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ABSTRACT 

r ovcmber 201 I to 
A cross-sectiona l study was carried out in (our district · of Afar region lrom 

. 11 . . 11 . ts and camcis and to Apnl 2012 to detemline the prcvalence of brucc OSIS 111 sma fLllTIlllan. 

'ct .(. . k' d" '1' h t .. f oses to humans The study \ entl y ns y practIce that woul laCI Itate t e ransmlsslon 0 zoon . . . 

involved testing 324 sheep, 726 goats and 461 camels and intcrviewing 120 livestock owner:. 

Modified Rose Bengal Plate Test (mRBPT) and Complement Fixation Test (eFT) were used a 

screening and confirmatory tests, respectively. The SPSS 16.0 software was used to establish the 

overall prevalence for each species. while potential risk factors for seropositi ity wcre analyzed 

using a J11uitivariable logistic regression analysis. Thc results showed that 7. I % of the shecp, 

5.4% of thc camcls and 13.6% of the goats (X~= 24.9 L P<0.05) and 5. I I % and 24% of the small 

ruminant and camel herds tcsted had antibodies against Brucella species. District level 

seroprevalcnce ranged from 3.6% to 13.6%.3.3% to 6.7% and 11.7% to 15.5% in sheep. goats 

and camcls, respectively. The final logistic regression model for small ruminants identified goats 

(OR=2.36; 95% Cl: 1.46-3 .82) showing higher risk of brucella infection when compared to 

sheep. In addition small mminants greater than two years (OR= 3. I 32; 95%C I: 1.6-6 .15), fema1cs 

(OR= 1.79; 95%CI : 1.02-3.13) and larger than 30 herd size (OR=2.04; 95%CI: 1.35-3 .1) arc at 

higher risk of brucella infectIOn than their counter categories. Moreovcr in camels. herd size> 20 

animals (OR = 2.8; 95% CI: 1.16-6.62) and greater than four years (OR 4.9: 95% Cl: 1.45-

16.82) show higher risk of brucella infection when compared to small herds and those ~ 4 years 

old . The questionnaire survey showed that most respondents had no accurate knowlcdge about 

the transmission or zoonoses. It was also found that some of their practice would potentially 

(~leilitate the transmission of' zoonotic pathogens to human. such as handling of abortcd materials 

and raw animal product consumption The results of this study demonstrated that livestock 

brucellosis is wide ly prevalent in the study areas. llence. the study suggests the need for 

implement ing control measures and raising public awareness on prevention methods or 

brucellosis . 

Key words: Afar region, Bruce llosis, CFT, mRBPT, Sheep, Goat and Camel 
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I. INTRODUCTION 

. . ' . (L'AO) the World Ilealth 
BrucelloSIS is considered by the Food and Agriculture OrganlLatlOn I , 

O . . . IdE ' . (OIC) as one of the most rganlzatlOn (WIIO) and the Oflice Internallona es _Plzootles c 

widespread Loonoses in the world (Schelling el 01., 2003). According to OlE. it is the second 

most important :toonotic disease in the world accounting for the annual OCClllTcncc or more than 

500,000 case (Pappas el al .. 2006). The disease can af'fcct almost all domestic species and cross 

lransmi 'sion can occur between callie. sheep. goats. <.;amels and other speclcs (Ghanem er al., 

2009). It is an important zoonotic di case and cause significant reproductive losses in sexually 

mature animals (Rado tits el 01 .. 1994). The disease is manifested by late tern1 abortions. weak 

calves, still births. infertility and characterized mainly by placentitis. epididymitis and orchitis. 

with excretion of the organisms in uterine discharges and milk . It also causes morbidity and 

considerable loss or productivity (Pappas. 2006) Bmcella melilensis. B. aborll/s, and B .. wis are 

/.oonoti<.; pathogen. which can infect humans. B. canis may cause infections 111 

immunosuppressed individuals (Young, 2000). 

The clini<.;al manife tations of brucellosis are different in humans. resulting in intermillent fevers. 

chills. sweats, weakness. myalgia, osteoarthncular complications, endocarditis, depression and 

anorexia . The severity of the symptoms and signs vary depending on the species of Brucella: B. 

melitensis causes the most severe and acute symptoms. followed by B .. wis. while B. ahar/lls and 

B. canis l\;nd to produce milder disease and subclll1lcal infections in humans (Yollng. 1995). 

Iluman brucellosis was once thought to be predominantly transmitted through animal contact. 

Ilowever. it is now being realized increasingly that animal products such as milk and meat 

products also play an important role in the disease transmission. Dairy products prepared rrom 

unpasteunzed milk sLlch as soft <.;heeses. yoghUl1s, and ice creams may contain high 

concentnllion of' the bacteria and consLlmptlon or these I~ an important cause of brucellosis. Olher 

routes or II1lcction include skin abrasions or II1halalion or airborne animal manure particles. 

Contamination of skin wounds may be a problem lar persons working in slaughterhouses or meat 

packing plants or for veterinanans (Mantur and Amarnath, 2008). 

1 



. ..', 'thlll most African 
BrucellosIs is a Loonosis that exists worldwIde and IS, more or kss endemIC \\ I 

. , db'" s· of Its vague 
countries (Mangen ef al .. 2002). Globally thIs dIsease IS under-repone CL,\lI. l: 

. . ." . '1' . I by the medical 
chnlcal ·ymptoms. diflicuit laboratory dU:lgnosls and lack 01 laml lant) 

• (C ' S I' he known infectious profeSSIonals (Corbel. 2006). Within Sub-Saharan Amca ( SA). many 0 t 

d· I d b h ' I' k d in human populations Iseases occur commonly and are poorly control e , ot 111 IveslOC an 

(Mangen el al., 2002; McDcnllotl and Arimi. 2002). It has been stated that in SSA. the 

epidemiology of brucelloisis in humans and livestock are not well understood and available data 

are limited (McDermott el a/., 1999; Schelling el al., 2003). 

In Ethiopia pastoralism and agropastorallsm arc an important means or livelihood lor more than 

four million people, with most pastoralists living in the Somali, Ann, Oromiya and Southcnl 

Nations regions. Ethiopia's arid or semi-arid pastoral lands comprise approximately 63% of the 

total land area. The Ministry of Agriculture and Rural Development (MoAR.D) estimates that 

nationally, pastoralists own 73% of the goats (equivalent to 7.05 million head), 25% of the sheep 

(equivalent to 4.25 millton head). 20% of the cattle (equivalent to 7.70 millIOn head) and a 

substantial proportion of the camels (approx imately I million head)(MoARD, 200~) . 

Under Ethiopian context, livestock of different species usually share pastures and dwdlings . This 

may playa role in maintenance and transmission of endemic disease such as tuberculosis and 

brucellosis (Amenu et al., 2010). More over brucellosis is common in rural areas becaust: farmt:rs 

live in close contact with their animals and often consume fresh unpasteurized dairy products. 

However. the vending of dairy products may also bring the disea e to urban areas (Mantur and 

Amarnath.2008). 

Likewise Alar region is known for its large number of small ruminants and camels that arc raised 

under extensive production system. Brucellosis is widely distributed and is still somewhat 

problematic in the region , with small ruminants remaining the most prevalent hosts. Previous 

works in different districts of the region revealed a pn.:valencc ranging from 0-11.7% (Ashenafi 

el al., 2007). In camels previous serological surveys showed overall prevalence rates of 4.4% 

(Domenech, 1977),5.5% (Richard. 1980) and 4.2% (Tcshome el al., 2003) in different camel 

2 



· Wolde!!.cbriel (20 II) rearing areas of Ethiopia. Specifically in Amibara district of Afar region ~ 

reported a prevalence rate on .6% in camels. 

In the region activities slich as; the habit of conslIming raw milk and its products, raring of 

diversified animal species together. herding of large number of animals collectively i widely 

practiced. Moreover because of repeatedly occurring natural phenomenal such as concurrent 

drought, earth quake and nooding in the region tile introduction of new animals from outside thc 

districts as a replacement stock by different NGOs and food security programs for vulnerable 

communities and to haLard victims is a common practice. Thcrefore, because of the 

aforementioned observable fact the region is at high risk of disease transmission. As the disease 

has veterinary, public health and economic importance. it is neces ary to assess the CUITcnt status 

of brucellosis in small ruminants and camels in selected dislIicts of A far region. 

Therefore the objectives of this study were:-

.:. To determine the sera-prevalence of brucellosis in camel. goats and. heep in four districts 

of Afar Region . 

• :. To determine the effects of eli fferent risk factors on the prevalence of brucellosis in 

animals . 

• :. To assess the awareness level of the pastoral community on I.oonoti<.: brucellosis. 

3 



2. L1TE.RATURE. REVIEW 

2.1. Brucellosis 

2.1.1 . Etiology 

Over 100 years after Lieutenant Colonel David Bruce. a physician in the Royal Army. discovered 

"'Micrococcus melitensis" in the spleens of British soldiers residing on the island or Malta in the 

Mediterranean Sca (Moreno and Moriyon. 2002). Del Vecchio et al. (2002a) presented the 

genomic sequence of Brucella melitensis, which was renamed after Dr. Bruce (Spink 1956). This 

revelation brought new insight into the biology and pathology of the organism. The gcnus 

Brl/cella belongs phylogenetieally to the proteobacteria. a group that contains bacterial species 

with a wide variety of Ii festyles. including symbionts of animals and plants (Wolhachia, 

Sinorhi::obium), as well as obligate or facultative intracellular and extracellular pathogens. such 

as Rickellsia, Brucella and Agrobacterium (Tsolis. 2002). 

Six species arc currently recogJ1ll.ed within the genus Brucella: B. melitensis. B. aborlll. , B .. wis, 

B. avis, B. canis. and B. neotomae. Thi classification is mainly based on differences in 

biochcmical characteristics. pathogenicity and ho t preferences. Lach ofthcse species of Brucella 

is adapted to a specific host, but not exclusively (Alton ef al., 1975: Alton, 1990) . 

In 2000, a new species of the genus, with different features when compared Lo other known 

species, was isolated from the rodent Microllls aJ-valis, and named of B. microri (Scholi' et al., 

2008a). Rccently, a novel Brucella species has been isolated from post partum uteruses of 

pregnant baboons with history of stillbirth (Schlabritl.-Loutsevitch er al., 2009) . 

In recent years. an important controversy has developed concerning the taxonomy or the genus 

Brucella. Although Brucella species can be differentiated by conventional phenotypic tests, these 

species display a high degree or 0 A homology in DNA-DNA hybridization as ays (>90% 

identity), including the recently recognized marine mammal strains (Verger er al., 1998), 

4 



, ,·tic genuS. \\ ith 8. 
Therefore, it has been proposed that the genus Brucella should be a monospecl 

. . db' oV'lr5 (Verger el (/1 .. 
melilensis as the sole species and the other specIes should be consldere a I , . 

. d' f >Ioped and applied to 
1985). Con ersely, several molecular genotyptng methods have been c\ e 

. , D I I isms OCCllr between 
eharacteriLe Brucella species, indicating that SIgnificant I A po yll10rp 1 , 

. . . . I ' 1- . fB II (1Iallingelal .. 2005). specIes, whIch favor tht: current muitl- pt:cles c assl IcatlOn 0 mce (/ , 

Impol1amly, comparison of genome sequences ur B . . 'IIIis and B. meltlel/sis t!l:ll1onstraWd the 

existence clusters of genes that are unique in buth species (designated genetic islands). It IS 

reasonable to hypothesize that these unique genes may contribute to the di fferences in host 

specificity between BruceI/o species (T olis, 2002). Ful1hermore, n.:cent studie ' ba ed on 

comparative whole genume analysi of several Brllcel/a species indicate that there is limited 

divergence with a large number of pscudogenes. Interestingly, these genomic analyses do not 

clearly explain the host preferences of Brucella spp. (Foster el al., 2009; Waltam, 2009). One of 

these studies indicates that B. ovis is the basal I ineage to the rest of the Brucel/a spp .. and that 

apparently most Brucel/a species diverged from their common B. (Jl'is ancestor in the past X6,000 

to 296,000 years (Foster el 01.,2009). 

It is notewol1hy that the International Committee on Systematics of Prokaryotes, Subcommittee 

on thc Taxonomy of Brucel/a has taken a clear posllion recommending a taxonomic classification 

that includes different species within the genus, either classical or new, which arc still considered 

as individual species. Therefore, the genus is currently groupt:d into I1Ine pecit:s, namely B. 

melilensis, B. aborlus, B .. wis, B. avis, B. canis, B. neoIOJJ7ae, B. celi, B. pinl1ipediolis. and Il . 

l17icroli (Mariana el al., 2009). The newly isolated BruceI/o species from baboons (Schlabrit:t­

Loulsevitch el al .. 2009) has not yet bel.:n classified nor included in thl! above mentioned list. 

Brucel/a species arc short, non-motile. non-sporulating, non encapsulated, gram-negative aerobic 

rods. They are facultative intracellular pathogens of anImals and humans (Corbel, 1997). The 

genus Brucel/a consists of six species, each with a preference for a primary host and varying 

degrees of pathogenicity. B. melilensis primarily infects goats and IS the most pathogenIC far 

humans. B. aborllls infects cattle; B canis causes infection in dogs: B. ovis is pathogenic far 

sheep: B. suis infects pigs: and B. neolomae causes infection in the desert wood rat. In recent 

5 



.' . . . I mostly seal and 
year', there have also been Brucella specIes Isolated from marine mamma , 

. . . ith all members 
cetaceans (Bricker el 01., 2000). The Brucella genu' IS hIghly homogeneouS \\ 

showing greater than 90% homology in D A-D 1\ pairing studies (Verger et £II., 19( 5; Vi/caino 

et al .. 2000). 

Brucella melilensis 

Bmcella lI1elilensis is a world-wide di ease which remains most problematic In de\-eloping 

countries. Although considered to be cradicated in the Unitcd States, B. melitensis is a conllnuing 

cause ror concern because or its status as a pOlential agent or bIOlogical warrare (Moreno, 2002). 

The primary host of B. melilensis is the caprine host as well as the ovine host. although lhe 

pathogen can be problematic in callie, camels, and humans as secondary hosts ( I ielson and 

Dunkan, 1990). In female goats and sheep the primary symptom is abortion, but larger doses of 

the palhogen cause mastitis and joint problems. In male goats, orchitis I uncommon, and i r 

observed it is generally unilateral. In male sheep, however, the dIsease is often asymptomatic, 

although orch itis and hygromas arc a rare observation (I\lton, 1990). 

The only approved vaccine against B. melitensis is the Rev . 1 vaccine, developed rrom a 

laboratory strain of B. melitensis 16M. This vaccine, allhough efrective, is potentially abortigenic 

and produces anti-LPS antibodies that can interrere with diagnostic tests (Blasco, 2006; GonzaleL 

et al., 2008). Vaccines developed from strams or B. abarllIs are not efrective in providing 

protection against infecllon wilh B. melitensis. 

B. melilensis IS the most virulent strain In human inrecllon, With only I to 10 organisms needed 

for infection and wllh undulant fever as the primary symptom (Vlamur el al .. 2007). There is no 

human vaccine for brucellosis and the B. melitensis Rev. I vaccine for animals is infectious to 

humans (Seleem el al., 2009). Brucella melitensis is highly contagious and can be easily 

disseminated with devastating effects to public and agricultural health. B. melilensis, as well as B. 

suis and B. abarltls, have been deemed potential blolcrronsm agems by the United States Centers 

for Disease Control and Prevention . 

6 



Bruceffa abor/w 

. , I' b . b 110 is cases. It \\us 
Bruceffa abor/L1s is the agent responsible for the majorIty 0 ovme ruce . " 

d
· d' " II lied "'Bang' s dIsease 
Iscovered in 1897 by Bernhard Bang and the Isease was ongma Y ca ~ . 

(Mochman et al .. 1988). In 191 R Alice Evans linked B. abortlls with the previollsly discovered B. 

. . . . I d ' . 11als (Parascandola. 
mellfensls and showed that both were agents of brucello 'IS m 1umans an anll . 

1998). 

Primary hosts include cattle, bison and elk. but goats. sheep, pigs. and humans arc also 

susceptible as secondary hosts. Affected cattle typically experience a permanent infection. 

shedding the bacterium for the duration of their lives (NIelson e / al., 1990). The disease is spread 

easily through direct contact and an entire herd can quickly become compromised with the 

inclusion of a single infected animal. Bovine bntcello is is a disease that primarily targets the 

rcproduetlve system of cattle (Enright. 1990). Infected (;OWS typi(;ally experlcncc Joint ailments. a 

de(;rease in milk production, stcnlity. and abortIon of thc first pregnancy that occurs after the 

on et of Il1fection ( iclson and Dunkan, 1990). 

Vaccinallon against B. abort LIS has proven an important tool in eradication of the disease . The 

first brucellosis vaccine approved for commercial u e was labeled Strain 19 (S 19) and was 

derived from a field strain of 8. ahortus (Sanmartino, 2005). llowever, S 19 is a smooth organism 

and induces the production of antibodies that 1I1terfere with diagnostic tests. For this reason . a 

rough B. ahortlls vaccinc. tcrmed RH51. was devcloped from a laboratory strain of 8 abortus 

230R and was shown to bc equally efficacious as S 19 and did not hinder serological testing 

(Schurig. 1991 ; 2002). 

81'l1ce ffa abortus is moderately infectious to humans. with an estimated I x 10' organisms needcd 

for infection and the primary symptom is undulant lever. While B. melitensis IS a more frequent 

and wide-spread zoonosis, B. abortlls infects mainly occupational groups working closely with 

the organism or infected animals . 8ruce ffa abortus vaccines approved for use in animals. such as 

S 19 and RH51 . arc infectious to humans and there remain ' no \'accine available for human usc 

against 13. abortus (Selcem et al" 2009) . 
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2.1.2. Epidemiology 

Occurrence 

BrucellosIs occurs worldwide except in those countries where bovine brucellosis ha been 

eradicated. This is usually defined as the absence of any reported cases for at least five years. 

