3 ml through to l.-ell 5 III rOIl·S 9 Discard 0.3 Illi oflhe mi xture from the 
5th ",ells. 

Incubate for 3D min . .11 37"C 

Prepnre .1% sheep RBC ,U1d sensitize by mixing ,,·ith nn equnl I·olume of haemolysin 
dilu ted to gil·e the OSD (Add haemoll·sin di lution to the cells) 

Incubate the mi:--ture in n lI·ater bath at 31'( for 10 min. 

Add 0 I ml sensitized erythrocytes 10 all wells 

Shake nnd incubate the plate at 37°( for 10 min. 

Add 0.1 ml sensit ized erythrocytes to all wells 

Shake and incubate the plate at 37"(' for 4l1ll1l11 . shaklllg at 50. 30 and 45 mlllutes 

Hold at 4"c for 2-4 hours to aliolYs the cell to settle 

Antigen detection by comllll'lIIent fixation 

Materials 

;. Stnndnrd positi l·c serum 

> Standard negilth'e senllll 

,. Verona btl rr~ r 

;;. Standard antigen 

:;.. St1S~ct :lIlligen 

r Distill Imter 

;.. Preserwd guinen pig complement 
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:r Incubator 

).- 4% sheep RBC ., IYater bath at 56°(' ., 2,. I ml pipettes 

:r refrigerator 

).. Haemoll·sin 

).. WHO plate and co,·er 

).- 2 test tubes and rack 



Pl"Ofcdllre 

In~cti,at~ the st:U1d~rd I>ositi"e ~nd negali ... : antisern uy h~~ting at 56"(' lor 30mins 

Dispense O. lml VB into the X wells or roil'S I. 2. 5. and 6. 

Dispense 0.2 Illi VB into the I" 7 lI'elis 01'rOIl'5 3 and 7. 

DIspense 0.4 ml VB inlo the lirst lI'eli of rOil l) and 0.3 ml VB into lI'elis 2.3.4.5. ~nd l> 

~nd rOil' l) 

Prepare 2-lo ld dilution of the sl!U1dnrd antigen in the lIell of ro\\' I up I(l the 7'1, \\'ell 

using a transfer Yo illlne of n. 1 ml. Discard O. I ml from Ihe 7''' ,yell 

Prepare 2-fold dilution of the standard antigen in the lI'ell of rOil' 3 up to the 7"' '\'ell 

using ~ transfer "olume of o. lml. 

Discard (l. t 1111 from 7'" II ell and rOil'. 

Prepare 2-lold dilutions of the suspect antigen III the lI"eli of roll 7 up to the 7''' II ell 

using a tmnsfer , olume 01'0.2 ntl 

Add 0. 1 ml of the inactiyated standard positiye anti serum diluted to contain ~ units of the 

optimal dilution to the entire lI'ell in roil's I and 5 including the R'" II ell. 

Add 0.1 Illi comp lement diluted 111 VB to contain 4 units 10 nil ,yells in roil's 1.2.3.4.5.6 

and 7 exceplthe )I'h II ells in 1"011' 3 and 7 

Add 0.2 Illi complement diluted in VB to contulI1 4 inlo the I" lI"eli of roll '). 1'"lix and 

transfer 0.3 ml through to \\'ell 5 in rDlY 9. Discard 0.3 Illi of the mixture from the 5'h 

II ell. Incuuate at 37"(' for 45mins shaking al is. 30. and 45 mins. Hold the plate for 2-4 

hI'S to alloll' the cells to sell Ie 

interpretatIOn: 

Sedimentation of the sensitized RB(, = Positil'e result. 
Compiete lysis of the sensitized RBe = Negatil'e resull. 
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TIle Proper Test Steps or('ol11plem~n t Fixation T~st 

I ,I 6 9 10 II I~ 

A--:WI I F I 1 - --FB 
B f-!'c::'~~I:I~:o:!.!I+ ___ +I__ r- I 

~(':O~II:Ir~O~I --1t __ t--__ ~I __ +--_-+ __ +-_-i __ ~ ___ IL-_~_~ 
c 

D 

E 

F 

G 

II 

:::~:: : :I III -'-+1 1----1-1
1 

: III 
SrHllph.> , 

S:ullp l ... 
6 I I 

(I :» ( 1. 10) (I : ~O) (I . to) ( I.so) ( 1.I (,Q)(U~O)(I.(,<U),I. I: SOI(l · ~;(,o) ,I.» , 1.1 0) 

L,---A----------------____ ~-------------------~~ 
~o ,d S:'lI lIpld ) 

Tfall\f~l' 25,11 
of S:Hllpk from 
col. II - I:! .i.;. 
dlsc:lrd :~lIl 
f(olll col i ~ 

'---------- ------------------.../'--y-----/ 
~ 

:!~ ,Ill ('Ifdllmcd :11 i1i ~el1 1; ,t! \'BD 

'-- ------------------------- --------------------~ --v--
SO )11 \,r diluh.'d complc lllcllI 

'--------------------- -------------------------~ ---v-
50 pi uf h~lIlolyll c sy~ rclll 

Th\.' (~ .!:o\ll1 'i n r~ r~ncl :Jfre-( the pl:\I('~ IM\'e' be-en Jeli i Il CUI>;lt~d in ;1 \\';lIer!J.,th nl 37 ~(' 

I~"" I 30 miml1(,s or :1l·l .,c I~H' 1·1·1 8 h",urs. 

