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in Agam Wouha and Doshegn, respectively The difference on 'iJlage basis was statistical!) 

significant (/= 144.9, df=8. P< 0.001). 

Age specific seropre,-alence increased from 24 2% (95% Cl =- 21.3 - 27.1). in yearlings « 2 

years) to 48.0% (95% CI = 44.7 - S14) III old sheep (> 5 years), The difference \\as 
, 

statlsticall) significant <z-= 31 S. df= ], Pr '" 0.001). 

It ,,-as concluded that bluetongue nrus was circulating in a \\ Ide area of the Amhara 

\:allonal Regional Slah:. north\\estern Ethiopia Thi" IS an indication of end~l1llcJt~ of lh~ 

\irus In the region T\\o nsJ... factor~. agroecl'l()g~ .1I1d age \\('n: founJ ,1'. maJOr delt'rmlll,mb 

ftlr sCroP(\~i1l\ ]I~ 01 bluetongue \ iru~ anubllJlc" 

T'unlwf stud\ tllllhl' hIUi:,'hlllgUC 'Iru" t1n difkrl'lll .1llJlnal species. l'nIOIllClt'::!ll·al "ur\c~", I'll 

the l:liolo':;'K.d \ectllr .... <I\\arl'nCSS ":ft:dIHHl anh'll~ bllth lh(' l1'l·"h1t:J... t'\\nef" anJ .mim,iI 

health pf\'I~" ... llln;:lI". pfl'GIUllOn" dunng (',otic hrced imponalhlll arl' rc(ull1mt:n~cd 
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ABSTRA CT 

t\ ~ero('r idemiologlcal sun'e~ of bluetongue qrus \\'as conducted Wllh the objecmes l lf 

dClcrmmmg the di stnbution and seropre\-alence of hluetongue and putati\c risk factor~ 

as,,;oclateJ \\ lth seroposilivit) in indigenous Ethiopian "heep In Amhara ?\ational Regional 

State . Iwnhwcslern Ethiopia Competiti\e enzyme-linhed IInmunosorbent a5sa~ and 

r('1.:-'<.I11I IIl form31i on using a standard questionnaire formal wen.' used In the slud~ 86(1 

se fu m "dl11 ples "ere collected from indigenous ..;heep and -I:' !l\eslock owners \\(' rl.: 

Illh:f\ ll..' \\eJ "'he stuJ~ wa s undenahen i n three <l g rol..' cll J n~l( al / 1)IlI..'S includIng 10\\\3110 

1l1ll1dk ,tlllwJe cllld highland 

l1li.h\ ILl:,,:' ..1ll1lllai ;l:1J 1l ,1d., le\ eb \\ cre ,...1 
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\. INTRODUCTION 

In Ethiopia. sheep are highly prized animals with significant socia-economic roles. Their 

smaller size gave the farmers many advantages. Sheep keepmg needs low unit costs. which 

makes it easier to stan or expand the holding. Sheep can he kepI in the marginal pieces of 

land holdings. Sheep keeping minimizes hazards due 10 losses during droughts and 

epizootics. The} arc easy to market and this allows meeting unexpected quick expenditure 

(living bank). They are the means of eaming foreign cUlTency through export of them as 

live animal. and their products like mullon and skin. which IS the second export commodity 

next to coffee (ESAP. 1997). Sheep farming also has a social role in the tradition of 

Ethiopian people, in religious context. In holydays and fea ... ts. like the Ethiopian Ne\\ Year 

and ceremonials. sheep is the most accepted animal for ritual sacrifices. 

Li\l~~tock diseases inflict a hea\~ loss on the sub-sector Apart from high rnortalil~. thl;'~ 

affect fertiht). growth rate and produces. Se\'eral dist:J"'es ha\c se\erely limned the 

h\cstock production and export potential of the counl~ (APHIS. 2003). 

BluetolU!tK' (8T) is a nOI1-contae.iolls. yector-borne. liM :\. 'Iral disease of ruminants (OI I~. - -
~OU~) . Sheep are the most clinically affected IlL1StS. B!uetoll.!:"!ue \\as first reportcd more than 

1~5 years ago with the introduction of European brc\!J .... llf sheep into southern .\fnca 

(\\'alton. 200 .. t). Non-nati\'e sheep experienced J SI;" ere le[lrJle di sease \\ ith high morbldll~ 

and mortality (Seifert. 1996: CIDRAP. 200·n Bluetongue virus (BTV) strains ha"e neen 

Identified in man) tropical and temperate areas of the \\orld .... Illce that time from latilUdt: (Ii 

appro\imately 500 N to 35-:S (Lundervold et al. ~OU'. Shringl and Shnngi. ~()U5). 

HO\\e\er. bluetongue disease is a phenomenon of rummanl .. in the temperate zones. There 

I ... httlc. if any. clinical diseast;' reponed in the tropical and subtropical areas of the \\orld. 

~xcepl \\ hen non-l1ati"e ruminants were introduced ]1110 J \ lrus·cndemic area At least ~-l 

serot)pes of bluetongue virus ha\e been d~scribeJ internauonall~ (O lE. 200~: " ·aiton. 

200~ 1. While (he viruses are classified antigenicall) and ta\.l)!1omicall~ as bluetongue \·Irus. 

each serotype is unique and mayor may not cause the diseas~ (FAD. 2003: DIE. 200~). The 



bluelOngue v iruses are transmitted amo ng ruminant s by competent vecto r spec ies of the 

genus Cu/icoides, \\ h ich are 1-.110\\11 as b it ing gnats or midges (T\\ eddlc, 2002: C IDRA P, 

~004, \ \'ahon , 2004) 

Bluetongue can cause spectacula r d isea se outbreaks and the Offi ce Internati onal des 

Epizooties (O lE) categorized it as list A d isease (Ol E, 2004 ). The \\'TO SPS agree ment and 

the OIF Internatio nal Anima l l lealth Code o ut line states that "If a countl) that lies bCl\\ecn 

-l O' ", .mQ 35 's and If that country did n 01 confinn bluetongue \ Iru s clmical infection 11 

shnultll'stablish a surveillance and monito ring program" (Ol E. ~ O{,J ). 

A lu~ lOnglLc \lnlS i~ \\idel~ prc\ alent 111 ,"\In~a It \\a" r~ rlln('J mt'l uumg m l ~ th IOPI<l " 

n~·lghh\'I'>. Ke nya ~nd the S udan III 1 C)09 and Il)RU. r~sre .. ·Il\ ely I hS~l ("/ af 19RO. <"' t'II('I'-. 

IllS I . '\.IT"':,-I1 \'/ III . 1996 ). 1 ht' "eroprl.· \ .lJeJl~I.' rl.' sul", 111 B I \ 111 ..,hcl.'p ,,\1 lell rl.' l'l.lrh.:J ! IHI 

Jldi:rl.'llI \(ri ean Ll'untries (Tahle ::n. ra ng~ fn1l11 I ~ 3' r h) \4 J ° I Kanhal anJ Ik " 11\.1. 

liS I. I i..uc ('/ al.. IQ~ 5 ; Hy era JnJ l.y aruu. Iq9 ~ . \lusuka JnJ Kelly , '201Il)) 

HlllI..'1l1n;;th,' \ \ ;1S tlll ' gi \ 'e n a n entl(lll in h hlOplJ umil a "t'r\li'n:\a!cnce (\1467°/01 11 lJI \\,1" 

1c,'''l,'I'1t'J III ,llI.·ep ,n three agh1\,.·co!0glca! arl."l:-' III CI,.'ntr.li ,. IhlllplJ ! \ \ n IJI.·!llI.·"h'l ,f "I 

" lU) 1 hal ~lUd\ · hl1U.:;h tIll ollimi tcJ Ilumh ... ·! ,j S:Ulll'h:" "'lllk":h..' ... ] 1lIIll,>;~>;tt,;\1ld I H .... a, 1,1' 