These countries include Australia. Canada. Cyprus. Denmark. Finland, the etherlands. cw 

Zealand, orway. Sweden and the United Kingdom (OlE, 2004). The MeditclTanean countries of 

Europe. northern and eastern Africa, ncar east countries, India. central Asia, Mexico and Central 

and South America are specially affected (WHO, 2006). 

The occurrence of brucellosis is increasing 111 developing countrie ' 111 an aggravating 

epiLootiological siruation. This depend. on the policy of many countries in importing exotic 

breeds without having the required veterinary inlj'astructllre and the appropriate level of 

development of the socio-economlc situation of the animal holder. Furthermore. the increasing 

international animal trade, with increasing movement of animals and the trends towards 

intensIfication of animal production has facilitated the spread or brucellosis (Seifert. 1996). The 

reason ror high prevalence is probably due to the fact that many countries have not yet started 

control or eradication schemes (Chukvvu, 1987). The prevalence of the disease in many countries 

ranges from 1% to 24% in sheep, 3.4% to 31% in goats and 2%-37.2% in camel (Table I) . 

Differenccs in sensitivity and specificity of different scrological tests used are important factors 

that contribute to the variation. Other factors associated with the high and variable prevalence in 

these extensive livestock production system arc large herd sizes. extensIve movements of 

animals. and common grazing and watering points (Kadohira ef al., 1997). Oi fferent studies 

showed that brucellosis is prevalent in various regions of Ethiopia Crable 2) . 
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Table 1: Seroprcvalence of brucellosis in sheep, goat and camel in some cOllntrie 

Country Species I)reva lenre Brucella species Reference 

(% ) 

Algeria Sheep 2.18 Rcfai . 2000 

Goat 12 
Egypt Camels 9.3 !\bdel ~1onghncy. 200-1 

Camels 7.4 EI-Boshy el 01.,2009 

Eri trea Sheep 1.4 
Goat 3.8 Orner el aI., 2000 

Camel 3.1 
Camel 3.5 !\ZWCII el al .. 200 I 

Ind ia Sheep 3.42 
Goat 5.53 Sharma ('I al .. 1979 

Iran Goat 10.18 Zowghi 1.'1 (/1 .. 1990 

Camel 8 Zowghi and r.badi. 19HH 

Camel 10.8 Ahmad and 'ema!. 2007 

Iraq Sheep 15 B. melilensis !\ I-Ani el al .. 1998 

Camel 17.2 
Libya Camel 4.1 B. melilensis biovar I. Gameel el al .. 1993 

Goat 31 
Sheep 24 Ahmed el aI. , 20 I 0 

Camel 14 
Nigeri a Goal 5.82 Cadmus el al .. 2006 

Camcl 9.4 Sadiq el al .. 20 I 1 

Sheep 14.5 
Goats 16.1 Bertu 1'1 a/., 20 I 0 

Pakis tan Camel 2 Ajmal el al .. 1989 

Saudi Arabia Sheep 6.5 
Goat 9.7 Memish. 200 I 

Camel 8 B. melilensis biovar 2. 

Sudan Sheep 
Goat 4 El-!\nsary el al .. 200 I 

Camel 37.2 Omer 1'1 al .. 20 I 0 
Camcl 6.95 B. aborlUs Yagoub el al .. 1990 
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Table 2: Scroprevalencc of small ruminant and camel brucellosis in Ethiopia 

Study area Species Pre\ alenee Reference 

(%) 

A far and 130rena Camel 5.7 Teshome £'1 al .. 2003 

Afar and Somali Region Goat 13.2 Te 'hale £'1 al.. 2006 

Af~1r and Somali Region Sheep 5.6 

A far RegIOn Goat 5.8 Ashenafi r!1 al . 2007 

Afar RegIOn Sheep 3.2 

Amibara Distriet(Afar Region) Camel 7.6 Woldegcbrcl,2011 

Around Dire Dawa city Camel 1.6 Mohammed el al .. 20 II 

South Omo Zone Goat 4.2 Ashagrie el al .. 20 II 

South Wollo Zone Sheep 1.5 Ycsuf el al .. 2010 

Telalak District Goat lOA Mu\cta. 2011 

Sheep 10.5 

Source of infeCl10n and mode of transmission 

The concentration of Brucella organism is hIghest in pregnant utems. In addil1on. the foetus and 

foetal membranes arc considered as major source of infection. Aborted roetuse . placental 

membranes or Ouids. and other vaginal discharges arc all highly contaminated with infectious 

Brucella organIsms. Infected animals also shed organism ' in the milk ; therefore raw milk or raw 

milk products of bovme origin arc sources for infection in human . Although exposure through 

skin, the conjunctIval and genital muco a routes can occur. ingestion is the most common route 

of entry (Radosl1ts el al., 1994; Walker, 1999). Contammated feed can spread the infection from 

infected pastures over long distances dUring purchasing and sclling activllies. The usc of mlccted 

bulls for artificial insemination poses an important risk and spreads the infection to many herds 

(Seifert, 1996; Acha and Szyfers, 200 I) . 
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Risk factors 

Managemenl 

Increase in herd size and animal density are dIrectly related to the high prevalence of the di case 

and dirriculty in controlling infection in a population (Walker. 1999). Calving practices also play 
r . . . . g exposure of major roles in the spread of brucellosis. Separatl.! calving pens allo\\ lor mll1lJ11IZII1 . 

uninfected animals. Replacement animals from other sources increase the potential for the 

introduction of the disease into herds (Nicoletti. 1980; Walker, 1999). Poor hygienic measures 

and susceptible animals favour the rapid spread of the disease and subsequently resulting in high 

prevalence of the disease in that particular herd (Nicoletti. 1980; Radostits ef al .. 1994). 

HOSI 

Susceptibility to infection depends on age, SI.!X, breed, and pregnancy status of the animal. Male 

and female calves up to six months of age are no! very slisceptiblc and generally experience only 

transient infection. Sexually mature animals are much more susceptible to infection, regardless of 

gender. After sexual maturity, the status of pregnancy has a greater inOuencc on the degree of 

susceptibility. Bulls are more resistant than sexually mature heifers, cows and less resistant than 

sexually Immature heifers. Some animals, even the most susceptible groups, never become 

infected. or if they do, their infection is transient. and this accounts for individual difference in 

disease resistance (Walker. 1999; Acha and S/.yfcrs. 200 I) . 

Environmenf 

The resistance of the pathogen to the environment depends on whether they are protective against 

sunlight and high temperature. Survival is prolonged by low temperatures and the organIsm 

remall1s viable for many years in frozen tIssues. Neutral soi I PII and a moist protected 

environment, which are rich in organic materials. arc favourable cll.!mcnts for survival or 
Brllcella (Seitert, 1996). It is generally accepted that Brucella organisms do not multiply in the 
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· b'l' IS I'nfluenced by the existing environment, instead they merely persist and their vIa I Ily 

environmental conditions (Radostitis 1.'1 0/ .. 1994). 

2.1.3. Pathogene is 

Once an animal or individual becomes infectcd with the Brucella pathogl:n. the bacterium travel 

in the lymph to the nearest draining lymph node and then into the blood stream of the host 

animal. Brucella spp. avoids destruction by the host's innate immune system with an ability to 

avoid lysosomal degradation ailer being engulfed by host mal:rophages (Celli. 2006). 

Furthermore, Brucella spp. thrives and proliferates inside 0[' the host macrophage. and ultimately 

cau es the death of that macrophage. releasing the multiplied bacteria back into host tissues . 

Once the host becomes bacteremic. the pathogen migrates throughout the body to di fferent 

organ and tissues (Cheers, 1984). 

The most common pathology of bll.lcellosis m animals is the abortion of the first pregnancy that 

occurs after the onset of the disease. Most Brucefla spp. proliferate efficiently in the cells of the 

body with high erythritol levels. such as the cells found in the urinary and reproductive tracts 

(Enright, 1990). Once in the uterus, thc bacteria can pcnetrate thc epithelial cells of the 

embryonic membrane and cause placentitis. which can lcad 10 a dccrease in the blood supply to 

the fetus. Fetuses recovered from brucella mfected mothers have also been shown 10 develop 

edema and congestion in thcir lungs and hemorrhages in their epicardium. Whether the callse is a 

decrease in oxygenated blood due to an innamed placenta or the detrimental lesions formed by 

the infection of the fetus, the final outcome of pregnancy is either an abortion or a weak fetus that 

dies shortly after birth (Enright. 1990). 

Other effects on the reproductive system of animals with brucellosis include the swellll1g of thc 

testes and epididymus of male animals. As in th<: uterus, Brucefla in the male urogenital tract can 

also cause innammation and swelling of the male reproducti ve organs. Orchitis and epididymitis 

are common symptoms of brucellosis in animals. causing sterility in infected males. Most. if not 

all, Brucella species can be isolated from semen. and males can shed the bacterium for prolonged 

periods. Brucellosis is also responsible for arthritis of the joints and spondylitis in many infected 
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animals as well as hygroma formation on the 
. b' 'sponsible for knees. Brucella IS can also 10: rio: 

mastitis III females, neurologic swelling and splenic abseesse. 

hemolThage in thc lung and heart (Radostitis el al .. 1994). 

with edema. congestion, and 

. .. .' II . f' . ' S Th(: ~xuclatc Granulomatous lIlflammatlon IS also observed dUring persistent Bmce a III ecllon .. 
. .. '. h which oravitatc of granuloma tOllS lIlflammatlOn IS generally composed 01 mature macrop ages, to 

to the area of the body affected by the callsative agent (Tizard, 2004). Here. macrophages have 

the potential to form into multinucleate giant cells. Multinucleate giant cells are a hallmark of 

infections involving pathogens that thrivc within phagocytes, as infected mucrophages arc 

identified and cngulfed by other macrophages in a procc. s that results in the formation of a giant 

cell composed of several responding phagocytcs (Abbas. 2005). Fibrosis and n~crosis arc oftcn 

associated with granulomatous lIlflammation. especially in the case or granuloma lormation. 

Granuloma formation is primarily a product of chronic delayed-type hypcrsensitivity and occurs 

in cases of chronic brucellosis. In a persistent infection and subsequent immune responsc, the 

lytic and anti-pathogenic actions of non-. pecifie phagoeytes begin to damage host tissue. In a 

chronic infection, thiS is sometimes mani fested as the formation of fibrosis and scar tissue 

sUlTounding the site of inflammation, which has thc potential to cause tissue damage that may 

disrupt normal tissue function (Merck, 2007). Necrosis fonnation in the center of granulomas 

may occur due to anoxic conditions and may function to eliminate infected mucrophagcs, 

destroying the pathogen within (Abbas. 2005) 

2.104. Virulcnce factors 

As is the case for othcr bacterial pathogens, several cellular components contribute to the survival 

and vinilenee of the Brucella. However, the identity or most of these components has not been 

clueidated. Research concerning the virulence filctors expressed by the Brucellae has focused 

primarily on the structural components or the outer membrane. Components are included as 

virulencc factors on the basis of the followlI1g classification (Lory and Tai. 19R4): (I) 

components that when i naeti vated by mutation markedly decreases \ i rulence. (2) com poncnts 

that mimic pathological effects when administered in purified fonn and (3) components that elicit 

a partially protective immune rcsponse . In contrast to other gram-negative pathogens, the outer 
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'1 f' hna~ nor does It 
surface of the 8111cel/ae does not have complex structurcs. such a' pi I or 1111 • 

> s th'lI ha\ e been 
have capsular material. The outer membrane contalns only two component. ' 

'mbrane protCInS 
identi lied as virulence factor ': thc lipopolysacchande (LPS) and the outcr mc 

(OMPs) (Lory and Tai. 1984). 

Lipopolysaccharide (LPS) 

The LPS has been claSSIfied as a virulence factor according to each or the categories d~scribcd 

above. Of the potential vIrulence factors ex pres 'ed by the Brllcrdlae, the I.I'S is the best dcfim:d 

(Moreno el 01., 1979). The availabtlity of natural isolates lacking LPS and e:\hibitmg n;duced 

virulence. the toxie erfect of purified LPS, and the protective immunity stimulatcd by this 

fractlon suggest that LPS is a primary Virulence detenninant of the Brucellae. VIrulence is 

associated with the 'mooth colony morphotype. deSIgnated S. which we no\\ kno', contams the 

fuJI complement of Brucella LPS. The rough colony morphotype. designated R, arises by 

dissociation rrom the smooth fonn and its accumulation is typically observed ill vilro. 

Dissociation is stimulated by changes in envlromncntal conditions, mcluding dif'lcrent nitrogen 

' OtHCCS or exposure to D-alanine (Braun, 1947; Goodlow el 01., 1952). The R morphotypes an; 

characteri,.-:ed by theIr opaque appearance and lusterless colony morphology (Ilenry, 1933). 

In general, for most Brucella specIes. smooth strams are vinllent and rough and mucoid strains 

arc nol. The LPS of smooth strains consists of lipid /\, a core region containing ilucose, mannosc. 

quinovosamine and 2-keto-3-tkoxyoctulosonic acid (KDO) and an 0 chain composed or a 

homopolymer of about 100 residues of -formylated perosamine (enroll el 01., 1984). Two 

distinct cpitopes occur on the 0 chain depending upon the species/biovar of the strain. In those 

typified by B. aborllls blOvar I. the /\ epitope is present and probably represents tClminal N­

lormylated perosamine residues whIch are linked by the I and 2 carbon atoms throughout the 

cham. In strains typtlied by B. melilensis biovar I. thc M cpitope is prcsenl. In this case. the 0 

chain consists ofrepeallng units of four I. 2-linked '· Ionnylatcd perosamllle reSIdues and one I. 

3-linked residuc (Perry el al .. 19R6). The /\. and M epllopes can be detected by cross-absorbed 

polyclonal antisera. Other anllgen. present on or near thl! suriace lIlcludl! the oLlter mcmbrane 

proteins. These. like the smooth LPS complex, arc lIlvolved 1Il thc protective immune response to 
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.. ..' . ..' ., nd olvsaccharidcs. 
Brucella. Lntracellular antIgens lI1c1ude a variety of protell1s, glyeoploteln~ d p. . 
". . . d . ' > I " , . , 1 somc strain', whIch 
I he latter may 1I1clude the polysaccharldc B ,In neltl \ e lUplen pn;sl:nt 11 

. .... . . . , , ,' oh olypcptidc fractIOn 
have been employed 111 the radtal dtlfuSlOn test. I hc lower molecular \\ el o t p 

. I'" did h rsensitivity reactions 
of the intraccllular antigens plays an important role 111 e ICltll1g e aye ype 

in the intradennaltest (Bundle e l at .. 1987). 

The toxic effects of the Brucella LPS are attributable to the lipid !\ portion (Galanos el al .. 1972). 

Increased survival of smooth organisms compared with rough avintlent organisms in 

macrophages uggests that the LPS playa role in uptake and sur ivai (Braun el al .. 1958: 

KreUL~er and Robeltson, 1979; Riley and Robertson. 1984). Differences in uptake of smooth anci 

rough organism have been demonstrated in experiments using guinea pig and bovine mono(;ytes. 

LPS plays a role in enhancing intracellular survival. Experiments perfonned by Frost el al. 

(1972) indicate that in vivo grown, smooth organisms may have an additional membrane 

component that increases survival and virulence. The mouse model system has been investigated 

extensively with respect to the protective immunity induced by antibodies directed against LPS. 

The protective immunrty elicited by LPS in the cow has not been clearly established . Winter el 

al. (1988) have demonstrated effective protection in the mouse model lIsing u combimltion of 0-

polysaccharide covalently linked to Brucella ponn . Under identical conditions, porin 11l1ked to R­

LPS did not stimulate a 'ignificant level of protection . Montaraz el 01. (1986) were able to 

demonstrate effective immunization by passive transfer or monoclonal antibodies directed against 

the O-antigen , while monoclonal antibodies directed against a number of outer membrane 

proteins induced no significant protection. 

Outer Membrane Protellls (OMPs) 

The OMPs have been classificd as virulence factors according to category 3 of Lory and Tai 

(1984). Characterization of the OMPs as virulence factors has been hampered by the inability to 

identify variants lacking expression or exhibiting altered profiles on SUS-PAGE gels. 

Furthermore. careful examination of these profiles is hampered by the presence of the I.PS, 

which interferes with the migration or the OM Ps. Thus, the role of thl:se proteins in the survival 

and VIrulence can only be hypothesiLed. Protective immunIty stimulated by OMPs has been 
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. .. ,II n\ dope fractions 
demonstrated followi ng vaccination wtth rough or mucoid organisms or ct: C 

I >{ I (19!S4) have 
that lack LPS. Verstreate el al. (1982). Santos e{ al. (1984). and Doug as f (I. 

. . . b r th Brt/cel/ae. These 
Ident! fied three major groups of proteins pre ·<.:nl In the olltcr mem rane 0 c 

were designated as group I (88 to 94 kDa). group 2 (35 to 40 kOa). and group 3 (25 to 30 kDa). 

Little variation among species has been observed in the OMP profiles (Santos et al .. 1984). All 

I . . d b h b .' , . stem durin o the course t 1ree groups of protems appear to be recogl1lze y t e ovme Immune sy Co 

of infection. Protective immunity stimulated by OMPs has becn documented for several Gram­

negative organisms (Wang and hash. 1984; ISlbasi et al .. 1988). 