The rcadi ng is: 
• As complete fixation (no hemolysis) wilh water denr slIpe""1tnnt = recorded ns + + + + 
• Nearly complete fixation (75'XI clearing) as + + + 

Portiol hemolYSIS (50%) + + 
• Some rl~ntion (25%) clearing) as + 
• Complete lack of fhmion (complete hemolysis) "as recorded ns O. 
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TIle Proper Tesl Sle"s "rCoIllIJlem~nl Fixalil1n T~$I 

0 5\ (1 .10) ( 1:: 0) 1\,-10) ( I :SO) ( I.I GO)( 1 :3:0)(1.G~O!( I.I: S0)(I : :; GO) 1\.» ( 1.101 

L,~-----------__ ~_------------~~r~ 
~o pi $fl Il1PJc(S) 1S pI \'BD 

TJ:tmfeI25p\ 
of s:ullplc from 
col. 11-1:& 
dEclrll J~pl 
li'om col. I ~ 

'----------------------------~~,,~ 
~ 

2~ :1.1 (If dilmed :11I1iS;CIl 15,11 \ 'I3D 

'------------------ -----------------~ ----v-
SO pi I..,r (lil\ltl,'d , ompkll1clH 

'------------------- ------------------~ 
- ~I· ~O pi OJ hellio ~11C $Y')ltlll 

The r~!>uh s are ri;>;\CI :lfter llH.' V I~tO:4 uiwe bt"ell lefl iucubalc'd III :l \\'lIlerb:nll ('II ?>i ;r 
for ~o minutes or:"ll ·1 -:-( 10 1' I·IMIS hours. 

The rcn:ding is: 
• As compiclc r;,mioll (no hemolysis) lI'ilh II'nler dear slipemmnil l = recordcd os -I- -I- +-1-

Nenrly complete fj,alioll (75% cl",ring) as -I- -1--1-

Portlai hemolysIs (500;.,) + + 
• Some fixnlion (25% clearing) as + 
• Complele lock oflhmioll (complete hcmolysis) II'ns reeordcd os O. 
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Annc.x G: Differential ch:lI"actc.;stics of species and biotypes of the genlls iJrucella 

Spt.'dcs Cu l l)n~' O~hJusc Biuc)'IlC' CO, H,S Un'asc C row.h in pn:''Wo'ncc of A;!,glulinnlion In L)'sls hy Ilhftl!,c Mllin 
muqdlOloJ!..\" required I)["uuuctiun acthit~· dy<!!'1 fIlonosl,cci lic !'Icra T hili," hust (s) 

(hoUl") Thionin Basic fuchsin 
(20)1;:/ml) (20)1;:/1111) 

1\ M R (flU 10 ~In)) 

8 .060rlll.< S +' I (+) + 1-2+ - + + - i ' + Callie. co.1md 
2 (+) + 1-2+ - + - + + Cnnll.!, QOId 

3 t+) + 1-2+ + + + - - + + Cuulc.calne! 
4 (+) + 1·2+ (+) + + + Cottle, c.1mcl 
5 - - 1-2+ +' + + - + + CallIe, Cllllld 

G - (+) 1-2+ +' + + - + + <':~11 1c. Co1ml'l 
7" (-) i' 1-2+ +' i ' + - i ' i· C:.ltt lc.aJmd 
Strnin 19 + 1·2+ + + - + + VOl.'C inc 

11. melitensis S + I - - \' +, + + - Goats. shl."Cp. 
..::.arne1:; 

2 - ,. +, ;- - - Oo.:ns. !i:hl:~:p, 

camcl:'\ 
J - - \ +, .,. + + - - - Guals. shr..'1.:p. 

..::.arncls 
B. slIi,\' S + I - + 0·0.5+ + ( -) + - - + Pigs 

2 - O·O . 5~ +, - + - - + Pil2s,lmrl!s 
3 - - 0-0.5+ + + + - + Pi~s 
~ - - O.() 5+ i ' ( -) i + - - + Reindl-ocr . 

cnrioou 
5 - - 0-0.5+ i ' - ;- - + R~xIcJlts 

B.nc%nloe S i- 0·0.5+ + - + D.:scrt m.xl(} 
rat 

B.ol'ls R + - - +, t -) + slll"cp 
B. ('o11L\' R + - - 0-0.5+ i· - + - IJog 
.. = posilive. (+) = mOSI slmins positive. (-) = most slrains negMivc. - = negali"e. \. = variable ro.1clions .• = inhibiled by 40~I!¥1lI1 tluonm. 
a = former ly B abonus biolype 9, biolype 7 and X were deleled by Inlernalional Comlllillee on Baelerin l Taxonomy. . . 
A = H. ooorllls nmigen. M = H. mel/lellsls antigen. S ~ smoOlh. R = rough. RTD = roulille ICSI dilulion. e = SOllie Afflcan isolnlcs of H.(,borIllS bio"n 3 arc negalive 