\IILI" Illh'Il'..! Jllmc-.tlL rum inJ11l'" III Jllh.'TI.'I,! p,tr1:-. \11 'he ... ~1l1J1t;. Ih(' (urrcnl ";III.!, \\.1' 

.k'l!.!lk·J 10 dl.'lenn~nC' Ihe slatu:-. of blut"l('lI1~Ul' \ InT' allll"', 11\,.'" 111 thl' j·thh1rlJ.1l 11l .. 1t~l.'n'lU' - -
',:I.'p f Ilil.' \ mh.I:-.l ' ational Rq! ll1nai "' Iatc Tltlrih\\ 1.'-.11.'11 I 11111,'pIJ. \\ '11..'1"1.' mi l l.' Ih.· .') 

t the 11111('11· ... .;hl.·l.'p rOpUJ.l1ll'll C:'..I'b 1 hl' phll.'d1\l·' <'II till' '-IIIJ.\ \\I.'It' .'" 1"Illl,\'.; 

• 1'1.1 de h..'rmlllc tht' .. iI "tnhutlOn ;l\ld sC[I)prl.'\<.Jiclh':(.' l>! hhk .. ,)JlgUC: \ Inl>; ~rnUr'l \,.',ll'll\ I.' 

J.n IL blld l e~ ~y ag roecoh1gy III tndlgenotl'> ~hcep III \mhJra \ ,lIlOnai Rl.'gillJl:ti o..;UI.: 

JnJ 

• To lind (lUI the pt)~slhk as"ocI3til11l' hCl \\ t't'n til ... prt'.;cncl.' t1t" bluelongul' 'II tt:-. 

.1I1tlbodle~ and potenl l<.ll ns J... facwr~ 
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2. LITERAT URE REVIEW 

2.1. Eliolol:) 

Bluetongue \irus is the prototype species of the genus Orbi\irus in the famil~ Reo\'iridae 

The members of the genus Orbi\"irus. unl ike other members of the fal11il~ (reoviruses and 

rot<l\'iruses). are ar1hropod·borne (i\ lurphy el aI. , 1999: Ro~. 2000) 1 here is an outer capsid 

comprising (\\ 0 rrol('in~ (\' P2 and VP5). whIch encapsulates an inner capsid. 0 11 core that I" 

made" up of :; pnHl'IIlS and a genome of 10 segments of douhle·stranded R\ . \ ( I igurc 1) 

\\'hile the IwO prOieins of the outer capsid arc responsible for \ llllS ellt~ and establishment 

of \ irus IIlfeCllll ll \\ llhlll the host cells. tht' con: components arc responsible f('lr replie,\tIPn 

of the \,Iral gClhlllll..' Uf the \\\ () QUIlT capsid protCIIlS. the \ ' P2 cnntalll'" tht' maJor \ In!'. 

nClItralintlon :l!ltlgt."11 and has a \Jnabk sequ('nt:l' rt! su ltmg III thl' ~~ "t."nl\~ pt· ... 01 thl" \ IIll'. 

(Dadhich_ ~otJ .. L 0 11-_ ~(l(l~ _ \\altol1_ ~OO~ 1 I he- second oU(t."r cap .... IJ pn'tt."1!1 \-p)_ .. 11..,\) 

identllica tion of tht." BTY ,erogroup (\\-alton_ ~OO~ ) .\nother dmractt."nstl( \lfOrbl\lru-.. IS 

\ I riC .Ill >1 '\.\ 11111\ Int-. h::m , 

ond sh,'" (C IDR \1'. COO.J. Oil. C0041 
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Figure I: An electron microscopic and a schcmatic diagram of th\,.· bluetonguc virus (STV) 

particle, showing the morphology. posit ions and st ructures of BTV components 

, 

~oun.:\'" ClRA f) (200:;) 

1.2. Epidl' llli o l o ~: 

2.2 .1 Distribution 

(·lItTC1HJ~. B I \' I'" con"'ldl'rl'c! hl h..:- rre"(,llt III "II \"·,11\tllll'llh. \,.'\.(epl li,r t\llId:LtlCd ! ( ,!j'OI.lk 

l'f iff . 2C101. (HI . ~Ot l-l) ('anad:l I" r...:pnr!t'd .1'" hlw .. ·[nll~lk \ Iru ... · lrt.·\..' h~ n.l1hlna! .. t'r,'I(I~h. 

"un c~ ~ 01 :-''':-l1 tinel cattk programs (CIORAP. 21 II l-ll 

The glt1hal distribution nf B1Y lies JPprOXimald~ hcl\\\'!l.!n LHiwJes 35 's :md ':;'0 ~ \dk'n .. · 

CII!iCtlltin 11l1Jgl.'S afe present ( Figure 2) (Caporall..' If al .. ](11.,. 1 unJL"f\"oIJ d It!. 200;). 

hrsl bluetongue has been detected In Soulh\lnca. III I ~P(l and sllhsequentl~ ~preaJ to ..lll 

parts o f sub-Saharan Africa whe re exolic breed ... n l sheep \\cre in troduced (011- . 200J ) It 



\\as reported in Kenya in 1909 "ellers. 1981). In 1943, bluetongue was reported outsidc 

Africa (Roy. 2000: OlE. 2004 ) ince the year 1998. BTV has emerged in Mediterranean 

European countries \\here it h;1 ne\er been reported . Si:\ trains ha\'e spread across 12 

countries and 800km further n, 'h in Europe than has prl'\iously been reported It \\a~ 

suggested that spread has been d· \"en by climate changes (p·jrse el 01..2005). The recentl~ 

affected areas are not in the cL -;ical latitudes for BTV (Roger el 01. 2003). The latest 

outhreak reports \\ere in Spain ( h. 20(5). Portugal (Jan. 2005). China (Oec.2004). CroatIa 

(Dec 2004). ~lorocco (Dec " 4). France (Corsica. Sep. 2004). Namibia (lui 2004). 

C~rrus (~la) 2004 ). Lesotho I' '. "004). Israel (}\;o,. 20(13) & Ital) ISep. 2003 } lOll 

200~) Global distribution of Ie tongue \iru ~ scrotypcs i.lIld their primar: culicoiticl 

\'l.'l'Im",. some of the seroprC\ak re"ullS of BTV III different countries of Arrica and othcl 

(':ontlllcnts arc listed III Tahle;;; I IIld ~ 

I ahk I (Jlobal di", [fl hutlnn of 

\, , 

\1 I .Ih.l 

,"" 11th anJ Central 

\mene.\. Caribbean 

I I ". I, 

1·.1. - q 

." _ l) I 

".10.11. 

I. 3 . .1. h. 

o,,;,' J III 1."1." Baldct 1/1 al (201).3 and Jlton ("]0(1 .1 ) 

( JIll/cold 

( In/erda 

(I/'I, U"/II 
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Table 1: Repons ofBTV antibody seroprevalcncc from different African countries 

Author(s) Origin Animal Sample Prevalence , Discussed 
Countr\, species size ('Yo) risk factors 

Musuka and Kell y Zimbabwe Sheep Ng 13.3 
(2000) Cattle Ng 6.7 -

Goats Ng 13.3 
Woldemeskel el (II. Central Sheep 90 46.7 Altitude 

: (2000) Ethiopia 
Hyera and Lyaruu Tanzania Sheep 292 73.9 Age. location 
( 1995) Goats 1173 77.4 
ForJ11ent~ el a/ Ivory Coast Sheep 

I 
623 52.0 Age 

I ( 1994) Cattle 215 95.0 
Mushi ef al. (1992) Botswana Sheep 369 25.5 

, 

Cattle 491 90.2 -
Goats I 4-' ) - 48 .0 

-Ekue ela/. ( 198) Cameroon Sheep 
, 07 16.2 

Exeifeka el a/. Nigeria Sheep 210 27.6 ifemperalure. 
(1983 ) Cattle 4'--) 21 6 Rainfall. 