Protection stimulated by Brucella OMPs is still a matter of debate. and despite considerable 

expelimental effort, is far from resolved. The doses employcd have either been insufficient 10 

produce an immune response or presentation or the antigen in the killed vaccines docs not mimic 

the situation obtained with a living vaccine strain. Also, the reliability of the mouse as a model 

for bovine brucellosis, despite their experimental practicality. is questionable. Vaccines tested 

with good success in the mouse have been subsequently tested without success in cattle. The 

development of an improved laboratory animal model for bovine brucellosis would be a major 

step in the resolution of this problem. Recent vaccine trials performed in cattle uggest that under 

the appropriate conditions, protective immunity can be stimulated by rough cell cllvelopes. 

implying that an immune response directed against the OMPs IS protective (Adams et al., 1987). 

Toxins and Other Factors 

To date, no concrete evidence exists that toxins similar to those produced by other organi ms 

(i.e., Vibrio chloera. Corynebacterium diphtheriae. E. coli. Shigella dysenteriae. Clostridium 

botulinum. C. tetani) arc produced by the Brucellae. 1\ toxin has been postulated to exist due to 

the severe effects of the disease on the central and autonomic nervous systems. Endotoxin. 

consisting of LPS. has been suggested as the causative factor. 

The Bl7lcellae also produce cata lase. Iluddieson and Stahl (1943) determined that a cata lase 

activity dec reases with changes from smooth to rough morphology. Although the biochemica l 

adva ntage of express ing catalase in Brucella has not been identified definitively. it may not only 
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. .... OXygen tension 
protect the organisms from peroxide, but could also be Important 111 mHIIltaIllll1g , 

required for survival of the organism (McCullough. 1970). 

2.1.5. Immune responses 

. ct· ·ct d . . t d 'Iduptive The first The host immune response to an infectious agent IS .IVI e II1to II1na e un , . 

one consists on preexisting or rapidly responding chemical and cellular defense mechanisms unci 

is non-specific, while the second one is specific against the infccted agent but tukl!s more timc to 

become effective (TiLard. 2004). Immunity against brucellae involves cellular and humoral 

response (I-luang ef 01.,2003: Giambartolomei el 01.. 2004). 

Cellular immunity 

The immediate innate immune response to Brucella spp. in na"ive animals begins when Bmcella 

lipoproteins (LP) contacts nonactivated antigen-presenting cells (A PC). mainly dendritic cells 

and local macrophages. through CO 14 and Toll-like receptor 2 (TUG) dependent mechanisms 

(Huang el ul.. 2003: Giambal10lomei el 01 .. 2004). This initial contact generates a receptor 

induced signaling that stimulates infected cells to sccrete eytoki nes such as TN F(x. I L I a. I L6 and 

IL 12 that modulate the development of specific Type I cellular imIllune response to promote a 

clearance of the bacteria (Zaitseva el al .. 1995; Oomand el 01., 2002). 

The set of cytokines secreted by Brucella-infected APC stimulate a T helper 0 cells (ThO), a 

subpopulation ofC04 ' alp T lymphocytes. to differentiate them in Th I cells. which result in IL:2. 

ILl8. TNFP and IFN-y secretion. All together. these c)'tok ines stimulate activation of" 

macrophages, promote l3-ccll switching of IInmunoglobulin and recruit more iIllmune cells to the 

site of infection (Jiang and l3aldwin, 1993). Natural killer (NK) cells. neutrophils, C08 ' and yiST 

lymphocytes are part of the secondary innate immune response and migrate immediately to the 

infection site to contribute to resolve the infection (Domand el al., 2002). 

Characteristic chronic granulomatous lesions develop in infected tissue where macrophage. 

neutrophils and lymphocytes respond to Brucella antigens. As the organisms arc facultative 
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by processing and 
intracellular organisms, phagocytes play a key role in initiating T-cell 

, k' I' I '1"e5 which in tum presentl11g antigens, Sensitized T-cells release eyto II1CS t lat actlvute macrop 1. b • , 

, ' I CD4 d CDS b' ts arc involved In combat Bruceflel by reactive oxygen II1telmedJate, Botl an . su se 
, II' B · ff infections (WIIO. cell-mediatcd protection. Cytokines also playa role 111 contra II1g ruee CI , 

' I I I d "ystem In 1997), Neutrophils effectively utilize the myelopcroxidase-hydrogcn pcrox It e 1<1 I C ~ 

k'll' B ' 'h 'b' d I ' d the respiratory oxidative I I11g mceffa, Ilowever. the orgalllsms 111 I It egranu allon an ' 

burst. and able to survive in the cells (Riley and Robertson. 1984), Macrophages readily ingest 

Brucella when opsonized with either complement or specific antibodies, The survival of the 

organisms in maerophages may result from a failurc of phagosomc-Iysosome fusion and 

resistance to oxidative killing by producing superoxide dismuda e and catalase (Frenehick ef uf .. 

1985; Ilarmon el of .. 1988; Quinn ef of,. 2002), Tatum el of. (1992) suggested that anti-oxidant 

Cu-Zn sLiperoxide dimulase plays a role 111 the survival of Bmeella species in phagocytic cells, 

Humoral immunity 

Secondary infection boosts a Brucella-specific immune response , At that point humoral response 

plays a major role, being Brucella-specific antibodies available to bind and opsonll.e the agent, 

facilitating uptake by phagocytic cells (Eze el af .. 2000). On the other hand, specific CD4 ' T cells 

(Th I) secrete I Fy that activat\!s macrophages and enhances their killing activity (Jones and 

Winter, 1992; Jiang and Baldwin, 1993), and specific CD8 ' T lymphocytes (cytotoxic T cells) 

that recognize and kill Brucella-infected cells by binding them through the microbial antigen 

displayed on the surface (Oliveira and Splitter, 1995), These cytotoxic T cells not only secrete 

proteolytic enzymes that trigger apoptosis in the infected cells, releasing the intracellular 

microbes that can then phagocytosed by activated macrophages , but they also produce substantial 

amounts or I Fy involved in macrophage activation (Zhan el uf., 1993), 

Naturally infected and vaccinated animals can be serological reactors. Arter infection, the level of 

immunoglobulin istotypes: IgM, IgO and IgA will significantly increase in serum (Radostits el 

al., 1994). IgM antibodies, which appear initially after infection and low levels of IgG. will cause 

complement-mediated lysis of Brucella, Secretary IgA is tend to be abundant in milk where as 

IgG is high in serum (Walker, 1999). The O-ehain of smooth Iypopolysaechanide complex of the 
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. . h 'b role as protectiv~ 
cell envelope together with the outer protem epltopes ave contn ulOry 
. . ' t is relatively low 
llnmunogens. On the other hand, the immunogeneclty of the non-smooth vanan 

. .. . 01 " in protective 
(Corbel, 1990; WHO, 1997). The O-chain specific anllbodlcS playa major r l: 

. db' . tracellular (WHO, 
Immunity, but don't eliminate the organisms as they arc protecte elllg In , 

. d l ' h 'b d)' lc\'~l (Walker, 1997). This indicates lack of con'elation between protecllon an llg antI 0 

1999). 

Natural resistance to brucellosis in dome tic animals has been observed ince 1940 (Cameron el 

al., 1942; Templeton et al., 1990). Bovine SIc 11 a I (ronner NRA MP 1) gene has been pointed out 

as a candidate element for controlling illlracellular replication of B. aborflls in macrophages 

(Barthel et al., 200 I); however, its biochemical function and how it contributes to resistance to 

thc inrection remain unclear (Wyllie et al., 2002). Inheritancc of Brucel/a infection resistance 

involve more than one gene (Adams and Templcton. 1998). but no other genetic clement 

responsible for control of infection has becn identified. 

2.1.6. Diagnosis 

Bacteriological diagnosis 

A technique, involving a blphasic (solid and liquid) medium 111 the same bottle, is recommended 

for the culture of blood and other body Ouids. For the solid phase. trypticasc soy agar, tryptose 

agar, or Brucellae agar may be used on the other hand the liquid phase consists orthc same basal 

medium without agar, and also Serum Dextrosc Agar can also be used to culture Brucellae 

(Nielson and Dunkan, 1990). 

Incubation should be in an atmosphere of 5% to 10% CO2 at 35 °C to 37 °C. Brucella colonies 

usually appear after 4 to 5 days, but cultures should be kept for 30 days before they arc discarded 

as negative. In vitro growth of Brucella from patient specimens requires careful and informed 

laboratory proces. ing of materials. For primary culture, direct inoculation of materials on solid 

media is recommended to facilitate recognition and isolation of the developing colonies and to 

limit the establishment of non-smooth mutants. Delicate tran lucent colonies or 2-3 mm in 
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. . 'I ' " th' M (mucoid) 1'01111, 8. 
dIameter grow on blood or gluco 'e agar. 8. o\'/s grow d ways In e 

, .' S h f' 'd \'Ita dissoclUte ll1to 
abortus and B. melitensis grow at the begInnIng In the ('moot) orm dn ' , 

I , . . Iso bc used tor 
thc R (rough) and the M (mucoid) ('om1 commerctal blood cultun.: boll es IndY ,I 

. d I - d' ' (Chcf\\onol!racl ky fit culturing Bl'lIcella; however. subcultures must bc ma e C\cry -t 10) t1ys ~ 

. I' ' Ik that may be hea\ily 
al., 1987). Laboratory processing of materials. such as aJ1Jma II 'sue or ml 

contaminated with other microorganisms. requires eIther animal inoculation or the use of 

selective media containing antibiotics (Schwabe. 1984). 

Serological diagnosis 

Testing modalities for bnlcellosis include antigen and antibody detection as well as agent 

isolation through culture. These methods have di fferent advantages and disadvantages in the 

laboratory and in theIr use 111 disease control and eradicalIon programs The serological tests 

depend on a reaction between Brucella antigen and antibodies produced in response to the 

infeclIon. A number of classes and subclasses of antIbody (isotypcs) may occur in pOSItive sera. 

The various serological tests vary in their abilllY to detect dilTerent isotype ·. 

Standard Tllbe Agglutination Tesl (STAT) 

II istorically, the Standard Tube Agglutination Test (STAT) has been recognized as the principal 

serological test used ler the diagnOSIs of bntcellosis. IgM isotypes of antIbody is the most aCll VI.! 

agglutinin at neutral pi I (Rice and Boyes. 1971: Corbel. 1972: Nielsen el at .. 1984). Therefere 

the STAT is susceptible to false positive reaction by cross-reacting antibodies (Corbel. 1988; 

Nielsen, 2002). Due to low specificity by onginal tube agglutination test. a large number of 

modilieations have been made to destroy or inactivate IgM agglutll1ins. Of these modifications. 

Ihe acidified antigen, rivanol precipitation and 2-mercaptoethanol arc in common usc in various 

laboratories for inactivating IgM (Nielsen, 2002). 

In Rose Bengal Plate Test (RBPT) anlIgen IS used at a pI I of 3.65 . The low pi I prevents some 

agglutinallon by IgM and encourages agglutination by IgG I thereby reducing non-specific 
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. . 0 of individual 
interactions (Corbel, 1972). The RBPT is considered to be sUitable for screenlOe 

animals, however, some cross-reacting antibodies ha\ e been delCcted by thiS te. t und false 

negative reaction may occur mostly due to pro,wnmg (011:. 2004). 

. I'L I i\) h'IVe been 
Numerous variations of the Indirect Enzyme L II1kcd Immllnosorbent Assay (1- . • < 

d · .. . . . I b I' nc conJ'uuates and escnbed employmg different an ligen preparations. antlg 0 u lO-enLyl e 

sllbstrates/chromogens. Several commercial I-ELlSAs arc available that have been validated in 

extensive field trials and are in wide use. The I-ELISA IS a highly sensitive test but sometimes 

not capable of differentiating between antibody resul ting from S 19 vaccination or other false 

positive serological reactIOns (FPSR) and that induced by pathogenic Brucella strains. rhe 1-

El.lSA should, therefore. be conSidered more as a screening test rather than a confirmatory test 

for testing of vaccinated cattle or herds affected by FPSR problems (0 I E. 2004) . 

Thus no single test appears to be free from demerits. This has prompted many \, orkers to carry 

out comparative studies and to determine the efficacy of different tests . Niclsen (2002) and Gall 

and Nielsen (2004) after revlCwing various serological tests concluded that no II1dividual test 

fo und perfect. however. error could be minimized using the most reliable test. 

SerologiC testmg is critical to brucellosis disease control and eradicallon programs. Culture 

requires a bio-safety level three laboratory (OlE. 2008a), which makes the ability to culture 

samples prohibitive. Instead, serologic screening and confirmatory tests arc used to identi Iy 

infected animals. The World Organization for Animal Ilealth (01 E) prescribes the use of a 

buffered Brucella antigen test called the bufferl:cl plate antigen test and the Rose Bengal Test 

(RHT) as approved screening tests and the complement fixation test as the confirmatory test. For 

bovine brucellosis the prescribed test by the OlE are buffered brucellOSIS antigen tests, the 

complement fixation test. the indirect and competitive cn/.yme-linked immunosorbent assay 

(ELISA) and the nuorescence polarization assay. In sheep and goats the prescribed tests arc the 

bulfered brucellosis antigen test and the complement fixation tests . The brucellin skin test and the 

nuorescence polarization assay arc considered alternative tests (OIL 200Sc). 
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Rose Bengal Tesl (RBT) and Ihe Buffered Plate Antigen resl (BPAT) 

, . ' I . Rosc Bcn(}ul Test 
1 he two most commonly used acidificd antigen agglutinatIOn te t· are tle, 0 

P ") "h 1'13'1' d BpAT T acidified antll!,cn' 
(RST) and the Buffered Plate Anllgcn Test (1:3 A I, c" an 1\ u ( ~ 

• • • > (' b' . 1' (J Cross-rcaclion~ of 
to reduce the bll1dll1g of IgM antIbodies and to encourage thl: Ig J I ll1uIno · ' 

. . . . .. 0 9 (011 ' ')00' b) Thc standard the IgM antIbodies can occur with YerSlllla entercollflca : : . - d. . 

antigen used to test for B. aborll/s. B. melitensis and B. slIis i from a laboratory B. abortuS strain . 

This can be done because the O-polysaccharide on the smooth-lipopoly 'accharide (S-LPS) 

surface of B. aborlus, B. melitensis and B. slIis are antigenetically similar because their cpitopes 

arc similar. B. ovis and B. canis test · utili ze antigens from each specific species (Nil:lson. 2002). 

More specifically, serologic tests usc antigens from the laboratory B. aborflls strains 1119-3 and 

99 , tained with a dye to make it visible. When the prepared antigen and serum with antibodies 

are mixed, an antigen-antibody complex is fonned and the agglutinallOn i~ \ isiblc due to the dyed 

antigen. Thus agglutination indicates that the tested aJlllllal is positive for bmcdlosis (OIL:. 

2008a). The buffered plate antigen test is more sensitive than the RI:3T. but rl:quires more precise 

equipment. making it more di ffieult to do in the field ( ielson. 2002; Gall and ielson. 2004; 

O lE. 2008a. b) , 

There is a difference in the usc of the RI:3T with sheep and goats as compared to callie. With 

sheep and goats 75~tl of serum and 25~tl of reagent arc used as compared to the 30pl or serum and 

reagent used in the bovine RBT. The adjustment is done in sheep and goats to increase the 

sensi tivity. especially when L1sed without a confinnatory test (O lE, 2008a, b) . Overall the 

buffered Brucella antigen tests have a higher sensitivity but also have a less reliable specificity; 

this results in a reduced number of false negatives and a significant number of false po itive. 

Therefore a confinnatory Lest with higher specificity is needed (Nielson. 2002; OLE. 2008b) . 

Indirect enzyme IlI1ked immunosorbellf assay 

Indirect enzyme linked immunosorbent assays (I-ELISA) tests arc also approved fur usc by the 

OlE as a brucellosis screening test because of its high sensitivity. Currently, it is a prescribed test 

in bovine brucellosis diagnosis anc! an alternative test for swine brucellosi~. I he reason that it is 
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· .. I' ·k of B melifensis 
not approved for international trade in small rumll1ant testing IS due to a .II.: . 

reagent standardiLation and its inability to dirferentiate between antibodie produced in n:sponse 

to vaccination versu natural inrection (OlE. 2008b). 

fr rroln cross-reactl'ons lind the inabtiity to 
The I-ELISA used in bovine brucellosis also su lers II • 

Y 't does have 
distingui h between vaccine antibody and natural infection antibody. et. I 

standardiLed antigens. The I-ELISA uses a standard B. aborfll. antigen ( -LPS). a serum 'ample 

and an antibovine IgG I antibody that has a horseradi 'h peroxidase allached to it. If the antl-S­

LPS antibody is in the sennn sample, then the anti-bovine IgG I with an allach peroxidase causes 

a color change in the assay, which indicates a positive test ( lelson, 2002; Corbel, 2006; 01 E, 

2008a). Finally, since swine brucellosis docs not have an efTective vaccine, the I-H.ISA docs not 

have to distinguish between vaccine-associated and natural lI1fection antibodies . Therefore. the 1-

ELISA IS a useful diagno tic test in swine. An alternative test for conlinnation of B. lIlelilensis in 

small ruminants is the brucellin skin test. This test evaluates the cell-mcdiatcd Immunity of the 

tested animal against brucellosis. It has a high ensitivity and a higher specificity than 

agglutination tests since it does not cross-react with other bacteria (OlE, 2008b). It is effective l'or 

usc in non-vaccinated animals. A rough strain of B. melilensis (B 115) is used to avoid the 

presence of an S-LPS antigen that would react With antibodies and create a local area or 

innammation (01 E. 2008a). The brucellin derived from the lysed 13115 cells are injected 

intradennally lI1to the lower eyelid and read 48 hours later. A positive test is indicated by a 

thickening of greater than 2 mm (OlE, 2008b). 

Complemenf Fixafion Tesf (CFT) 

A commonly used eonfinnatory test is the complement fixation test (CFT). This IS the approved 

confirmatory test for international trade as prescribed by the OlE. The CFT uses the complement 

activation system's ability to lyse cells. and in this case erythrocytes. If' thc Sl:rum sampll: 

contains antibody against S-LPS it will bllld the reagent S-l.l'S antigen on tht: H. ahorlU.I' cd!!'. 