II ~ 



Annl'", H: Agcing camels by the tceth 

Tbe camel has 22 milk teetb and 32 permanenl leeth. It IS dine rent to olber ruminants in bal'ing 

tl\'O rront teeth in the upper jal\'. Camels also hal'e a pair of canine (dog teeth) in bolb the upper 

and 10l\'er J3I\ s \\ bicb are used 10 cflTsh \\ 'ood~' piants ror food . The lirst pair of permanent 

cheek teetb is separate rromtbe other teeth and are dark in coloI'. 

A) The milk teeth or the camel 

11te CIIIlle/IIIIS 22 milk (eellt arrtlllgellll.\·: 

Upper jaw lone Ii-o m tooth 0 11 each side " I> 
tone canine (clog) tooth 011 encl! s ide I 2 

\three cheek teeth Oil each s ide 16 
Lower j~\V Ithree Ii-om Teeth 0 11 each side 16 

lo ne c<tnille (clog) tooth 0 11 ench s icle I> 
Itwo cheek teeth 0 11 each s ide r. 

Ageillg (Ollllld ... frolll the milk teeth 

I 
There Me no 

teeth. 

( I) New bom: 

'2 check Iceth 0 11 ench side 
------ -

r (2)O~-;-;lO llIh: r l;pcr~ 
j I Lower jaw: 

~-)T-I-~-e;1I10-nt-hS: Ir--u-p-p-el-' J~·"-~-':--'I-"-'a-n-ll-le-' -'-e-h-e-ek-' -tc-c-II-l -o,-' -.-ac-I-' s-i-d-e----

. I Lower jaw: 13 fi'oul teelh. 1 <;;lIIiue, ~ cheek I<eth on e:lch side 

one c.h«k ioolh 011 each side 2 (j'Olll leeth 

I \'1) Six Illonths: lJpperia\\'. I Iront . I canint'. 3 cheek teclh on ~tlch ::;Jde 

L ______ J._Lo\\'erJ~w : 3 fl·ont. I canine. 2 cheek leet h on each side 

1 1<) 
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B) The IICnll:l nelll tee th 

There Me 3-1 penmnenl lwh, These are larger Ihan the mi lk teeth and ar~ arranged as 10 1l011 S: 

! Upper jaw 1 olle fi 'ont loolh 011 each 5ide ~' 
i I Olle- canine on each side 12 
! [ s ix cheek teeth 011 each side ~ 

Lower ja\\' !tlm.·e li ont tee-til 011 eacb side- 16 
1- -~;llllle 0 11 each s ide 1 2 
i fiw cheek teeth OIl each side r--IO 

ryca;----~IPcr j:lll' : 14 check I ~ cth 0 11 cach side , 13 cheek teeth 0 11 each s id~ !LolI'cr jaw: 

12,5 years IUPlk' r j;1\\' : 14 I" 5 d leek teeth on each side 

fLolI'cr jaw: 
1--- -- ----
3 to -1 c h~ek tC~lh on cach sidc 

-

._.-

------

f' ~';l-:S-
--( - -~- - ---

______ a __ 

-
IUppe r .1 ;1\\' : 5 cheek leeth 0 11 each side 

I Lc>lwr jaw: 1-1 cheek tct.'th 0 11 each side 

/ .. L5 yc:1rs Firs t permanent G'onl teeth arc ShO\\'U l~ 

rl~lill: cheek lee lh repb ced by pCllnallent teelh, 2 replaced on each side of 

IIlPpcr ,I a 11', I on ,'"ch side of lower iall' , 

155 )"" I, ""~ " m"",,,' fr",:, ",,""" to'", J' " ___ 
[u pper jaw ' 16 cheek te~th a ll each side r- ,._-,_._-
LOIV~r jaw: Is check tecth 0 11 each side 

-
I 

16 ye-:n s UpperjnW : I [rOIlI toolh and pCnllallCnl ca ll illc Ihro llf!h Oil each I 
side 

I 

ILower jaw: Ipel'lunllent canine IIu'o tlf1-h 

i-lj-~-'''-~-, r-s---IFt'1l set of]Jerum ~e1lt teelh 

V:;;'SI cI,eek fl'<'111 011 bM/I jaws OJ'e black 

The canines appear at 6 years of age and b)' the age on nre l'elY large, These teeth in the upper 

j:l\\ can be -I centilllelers long, The lo\\er ones may be cut off by some came l O\\llers. Camels 

can Iil'e to around 40 years of age but fro m 15 years of age Ihey will hal'" difficu lty II'Ith hard 

feeds tuffs as the Irontteeth \\ 'ear and begin to spread , 
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