Goats 407 21.6 Humidil~ . 
Camels 64 17.:' Sex 

Kanhai and de \1ozambiqu Sheep/Goats 250 824 
Siha(l981) e Cattle 230 874 .. 

\'g = ,"ot gi\'en 
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Table 3: Repo rts of BTV antibody seroprevalence rcsuhs from countries out of Africa 

Origin! 

AUlhors(s) Country 

Shringi and shringi India 

(2005) (Rajasthan) 

Listes el oj (2003) Croatia 

, 
- -

LunderH)!d C/ ,,/ Ka7akhstan 

(2003) 

I -- -
Bhalodlya 

lhala (2002) 

and India (GuJarat) 

Govindarai.:m III 01 

(2002) 
-+ 

lIendrik\ CI (/1 

12001 ) 

\l.lrrlllo 

( 1999) 

India (Tamil 

'\:adul 

france 

(( Msical 

\ l(''\ieo 

-
Dunbar d 01 Flnnda. l'S .. \ 

( 1998) 

l 'haa ("{ (II '1990) ( a1tfornia. 

lS,.\ 
-' -

')tanle~ (IQQOI )'emen 

Homan , / al ('05Ia Rica 

11985 ) Colombia 

\' ankalll1ll3n and "e\\ GUinea 

C~ blllSkl (1981) 

Animal 

species 

Sheep 

Sheep 

Canle 

Goats 

Sht'~p 

Cattk 

Goab 

Sheep 

Cattle 

Shel'p 

Cioah 

Sheer 

Cauk 

Del'r 'v. 1 

I-kar.., 

Cmk 

-
Sheep 

CJ.ttk 

C..Illk 

Shcep 

Cattle 

1 

. 

Sample 

size 

178 

1268 

3-57 

1693 

542 

279 

137 

90 

437 

4089 

874 

4704 

---+ 
61 

l·n5 

Prevalence 

(%) 

30.3 

13.7 

49.9 

16.0 

21 4 

25 -l 

25.5 

55.55 

15.85 

7.78 

8 I (J 

3.0 

31 6 

48.1 

6~5 51 8 

62 10 

1854 59.6 

Discussed 

risk 

factors 

-

-

, .~-

Age 

-

I 



2.2.2. Hosl range 

Bluetongue. so named because it can cause a loss of oxygen and a blue linge to the longue. 

BluelOngue virus can cause infections and diseases of economic lI11portance in domestic and 

\\ild ruminants. which includes sheep. goals. catlk'. camels. deer. African antelope and 

\arious other herbivo res such as elephants ( Forll1clll~ il l al.. 1994). Ho\\e\cr. sheep and 

\\hite · tailed deer are severely affected (FAO, 1003: OlE. 1004). Among sheep temperate 

breeds are severely affected (FAO, 2003: ClORAP. 200...t ) 

1.~ 3 :-"I (\th~ s of transmiss ion 

1""1 ., I . \'cc to r transmi ssion 

Bluetongue \'i rus is an Orbi\lrU~ Iha l ha'i e\ 'oh ed a I1k(~c!e " hl..·rc- alte rnate c ~ cles of \ InlS 

replicatIon In \ ertenratl.' <lnJ 1!1\('rtcbl<lt(' h(l:-;\ .... ,lrt.' t·" .... en tial for \ Irus perslsh.'IlCl'. and 

Injcct ions an: transmittcJ hl'!\\een Ihl'lr \ crtet.1rdt~ IHlSIS b\ hclll<l lopha!,!l1u" <.tnhlClpdJs 

(I \\cddk :?:OO~. I·A O. ~(lll'. Roger L'/ al. ':fJO,. lID]{.\P. 2011..1) I hl' t·~l1t(./ \t'lI,>!'" ,.Ht· 

\ccto r~ (BaldCll'I 0 /., ~ OO:i 1 

BTV \ ector: C imico/a 111 ·\lil(d. \I iddle 1'.<lSI. ,\sla ;lIlJ Soulhl'rn I ul"tlpe {B,IIJl'l t"I .I f 

200.3. Roger ('I tit . 2003). ( \·ul"/lpenlli.\ 1Il ' "mth \ men(<l. C /m iglli.\ 1ll Ct'lltral.mJ ""Iuth 

·\ me rica. C hrll\"lrar sis in Japan and :\ L1slra!ia n ahk I) (\\ ·alton. 2()()4 ). 

I 01 Ira n~lllIssio n to occur. \ ~cto rs must f~ l.·d on all1l1lals \\ hllc Ihey arc \ HdCllll( and 

climat ic clmdilions must be sUl tahle fo r the \ lrus to c(') mplete dc\ e1(l pment \\ nhlll thl' \ cctOI 

{C IDRA P. ~004 1. The extrinSIC lIlcubation period in 11lsccts is 1 - ~ "ed.~s ( r :\ O. :UU.3). 1l1c 

dura tion of \'iraemia in the 1l1fcctcd \en ebrall.' IS an 1I11pl1rt ant factor in tht: transnll:;sU)Jl tn 

9 



the bit ing. competent midges. The maximum \'iraemic lime reported in cattle and sheep are 

65 and 54 days respecti ve ly (FAO, 2003: CIDRAP. 2004). MacLachlan (2003) stated that 

viraemia is associated with erythrocytes. Infected midges remain infective for the rest of 

their Ii\es (Roger el a/ .. 2003: e IDRAP. 2004 ). 

Vector competence of Culicoides for Orbiviruses is partly influenced by climate. Orbivirus 

development in Culicoides vectors is unable to occur at temperatures below about 10°C to 

15°C depend ing on the Orbivirus species and serotype. The BTV is assumed to survive 

abo \'C' a temperature threshold of 1~ . 50C. which is below the activit) threshold for flight of 

C imicola (minimum 17-1SoC). The generation interval is reported to be shorte r at higher 

temperature (Braverman el al.. 2001). Paw cska el 01. (2002) reported that there \\as no 

indi\ idual vector with BT\' transmissIOn potential (TP) detected at 15°C during their \\ ork 

on oral susceptibility of competent BTV \CClOrs. Increasing environmental temperature 

(climate change) was reported to extend the \cctor season (T\\eddle. 2002). ~Iullens el al. 

(~003) clearl~ stated in his im'estigation report that environment governed d~\namics and 

mtensi!) of \cnebrate-\ ector contact in both time and space They also discussed that 

temperature had dramatlc and consistent influence. altering vector de\'elopmemal rates and 

life histor} parameters since temperature \\J;-; best known to control rales of virogenesis 

time to transmissIOn for bluetongue \ iru::.es III Culicoides. The feeding and breeding 

acti\ ities of the \ector", arc highest in area ... \\ Jth high rainfall and relalJ\c humidit). Icm 

\\ ind force. high population of definHi\ e and re ... efvoir hosls and night temperature of ~2{'C 

The optimum {emperatur~ lies between 130
( ~md.35:C (Exeifeka el a/.. 1C)8,; Bra\erman {' I 

01 .. ~OO\: Wittman t"l al.. 2002) . 

Cultcoides mosquitoes brt'~d in moist conditions in variety of habitats. I1ke \\"et manure. 

organic soil. rotten plant ... (Braverman el 01. 200 I). They have nocturnal fceding habib 

Females take a blood l11('al prior to egg \ayin:;.. feed at rough I; 4·da~::. Int\:r\'al and li\e for 

about 1-3 weeks. ~1idgcs were reported from ahitudes of 170 to 4000m Ilowcver. up to 

1000 Ill. is the m051 appropriate altitude (Bra\ aman el al. 200 I). 

to 



Studies conducted by White and colleagues (2005) suggested that bluetongue \lruses could 

o\erwinter in the insect vectors (experimentally. 3 out of 1500 adult Clilicoides vectors 

\\ere found to live for more than 90 days. even though the average life span was 10-20 

days). 