This antibody-antigen complex then activates the available complement in tht: tl:st reagent. So, 

when sheep red blood cells sensitized with rabbit anti-sheep antibodil:s arc added to thl: mixture, 

the complement in the reagent has already been activated and the blood cells do not lyse. If the 
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. . I d Ihe sensitJ.!:ed 
test serum did not have antibodies the S-LPS antigen would rema111 unbounl an 

, .. I . S . lest result showi ng 
red blood cells would have activaled the complement causlllg their y. IS. , O. cl 

. . ' d specificity 
no red blood cell lysis is a posilive test (OlE. 2008a. b). The high senslllvllY an . 

b " . 'nlensive \0 run. 
( ielson el al., 2008) of this test makes It a very good confirmcnory lest. ut II IS I 

. . . ' fct" ' h' o SI9andRevl requIrIng many reagcnts. None of the serologiC tests are capable 0 ISIIngUlS In", 
. . . . . II ' . t' ely from antibodies vaCCInatIon related antIbodies pre enl In cattle and sma rumInants. respec IV 

due 10 natural infection (Gall and Nielson. 2004). This is a considerable hindrance in control and 

eradication programs when the livestock's disease status is not known prior to vaccination and 

when they are not permanently marked to indicate them as a vaccinated animal. 

Fluorescence Polari:alion Assay (FPA) 

The fluorescence polarization assay (FPA) helps address the issue of seroconversion In 

vaccinated animals. The concept behind this test utilizes the physics princip\c that the rate of 

rotation of an object is inversely proportional to the size of the object. The rate of rotation di ("fers 

for antigen alone and for antigen bound to an antibody and this can difrcrentiate between animals 

that have sero-converted and those that have no\. A standardiLed antigen that is 22 kilo-Daltons 

in size and a component of the S-LPS. the O-polysacchalide is used. The FPA is highly sensitive 

and specific. is qUick to run and can be done in the ficld ( ielson, 2002; Nielson el al .. 2008). It 

is also capable of detennining a field strain and vaecll1c . train positive (Gall and Nielson, 2004). 

Competifive Enzyme Linked Immllno Sorbent Assay (eEL/SA) 

Another test that is able to distinguish between sera-conversion due to natural infection and 

vaccination by Rev I or S 19 fur small ruminants and callie respectively is the competitive ELISA 

(cELlSA). The cELlSA uses the concept that vaccine-induced antibodies have a lesser affinity 

for the antigen than antibodies that arise from natural infection. Theoretically, this lesser affinity 

develops due to the shorter exposure time that the humoral immune system has to develop 

antibodies in a vaccination exposure as compared to a natural infection. The increased amount of 

time or pathogen exposure to the humoral immune system in a natural infection creates an 

antigen-antibody complex with a greater affinity (Nielson, 2002; Gall and ielson, 2004). The 
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cELISA is a prescribed test for cattle trade and an alternative te·t for swine trude ( 

It is a highly sensitive and specific test as well (I ielson el al .. 2008). 

2.2. Brucellosis in sheep, goats and camels 

lielson, 2002). 

There is a great deal or variability or disease seen among spl!cies. In livestock specil!$ (cattle, 

sheep, goats. swine, and camel). the most frequent clinical sign following intCction with Brucella 

is abortion (Acha and Szyrers, 2003). 

Reproductive issues are seen 111 all infections, but the severity and the sex-association or thl! most 

severe reproducti ve issues vary based on the Bmcella pp. causing the infection. Most clinical 

disease manifests as fertility-related issues in cattle and small ruminants . Yet, in small ruminants, 

the less virulent B. avis presents difrerently than B. melitensis. Small ruminants arc the reservoir 

for both B. avis and B. melilensis . In B. avis infections, which arc primarily infections of shcep, 

the rams arc more arfected than the ewes. Rams develop orchitis and epididymitis due to 

inrection and associated innammation of the epldldymes and testes . Semen quality anclthe viable 

spermatozoa in a sample of ejaculate decreasc significantly. In ewes, a placentitis can occur that 

results in the birth of weak lambs, stillbirths or abortions (Blasco. 1990; Radostits el ill .. 2007) . 

As for inrection with B. melitensis, the impact of disease is greater amongst the ewes than the 

ram . The most common sign or disease is late term abortion in nai'vc\y infected pregnant 

animals. In endemic flocks. abortions are les common and most infected ewes give birth to weak 

offspring as sheep rarcly abort twice (Olsen and SlOffrcgl!n. 2005). Retained placentas are 

commonly found among ewes in endemic flocks as well. Rams experience orchitis and 

epididymitis. In addition. animals wlth polyarthritis can also be seen in en(\(;mic flocks (Alton, 

1990; Garin-Bastuji el al .. 1998; Corbel. 2006: Radostits ('I 01 .. 2007) . Ovinc brucellosis can bl! 

divided into classical bnlcellosis and ram epididymitis. Ram l!pididymitis is caused by non­

zoonotic agent B. avis, while classical brucellosis is caused by B. melitensis and constitutes a 

major public health threat equal to goat brucellosis (Acha and SLYfcrs. 2003). 
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b d B I · . (Cnwford e l (II., 1990; 
Camels are also prone to infection from B. CI ONUS an . me IlellSIS < 

, . ' Is can n:sult 111 
McDermott and Mimi, 2002; Rcfai, 2002; Corbel. 2006). Infections 111 came 

abortion in fcmales and epididymitis and orchitis in males (Teshome el al., 2003). They can be 

I '"th infected sheep. infected by B. aborllls and B. melilensis when they are pastllred toget1er V.I 

f . ~ (on that is 
goat and caltle. Milk from infected camels represents a major source 0 111 ec 1 

underestimated in the Middle East (Musa el al .. 2008) . 

2.3. I-I uman brucellosis 

Iluman brucellosis is a neglected disease of poverty onen found in highly agrarian. livestock 

dependent societies (WHO. 2006). It is a purely zoonotic disease in that animals infect humans 

but there is not human-to-human transmission (Corbel. 2006). Humans arc a dead-end host and 

very rarely infect another human. Brucellosis can be transmitted to humans through contact with 

Brucella infccted animals or their products. The incidence of human brucellosis results from four 

primary routes: (1) ingestion of unpasteurized and contaminated milk or cheese; (2) inhalation; 

(3) penetration of ocular or oral mucosa; and (4) direct inoculation into the bloodstream through 

abrasions in the skin or vaccination (Walker. 1999). 

Five out of the nine known BnJcella species can infect humans and the most pathogenic and 

invasive spceies for human is B. melitensis, followed in descending order by B .. wis, B. ahorlllS 

and B canis (Acha and SLyfers , 2003). The zoonotic nature of the marine brucellae (B. celi) has 

been documented (Brew el al .. 1999; Sohn el al., 2003; McDonald (;'t al., 2006). B. melllen.l'is. B . 

. \'/Iis and B. abortlls arc listed as potential bio-weapons by the Centers for Disease Control and 

Prevention in the USA . This is due to the highly infectious nature of all three species, as they can 

be readily aerosolized. Moreover, an outbreak of brucellosis would be difficult to detect because 

the initial symptoms are easily confused with those of influen/a (Chain el al .. 2005). In places 

where brucellosis is endemic. humans can get infected via contact with infected animals or 

consumption of their products, mostly milk and milk products especially cheese made Crom 

unpasteurized milk of sheep and goats and rennet from infected lambs and kids. Some specific 

occupational groups including farm workers. veteri narians. ranchers. and meat-packing 
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· ..' , 0 • b . ,. d B .\'/Iis infections employees are considered al higher risk (1 ab.lk el al., 20 X). B. a 0/111.1 .In . 
,. . . ' '.' f',. · . ., .. r '"uenlly than the usually alleel occupational groups, while B. me/rlel/.I' ls 111 l:ctlOn m:t:ur mOIl: n;'1 

h I f' ?003' De Mass is el (II., 
olher Brucella species in Ihe general populalion (/\c a allt 'LY ers. w' ,. 

2005) . 

C . I' h 'Ik" B I' .' . TIjJOI'I'll1t source of hUlllan .onsumptlon 0 seep or goul ml contall1ll1g . /lie Ilel/slS IS an II < . 

brucellosis worldwide and has caused several outbreaks. For example; in some eountries 

including Italy, 99% of human bruccllosis is cau cd by IJ. lIlelilensis (De Massis ef al .. 2005: 

Wallat:h el al., 1997). The prevalellce or human brucellosis aequin:d rrom dairy products in some 

coulltries is seasonal. reaching a peak usually after kidding ancl lambing (Dahouk (!I al .. 2007) . 

Because person-to-person transmission rarely occurs, infected persons do not pose a threat 10 

their slllToundings; consequently, eradicalion of the disease from the natural animal n.:servoirs 

leads to a dramatic decrease in the incidence or human infection . For example. in the lJnited 

Stales the national bovll1e brucellosis eradication program has resultcd in the number or reponed 

human eases dropping from 6321 in 1947 to about 100 per year by 1998: most or the cases wen.: 

aeqllll'cd overseas or due to consumptIOn of infected milk products from Mexico (Cook ef 0/., 

2002). In Denmark. where some 500 cases per year reponed between 1931 and 1939, human 

brucellosis had disappeared by 1962 as a result of eradication of brucellosis in cattle (Acha and 

Szyfers, 2003). In France with the introduction of brucellosis eradication program more than 800 

cases of human brucellosis were reported in 1976, declining to 405 cases 111 1983. 125 cases in 

1990, and 44 cases 111 2000 (Pappas et al., 2006b) . 

The incubation period of' brucellosis normally is I 3 weeks. but it can be several months bcrore 

showing signs or infection . IJ. melifensis is associated with acute infection whereas Ihe infection ' 

with olher species are usually subacute and prolonged (Mantur el al., 2007). Most common 

symptoms of brucellosis includc undulant fever in which the temperature can vary from 37"(' in 

the morning to 40°C in the afternoon; night sweats with peculiar odor. chills and weakness. 

COlllmon symptoms also include malaise. insomnia. anorexia. headache. arthralgia, eOl1stipation. 

sexual impotence, nervousness, depression (Acha and S;:yfer~, 2(03) and f'onmllion of 

granulomas that most olien result in ostco-artieular signs and endocarditis (hanco ef (1/., 2007). 
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..' . . 'II organs and ils 
liuman brucellosis is also known for complicatIOns and Involvement of Intern. 

. . d ' I de cncephaliti . 
symptoms can be very diverse depcnding on the site of mfectlon an Inc U 

. " . . I " I ·t (t' , (A 'ha 'll1d Sl.yfcrs. 2003). meningitis, spondylitis, arthritis, endocarditis, orc litiS. aile pros a I IS C ( , . . 

I · f 'Incy arc secn In Spontaneous aboI1ions. mostly in the first and secone tnmeSlers 0 pregnc . 
.. I h h'" Ilcation. Brucella pregnant women Infected with I3rucella (Khan el ul.. 200 I) . A t oug rdfl: comp 

. . . . d . I B 'I ' t . , infection and is the endocarditis (<2% of ca, es) IS most commonly as oeJatc wJll . me I ensls 

most severe complication. It accounts ror at least 80% of deaths due to brucellosis (Peery and 

Belter, 1960; Reguera el al., 2003). Lack of appropriate therapy during the acute phase may 

result in localization of brucellae in various tissues and organs and lead to ubacute or chronic 

disease that is very hard to treat (Young, 1995). Symptoms and signs of brucellosis usually 

referred as fever of unknown origin can be confused with other diseases including enteric fever. 

malaria, rheumatic fever, tuberculosis, cholecystitis, thrombophlcbitis, fungal injection. 

autollnmune disease and tumors (Mantur et al .. 2007) . 

Live animal vaccines B. melilensis Rev. I and B. abortus strain 19 are known to cause disease in 

humans. The course of the discase with vaccine slrains is usually shorter and morc benign (Acha 

and Szyfers, 2003). Direct person-to-person sprcad of brucellosis is extremely rarc. Mothers who 

arc breast-feeding may transmit the infection to their IIlfants and sexual transmission has also 

been reported (AITOyO el al., 2006; Kato ef al .. 2007) . 

Although brucellosis is not tYPically considered a fatal disease, human cases left untreated can 

result in mOI1ality (Franco el al., 2007; Park el al .. 2007). It is believed that many cases of human 

brucello is remain undiagnosed and thus unreported. This may be due to the similarity oj' initial 

symptoms to those of innuenza (Chain el al .. 2005). Iluman brucellosis is diagnosed using 

serological testing and by culturing bacteria from blood, lymph. or cerebrospinal nuid (Selecm el 

al .. 2009). Disadvantages of this method include the slow growth oj' Brucella in culture and a 

potentially low number of colony forming units (CFU) present in clil1!cal samples due to the 

stage of infection or to the use of antibiotics prior to sample collection (Franco el al., 2007; 

Seleem el al., 2009). The Rose Bengal test is also useful for human dIagnosis, as well as special ly 

designed ELlSAs (Orduna el al .. 2000; Acha and Szyfcrs. 2003). The tube agglutination test was 

the first test used for diagnosis of bnlcellosis in humans and was later adapted for usc in animals. 
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. . . fkilled Brt/cella 
In lhal test, serum is diluted and added to a tube contaInIng <l standard quanllty 0 

, .' .' (. I . '. b" . . nsid~rcd a posilive 
cells. 1 he OCCUITcnce of cleanng and agglulIndtlon 01 OWIng IneLl <Ilion IS co 

.' . I . of'lI1ti-bmcdla 
result (Beran, 1994). Wright's serum agglutll1<ltlon lest. which measures tll: liter ' 

. . ' ",.' which serum 
antibodies (Mert el 01 .. 2003). and I1uddleson s slide agglutInatIOn t~SI. 111 

I d' 0 ,tic tools (or 
agglutination can be rapidly detected (Spink. 1956), are sllccessfu tagn s 

b d d" . . .' 0 the polymera'c brucellosis. Studies surroundlllg the use of molecular- ase Iagnosis USIllo 

Chain Reaction (PCR) have also been explored with varied results (Kallar el ul., 2007). 

Treatment for human brucellosis is most commonly through combined antibiotic regimens. as 

treatments using single antibiotics have shown higher relapse rates (Solera el 01.. 1997; Pappas el 

al .. 2005; 2006a). The recommended combination is doxycycline coupled with rifampin, but 

doxycycline with streptomycin or gentamicin have also been effective treatments (Solera el al .. 

1997; Seleem et al.. 2009). Prior to 1986, the World llealth Organizalion reported that a 

doxycycline-streptomycin regimen was the preferred method of treatment for brucellOSIS in 

human ad ults. Currently. however. the WIIO Commillee on Brucellosis has updated their 

recommendation to a combined oral treatment of 600-900 mg of rifampicin daily coupled with 

200mg/day of doxycycline for a period of 6 weeks for thc treatment of acutc brucellosis in human 

adults (WIIO. 2006). Regardless of therapeutic regimen used, relap'e rates of approximately 5-

10% have been observed in both adults and children treated for brucellosis (llal!. 1990). 

2.4. Disease control and prevention 

Reducing brucellosis zoonosis requires reducing the expo 'ure of humans to the disease agent. 

There are two primary exposure patterns of Importance that can be targeted for intervention. The 

first is occupational-associated exposure. These individuals contract disease through direct 

contact with infected and shedding animals, the contaminated environment or through inhalation 

associated with aerosolization of the bacteria in dense animal holding areas. Th..-: second ro ute of' 

exposure is through contaminated food such as fresh and soft cheese made from raw milk. raw 

milk and other dairy products made from raw milk with a high water content, low salinity, and 

low curing time in high salinity and a pH > 5 (Corbel. 2006). 
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I vacci ne 
Occupational disease is cont rolled through the animal popu lation. Thcrc i~ no 1uman 

. . I "'007 b I r ' lin: crfccti\c B. available to directly protect these workers (Shllng ef a .. _ ~). lit t 1C \,: . 
. I lJ r rtun'ltdy therc IS 

melitensis vaccines for small ruminants and B. abvrtlls vaccll1cs for call e. no' . 

. I 2007) Th II nir1'lnt B melitellsis no a B. suis vaccine commonly used (Radostlts et (/ .. . e sma I'll I , . 

vaccine is the Rev I modified live vaccine and the B. abortus cattle vaccines arc thc S I 9 and 

RES I modified live vaccines. Self-inoculation can cause disease in humans and vaccination of 

pregnant animals can resul t in abortion. The Rev I and S 19 vaccines interfere with serologic 

tests. complicating diseasc control and eradication programs (Shurig et al., 2002). 

There arc a few prerequisite programs that need to be in place prior to any intel'\cntion. diseasc 

control program or eradication program. For success in eradicallon, local stakeholders need to be 

engaged and in support of the effort and the collaboration bet\veen the farmers, their customers 

and government entities at local, state and national levels (Blasco and Molina-flores, 20 I I) . Such 

programs take a large investment of time, resources and money. Further, region-s pccific 

seroprevalence necds to be determincd and interventions need to be tailored to the epidemiologic 

unit of interest or region . It is a mistake to assume uniformity of disease prevalcnce or 

epidemiology within a country (Blasco and Mohna-Flores, 20 II). 

The Rev I vaccine is a modified live B. melitensis vaccinc that confers protcction to 65% or the 

animals vaccinated and the vaccine immuniry can last from three to five years (Olsl:n and 

Stoffregen, 2005 ; Zinnstag et af .. 2005). The usc of rcduccd dose vaccinatron (I x 104 to 10C. 