22 3 2. Non-vector transmission 

-\side from biting insects. bluetongue \'irus is suggested to be vectored by means of 

1n.;,lruments (blood transfer) or experimental inoculation ,r "ernen containing red or \~hite 

blnnd cd Is from \iraemic bulls: in utero dept:nding (In Iht' "tage of dl.'\·clopment. \ lral 

,train. and immune status of the dam (Hoar er o/.. 200-1.). 

I Ic!lire ~ (ulicoide.' ill/leola. the pnIK'lpal \ L'l"lor ofblueh ,gut: 111 Africa. \liddle East 

and Furope. at different posillOns 

II 



2.3. Pathogenesis 

All of the patholog) of bluetongue can be assigned to vascular endothelial damage resultmg 

m changes to capillar: pemlcability and fragilit). \\i lh suhsequclll disscminatc:d 

IIltra\'ascular coagulation and necrosi s of tissues supplied b) damaged capillaries. ThL-'se 

changes result in edema, congcstion. hemorrhage. inflammation and necrosis. i\kchamcal 

stress. exposure to sunlight and abrasion exacerbatt.' the sc\crit) of the di sease (Sc:ifcrt. 

1996: \lacLachlan. 2003) 

2A . Cl inica l ma ni festa t io ns 

\11 hrt.'l·d .... se\~ .... . and ,lgl'" ~)j "tll.'l'P art' rernrtl'J hi hl' slheepllh le. bUI brel·d" n:111\ I.' h 

l'ndcmh: areas prohaol) are 1l1lHl' re"I."iJllIlhan hrt:eJ~ l rom 1\ I- frel' reglllll" (St.! l tcn. 19q()1 

fhe J\I.·ragt: IIlCUOi.HIOIl pc-ralJ l,i B r fo llo\\ lIlg natural IIlfect ion in sheer IS ., 10 II d,lh 

Rado .... 1HIS t' / oJ. I Ql)-L ,\ krd,. I <}l}~) 

I hI.' :lh'ragl' dur .. H H)1l )1 thl' khnlL' c..11 ( ) rt.'a(t)nJl 111,1) ran;\.' I r~Hl1 2 hi II Ja)s ( I \\l.'dJk 

.:'on~) ( )tha t"O l1lmnn chnh.:,d !-Ign .... IIlduJt' eJl'm:1 pI 11J~'" nll"l" Llu: "uhlllanJlhulllll 

~·\\:lId ... <lIld ea rs: cOllgl· .... tl~m {II I1ltHHh. no,,\.' lu ..... 11 1.<1\11\. C\)lljll llctl\,1, "kill and Ct\I\I!l.Ii\ 

h.md:-.. [amen!.!s:-- and dt..'pr('s:-'Hlll ! Rado"tll l:"o (" ,II 1994 \It.:n.:h.. 1 9'1~. C IDRAP ~IfO ..j ) 

11ll'1'\.' I .... fn.'q llentl) ,1 na .... ~l dl .... dul"J;,!..'. at lirst \\<Il~'r:. hut lat~:1' lllucP+puruk'nt or e\er hIlI! d 

'-',lIllcJ. ,lppt:<lfS anJ 1.'\ I.'lllu,111~ dill'''' (Hil In !mlll (TII"h 

La \1.:1' ,,~~\erl' .:JSI.' .... 1111.' It)ngu ... becotn("" nl.!lkt..'JI) :-'\\0111.'11 .lIld l,.·dl.'lll.1hll l '" dnd ,,: ~'!l 

pH'truJI.':-' from the mouth It ma) he darh.- blul' III ('0\<11 ("hluelongut!", Comple te annrl''\l.l 

,IIlJ m,lfh.eJ d~prt's"'loll are generall ) preselll ,It thl ... :-.t.!;t.' ( "'t!l ien . 19l}6 . • - \ U. 211() , 

( IIlR.\i'.~Il().j ) 
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2.5. Pathology 

~'1 ost common les ions include mucosal ed~ma. pulmona~ edema. hydrothorax . 

hydroperica rd ium . serosal hemorrhages. and o ther helllorrhagic and thrombotic phenolllena 

A curious feature of BTV infections in sheep IS hemorrhage at the base of th" pulmona~ 

aneT) (S" ren . 1996. \ lerck. 1998: FAO. 2003) 

2.6. Iml1lunil~ 

She~p indi genous 10 tropical (()untnes in Aln l" i1 . IllI.: \liddk I·a ... t and \ S13 can be lI1ft'cleJ 

\\ !th In \ '. hUI Ill a~ not lI sua!l~ nhihit dl SC ~bt' ( jn1up'''' pccili c and t~ pc·"'pcCl fi<: ant lbodl C" 

arc fnfllll'd \\ Ilhlll --:·1 0 d a~s o! Jn fc~ li o n \\ lIlt B I \ I hl' gn)up,spL'cillL- Jn l! n~ldi('" rer",'" 
1111 ablHII 6·1 ~ months: \\baeas l ~ pe , sp(,ClriL' IIClIlr,ili llng anu nndle" (<In nftt'11 slill bt' 

JCI1l('IJhlratcJ after --; ~cars PrOiccti\c II11 I11Ul1lt\ l" .1""t)C1atcd \\Ith ncutralillng antibodIL'''' 
, 

Ihl!" rc(o\ cr~ from na tural Infcction result" III .t t~ PL'·spccifi( IlllllHlrJ.1 ImmunJl~. \\ l11dl 

lbuall~ Lbh J ~car PIn (an QL' 11ft' long ( \ ·L'r\\tlL·,J .lllLl I rasmu .... IYl) .. L \ krd. .. 14l)~) 1"111: 

lall1b~ l1r Immune c\\e" \\ 111 bc !~artltlll~ pn'lt(.'(tL'd h~ lllh"'lral llllflHllll)glnhullll' IIMt pel"l"t 

\krd.19(8) 

In addi tH1fl In ]\L'lltr~!li71l1~ antlbodH;.· .... n~l!·!l1L'dl,ltl.:d l!ll!llUllll\ It \111 .II"o rIa,,, clll - .. 
lInpllrtant ]Ilk III rL'l"\L'r~ Ir\'I1lIlliL"dIOn .Illd 1',·l\l.:lIlI11l Jgalll"llL'lIllL'(11I11l \!)(' .... hll1uf...h alld 

( Iular. ~Oll()l I he J\I,."ragt: durcHll'll of Immllnil~ I" ,-,,,lllll.HL'ti \11 h\,.' " IlhlJl th" lan~ll1g thlll1 

I hI flO nwnth ... (1llIal 'til. ~Ol)--l] 
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2.7. Diagnosis 

It is not possible to confiml a STV infection solely on clin ical grounds. Diagnosis IS. 

therefore. dependent upon the laboratory based isolat ion and identificat ion of the virus. of 

viral antigens or genomic RNA sequences. or a demonstration of BTV-spec ific antibodies 

(Murphv e/ al" 1999, Roy, 2000: e lORA ? 2004: OlE. 2004). 

2.7. 1. Virus iso lation 

A number of virus isolation systems are in common use. but two of the most efficient are 

embryonated chicken eggs (ECE) and sheep (Merck. 1998: Murphy et al .. 1999). Direct 

inoculation of viraemic blood into cell culture is an inefficient way to iso late STY . A high­, 
titer virus preparation is most readily generated by one or two passages in ECE (OlE. 2004). 

2.7.2. Serological tests 

Bluetongue virus antibody generated in infected animals can be detected in a variet~ of 

ways that depend on the sensitivity and type of lest used. The recoillmended tests for the 

detection of bluetongue serogroup-specific antibodies are Agar Gel Immunodiffusion 

(AGIO) and compet itive Enzyme-Linked Immunosorbent Assa) (eEl lSA). \\ith the later 

becomi ng. more popular because of its greater accuracy and adaptation to conventional rapid 

laboratof") testing. (F AO. 2003: OlE, 2004) 

Competiti\'c ELI SA is currently recommended by OlE for il1lcrnatlOnal ani mal 1l10\'ement 

due to its high sensi ti vity and specificity (O lE. 2004). The tesl can de lect BTV specific 

antibodies in animal sera. It is based on the competit ion bel\\eell the antibodies in serum to 

be tested and a monoclonal antibody. which is coupled to the peroxidase. This monoclonal 

antibody is direc ted to the N-terminal pan of the VP7 protein. a major core protein of the 

BTV (specific for the BT serogroup). This method is easy to implement, rapid and reliable 

and is particularly suited to the analysis of a large number of samples (Ward el aI., 1996: 

FAO. 2003: OlE. 2004). 



COlllpeliti\e Enzyme-Linked Immullosorbent Assays (cELlSA) basicalI) ill\"ol\'e methods 

that measure the inhibition of a reactant for a prctitratcd system. The degree of inhibition 

relke!s the aCli\'it~ of the unknown. We can. therefore. measure antibodies or antigens so 

that. antigens' suhl~ping ma~ be pe rfonncd b: comparing the relative a\'idit~ (DIE. 2004). 

The I1T compeliti\t' o r blockmg ELISA measures BT\'-specifie antibody \\lIhout detectine 

crLlss-rcacting antii'vdy to other Orbiv iruses (Ward ellli 1996: OlE. 2004) The specific it: 

l~ thL' re sult of usi r.~ one of a number of B1 serogroup-rcacthe MAbs. The an ubodies all 

apre;\]" to bind to the aminCl-tenninal region of tlK' mal or core Iwotein \ 'p~ Here. the 

;uulh\ldle:--. inle:;.t St:~,j compete: \\ith the MAh..; for bindlllg to ,1ll Il gL' 1l (.\hdelb l"I til.. 2003) 

In d IIS"\ the kit .. 'cs a comretit i\e enL.~mt" linke:d lmmunnsorhcnt assa: lOr delL'CllOn of 

-.pl'lllil B r :l.!ltihnJ' In tht" ... ('rLlm The test dcpend~ tIll ITlhihltlon n f Ihl' bll1dlll~ pI ~ mouse 

':UlIll.',I-plg Illl.1lllKIII ,JI antlbllJ~ III a B1 \ spt'(tlic cpnope III Ihe prcsl.'ncc (II Pll:-.III\1. "erum 

lnhtl.'ltltlll I'" d~ICCh:":' as a reJulllon III optical dt'ns lt ~ lOJ)) r!.:admg ohtmne:J \\lIh tIl' \1 ,\h 

II Idl -'110_'.1)11 '_00') 'C1l.'l'lllllg \\ Cl I. ; 

III d.lli.: lIldh,:~Ih.' tit;; J'lll~mc';'1.' dlall1 re:~IC\hlll I P( RI h.'(hnl! .. pll.'" llla~ hI.' lhl.·d 1,,' '111~ Itl 

dL'Il'(\ til!.: prL'SCllClo· .11 \ Ira! Iludeic 3(ld. hUI '-Ibn hI ''';l'I\l~l'tlllr' (lrhi\ 1n1:,>1.' <!11 j I~nl\ Itk 

1l1il1lill.tllnn IIIl Ilk 'I.'rlll:p~- .lilJ pl' ... -ilbk b'I.'\l;;raplllc.il tll1l!.."l' ftnplll)IK' III ;(.'11'-:\1'':) III 

HI \' l..;obtt: ... \\ IIhl:' a It'\\ J..:~ ~ llf receJtll III ,I chnilal ..;ampk such as IIltiXh:J ,heloT blol1d 

IILI\\kc ... l"1 0/ .• 2(1 I, .Illhn"'11 d al.. 20011) IraJitlllll<l1 appwacht'..;, \\hK)) ~!.:,\ '!l \Iru.., 

l~(llalilln rolll.met.! :"'~ \ lru'" ]Jclltific3Iion. Jll<l~ re:qlllre: ;n le.1st ~-4 \\"!.:t:J..... 10 ~t"llcrale: 

Inlnrmatull1 on ..,e rl';roup and ,"erol~pe and yield no datil 11111hc p(lsslhle gCIl~I.lpllJ .. ,ll .mglll 

llf the: Isolated \ ml~ -\radaib ' <1/ , 1998. ~OO:;. ,\tH .. klb l f ,d. 1(103) 

I:' 



:2.7.4 . Differential diagnosis 

Conditions that should be considered in different ia l diagnosis o f BT in sht:ep are: FoOl and 

Mouth Disease (F ·lD), Pesle des Petits Ruminants (PPR). contagious pustular dermatitis 

(Orf), sheep pox. ()e~/rlls o\·is. pneumonia. polyarthriti s. mange mites and fOOl-rot 

(CIORAP. 2004). Different iations based on clinical grounds are difficult. 

2.8. Prcvention and cont ro l 

There is no speci fi c drug recommended. Control is difficult because of persistent \'Iral 

mfec tion and efficient transmission by Culicoides species. \..-hich are abundant throughout 

the world. The wide spread I11m'ernent of domestic and wild ruminants in their natural 

habitats as \\ell as for purpose~ of exhibition and sale provides a hazard of introduction mto 

areas ( \Ierck. 1998: Dunt!u u oj 2004). Since a wide \'ariet\ of game can be a resenOlr of 

IIlfectlon III endemic areas. the feasib le altemati\"e 10 control th~ dISea!'iC' is \accmatJon 

(Seifert. 1996: F.-\O. ]003: OlE. 1004). 

In endemic areas, proph~ laulC immunizations of sheep remain the most practical and 

effecm e control measure (De"hmukh and Gujar. :2000: Dungu I!{ at :2004)" The prl.':-.ent 

Onderstepoort I3T \'accine (Reg ~o" G 358 Act '\0.36,1947) comprises 3 bOHles (\acclIlt::-. 

A. B. and C)" rhe three penta\alent vaccines are admil1lst('red separatel~ at 3-\\t:ek 

IIlter.als. After :2 to 3 annual ImmUllIzations. most sheep were prot~cted with long la:;tmg 

lIlununit~ to all serotypes in the \"accine (Dungu e{ aJ :200-i)" Alternatin:'s to Iiw aHenU;:lled 

\dCCIll~S ma~ be inactJ\ated \\hole nrus. recombinant \iru<;-like particles" recomhillant 

core·hke panicles or of constructing recombinant which would combine the safel~ 01 

inacli\"ated product and the ad\ anlages of liYe \irus. VP2 (inducing n~utralizing anlibodll.''') 

has bt't'll studied as a candidate for recombinant \"accine (eIORAP. 200~). Comhint'J 

\"accine of \,P~ and \'P5 protems was reported to protect all the nlCcmated sheep and ~Ibo 

to elicit a higher neutralizlllg antibod~ response (Oungu ef al. ~004 )" 
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3. MATERIALS AN D 1ETHODS 

3. 1. Study d es ign 

,A. cross·sectJonal seroepidemiologicaJ survey of bluetongue \irus antibodies in Ethiopian 

indieenous shet!p "as conducted between October and December ~OO-t to estimate the 

O\erall. distric t and \-illage se roprevalence at different levels of geographic a reas and aS5CSS 

ri sk factors. A lotal of 860 mdigenous sheep in 181 neck-> (ranging from 10 to 4~ Ilods per 

\'Il1age). "ith an average flock size or9.3 (ranging frolll ~ In ";5). \\ere "3.lllpkd \11 alllmal.., 

under Indindual 0\\ IlcrShlp \\en~ recognized as one n ock. trTesp("'c(J\ c of theIr small Slit' 

_, I I Sllld~ areil dcs,:nplll)n 

1 his :-;tuJ~ \\J!,> conJul.-lcd III three selected <.hslriclS \\IlIHIl tlh.: \mharJ ',ltI01l.!i Regllll1,d 

~IJlI: n,lrt\\I.:..;tern IlhinrlJ namd~ .\/elemtl, (IIIUIIJ!.l1,/ and kUla/'l} I Ill..' JIStr1..::t~ \\,.'rl' 

~dt."(teJ purposl\ el~ ha~.:d on Jgroccologic:.l1 lones. \~roCL~1h1git.'" h'l ~3mrlin~ \\erl..' 