CFUs) rather than full dose (I x 109 CFUs) can be protective against abortion. but it docs not 

rcs ult in adequate immunity (Blasco, 1997: Olsen and Stoffregen , 2005). Despite the potential 

abortions assoc iated wi th vaccination, mass vaccination is the most effectrve method for control 

of the di sease (Garin-l3astuji et al., 1998; Olsen and Stoffregen. 2005: Blasco and Molina- Flores, 

20 II ). Ideally vaccination with Rev I in small ruminants occurs in animals aged three to fo ur 

months, in adults prior to breeding season or while lactating, bUl in females not in mid-gestation 

(Blasco and Molina-Flores, 20 II ). The use of conjunctival inoculation will also reducc th l: 

interference with serology (Olsen and Storfregen, 2005) and can protect against but not prevent 

abortion (Blasco. 1997; Garin-l3as tuji el af .. 1998: Blasco and Molina- I:lorcs, 20 I I) . Rather than 
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. .. . .' " I' 'cction results in 
a systemIc reaction that occurs with subcutaneous lnjCctlon·. the conJunctl\ d lnj 

. . d 01 I Stoffregen, 2005). 
the antIbody response being located in the cramal lymph no cs ( scn an( 
, . . 131 co 1997; Blasco 

1 hus, the conjunctival route of administratIOn IS the recolllmcnded method ( as , 

and Molina- Florcs. 2011). 

Brucelfa abortlls can also be controlled in cattle populations using vaccination. Therc arc two 

vaccines in use today; the S 19 and RB51 . The S 19 vaccine was developed in the 1930s and 1940:; 

in the United States. The at1enuation of a virulent S 19 strain of B. abortlls occurred when it was 

accidentally left at room temperature for one year. Like the Rev 1 vaccine for B. lIlelitensis. the 

S 19 vaccine uses the S-LPS antigens to initiate an immune re. ponse. This is the salllc antigen 

u cd in serologic tests (Shurig et al .. 2002). 

In fact it is not biochemically different from B. abort liS biovar 1 (1:3lasco and Molina- Flores. 

2011) . l:3ecause 0[' its closc relationship to pathogenic strains of B. aborl/l,l' the S 19 vaccine 

incluces a serological response that lI1terferes with testing. Initially the llllmune response to 

vaccination is the production of IgM antibodics, but is followed shortly by 19G I and 19G2 

antibody production. Sero-conversion back to ncgative status can occur. This sero-convcrsion 

back to sera-negatIve post-vaccination is slow in oldcr, prcgnant callie that werc vaccinated with 

largcr doses 0[' vaCCllle, but calves vaccinated bctween three and eight months or age will be sero­

negative within nine months 0[' the inoculation (NIcoletti, 1990). 

Another method to reduce the serological response and testing interference of the S 19 

vaccination in calves is to usc the reclueed dose vaccination (3 to lOx 109 CFUs) rather than full 

dose (2.5 to 12 x 10 10 CFUs). This vaccination still protects 65% to 75% of animals for their 

lifetime. In pregnant adults, S 19 can inducc abortions, but only does so in I % to 2.5% of 

pregnant animals (Shung el al., 2002). Rcduced dose vaecll1ation of OJ to 3 x 109 CFlJs can be 

used to infer immunity and protect against abonion (Olsen and Stoffregen. 2005). 

The RB51 vaccine was developed after the S 19. The Brucella ahortus strain 45/20 vaccine 

showed that a rough strain-based vaccine could confer protection against the zoonotic smooth­

strain Brucella spp. infection. This led to the finding of the B. ahortus strain 2388 with rifampicin 
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· . ' .. , , 'n ' twhichhost 
resis tance. The 2388 strain produces very lIttle O-polysacchande. thl.! anllg

cn 
clg

al 
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, 'b d' . .' .' C I ' h . S LI~S ' " or B aborll/
s
, B . 

• \I1l! 0 les arc made when an \I1dlvldualls InlcctC( Wit I.oonotlc - specICS . 

I
. . .' I d d () h ' antibodies and thus 

me IlenSIS and B. suis. Therefore, vaccmated anima s 0 not pro uce -c am 

tl 
.. . . (" . hI' I . (Shurig· e/ al. 2002; 

1e vaCCll1atlon docs not result 111 mtenerence Wit sero oglca testmg • 

Vemulapalli el 01., 2002). The benefits of the vaccination is that it does not have aborli facicnt 

effects; it induces similar immunity to Sl9 and it does not interfere with serology when a I to 3.4 

x 10 10 CFU dose is given subcutaneou ly in calves and 109 dose in pregnant cowS (Shurig el al .. 

2002). RBSI confers immunity through induction of the hosl's cell-mediated immunity using 

Th I cells ralher than a humoral immunity (Vemulapalli ei aI., 2002). 

Therc is some evidence that when using S-LPS bascd El.lSA diagnostic tests in RI3S1 vaccinated 

animals a false positive can result. This false positive is due to exposure 0(' core cpitopes of the 

agent for which the RBSI vaccinated animal has antibodies. Agglutination-based scrological tests 

usc whole cell antigen and ELISA does not; it uses cpitopes, thus accounting ('or the potential 

false positive results (Blasco and Molina-Flores, 20 II ). Nonetheless, RBSI has becomc the only 

vaccine used in the United States fo r eradication of B. aborillS (Shurig el 01., 2002; Vemulapalli 

el al., 2002) . 
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3. MATERIALS AND METHODS 

3. 1. Descr iption of study a rea 

The Afar ational Regional State (ARS) is located in the northeast part of the country. 

Administratively. the region is divided in to five zones. which are further subdivIded mto 32 

. I' · !'hood W'lyS woredas and 358 kebeles. Pastoralism and agro-pastoraltsm are the two major 1\ e 1 { • 

practiced in the region and according to the official population statIstics. the region's population 

is estimated to be 1.2 million; of which 90% arc pastoralists and 10% agro-pastoralists (n mi:>.tllre 

of livestock rearing with rain fed and irrigated crop production). The total surface area of the 

region is estimated to be 97,970 Km2 (ARFEB. 2007). The study was conducted in f'our districts 

namely. Afambo. Assaiyta. Teru and Awura. which are located in zones onc and four (Figure I). 

Assayita District 

Assaylla IS pan of the administrative Zone I. It i .. located at about 70 kms cast of Semera town . It 

is bordered on the ea t by the Shinnele zone. on the west by the OubitI. on the nOl1h by ElidaI', 

and on the south by Afambo Oi tricts. The district has I I rural pea ant associations ( PAs) and 2 

urban PAs and it is a lowland area with an altitude of about 350 meters above sea level. It ha a 

mean minimum and maximum temperature of 28 0 C and 45°C, respectively. The district is a 

destination for pastoralists from Lone four and neighboring districts of Lone one in search of 

pasturc far their livestock because the district is endowed wIth several large scale irrigation farms 

using Awash River which attracts the pastoralists to fecd agricultural Icriovers . 

A fambo District 

Afa mbo is one of the 8 di stric ts in LOne one. It is bordered on the orth l:ast by Djibouti, 

SOllthwe. t by Oubiti the cast by Shl1lnele /.one. on the West and Northwest by Assayita distrIct, 

respective ly. The area is characterized by high humidity and temperature which range between 

27°(' to 45°C. The distric t has one urban and eight rural PAs of which three (Alasa 13 010, 
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. -h I . fth district is between 
lIumodoyeta and Mego) are totally agro-pastoral!sts PAs. 1 e e cvatlOn 0 c . . 

. 20 'f'h I' I ' 'moe of the dIstrIct 280-850 meter asl with average annual tcmperature of I mm. e ,inC CO\ C , 0 

. h' h' ·1 f- I d ,tination for Awash 
is abOLit 1 926kl11" and the district i known by Lake Abbl W IC IS t 1e IDa e 

River (ARFEB, 2007). 

rem District 

Tenl district has only one livelihood zone in Teru Pastoral livclihood zone. Teru district is one of 

the 32 districts with in afar-National regional state in zone 4. The district has border with Afdera 

in the North, with AWlIra in south, Dubti in the ea tern and with Golina, Yalo. and Megallt: at 

west, With Erebti at North East. Teru is located about 350 Km from Semera. Teru Worcda is 

established with 12 Kebeles. The principal livelihood of the 12 Kebeles' people is pastoralism 

whose economic set up is based on extensive production of livestock. The topography IS nat and 

mountainous landscape. It is found in the low land of Afar. The climate is and wit minimum and 

maximum temperatures of 28°c and 50°c. respcctively. The woreda has two main rainy seasons, 

karma (July-Sept) and sugul11 (March-April) and also shon rainy sea. on called Dadaa WIth in 

January. There arc dry seasons called Gillal and llagay. Gillal season is relatively colder than the 

others season. The annual rainfall IS fi'om 200111111-800I11m. There arc no perennial rivers . The 

main water sources are seasonal rivers, Ela, and pond. The woreda IS covered by sparse Ac(;aeia 

species and extensive grazing land (ARFEB, 2007). 

Awura District 

Awura district has only one livelihood zone called Tem pastoral livelihood /.one. Awura district 

is one of the 32 districts with in Afar National regional state found in 1'\onhern Afar, bordering 

Golina and Teru Woreda in the NOI1h, Golina and Kobo (Guraworke) in the West. Ewa in the 

soulh and Dubti and Teru Woreda in the East. It is 250km from Semera. Awura district has 

3096km2 1and coverage and it is established with cleven kebcle centers. The tOlal 'population of 

the woreda IS aboul 28,704 frol11 this 53% male and 47% female. The principle Ii vel ihood of the 

people is paslOra lism whose economic set up is based on extensive production of livestock. Some 

kebeles practice agricultural activity and they are on the transit to agro-pastoral. The climate is 
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generally arid to semiarid with high temperature. The woreda have two majn rajny season Karma 

(July-september) and Sugum (March-April) and also a short rainy season caJled dadaa between 

January and February. In addition, there are two dry seasons Hagay (April-July) and Gillal (Sept­

Feb). Gilla is relatively a colder season and Hagay the hottest season (ARFEB, 2007). 

Samplinlj Woredas ot far Rellion 
Mambo 

Figure 1: The Map of Afar region showing the locations of the study areas 

35 



3.2. Study population 

Th ' . d I" A .' R ' (" n' one) wert.: 687.:51, e approxImate number of sheep. goats an came s 111 \\ CSI- esu zo e 

1'1 . I' RCSll (zone four) 
1,083,567 and 165,776. respectively «(SA 2010/ 1 I); Wli e 111 'anteyna . 

. 13£ 770 1 I'" "ist in the area and approxImately 418,206 sheep. 398.127 goats and t). _ came popu dl10ns ex. ' 

this was considered as study population (ARFEB. 2007). Sheep. goats and camles "hich \vere 

above 6 months of age. with no history of vaccination again ·t brucellosis were included in the 

. tudy. Then individual animal age. species, sex category and noek iLe wen: recorded. 

Afterwards, herd size per household was classified as (S 30 and >30 for small ruminants) and (S 

20 and >20 for camels). Moreover, ba ed on their sexual maturity small ruminants and camels 

were classified in to (S 2 years: >2 years) and ( ~ 4 years: >4 years). respectivcly . 

3.3. Study design 

A cross-sectional study design was conducted from ovembcr 20 II to April 2012. to determine 

the seroprevalence of brucella infection in sheep. goats and camel 111 eJected pastoral and 

agropastoral residences of the Afambo. Assayila, Awura and Teru di tricts and to identify 

potential risk factors associated with seroposItivity. First, four districts and about 30% PAs per 

district were selected purposively due to easier accessibility and huge sheep, goat and camel 

populCltion. At the present there arc 7. II. 9 and 12 pastoral associations (PA) in Afambo, 

AssayitCl, Awura. and Teru districts, respectively. PA is the lowest administrative unit within a 

district that was considered during the survey. Moreover one hundred twenty randomly sclecwd 

pClstorali sts were included in the study. Samples were collected Clnd qllestionnClin:s were 

administered to each randomly selected livestock owner (Table 3). 
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Table 3: Study population and sample size per district 

Livestock popuilltion Animlll slll11plcd '" '- -<:) :: 
in the districts* per distril'l <:.I 

'" '" ~ '0 

< <: 
'0 "0 .D § ti c.. c.. OJ E 'i: 
<.> 01 0. I!J Co 

~ E Co 
OJ '- '- <:i 

... 
<J E " ~ '" :: 0 0 <.J '" " 0 '" <-0.> '" OJ '" i': 0 .~ 0 0 0; -< OJ -c 0 '" -c 0 U ... 

N Ci Z. 7. C/l G v C/l 

'" c.. '" 
12152 15592 1137 100 237 60 30 

Afambo 7 4 Alasabolo 
Mego 
I-l ull1odoyeta 
Deka 

Assayita II 3 Galifage 16943 23086 13277 69 193 151 30 

Ilenele 
Unniytu 

4 Awura 9 3 Deril1l 114952 131040 29668 110 128 100 30 

Lekoma 
Mesgid 

Teru 12 3 Uidolul 209552 233093 2966R -15 168 150 30 

Asabera 
Alelo 

Total 39 13 324 726 461 120 

• ARFEB, 2007 

3.4. Sampling method 

Multistage sampling technique was used in the survey of sheep, goat and camel brucellosis . The 

PA was regarded as primary unit, the herds as secondary unit and individual animals as teniary 

units. An average of 30% of small ruminants and 40% of camels aged 6 month and above were 

picked randomly from each selected herd till the calculated sample size ha ' achieved. 

Sheep, goats and camel herds in 13 PAs from four districts were sampled during the study based 

on thc livestock population of' each district. In order to determine thc desired sample si;re or 

heep. goat and camels. there was no past knowledge about the previous year's prevalence or 

bnlcellosis in the districts except the 0% (n=32) report by Ashenafi el al. (2007) in small 

ruminants of Assayita . lienee, the average expected prevalence rate \\as assumed to be 50'l-'o for 
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· _'., t1, the formula 
the area wnhin 95% Conlidenee Intervals (CI) at)% desln:d accunlcy. Sub~cqucn ). 

used to calculate sample size (n) was as follows: 

n = 1.962 x Pc', x (I-PcJ (Trusfield.2005) 

d~ 

Where n = sample size, d '= desired absolute precision (0.05). Pc, = expect cd prcvalence (50%). 

thus the dcsircd samplc sizc for 1\, = 0.5 is n = 384. But. it was safe to innate thc ample size by 

two to three folds as far as practically possiblc. Hence, n = 1150 small ruminants and 11= 46 I 

camels were sampled. Sampling was proportionally distributcd bascd on the total small ruminant 

and camel population in the study districts and PAs. (Table 3). 

3.5. Study methodology 

3.5.1. Questionnaire survey 

Verbal consent was obtained from the rcspondents and the objective of the survey explained to 

thcm before start of the interview. The interviews were conducted in local language (Afar). One 

hundred twenty randomly selected livestock owners from the f'aur districts were interviewcd by 

using structured questions . Two questionnaire f'annats: one for serum sampled IIldividual animal 

history and the other structured questionnaire f'annal for herders were developed and used in this 

study. The questionnaire focused on animal feeding and housing practices. knowledge about 

zoonotic diseases, habit of animal product consumption and handling, and dead-animal/ aborted 

foeti disposal practices. In totaL 120 pastoralists from whom their animals tested for brucellosis 

were interviewed. By doing so, risk factors that have possible association with the brucellosis 

OCCUITence were investigated and used to support serological result. (Annex 3 and 9). 
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3.5.2. Serological survey 

Blood samplcs were collected from jugular vein of each anll11al or ~eketed herds u~ing plain 

. I' Thcn serUIn was 
vaeutamcr rubes. The blood samples were allowed to c ot at room tcmpcraturl:. . 

. h b ' . t d . 'ra werc stored at 20°(' separated from clotted blood by decantmg to ot er tu es. cpara e se . 

until laboratory test was performed by both RBPT and (,FT (Annex 4). 

Rose Bengal Plate Test (RBPT) 

The modified Rose Bengal Plate Test (mRBPT) was done in SC1l1cra RegIOnal Veterinary 

Laboratory m order to screen positive amples by RI3PT using RBPT antigen (lnstillle POllrqUier 

325, rue de la galcra 34097 Montpellier eedex 5. France) Po. itive sera were then rete ' ted US1l1g 

Complement Fixation Test (eFT) at the ational Veterinary Institute (NVl). Debre Zeit. Samples 

were considered positive for bmcellosis If they were positive for RBPT and eFT (Annex I & 5). 

For the mRBPT, the procedure described by Alton el al. (1975) was followed . The sera and 

an tigen were taken out from the refrigerator and len at room temperature for at least 30 minute. 

before the test was done. Then, 75 ).II of test sera were dispensed on em;h of the 12 Circles of the 

plate . The antigen bottle was gently shaken and a drop or RHPT amigen (25 ).II) \\as placed 

alongside the serum. The antigen and erum were mixed thoroughly using applicator stick and 

the plate was rocked manually for about 4 minutes. Finally, results were read in a good light 

source or usmg magnifying glass when miero-agglutmations were suspected. 

Reactions were categorized as 0, t , ++. +H , according to Nlel en and Dunkan (1990), where: 0 

" means no agglutination. ; = barely perceptible agglutination (using magnifying glass). -h- = 

fine agglutination, some clearing. and'~ - clumping, definite clearing. ('hose samplcs 

identified with no agglutmation (0) were regarded as ncgallve. whde those with I . I • and ., , 

were regarded as positive (Annex 6). 
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Complement Fixation Te·t (CFT) 

. tandurd Brucella Positive sera with RBPT were rurther tested with CFT for confirmatIOn uSlIlg 

"'I ' t) UK) -I'h · eFT test proper and abort liS antigen ( ew Ilaw, Addleston. Surrey K I 5.> D. . C • 

. d I' db ' Altonelal (1975)and reagent preparation procedures were followlIlg the proce ures out me ) . 

d b I· • th> b 'ginnino of the OlE (2000). The 1% shcep red blood cells suspensIOn \\ as prcpare cor\;; e l: ::> 

test. Test . era with ~50% sedimentation at a dilution of 1:5 and above are consIdered to be 

positive. The reading wa as completc fixation (no hemolysis) with watl.!r clear upematant was 

recorded as + -t- + +, nearly complete fixation (75% clearing) as r -+ 'I . partial hemolysi . (50%) , 

, and some fixatIon (25% c1earmg) as +. Completc lack of fixatIOn (complete hemolysis) was 

recorded as O. For positive reactions final titration was recorded. 

Sera with strong reaction. more than 75% fixation of complement (3+) at a dilution of 1:5 or at 

least with 50% fixation of complement (2~ ) at a dilution of I : 10 and above were classified us 

posllive (OlE, 2004). The test was examined by the eye; sedlll1entation of the sensitized Rl:3Cs 

was considered as positive and the eompletc Iysi ' of the sensItIzed RBCs was taken as negative 

(Annex 2 & 6). 

3.6. Data Processing and Statistical Analysis 

The data were summarized and indiVIdual animal level seroprevalence was calculated on the 

bases of RBPT and CFT pOSItive results divided by total number of animals tested. Coded data 

were stored in Microsoft Excel 2007 spread sheet and transferred to SPSS(it Version 16 for 

statistical analysis. Descriptive and analytic statistics were computed USlllg softwan: SPSSI.K V 16. 

Logistic regression and Chi-square test (X2) were employed to sec the association of risk ractors 

with that of' seroposillvity to brucella antIbody; the degree of association was computed lIsing 

Odds ratio (OR) and 95% confidence interval (el). A test value was considen:d as statistically 

significant when P< 0.05. Odd ratio (OR) was used to indicatc the degree of' risk factor 

association with the disease occurrence signified by 95% confidence intervals. Odds rallo IS the 

ratio of the odds of disease occurring among individuals exposed to a variable and the odds of the 
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disease Occurring among individuals not so exposed (Thrusfield, 2005). Variable reduction was 

perfonned by filling univariate logistic regression for each cOI'ariate and variables with p-value > 

0.25 were dropped. 
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4. RESULTS 

4.1. Scroprcvalcncc of small ruminHnt and camel brucellosis 

A total of 1050 and 46 1 sera samples were collected from 132 and 100 herds of small ruminants 

and camels. respe<:tively with no history of previous vaccination against brucellosis. Out of 1511 

tested animals; 164 (10.9%) werc found positIve with mRBPT. Out of these. 147 wcrc positivc 

with eFT. Thus, the subsequent data analyse wcre based on the one hundred fort~ scven sera 

that were positive to both the RBPT and eFT test results . An overall 1l1dividual animal level 

seroprevalence of 9.73% (147/ 1511) was recorded from sheep. goat and camels of the study area . 

Thus, the number of seroposi tive sheep, goats and camels in study districts wa 7.1% (23 /324). 

13.6% (991726) and 5.4% (25/461). respectively . Thi difference in seroprevalencc between 

species is statistically signi [icant (X 2=24.91. P<0.05) . In addition the herd level seroprevalence of 

51.1 % and 24% were found in small ruminants and camel, respcctively . There was no 

s tatis tically significant differencc in scroprevalencc betwecn the administrative locations 

(P>0.05) (Table 4-5) . 

Table 4: I (erd level seropreva(ence of small ruminants and camel brucellosis in the study area 

Zone District Species Number RBPT eFT lieI'd Level 
tes ted posit ive posi t ivc 

(%) (%) 
:--lumber Tes ted Posi ti ve ('Yo) 

One 1\ fambo Ovine 100 12(12) 9(9) 
eaprinc 237 34( 14 .3 5) 30( 1266) 43 22(5l.16) 
Camel 60 5(8.33 ) 4(6.67) 16 4(25 .00) 

I\ssayita Ovine 69 5(7.24) 4(5J~) 

Caprine 193 32( 16.58) 30( 15.54) 33 17(51.5) 
Camel 151 6(3.97) 5(3.31 ) 34 5(14.71) 

Four I\ wura Ovine 110 4(3.64 ) 4(3.64 ) 
Caprine 128 18( 14.06) IS( I 1.71 ) 29 12(41.38) 
Camel 100 6(6) 6(6) 19 6p 1.58) 

Teru Ovine 45 6( 13.33) 6(13.33) 
Caprine 168 25( 14.88) 24( 14.28) 27 17(62.96) 
Camel 150 11(7.33) 10(6.67) 31 9(29.03) 

Total Ovine 324 27(8.33) 23(7 . 1) 
Caprine 726 109(15.01 ) 99( 13.64) 132 68(51.51 ) 
Camel 46 1 28(6 . 1 ) 25(5.42) 100 24(24.0) 
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4.2. Effect of risk factors on scroprcvalcncc of small ruminant and cam el brucellosis 

TI . . II '· . 1 . I . 1 <'he~r or camel. lIS study showed a higher seroprc"a lenn: of bruce OSIS III goat~ tlan CltlCr II • 
-1' \ . h I - 10 ' I ' 'llh'l ~tatl,t)(:alh le prc \ alenc\; wa ' 13.601t) 111 goats, 7.1% III S ecp. ant ) ..... II 111 came S \I , . • 

signilicant ctitTen::nce (X" = 24.9 1, P < 0.05) (Table 5). Similarly. the prevalence or brucellOSIS III 

small ruminants was found to be higher in the adult animals of both species than in the younger 

ones and it is statistically significant(X"= IO.54. P < 0.05) ( Table 6). Morc(ner in small 

ruminants the association of large Ilock sill' and seropositivity i statistically significant (X c = 

10.47. P < 0.05) Crable 6) A scroprevalence of 15. % was observed in adult goats gr.:atcr than 

two years old which IS tatistically significant (>;::= 10.81. r <0.(5): \\ohile only 5.7<\0 ofscra from 

the young gave positive result (Table 7) . Moreover. the differencc in seroprcvalenee between the 

sex groups of goats was statistically significant (X 2= 6.6 J. P <0.05). I Jowcver. tht· seropn.:\ alenee 

of brucellosis in female and male shcep was 7% (n=20) and 8.6% (n=3). respcctively. but nl) 

statistically significant di fferenee (X ~ = 1.629. r > 0.05) and (X l == 0.169. P > 0.05) wa~ observed 

in the prevalence of brucellosis between male and fcmale animals and ditTer~nt age groups 

respectively (Table 8). 

Of camels under different age groups, the reactor rates of age 'S -+ years old and > 4 years o ld 

we re 1.6% (31187) and 8% (22/274). respectively. As In Crable 9), the Chi-square test lor the 

associa tion of risk factors with seropositivity indicated that hcrd size (X2=7.024. I) <0.05) was 

significantly associated whilc sex was not significant P >0.05. 

Ta ble 5: Chi-square test showmg thc cumulative effect of the three species with bruccliosi . 
reactivity 

Variable No. sampled Complement Fixation Tes t 
Positive (01.,) Chi-square P-vllluc 

Distri ct Afa lllbo 397 43( I O.g) 3.37 O.Dg 

Assayita 413 39(9.4) 
Awura 338 25(7.4) 
Tenl 363 40( 11 ) 

Species Goat 726 99( 13.6) 24.91 0.001 
Sheep 324 23(7.1 ) 
Camel 46 1 25(5.4 ) 

Sex Male 255 19(7.5) 1.81 0.178 
Female 1256 128( I 0.2) 
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Table 6 : Associat ion of risk ractors with brucellos is reacti v ity in mall ruminants 

Vari a bl e C at egory No. sa mpled Complem ent Fixation Tes t 

Positive (%) C hi-squ llrc 
p-va lu c 

Zone 49(10.9) 0.44 
0 .50 

4 451 

I 599 73( I ~.2) 
O. IR7 

t\fambo 337 39(11.6) 4 .S 

Assay ita 262 34( 13) 

Awura 238 19(8) 

Tent 2 13 30( 14. 1 ) 

Species Goat 726 99(13.6) 9.32 0 .002 

Sheep 324 23(7 . 1) 
Sex Male 204 16(7.8) 3.52 0.06 1 

Female 846 106( 12.5) 
t\ge <2 years 200 10(5 ) 10.54 0 .00 1 

>2 years 850 112(13 .2) 
Flock size <30 animals 462 37(8) 10.47 0.00 1 

>30 anima ls 588 8S( 14.5) 

Table 7 : Association orrisk factors with bnlce llosis reactiv ity in goal in the ludya reas 

Va riablc Catcgory No. sampled Complement Fixatio n Tes t 

Positive (%) Chi-square P-va lu c 

Zone 430 60(14) 0.90 0.764 
4 296 39( 13 .2) 

Dislri ct t\fambo 23 7 30( 12 7) 23.43 0.054 
t\ssayiw 193 30(15.5) 

t\wura 128 15(11.7) 

Teru 168 24( 14.3) 

Sex Male 169 13(7.7) 6.6 1 0.01 
Female 557 86( 15.4) 

Age <2 years 158 9(5 .7) 10.81 0.00 1 
>2 years 568 90( 15.8) 

Flock si.~e :::30 animals 3 13 3 1(9 .9) 6.50 0.01 1 
>30 anima ls 4 13 68( 16.5) 
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Table 8: A ssociation of risk factors with brucellosis react ivity in sheep in the study a reas 

Variable Category ~o. sampled Complement Fhution Test 

I}ositive (% ) Chi-square p-\ alue 

Zone 169 13(7.7) 0.189 0.664 

4 155 10(6.5) 

District Afambo 100 9(9) 5.377 0.146 

Assay ila 69 4(5.8) 

Awura 11 0 4(3.6) 

Teru 45 6( 13.3) 

Sex Male 35 3(8.6 ) 0. 169 0.719 

female 289 20(6 .9) 

Age <2 years 42 1(2.4 ) 1.629 0.202 

>2 yt:ars 282 22(7.8) 

Flock size <30 animals 149 6(4) 3.947 0.047 

>3 01l1ll111a ls 178 17(9.7) 

Table 9: Association of risk factors with brucellosis reactivity in camcl of the st udy areas. 

Variable Ca tegory No. sampled Complement Fixa tion T est 

Positive (%) Chi-square P-value 

Zone 211 9(4.3) 1.017 0.3 13 

4 250 16(6.4) 

District A falllbo 60 4(6.7) 

Assayila 151 5(3 .3 ) 2.011 0.57 

AWL!ra 100 6(6) 

TerL! 150 10(6.7) 

Sex Male 51 3(5.9) 0.024 0.878 

Female 410 22(5.4) 

Age <4 years 187 3( 1.6) 8.945 0.003 

>4 years 274 22(8) 

Ilerd size 520 animals 265 8(3) 7.024 0.008 

>20 animals 196 17(8.7) 
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4.3. Univaraite logistic regression analysis of risk factors 

4.3 .1. Effect of risk factors on small ruminants 'croprcvalcnce 

The univariable logistic regression analysis of the putative risk factors showed statistically 

significant (P <0.05) difference on brucella reactivity between small ruminants with :mall and 

large herd size. Odds of brucellosis reactivity among herds with> 30 animal was 1.79 (95% CI: 

1. 14-2.82) and 2.56 (95% CI : 0.984-6.68) in caprine and ovine, respectively as compared to herds 

with :::30 animals. Furthermore the univariable looistic rcoression analysis sho\\ cd that brucella , ,::, 0 • 

reactivity was significantly different among the different age-groups of goats. Thus. the reactivity 

was significantly higher in age-groups within >2 yecw (OR=3.12. 95% ('I : 1.533-6.337: P <0.05) 

as compared to animals under or two years of age. Moreover, the results of univariablc logistic 

regression howed that geographical location (zone and district) of sl11dy animals, and scx of 

animals had no Significant effcct on the overall seroprevalence of ovine bnlcellosis (P >0.05) 

Crablc 10 & I I) . 

Table 10: Effects of risk factors on the individual level sera-prevalence of 'heep and goats 
brucellosis 

Complcme nt Fixa tion Tcst 
Variahl c Ca tego ry Species of a nim als 

Capr-in c O vinc 

O R 95%CI P-valu e OR 95°I.,C I P-va lu e 

Zone 4" 

1.069 0.693-1 .648 0.764 1.208 0.514-2.841 0.664 

Dist rict Tenl' 

Alambo 1.12 0.645-2 .049 0.64 1.56 0.52-4 .67 0.431 

/\ssayita 1.1 1 0.62-1 .98 0.74 :!.50 0 .66-9.43 D. 176 

Awura 1.26 0.641-2.56 D.5:! 4 .08 1.09-15 . 15 0 .037 
Sex Male 

Female 2.19 1.19-4.04 0. 12 1.26 0.35-4.48 0.720 
Age <2 years' 

>2 years 3 12 1.533-6.337 0.002 3.469 0.455-26.44 0.230 
Flock size <30 animals' 

>30 animals 1.79 1. 14-:! .82 0.012 :!.56 0.984-(>.68 0.054 

• Reference category 
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· t' brucello' ls 
Table II : Effects of risk factors on the overall sero-prevalence of small rUl1llnun -

Risk Factors Complement Fixation Test 

Variable Category OR 95 %C I p-"alue 

Zone 4' 0.50 

1.14 0.78-1.67 
District Teru' 0.19-1 

A fa III bo 1.25 0.75-2 .09 0.3 7 

As 'ayita 1.09 0.6S-I.X7 0.725 

Awura 1.89 1.03-3.47 0.0-1 

Species Sheep' 
Goat 2.07 1.29-3 .32 0.003 

Sex Male' 
Female 1.68 O. 97<~ . 92 0.063 

Age <2 year' 
>2 years 2.88 1.48-5.61 0.002 

Flock size :-::30' 
>30 1.94 1.29-2.92 0.001 

• Rcference c<llcgory 

4.3 .2. Effect of risk factors on camcls seroprevalence 

The univariable logistic regression analysis of the putative nsk laclOrs showed statistically 

significant (OR= 3.05, 95%CI: 1.289-7.22, P < 0.05) difrerence on scroprevalcnce of brucellosis 

betwcen camels from herds > 20 animals than those with less than or equal to 20 heads. In 

addition the analysis has found that sero-reactivlty was significantly different among the different 

age-groups . Thus, it was significantly higher in age-groups >4 years old (OR=5.354, 95% CI : 

1.579- 18 .158; P <0.05) as compared to animals S 4 years old Crable 12). 
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Tablr 12: Effects of risk factors on the ovcrall individuallcvcl scro-prevalence of camel 

brucellosis 

Variable Category Complement Fixation Test 

OR 95%CI P-va ilic 

Zone 4* 
1.532 0.664-3.546 0.316 

District Teru* 
Afambo 0.301-3 .321 
Assayita 2.087 0.695-6.25 0. 19 

Awura 1. 12 0.393-3 .18 0.833 
Sex Male* 

Female 1.10 0.318-3 .82 0.878 

Age <4 years* 
>4 years 5.354 1.579-18.158 0.007 

!-IeI'd size g O* 
>20 3.05 1.289-7.22 0.011 

'Reference category 

4.4. Mli lti variabic strpwise logistic regression analysis of risk factors for brucella reactiv it)1 

Thc difference for age-group, sex and herd size bascd infection rates observed in eaprine In the 

initial logistic regression model were also found evident after the control of confounding factor ' 

in the stepwIse multivariable logistic regression analysis. On the other hand. in ovine only nock 

size was used while sex and age of animals wcre excluded from the model indicating that both 

were not significantly affecting ovine's reaction to brucellosis. But the cffeet of the variable in 

small ruminants had different scenario. [n camels only sex of the animals was omitted but age 

and herd size become evident. 

Of the di fferent risk factors which appearcd significant for thc stepwisc logistic regression model 

were age-groups [significantly high reactor rates in caprine >2 years old (OR - 3.1. 95% CI: 

1.498-6.258; P<O.05) and camel of >4 years old (OR=4.935, 95% C'l: 1.45- 16.82: P<O.05) as 

compared to camels of ::54 years old I. 
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. 0 frol11 larger 
In addition bmcellosis sero-positivity was significantly higher in animals COI11In

o 

, . . d' h ' d herd size were 
herds 01 small ruminant (OR==1.9. 95%CI: 1.23-3.02); this 111 Icate t at age an 

. . .. ,' II '. .' l ' bl I ~ b'l ,-how: the result of significantly affectll1g animals reaction to bmce OSIS test. a e -' e 0\\ ~ _ 

. . f' k f' db' -llosi n.:activity of stepwise multivariate logistic regression analysIs 0 rlS actors un ruce -

sheep. goat and camel in the study area. 

Ta ble 13: Multivariable stepwise logistic regression analysis ofri k factors 

Species Variable* Complement Fixation Test 

OR 9S%CI P-value 

Carrine Female 2.075 1.12-3.8':- 0.021 

>2 years 3.061 1.498-6.258 0.002 

>30 nock size 1.91 1.23-3 .02 0.006 
Camel >4 years 4.935 1.45-16.82 0.011 
Caprine and Ovine Caprine 2.361 1.458-3.825 0.000 

Female 1.785 1.018-3.13 0043 
>2 years 3.132 1.595-6.149 0.001 
>30 nock size 2.036 1.348-3.075 0.001 

Camel _ Caprine and Ovine Caprine 2.754 1.746-4.342 0.000 

*The Reference ca tegorics were omitted to avoid repetition 

4.5 . Results of questionnaire survey 

In the study area above 75% of the interviewed pastoralists own mainly sheep. goats and camel 

with diverse numbers . Accordingly 61 % (741120). 25 .8% (311120) and 7.5% (9/120) of the 

respondents keep camels either with both small ruminant species or either of the two or wtth 

cattle. In addition the community most of a time kcep these species together at browslllg. 

watering. night enclosures and during migration(Annex 8). Very few respondents (301120- 25%) 

agreed with the idea that some diseases can be tran mitled from animals to humans. A relatively 

high proportion of the respondents acquired the knowledge about zoonotic diseases Crom elders 

66.7% and from their personal observation 33 .3% (10/30). Out of those having awareness about 

zoonotic diseases, large proportion of respondents (73.3%) indicated meat and milk as a vehicle 

for disease transmission to humans. Only a few people responded that loonotic pathogens could 

be acquired through direct contact and inhalalion Crable 14) . 
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Ilundred percent of the respondents consume raw milk which contributes to disease transmission. 