Jdil1l'J IradltJllnall~ .1 .... Imdctnd I 1000 m,a s II. mIddle .lltnuJL' t Jl)(HI·~OOO Ill;j ... [1 Jrl\! 

h!:.!hLllld t 2000 Ill . .]" 11 ]Ilt: IL'~ltln \\a~ straufil.'J inhl three .1~r"L:'l\lI":!h:al/ont;'..; anJ .'111..' 

Jlstrn:t \\<IS ... ('kett'..1 a" d reprl..'"entall\-e to Ihal stratum I 11(,' It1hnrdhlr~ atMI~"I'" \\.1 .... 

l:tllldU(,'tL'd ,II the l\,'a\wnal \ t'tcnnar;. Institute:, Ikbn.' lelt llhh)pl~1 

1 oL \n,h.lr.! '\atLLlll.1! RL'~' la] \tall: ill..'" III thl' IHlrth\\I . ."tL'ILI ",HI t,1 I thU1PId hl.\rd~ILn:­

II;;r'l~ Itl th1.' "orth,\I~ll t, IhL" I ,hI. Of(lm~ la ttl the S"uth Ik\l ... h~H1~l1! f!l1llll/h illL \\ e ... 1 

,III.! thL' ..... uJ,1Il hI thL '\Mtl \\(,' ... 1 ligures ~ ;Jnt! :'1_ I he n:~l\ln ,,'"\1..'1''' _" "I the !llla JII.:'.1 

01 the cnullu:, and 1:-. estl1nated ({) be 150.173.66 sq km \\ IIh a populatIon 0117 205 nlllllon 

pel.1pk {CAce. 200";, Ii qt;' ... bt."t\'een 9'20'" - J-l. 20',\, and 16'20'1 -..lO 2l-1 lhL' 

altnuJe range~ from less than 50n meters abow sea le\ d Jt \ 1.Hebw to -l.6~O meters abm ,,­

sed Ie\ l'I at Ras Dashen \\lll..;.ture a\·ailabliit~ ,'anes fmm humid III <uid \\ Ith J\ L'r<l:!.c 

annuJI ralllfali rangm:! tmlll "OOIllIll 1I1 the and zone~ to ~5(JOmlll III thL' humid wlle,,_ ThL' 

ralll p,mern is bllllodai. The' main rain~ season extends from the month (II JUlle In 

SeplcmbL'r and the shorter ralll\ season is from \Iardl to \1:1\ I he me;]n anllual 

,-



temperalUres range from less than 11°C in the mountainous areas to more than 40°C in the 

lowlands (BOA, 2000). Due to the presence of man) runn ing rivers and lakes. there is an 

abu ndance o f water in those bodies, which are fa \'ourable for insect vectors. Some water 

bodies that are stagnan t fom, boggy and marsh~ land Vector-borne di seases such as malaria 

and kala-azar di sease JI1 humans, babesia and Afri can ho rse s ickness in a nimals are wide h 

dIstri buted . 

Agroecological LOnes \\ere defi ned based all a lt i tud~. cli mati c conditio ns. and geographu: 

cha racteristics that nffect the habi tat of ms~ct \ecto rs (Culicoides spe(i~s) and tht: 

blue longue \ irus (13-1 \ J. f hese are traditio nall~ Il.'nllcd as 'Kolla (lmd ands). ) rOillOdcKa 

(m idd le a ltitudes) and 'I>ega (hi ghland,». Co\rmng ,1%. -l-l °··o and 25°0 ofthl.' lolal arl.:'a \11 

the AN"RS. resrcc ll \"t.'l~ 

~Illa\lholdcr 11lIxed tan11lng d("lmi nates 0.::0°0) alld Il\c-;toc,," is an Integral pan n1111l.· lanlllng 

~ystclll in the n:glOll Out of the total area "Ibollt 36°'0 is unda clllti\aunn. 21°(0 undl.'l 

grazIng and bn)\\slng. J~OIl cmcred b~ hush and .... hruhs. '1°;0 ctl\crcd with 11m:"!. ihO/o nlll 

utili/cd. 7 00 '"ictlkmcll1 .Illd conslruction "itt'. ,md ~o bdong III \\a\(:r hodl!..':>- (B( I \. ~OOIl) 

g!..'neral f!..'edlng pr;.1I..'III..I.·"; arl.·I.·'!llllated J .. .;ra Int: 4:\ 6°r. crop rl..·~IJu!..'" ~5 10{J.II.l~ I" JD n 

h~'rroduct" i I~'(I. ll11pr\"I\ed ked O.~'l . and \,thel'.~ 5~0 (t ,\C(. 20(("i). In h;~h .IIlJ nUll 

,JltlluJe~. :>-taJl-fl't'llln:,: 1llr~ season) i~ pr,KIJ .... I.·d Illr dr) .... 1.'~1..,{1n:-. (\\hl.·n kl"Lt I" k,hl 

.I\i.lilable). I.llml'l~ lI".:J \\1 :-..1\1.' tileil dllJl 1l' .... IJlh.:'. hh' str<l\\ .IlHj ha~ tll r·'.ldl<.:C ",1.111 

fCl.'ding Bcltcr kcd I'" J\~u1abl;:, dunng tht: 1dll' 1.11ll~ seaO:;111 (St'ph..'lllbcr I, '1I\I.'mhcII. 

\\b!..'11 the r~btur(" I' !,:1':l']1 and Iht' ked bll"l11Ia,,,. It'I.l\I\d~ hIgh \\ ala snun:\..' 111.1' he hl'lll 

ri\ers. streams. plll1d". \\1..·Jts and lake~. lhl' distalKt' \11 wate ri ng pOilU \ aries trlllll k'"s Ih"l11 

i to It) kill" <.I\\a~ Irom thl" lH.luse. Animals arc kl:pt Indoor (insldllcd) III til!..' hl~hl,l!lds and 

111 some pans IIllh!..' mlJdle altitude. In the It)\\land "Hl.'as. hl.' rdcr .. U:>-I.' IonsI.' kelJII.:1 1"11 kncl.':>-

IS 
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Figure 5: Map of the Arnhara alional Regional State (ANRS) with district boundaries 

showing the locations where sheep sera were taken (red shaded) 

A. 
F 

-A 
'It 

Metema district: lies in the extreme nonhwestem pan of the Amhara Region as well as the 

nation bordering Sudan to the west (Figure 5) The area is estimated to be 4057 kml (BOA, 

2000). The altitude ranges from 500 to 700 m a 5.1. The annual rainfall ranges from 700mm 

to 900mm and the mean annual minimum and maximum temperatures are 2SoC and 43°C 

(Data from district OARD). 