Above three-quarters of the interviewed pastoralists in the study area reported practicing at least 

one activity considered at risk for transmission of Loonotic diseases. These activities werc mainly 

related to handling animals and their products (assisting delivery. disposal of aborted 

pulling of R FM) and consumption of raw animal products (Table 15) (Annex 7). 

fetus. 

Speci fic factors associated with existence 0[' bnlcellosis were assess~d. Out of' 120 r~spolldents. 

118 reported that they had observed a ease 0[' abortion or retained fetal membrane in animal. 

Moreover history 0[' abortion during the last one year in the ir herd was reported by 83% of the 

respondents. Eighty two percent of them leave the aborted materials where they find it and 9% of 

them give it to dogs or wild scavengers Cfable 15). 

Table 14: Awareness about Loonotic transmission or livestock discas~s 

Issues raised Res ponse Ca tegory 

Know how about diseasc transmission from Yes 
animal to man No 
Source of Knowledge Elders 

Personal observalion 
Vehicle for discasc transmission Meat and Milk 

Direct contact 
Inhalation 

Knowlcdge about infccliouS diseasc (Brucellosis) Ycs 
No 

Encounter Abortion or RFM Yes 
Ab0l1ion history in the past I ycar Ycs 

No 

*the percentage docs not sum to 100% beeause all responses are not shown. 
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umbel' of 

respondents (%) 

30(25) 

90(75) 

20(66.7) 

10(33 .3) 

22 (73 .3) 

5( 16.7) 

3( I 0) 

103(85.8) 

17(14.2) 

1 20( 1 00) 
100(83 .3) 

20( 16.7) 



Table 15: Animal products handling and conslImption habits 

Issues raised 

Raw milk consumption 

Self protection at handling dystocia and nomlal 
delivery 

Care for new bom 

Method of managing an animal frequently abort 
or fail to conceive 

Method of managing aborted material 

Source of Ram/bull 

Selling of" breeding female 

Reason for sell ing breeding female 

Response Category 

YI.: 

No 

Cleaning 
CUlling the umbilical cord 
I-land feeding weak calves 

Sell 
Slaughter 
Keep 
Leave in the field 
Proper disposing 
Give to scavengers 
Raisc own ram/Bull 
Village 
0\\ n or village 
Yes 
No 
Disease 
Shortage of money 

*the percentage does not slim to 100% because all responses are not shown. 
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.'\umber of 
respondents (%) 

120( 100) 
120(100) 

62(51.7) 

46(38 .3) 

10(8.3) 
37(30.8) 

10(16.7) 

28(23 .3) 
98(81.7) 

I 1(9. 17) 

I 1(9.17) 
70(5lU3) 

41(35) 

8(6.67) 

74(61.7) 

46(38.3 ) 
62( 3.8) 

12(16.2) 



5. DI SCUSSION 

I ' k "conolnIC '111d Loonotl(' In1pllc·.tl'On for the pa~toral ,Ivestoc bnlcello is has significant v , . " 

. , f h · d' t I 11'1;· ' tyles. f'e,·(il·11g habits and management communttres III consequence 0 t elr tra IlOna v v_ 

practices, Ilence, the present cross- ectional tudy was conducted in elected four district of 

Afar region to detemline the prevalence of brucellosis in sheep. goats. and camels and to a sess 

the knowledge of the pastoral community on the zoonotic importance of the di ease, 

In this study herd k:vel seruprevalence of 51, I % and 24% were (ound III small ruminants and 

camels, respectively, In contrast to the present finding Kaoud el at. (20 I 0) reporwd a 

seroprevalenec of 26.7% and 18,9% III herds of sheep and goats in I:gypl. n.:spcctively. 

BrucellOSIS was detected III all the four districts of the two zones and the difference in prevalence 

among the Lones and between the districts in small ruminants and camel was not statistically 

significant (P>0,05), It could be due to the similarity in the agro-ecological condition and 

livestock management system III the area , 

This study demonstrated that the overall seroprevaknce of small-ruminant bnlcellosis in the 

study area was I 1.62 %. while the proportion III sheep is 7.1 % and in goat ' 13 ,6% by eFT The 

overall seroprevalenee in this linding is slightly lower than reports from previous works from 

other study areas in the same region. by Teshale el at. (2006) who reported 16%, The overall 

epidemiology of the disease at individual and herd level show wider spread of the disease in 

different species of animals . In J\fambo and Assayita districts of Lone one. antmals are kept in 

confinement around cultivation lields than the other two districts. being the districts arc largely 

dominated by agricultural irrigation uSlllg Awash River. Thi . may be responsible for the high 

prevalence in Lone one a · infection is easi Iy transmitted wllhin the entire herd under this 

management system, Teru and J\wura districts are mostly pastoralist sCltings and arc dominated 

by free range management system, The usc of large grazing sites and ri ver banks as communal 

gnving area for both camel and small ruminants could lavor the spn:ad of brucelloSIS frolll 

small ruminants to camels and from one small ruminant herd to the other. 
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· . .' I ( 1999) reported a 
In sheep, the study is fairl y in agreement with differen t findlllg': Shehll ef (/ . 

- d' d' ·htlatofVc'lIfel o l. prevalence of 6.6% in sheep in igeria. 1I0wever. the f 111 IllgS Isagrl.!c "vII 1 

(2010) who reported a seroprcvalcnce of 1.5% in south Wollo; that ofTeshale el (I/. (2006) and 

01' M'II and Dalifaoe Ashenafi el al. (2007) who reported seoprevalence of 14.6% and 3.2 /0 III I e L e 

d ' · f' . . . . I 1 h . Okoh (1980) reported Istncts 0 Afar regIOn and III Afar region. respective y. n ot er countnes 

a prevalence of 14.5% in Kano as well as Bale el 01. (2003) reported 15 .9% prevalence in a study 

conducted in Northern igeria. The high prevalence of ovine brucellosis obtained in this study 

may be attributed to the management system prevailing in the region where sheep and goats 

graze and housed together. 

Il igher prevalence in goats compared to this finding was reported by Teshale el al. (2006) 

(16.45%), Bale el 01. (2003) (34 .8% %) und Ojo el 01. (2007) (45 .75%) in Afar region of 

Ethiopia, northern Nigeria and Abeokuta. respectively. I lowever. a lower prevalence compared to 

this finding was 5.8% and 9.4% reported by Ashenafi ef 01. (2007) and Okewole el al. (1988) 

respectively. The high prevalence and wide distribution arc not surprising since small ruminants 

are not being vaccinated against brucellOSIS and coupled with the traditional practice of 

communal grazing in most part of the region . 

Statistically Significant difTerence in seropreva lence was observed between sheep and goalS with 

OR= 2.066 (CI : 1.286-3.32; P< 0.05). GoalS were found to be at higher nsk (OR " 2.36: ('I : J.45g-

3.825) than sheep. This finding is in agreement with results of Omer el al. (2000) and Radostitls 

el 01. ( 1994). The higher prevalence in goats than in sheep may be in part due to the greater 

susceptibility or goats to Brucella infection than sheep and partly it may be due to the fact that 

sheep unlike goats do not excrete the Brucella organisms for longer periods of time. This can 

reduce the potentia l of the spread of the disease among sheep nock (Radostitis el al., 1994) . 

In thi s study. the preva lence of the disease in male and female sheep was 8.6% (3/35) and 6.9% 

(201l 89), respecti vely but the difference was not statistically significant (['>0.05) . This may be due 

to the small number of male sheep sampled because of the paslOralists keep very Ie\\' numbers of male 

anima ls in the herd. Although it is difficu lt to draw a firm conclusion due to the smaller number of male 

sheep. the lack of di fTerence between the two sexes observed in this study contradicts the established fac ts. 
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. h . I I 'bl t Brucellel infection. II IrS and Zee (1999) have reported that male al1lma s arc es susceptl c 0 

. f h fi d ' ' T' 'h'llc el al. (2006) due to the absence of erythritol. However, In support 0 t e presclll In Ings, CS < 

. . h' revalcncc of and Ashenafi el al. (2007) have also reported no observable ell ffercnce In t e p 

brucellosis between male and female sheep and goats. 

I h d · . II " fi d ' f'f' b ' cd b,'t\v"en a~e and n t e present stu y, statlstlca y slgnl leant I erence was 0 serv ~ ~ ~ 

seropositivity 111 goats but not in sheep. In the lalter the reason ma) be 1\;\\ numbt:r of the young 

sheep included 111 the sampling. In goats the overall pre\ alence of brucdla antibodies in the two 

age categories was 5,7% and 15 .8 (X 2
: I 0.81. CI: o.m-0.09) for age category of 6 months to 4 

years and above 4 years, respectively . This result was in con 'i tent with A hcna/i ef al. (2007) 

who reported 1.6% and 5,3% in young and adult small rumll1ants, respectively , 

In addition, this study showed that the prevalence rate ofbrucellosi , in Assayita district was 5.8% 

and 15 .54% in sheep and goats, respectively. The prevalence has increased in the district when it 

IS compared with a prevIO us study donc by Ashena/i ef ul. (2007) \\ ho found 0° 0 In small 

ruminant~ . fhi s increasll1g may be dLle to thc seasonal migration of livestock from Chi/era, 

Awura, Teru and Golll1a to assayita and Dubiti districts of the region in sea rch of colton, maize 

and sorgume leftover as an animal feed . 

Camels are not known to be primary hosts of brucella organisms but they arc susceptible to both 

B. abortlls and B. melifensis (Cooper, 1991). In this study over all seroprevalenec of 5.4% 

(25/461) was observed which was in agreement with thc 5.7% seropreva lence in Afar region by 

Teshome el at. (2003); 4.9% in Sudan by Abu-Dam ir ( 1984); 6.4% 111 Ken ya by Waghcla ef (II. 

(1978); 5.8% by Moustafa ef al. (1998) . Recently, Musa ef al. (2008) reported high prevalence of 

brucellos is (23,8%) from camels kept mixed with n1minalll species; spread of brucello 'is in 

camels depends on the Brucella species prevalent in other animals sharing their habitat and on the 

husbandry methods of the different species (Musa ef al .. 2008). The data presented here suggest 

that the preva lence of bruccllosis in camels of Afar region is generally high . Previous data on 

bruce llosis in camels in thc same regIOn in Amibara district found 11 .9% by RBPT and 7.6% by 

CFT (Wol clegebrel, 20 II ). 
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. . only In sexually 
BmcelloslS infection may occur in animals of all age groups but persIsts comm 

. I d .. ' 'I'tnt to In f(;ctlon 
mature animals (Radostits el al., 1994). Younger allllna s ten to be morc r"SIS < 

• . ' 1', . • (R lostits el al .. 199-1. 
and frequently e1ear II1fectlOns although few latent II1lectlOns may oecllr ac 

W I 
. '1- \'rr b - · ·d bC!\·\CCII a!!,c and 

a ker, 1999). In this study statistically Slgnl J(;ant II lerence was 0 ser\ e -
. .. . f' b II 'b d' . th> tWO age catagortes 

sera po IlIVlty 111 camels. The overall prevalence 0 rllce a anti 0 les 111 e < ~ 

7 d b 2 ," r>spcetively. This 
was 1.6% and 8% for age category of 6 months to _ years. an a ovc yc,lIs. I; 

is in agreement with Agab (1993) and Yagoub el al. (1990) who reported that thc 'eropre\,ulcnce 

of bmcellosls was three to four folds higher among adult camels than young one . 

In the pre ent study, there were more serologically positive reactors among thc female camcls 

(22 /410) than males (3 /51) ; however, the difference was not statistically significant. But, this is in 

contrast with Agab (1993) and Yagoub el ClI. (1990) who reported that the seroprc\'ulence of 

bmcello~is wa two-folds hIgher 111 females compared to males. This finding also disagrees with 

the findtngs or Zaria el al. (1990); Egbe-NwiYI el al. (1999) ; Kudi el al. (1997) ; Adamu 111 al. 

(1999) and JunClldu el al. (2006) all of whom reported higher scro-prevalences or brucellosIs 

among female camel than males. 

In the study area above three-forth of the interviewed pastoralists own mainly sheep, goats and 

camel with diverse numbers . In additIOn the community most of a time keep thesc species 

together at browsing, watering. night enclosures and dUring migration which might create 

opportunIty for the II1ter specIes transmission of the disease. In agreement with this idea 

Mohammed el al. (20 I I) reported that scroprevalence of brucellosIs 111 caml.!ls in eastern I·: thiopla 

kept without other ruminants, with small ruminants and large ruminants were 1.03%, 4.3°0 and 

5.3% respectively. In consistence, Andreani el al. (1982) reported SIgn ificant dtlTerem.:c 111 

Somalia where high chance ofbmcella transmIssIon from ruminants to camels as they live in free 

range proximity in the bush and watering points . In addition. Ismaily el al. (1988) of Oman and 

Radwan el al. ( 1992) of Saudi Arabia have recorded that contact between camels and small 

ruminants were more incriminated for the transmission of brucellosis to the camels. Moreover, 

Abou-Eisha (2000) observed high seropre\'alcnce 111 camels with the history of shecp and goats 

kept together. 
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b • related with the Factors that contribute for this high prevalence rate m camel may I: 

1· h . ·ul\·t:y re 'ult 61°0 management ystem of livestock in the study area. Accurt mg to t e que 'lIoner s 

. l' 'Ither with both (741120),25.8% (311120) and 7.5% (9/ 120) of the respondents keep came s I: 

. . f the di rfcrent smail ruminant species or either of the t\\O or with callie . . \11 ort:ll \ cr. ml.\lIlg () 

. . " ., h I ( . ) b ., t.:amels and :'l11all species dunng mlgrahon. at watenng or mg t enc osure ' resting etwcl:n , 

. .. I 'b t'ng f:lclOr to tht: rummants was recorded . Consequently. Richard. (1980) descnbed t1at a contn U I , 

' . f . I f' " nd \\atcrin o as spread 01 camel bnlceilosls may be the movement 0 amma s or gnvlng a ,:, 

aggregating the animals around watering point wiil increase the contact between inft:ctcd and 

healthy animals and there by facilitate the spread of the diseast:. 

The questionnaire survey has provided infon11ation regarding the knowlt:dge and practice ' of 

pastoral communities about I.oonotic dlsea~es in the study area. Iligh number of n:spondents had 

no detailed and accurate knowledge about I.oonotlc brucellosis. This 10\\ awart:ness I ' a limiting 

factor if control strategies arc to be Implemented and it also predispose the community for the 

disease, Elders are their main source of knowledge. This may IIldicate paucity in h..:alth education 

rendered to the community. The most important practice potentially supporting transmission of 

zoonotic diseases in the study area were bare hand management of ncw bom. aborted fetus and 

fetal membrane and consumption of raw mi Ik. Aborted fetuses. though rarcly destroyed, arc 

likely to playa rolc on livestock and human brucello~is. Moreover. the maintenance within the 

herd and seiling of frequently aborting females to others and usc or common rams may serve as a 

source of disease transmission . Since the prevalence of brucellosis was relallvely high. 

surveillance and prevention may be warranted taking into account possible animal genetit.: 

improvement programs, unrestricted animal movement in the area and low awareness or the 

community about zoono 'es, which might result In an increased tran. mission to humans. 
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6. CONCLUSION AND RECOMMENDATIONS 

1'1 I b II ' d' IJn:ud and \\c1I-le 'eroprevalellce described in lhlS 'lUd)' ' hl)\\ ~ 11al rllcc OSIS IS a \\ I l:~ 

. . . I I . d 'Ill lhe dlsln~b of established IIlfeclion among goals. sheep and came s u~ros ' Ill.! [\\ 0 lon~~ un < 

. I . f' dr ' d' 'd I . nal scropre\ uknce lhe , rudy area. The mosl important risk faclors It cnll Ie lor In IVI ua anll 

were sex. age, specie ' . and herd ize. Seroprevalence of brucellosis was higher In f\.:males, older 

ages. eaprinc species and animals wilh in large herd SlIC, Traditional animal hu:,bandry and 

management practices arc thought to SUppOl1 the spread of brucellosis in the area. Therefore it is 

highly likely that the di ease spreads to the unaffectcd animals and herds givcn the I.!xtensivc 

productIOn ystem prevailing in the area \ hlch may allow contact of alllll1uls during gra/ing and 

at watering points. Moreover pastoral 1st an; in close contact with their animal. consumption of 

raw milk and handling of aborted materials IS common, Thus. thcre is a need to deSign and 

implement control measures aiming at preventing further spread of the disca 'l.: 111 the region 

through the usc of beller managcment practices, 

Based on thc above conclusions. the following rccommendal1on are forwarded : 

.:. The pa toral community in general should be made aware of the zoonotic potential of 

brucellosis through jOlllt intervention of the vctcrinary and health cxtension serVice, ' 

.:. There is a need for further study to critically asse~s the economic Impact or the disease, 

wh ich emanates from its impact on reproductive and productIOn performance of animal 

.:. Pastoralists in the study areas should be advised regarding the risks of using rams for 

breeding without proper precaution measures such as having a good knowledge about the 

health status of breeding rams . 

• :. Programs and projects In vo lved in humanitarian assistance and livelihood cnhancemen[ in 

the regIOn should work in collaboration so as to Implement test anu ' laughter during 

livestock purchase and dispatch espeCially whl.:n they are lIltended for breeding purpo, e. 
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.:. Further epidemIOlogical studies and isolation and identification of the biotypes of'brucella 

rl!sponsible for infection in the region should be carried out. 