Most pan of Ihis district is covered by forest. bush and savannah grass, Extensive grazing 

predominates and animals a re not housed, CUITentl~, the re gional state is using this area for 

se ltiement of people from the over populated highlands, Its loc3tlon gl\es it the proximil) to 

neighbo ring coumry (Sudan. which is a bluetongue endemic ), 

The ecos~ stem (eco logy). representing' Kolla (lowland), is fa\o urable for II1sec t breeding 

In the distnct there are 4.956 sheep, 103,756 cau le. :!9,863 goats, 711 4 cquIQ.es and 4~6 

camels (CC \ C. 2003) 

(/ /(/111:.:11(/ ci,.{rit'/ li es 111 the extreme southwestern part of Ihe !\mhi.l ra i\atinnal Regional 

'itJte pnrdenng Iknshangul gumiz national n:glon to tht' south\\e ... t II igure 5)Jhe area I" 

, 
t' ... tIIllJ t(..'J tll ht' 178~ km- (BOA. :!OOO) Tht' altitudl.' ranges from I :'> 00 In 1700 111 .3 S 1 1 he 

annu,1! fa 1111,11 I ranges from l:'WOmrn to 1 SOOmm <lilt! Ih(' mean '11l1ll1<i1 minimum and 

l1l~l\'II11UI11 It'mpt'rat ure" arc 20"C and 25
1
'C (Data lrnm di..,tm:1 OARD ) I..,mall·scak mi\.eJ 

lar1l11I1g 1:-. the dominat ing practice Stall-feeding I" ranl ali) pra(tl~t'J rhis di..,tnct I ... 

dt'n ... <.:!\ pori I,lted \\ith Ii\-es tock as \\ell a..., r~ork dnd nHl .... t Ill' tIll.' 1,lI1d IS Jntell"I\I,:h 

(ul!l\.lled In 'ht' ralll~ ~eason lITIgation I~ abo 11Ighl~ pracllct'J 

I hI.' t",:l'S~"t...'!Il. reprl!~t'i1ting '/I"oll1wk~(J I' \er~ IJeal li'l !Il"t'(1 '''It't'J1Il!:, III tht' ~h .... lrr\"1 

Iht'[\,." ,l1'e ~-l l'- "hI) .... ht'ep. 638. 869 canle.lJl ,4::''1 gnat" and 104.l)~2 ~qUllh.'''' ( ( \( 2(\(1~ I 

III l'-~' \I~(, 1..1' I H( I \. ~ono)_ 1 hi' dl'wCl I, IIlduJ .... J In th~ .... \(l~I~ fill thl' [t'prt's~'ntatl\\"'n~"'" 

III tht' third ,1;1\)~(,)logy (cold IHghland .... ) Iht' ,tlwudt' r;lIl~t'''' IWIll 1-"9 to ,~5" Ill . .!" 

-I hl' .Ill11U.ll '.l!lltall langes (Will 50!Jmm It <.Jlj"mnJ .1l1d tht' 1lll.'dil ,trlllU.tI 1ll11ll1llU:lI 1[ 

!ll;.!\.111lUIll templ.'fatures are 101 C and 21( I he mean relcH!\ c hUllltdll) IS 680 
r I rt""; 

lI:-'lIalJ~ OC(l::--' he t\\ een month .... of O(hlhl."! and Janu;l~ (annual rt'pl.1ri of tht' "utat,\.,! 

JiStrJl' Offict' III" ·\gnculture. 2003 ~004) rill.., Jtstnctls d~n .... d~ P~)Pl1blt'd allC\TI10st o llht.' 

land .. Int~n";1\t'ly cul!nated In the rill!1~ "ea:-'{'ll (m.l/.ing land 1:-' SLi"lrCe and Il\e:-.lIl\:k 

(l\\lll" ... used tn pract)(t' s tall· feed ing usm:; hay .1IlJ crop rt.'sidlll." .... In the d'StrJCl there ilr~~ 



72.077 sheep. 67, 996 cattle , 43.24 7 goats and 19.505 equines (CCAe. 2003). A summary 

o f the descript ion of the slUdy areas is presented in Table 4 . 

Table 4 ' A summar) desc ript ion o f the s tudy si tes surveyed fo r b luetongue 

se roprevalence in no n western Eth io pia (Oc1.- Dec. 200~ ) 

Annual A vcrage 

Altitude Te mperature Rainfall 

"' t ud~ ar~a Village (lll.a.s.1) ( i\li n.i\la,\: °C) P.. lin·r-.. la'\. mill) 

---- --

.\/t'(('1110 ul:-.trict 

\ lct~ma Yohanncs 600 28·~3 700-900 • 

·\gam \\'Cluh:l 700 2R · ~) 70U·9011 

K()kll 600 28 ·~~ 700·900 

(rIWIH!llll dl~tfl<;t 

\UdlS /\lcm 1700 20·2:' liOO-1 KOO 

Dangulld 1650 20-2) 1,00-1 KOO 

Be /1':11...111 i 1600 2()·~'; 1 ,00·1 }Ion 

J..:wClher Jldtm:t 

\Iansha "700 10-"0 "00·94'; , 

Kdel1lderha 2850 10-20 500-9Q~ 

Dosh~gn "900 10-"0 500·Q9:' 
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3.1.2. Target population 

The target population comprises the total population of indigenous sheep in the Amhara 

National Regional State that is estimated as 5,320,330 (CCAC. 2003). This amount 

accounts to 39% of the Ethiopian sheep population. 

A combination of probability and non-probability sampling methods were applied in this 

study. The study population was stratified into three strata based on the agroecology 

(t raditional). lowland. middle altitude and highland. The stratification was required because 

the stud) population is kept under different agroecological zones. which could influence the 

existence and prevalence of the biological vector of bluetongue virus which in turn 
, 

influences the seroprevalence of STV to be estimated. Then. three study districts namely. 

IV/elema. G/langua and Kuraber were selected purposively from the Amhara National 

Regional State. each to represent one of the three agroecological zones. The considerations 

for selection were agroecolog~. livestock holdings. proximit) to endemic areas and 

accessibility. Selected districts \\ ere considered as strata . Then a list of \ illages within each 

district \\as compiled from a data obtained from the respecti\e district"s agricultural office 

with the help of animal health professionals. and study \"illagcs \\ere sampled randoml~ 

from the list (sample frame), The sampling frame of the households in each \'illage was 

prepared \\ith the help of administrative bodies and agricultural de\ elopment agents III the 

localit~ . 

The required number of livestock o\\ners (households) were selected based on latter;. 

system from a list of fanners in that village (sample frame) with replacement. and sera were 

collected from all sheep O\\'ned by the selected farmers until the required number was 

attained, 

The criteria for inclusion of animals for sampling were all indigenous sheep older than 6 

months of age, This was to avoid discrepancy due to maternal antibodies, A total of 860 

serum samples of sheep from 182 flocks were collected using plain 10 ml vaclltainer tubes. 

13 



3 1.3. Sample size 

A Iota I of 860 sheep sera were collected to examine for the presence of antibodies against 

bluetongue \'irus This sample size \' as detemlined using standard procedures as described 

by Thrusfield ( 1995) for an infini te population The following pOin ts \\cre considered for 

the calculation: 50% estimated prevalence, 95% confidence and 5°'0 allowable error for the 

estimate A {\\ o-stage cluster sampling technique has been used to calculate the minimum 

sample sin The fonnula used for sample size determination was: 

'Is-
, . 

I .96~ . e '* p " ( I-P), where, , , 
g ' d- - I 96- ' "c 

l~' 'I olal sample size 

1:' '\ umher of clusters to nt' ,,::unpled (9X20= 180) 

P (.'sllI11J t(.'d rre\alence (0.:-

d Jt':-'lrcJ .. 1oso1utc prCClSh1n I <.lcceptabJe error) 

\.: [lcl\\Cl'!1 c\u-,Icr \ aflillll;: ~.d:!=0.06~ 5 h.d standarJ tk"\ lalh11l' P (J.5~"" ~)' 

rhercfmc Is 1.96~ ' ISO · (,) - 0.5 

I XO " n 05 \ lUl- .. O.06~ 5 

Ts- 82 -1 
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3.1.4. Study type 

This study \\8S a cross-sectional study to determine the seroprevalencc of bluetongue \ irus 

group-specific antibodies using the competitive Enzyme-Linked 1J11l11unoso rbem Assa~ 

(cELISA) configuration on sera samples collected from sheep in three agroecological 70nes 

namel). warm lowland (Afelema)" middle altitude (GIIGlIgIlO) and cool highland (Kuloher ) 

in the All1hara National Regional State (Figure 5). 