.:. Further detailed cpiclemiologic<ll studies to investigate the link bd\\'cel1 lin:stock and 

human brucellosis and cross infection between eli fferent species in the present study area 

should be conducted. 
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8. ANNEXES 

Annn I : Rose Ikngal Plate Test (RBPT) procedure 

A rapId agglutination slide test 1'01' the detectIOn of Brucello 'pcclfic agglutimn. 

Intended usc 

Bl'llcella antigens are bacterial suspensIOns for use in lide agglutination te ·ts to detect the 

presence of bacterial agglutinins associated with bacterial infection or previoLls exposure to a 

related organism. This slide test is recommended as a screening procedure only to e:tabli h the 

prescnce or ab ence of homologous antibody. 

Principle of the Ie t 

In the course of Bntcella infection with any pathogenic microbIOlogical agcm. a \aricty of 

antibodies are formed . Among these antibodie are the agglutinin . An agglutinin when combined 

with homologous antigen (agglutinogen) under the properly controlled condition is capable of' 

causing agglutination . A suspension of Bmcella possessing active antIgen agglutinates whcn 

exposed to homologous Brucella antibody. This agglutination fonllS clumps of bacteria which 

become macroscopically visible. The Rose Bengal stained Brucel/a antigen is used for the early 

detection of Bntcel/a agglutinIns (Brucel/a Aborl1ls. B. Melilellsis and B. Suis). 

Reagents and serum 

./ Bntcella Antigen, Rose Bengal Stained . 

./ Positive Control. 

./ egative Control. 

./ WhIte Glass slide (or enamel plate) . 

./ Stin-ing Sticks/applicator stick 

./ Micropipelles for dispensing 5-1 OOpl serum. 

Procedure 

1- Allow reagents and serum samples 10 reach room temperature for testing. 

2- Shake the antigen bOll le gent ly to insure a unif'orm suspensIOn. 

R3 



3- Place 75~d sample serum onto the we ll orthe \\ hi te enumd plate 

4- Place one drop (25 pl) or the Rose Bengal C1migl:n onto Sl:rum sumple. 

5- MIx serum sumple with Rose Bengal antigl:n uSlllg Stirring stick. 

6- Repeat the e steps using the po Illve and negati,e controls instead of 'enlln sumple. 

7- Gently shakl: the slide for 2 to 4 minutes (automatic rotator cun also be used) . 

8- Observe for agglutination after 2 to 4 Illlllutes from beginning of shaking (thi I the 

optimum time limit). 

Results 

Negative: 0 agglutlllation 

Po itive: (Presence of Specific Antibodies): Agglutination 

Interpretation of results 

This test is a screening test only for the detection of Brucel/a agglutlnll1s. lrresult is positlvt:: it 

mu t be confirmed by CFT or other scrologlcalte~ts for Brucellosis . Reaction was identified us O • 

. . +., . - I . accordlllg to N Ielscn and Dunkcn ( 1990) . 

• :. 0 0 agglutlllation 

.:. + = barely visible agglutination. using magnified glass 

.:. ++ = fine agglutination some clearing 

.:. ++ ~ = Coarse clumping definite clearing 

Those samples with no agglutination were recorded as negative. while those ' . 

recorded as posi tive. 
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Annex 2: ComplemL:nt Fixation Test (CFT) procedure 

Materials and reagents ror CFT 

Micro titer plates (lJ-shaped). multi-channel and single channel micropipetlcS. pipclle tips. 
, , . " ' C I' d . , wcighing balance. 

untversal bottles ror preparatlOn of solutions. stmer (magnetic), y III eI s. 
, I llcnt hcmolysin 

them10meters. Incubator, water bath, deL:p !i·eezer. centriruge. AntIgen. comp eI ' 

(amboceptor's), control sera, SRBC. veronal burrer. Alsever's solutions and washing burrer 

I. PreparatIon or SRBC [or the hemolytIc system: 

Ten (10) 1111 or SRBC in Aisever's was centrifuged at 2500 rpm ror 5 minutes , 

The supernatant was discarded and replaced by Veronal Burrer Diluents (VBD). 

The sRBC were resuspended in dilucnts completely. 

This procedure was repeated three times . Before discarding the SUpel1lHtant arter the last 

washing, the packed cell volumc was measured by placing an identical rube ncxt to the blood 

containing tube filled up to the level or blood by a measured amount or water, 

By addition or calculated amount o[ water. a 2% sRBC suspension was prepared , 

II. Amboceptor's (Ilemolysin) titTatlOn: 

A, Prepare I :500 dilutions up to 1:8000, 

5 test tubes were prepared 

I ml or VBD was added to test tubes 2-5 

10111 amboceptor's was mixed with 4990111 V13D in the first tube 

1 ml was transfcITed rrom the first to the second up to the last tube and I ml was discarded, 

13 , Prepare 1:750 amboeeptor's and dilute serially up to 1: 12000 

- 5 test tubes were prepared and I m1 of' VBD was added to test tubes 2 to 5 

- lOll! amboceptor's was mixed with 7490 111 VB!) in the first tube 
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d I I waS discarded. 
-I ml was transferred from first rube to second up to fi fIh tube an m . 

put tubes in order of ascending dilution. 

C. 0.5ml was transferred from each of' these test tube to a second set of 10 tubL:S. 

Stan with the I: 12.000 dilution 

D. I ml of VBD was added to each of the test tubes 

E. 0.5m l or 2% SRBC was added to each of the test lUbes and shacked well. 

F. The test tubes were len on the bench for 10minutcs. 

G. I ml or complement at working dilution was added. 

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

I. Result read and recorded. the last lUbe showing complete hemolysis (MHO) 

rhe working dilution of amboeeptor's is four times the MIlO 

III. Evaluation of com pIe men I. 

Freeze dried complement was reconstitliled according to its instruction. 

!I. I: 100 complement was prepared 

Complt:ment was added Into the 9 tubes increaslllg by 5 )J I every time. starting wilh 10)J1. 

- Diluen t was added into the 9 tubes in decreasing amount by 5)J1. starting with 40pl. 

- 25ft! ofdiluents was added into the tubes 

u 
- The test tubes were placed at 37 C water bath for I hr. 

- 25~t! or2% sRBC was added in all tubes 

- 25ft! or amboceptor at working dilution I: I ,000 was added in all tubes. 

(I 

The tubes were properly mixed and put again in the water bath at 37 C for another 30 minutes 
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.. ., . . t(MlID), which wa' 
I he test was read by recording the Mlnln1um Ilcmolytlc Dosc of complemen 

b cont,tins the hili 
represented by thc first tube showing completc hemoly is. The m!xt tll e ' 

Ilemolytic Dose (1-1-10). The complement dilution - 21-'11 D dilution of complement. 

V. Titration of antigen 

Micro titer plate I 

- 25 ~tI ofVI:3D was added in all wells. 

- 25pl prediluted antigen was added to all wells of row A. 

By senal doubling (two fold) dilution 25 pi of antigen \\'a transferred from rem A to 8, 

and again from row B to C, etc until row G by multi-channel pipette. 25pl mixture was dl carded 

from row G (row II will only contain the diluent 

Micro tiler plate II 

- 50 ~tI of VBD was added to all wells 

- 50 ~tl of prediluted (I :2.5) in activated positive control erum was added to all wells of 

columnl. 

- 50 pi was serially transferred by two-fold dilution. from column I to 2 and agam from 

column 2 t03 etc . until column 11 . 50 pi was discarded from column II . 

MIX plate I and II 

- 25 ~tl was transferred from plate II to Plate I. 

- 25~tI of complement in 1:40 dilution was added to all well of plate I 

- Plate I was kept in a refrigerator. covered with second empty plate (cold fixation) 

The following day, 50 pi of 2% sRBC. amboceptor premature, equal volume, i.e. 25 )..II of sR[3(' 

and 25 pI of a I: 100 working dilution of amboceptor was added to all cups. 

The plate was covered With scaling tape, shacked well and kept in \\ater bath at 3/C f'or 
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30 minutes. 

. h h,·t dllutlOn of anllgen 
The la:t well wIth 50% sedimentallon \\ as read and rccorded.1 he Ig \: 

In till:> 
h 500 1 d' I I' ' '' . th rl'oht comcr \·alul'. wll 10 se IlTIentation IS tll! Imltlng anllgen com;cntrallon or e e 

'1'1 ~Oo , sedimental10n 
ca e the corner value was I :25 dilution and was uscd throughout the test. lC) ° 
was taken as one unit and the working dilution of the antigen \vas Zunits. 

The test proper, mUltiple sera tl!ehnique: 

The sera were predidiluted to I: 2.5 and incubated at SoC In a water bath for 3 minute, in order 

to Inac\lvate thl! native complement. 

- 25 ~tl of diluted test sera were placed in wells of first and sl.!cond rows of LJ, bottom platl.!s and 

- 25111 ofVI3D was added to all cxcept those of the lirsl. 

- erial doubling dilution were then made by tran fernng 25~t1 of 'erum from the second row 

onwards eontmumg for at least four dilullons 

- 25111 of antigen diluted to working dilutIon excluding tho e of thl! anti complementary controls, 

whieh received 25111 VBO instead. 

- 25 III of complement at workmg dilution (1 .25) was added to all wells except control ",\!II. 

Control wells contaimng serum - complement I diluent. anllgen control has anllgl.!n ' 

Complement-r diluent, complement control has complement · diluent and hemolytIC 

system has diluent set up 10 75111 total volume in eaeh ease before hemolytic system 

was added. 

II 

- The plate were scaled, Incubated at 37 C for 30minutcs wllh agita\lon 

- 2Spl of sR13C su'spl!nslOn was added to each well. The platl.!s ~"I.!re scaled dnd rl.!lI1eubated at 
o 

37 C for 30 minutes with aglla\lOn. Before readmg the result on the plates Wl!re kfi 111 thl.! 
o 

refrigerator at -4 C for I-hour m ordl!r to allow none lysed cells to scltk. 
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Plates were taken out from refrigerator and \eft at room tcrnperatur~ for 10 minutes 

l~ " f h lys is negat ive 
OSIlI vc reactions were indicated by sedimcntat ion of sR13C and absence 0 emo . -

rcactions by healllolys is of sRI3 C. 

Microplate layout of Lay Out of eFT 
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Figure 2: The Principle of Complement Fixation Test 
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· . .. d notic risk to human 
Annex 3: Questionnaire for the as e 'Sll1cnlS of brucellosIs In anllnals ,\11 LOO 

I. General Information 

Region---------- Zone---------- Distnet------------ P A ------------

LIvestock owner's name 

Livestock composition and number 

Sheep Goats Callie Camel 

What is the purpose of livestock production? 

Milk production 

Drought mitigation 

Ilerd accumulation 

Wealth 

Other 

Ilow do you posItion the species composItIon during herding?-------------------------------------------

Ilow is night rcstIng lor each specIes? 1\ . Separate b. common 

I f common nigh t rest lng, descri be------------------------------------- ---------- ----------- -------- -----------

Where and/or when does your herd get mixed with village herd? 

a. watering b. grazing, c. during migration, d. market e. night resting r. vet clinic g. other 
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II. Public Health importance 

I. Do you know a disease transmilled from animal 10 man? Yes/ NO 

2. I f yes. How do you acquired the knowledge about zoonotic diseases . 

a. elders b. personal observation c. health exten ion d. other 

3. What do you think the vehicle lor diseases transmission to humans?? 

a. meat b. milk c. direct contact d. inhalation e. others 

4. Mention some of the zoonotic diseases you know'! -----------------------------------------------------

5. Have you ever noticed a person with anyone of the above mentioned loonotic disease'! 

Yes/no. 

W ha t were the symptoms? --------------- -------------------------------------- --------- ------- ----------------

6. Ilave you ever assisted li vestock delIvery? Yes I 0 

If yes describe? a. bare lIand b. safe and protected c. others---------------------------------------------

7. Ilave you ever assisted calf birth with bare hand? Yes/ No 

8. If yes. what was the nature of the delivery? 

a. normal b. stillbirth 

9. Who assisted calt' birth most'l Males/ Females 

10. What do you use to protect yoursel f when you encounter/handle aborted material? -------------

-----------------------------------------------------------------------------------------------------------

II. What do think that cause abortion in animuls?--------------- -------------------------________________ _ 

12 . Ilow do you take care for new born? 
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a. Cleaning newborn b. Iland feeding of weak calves' c. Carrymg ne\\ born to home 

13 . llave you ever practiced anyone of the followlIlg aCllVllle'! 

Ik ' mcat a. Milklllg b. slaughtering c. skinnlllg c. choppmg meat d . conSUJl1l1lg raw ml . C 

14. Do you know what brucellosis IS? 

Yes 10 

IS. If yes, which species of animals frequently abort?-----------------------------------------------------

----------------------------------------------------------------------------------------------------

111 Reproductive disease events in the herd (indicutors of brucello 'is) 

16. Ilave you ever encountered a case of abortion or RFM in animal '? Ye 'l No 

17 . I f yes, what month of pregnancy and which species? -------------------------------------------------

------------------------------------------------------------ --- -----------------------------------------------------

18. During last one year, was there any record of abortion III your herd? 

19. If yes, what species 

20. What do you do with an animal that fn:quently abort'? a. Sell. b slaughter, e . kceplllg d. other 

21. Ilow do YOll manage aborted fetu s! fetal membrane? a. l.eave III the field b. di . po ing e . Gi ve 

to dog d. others-----------

22. What do you do with female that doesn't conceive? a. Sell. b. slaughter. c . keeping d. other---

23. What IS the source of' bull/ram? a. hom own herd b. village bull c. others---------------

24. Ilave YOll ever sold breeding f'emales'? (Yesl 0). which spp'?? 

25 . If yes what was the reason of selling? a. Disease b. Infertility e. Shortage ofll1oney d. Others-
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Annex 4: Figure showing sample collection 

94 



95 



96 



97 



98 



99 



100 



9. C RRICUL Ul\l VITAE 

1. PERSO NA L DET AILS 

ame 

Sex 

Date of Birth 

Place of Birth 

Wesinew Adugna l:3ekclc 

Male 

April 211983 

Addis Ababa 

Married 

Ethiopian 

Marital Status 

ationality 

Current Address 
Email: 

Mobil : -2Sl9 l1796r3.-

Fax: 

LANGUAGES 

\\ _'111,\\ ,I <I ~lIlall ';(lill 

\\..:, I1C\\.J Ii ~ aillhl . l', I 

,2 51 336660099 

Amharic (mother ton gut:) 
English: spoken good; written good: reading good 

Computer skill 
Diploma from DOT ET Computer technology 

2. E DUCATION/QUALIFICATION 

2001 to 2005: Veterinary Faculty, Addis Ababa University 
Award : Degree of Vet en nary Medlcme (DVM) 

1995 to 1999: Ye hiberet Fire Senior secondary school, South Western Shewa,Tullu Boli o 
town,Ethiopia. Award: Ethiopian Leaving Certificate (ESLCE) 

3. PROFESS IO AL EXPERIENCE 

,Jul y, 2007 to Prese nt: Semera Veterinary Laboratory Afar Region,Ethiopia 
Position: Initially Serology sectl(m team leader then, from 2009, Microbiology 

Department llead, 
Sept, 2005 to Jun , 2007: Aba ll a Distr ict, Agricu ltu re, Natura l Resource and Environment 

P rotect ion office Nor th cste rn Afa r , Et h iopia 
Position : Veterinary Officer a nd then Veterinary team leader 

101 



4. SIIORT TRAININC COURSES AND WORKSJlOPS ATTE DED 

DHtc 

Fcb.2B-Mar.2120 11 

Dcc, 22/0B-Jan, 15/09 

ebeta 
ov, 20- 30/07 

cp, 19 to Oct 
19/06 

July 24-26/2006, 

July 1-15/2006, 
workers. 

March 29-312005, 

PUBLlCATJO 

The livcsto'k Emergency Guidelines and Stundards (U ,G 
Care Ethiopia. AWHsh cbat Kilo, Afar 

Sample collection and handling Bacterial I olation & Identificuuon. 
Bacterial and vir erology, Patho logy. Aearolog) 

National Animal lie h Diagnostic Hnd I n\ estigation Center. 

EpIdemiology of Can I di . cases. survei Ilance. principles of 
comlllon diagnostic ethods. proper sample collection. handling. 
transpon and submi: ion to diagno ·tic Laboratory. 

FAO, Afar Ihc tqck Rccovcry project, Awash 

Pract ical a 'pect 0 'erology, Bacteriology, Virology, and Laboratory 
imal managem • 

J 'a iOllal Veterinary Institute, Oebere zeit 

Early waming and Food security Concepts. 
ave th e child re n ( K), .\tJ ekele 

Trainer' course for training Community based animal health 

FA O-ALRP, AdamH 

ELISA and Ilemagglutination Inhibition Techn ique. 
Eth io-France Proj ect and NARCH,Oiredcwa 

• Seminar on: Immunopatogenesis of Mycobacterium Infection 
• A seminar on : Autoimmunity in domestic ammals and man. 
• A DVM thesis on: Bovine Tuberculosis an EpidemIOlogica l survey in speciallLed and 

small holder dairy farms . 

102 



10. SIGNED STATEMENT OF DECLARATION 

I, the undersigned. declare that the the is is my origin:!1 work that ha' not been presented for a 

degree in any other university. and that all sources of materials used for the thesi' ha\e been 

dully acknowledged. 

Name: Wesinew Adugna 

Signature 

Date of submission June 2012 

The thesis has been submitted for examination with my approval as University advisor 

Advisor Signature 

Dr. Tesfaye Sisay 

103 



10, SIC 'EO STATEMENT OF DECLARATION 

L the undersigned, declare that the the 'is is my original work that ha not been prescntcd for a 

degree in any other university. and that all sources of materials used for the thesis huve been 

dully acknowledged. 

Name: Wesinew Ad ugna 

Signature 

Date of submission June 20 12 

The thesis has been submi tted for examination with my approval as University advisor 

Advisor Sign'alure 

Dr. Tesf"aye Sisay 

J 

103 