The ri sk fact o r:- as::;ocia led with bluetongue \lrUS occurrences \\ere coll ected uSlllg a 

standard ques ti("lnnaire format. The map indicati ng the study distflct ... )" produced ,lIld 

IIldlcated (Figure 5) 

, 
~, Sera enl kCllon and storage 

Ihe sheep (no = S(10) \\ere seeurd~ restrallld at standing position Dunn.:,! "JJllpllllg IllI.' 

ages 01 shel"p \\erc cstllnated uSJIlg denl1l1on til h~ as ki ng their (mlla'-

\CnCplillcturc u'-mg sierile. plam \anJl3111t"1 ILIhes. 1 hc hlood UlIltallllJll,! luhes \\~"rL" 

pW\·lded identdic31illll numkr. Dau JncJudJn~ the owncr"s name. flock. number. nock. ...,1 It" 

sp ... ·cle". ~Ige. SI..'"'_ llillising. btld) l.:ondlllt)ll. "~llIptO!llS I'll! di~ea~C'. \1.1; IllHlJb~r. and ('illel 

reieY3nl informalJon \\ere recorded at the tlmt' nf bleeding The hlood \\;h allo\\ed (II (1(11 

li)1 al lea"t four hours under shad!.' \hl,.'1 1 [I ~ hours. lI..'ntnfug.c:d and [hl" "qKlrald '-',:1;1 

\\ere collec led JJ) .... cpdrated ste rile \1.11" cmd transpo rted in ice Then" Ilk' "erd \\en: st0red at 

-20(\C ulltil suhJected 10 cElISA test 

3.1 5.2. Serologicalte~ling 

Serum samples. \\ere submilled 10 the 'd1lnnal VeterinaJ;- Institute. Ikbre LeH. for the 

laborato r~ anaIY"I". A tOtal of 860 sheep sera s3J1l ples "cre tested uSing 1..1 liSA for Iht' 



detection of group-specific antibodies to bluetongue virus. Competitive ELISA is reponed 

to be the best sensitive and specific test from any other serological methods with ability to 

distinguish between antibodies to viruses in the bluetongue and epizootic hemorrhagic 

disease serogroup (Hoar el of.. 2004: Shringi and Shringi, 2005), and also the OlE 

handbook recommends use of the cELISA for detection of bluetongue virui antibodies 

(DIE. 2004). The reported sensitivit) and specificity from the suppl ier was 99%. A 

commercial competitive enzyme-linked immunosorhent assay (cELlSA) was used 

following the procedure described by the suppl ier of the kit (VMRD. Pullman. USA) as 

follows: 

J. Controls and serum samples (25 III each) were transferred to the Antigen-Coated Plates 

(Annexes V and VI) according to the setup record. The plate contents wcre mixed gently b) 

tapping the sides several times to coat the bottom of the wells. The plates were allowed for 

15 minutes at room temperature (24°C). uncovered. 

• 
2. Antibody-peroxidase conjugate (25 Ill) (Annex V) was added to each \\ell. The plate 

contents were mixed gentl) and allo\\ed for an additional 15 minutes at room temperature. 

unco\'ered 

3. The plates were \\3shed three limes: 

4. Subslrale solution (50p\) was added to each welL The side of the loaded assa) plate 

tapped se\'eral times 10 coal the boltom of the wells and allowed for 10 minutes at room 

temperature. uncovered. 

5.S top solution (50J-l1) (Annex \ ') was added to each well. and mixed gentl~. 

6. Immediately afte r adding the SlOp solution. the plates \\ere read on a plate reader at 

optical density (0. 0 .) reading wavelength of620 nm. 
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Result in terpretation 

-Test sera " ere positive \\hen they produced an optical density less than 50% o f the mean 

of the negatiH' contro ls (0/0 II1hib itJOn grea ter than 50%) 

-Test sera that produced an optica l densit) greater than or equal 10 50% of the Illcan of the 

negati \-e contro ls we re cOlbldered negative . 

~ 1 5.3. Questionnaire sun e~ 

... pretes tcd "tandard que~tl\Hm.Jlrl· lormal \\~13 JI;'\e1opcd for rc!c,am data CI,llecilllll III 

relation to bluetongue dISease L·\ nne\ II ). T he questionnaire was adlllini~lered to ~.;; 

"elected stockowners (lin .. ' !rrlm each of tht' 9 \'il1ages) in order 10 test th~lr le\ eI (It 

J\\arcne:-.s on bluctongul' dls!..''' .... e and Nher dlrl~ctl) or indlrecll~ related e\ IdeI1Cl'S" sLlch a .... 

li\estod husbandr: and manJ~emt'nl practice ..... common annnal dl-;ea~t' ... ahuntialKc .lIld 

rl1",ihlt· harm of IIlSt.' CI \ el-\llr.., 

~ )_J Data collection 

\ "t~HlJi.lrJ fllrma\ \\;b dL'\cl"I, ... ~l ,mJ u"l'd II' \.lIIlCd lnhlrm<ltillll rd,lIed hI hlud.IJl~U\'.I1 

rde\an\ ,Lua lor an31~sl'" I{l"f-, 1.11.:{(1r.., .II n\ll"~ anJ InLll\IJlI.11 k\el .... \\l..'re Ilh:luJl..'J Ill ... 

~:.IU ul[llprised area 10(".1111111 .1ltltudc. clima\I": ":~lnJI1l0ns. i.,kniiticalilltl tlulllt-'o\.'r \\\\ 11~'1 

i,1ll1e. tlo..:k number. tl{,d,. "lit' hOU~lI1~. spl..'ue .... brct'J. "t"' al!c. bod\ l'(llhiltlull_ ~ll ,t".1 t 

..,\I1lPWIllS. and other r('Je\~lJKI~:' \nne, I) 

Data \\en: st{'red in \ltlrPStlll e\(('1 snlmarc (\\lcrosott Cl1rporalHlO) I he app.Jll'111 

.;a\)pre\alence was calcubtcd as the llumhcr of tL''>1 POSIII\ t' sample:-i dl\idcJ h~ the [l,[.tl 



number of samples tested. Flock level se ropreva lence was computed as the number of 

flocks with at least one sero·reactor sheep divided by the total number of flocks tested. 

Ninty-five percent (95 %) confidence interval (el) estimation with upper and lower limits, 

was calculated using excel spreadsheet and Slata software for all rates obtained in the stud y. 

The fomlUla used for the seropre valence at different levels was: 

CI = Seroprevalence ± 1.96· Standard Error 

True seroprevalence. positive and negative predictive yalues were calculated from the • 
apparent seroprevalence employing sensitivi ty and specificity of the test. which was 99% as 

reported by the kit supplier (VMRD). using WIN EPISCOPE 2.0 software. The general 

formulae for the true prevalence. positi\-e and negative predicti\-e \ -alues as described b) 

Pfelfler eOO}) are: 

and 

• 1 rue pre\alence (P) = AP +(Sp-ii 
Se- (Sp-i): where. 

\P -==- Apparent Prevalence 

'-'p -==- Specific]t) 

Se -= Sensitivit) 

• Positive predictive value (PV+) -= P"'Se 
(P*Se).+- (I -P l'"( I-SrI: \\ here. 

P -= True preyalence; Se and SP sensni\lt) and specificity. respecti\'el~ 

• Negative predictive value (P\' -) - Sp*(l-AP) 
Sp*{ I-P)'" (I-Se)'fp. \\ here 

Sp = specific ity. Se = Sensiti\'it) and P= True pre\alence 

Descripli\-e stati st ics were used to analyze the distribution of anti bluetongue antibodie~ 10 

different a2roecological zones. villages. flock size. ages and sexes. rhe analys..:s \\cre 
~ - ~ ~ 

performed using STATA 7.0 stati st ical software (Sttlta corporation). Based 01\ the lype of 

28 



data. the association between risk factors and blue tongue seroprevalcnce were analyzed in a 

univariate and multivariate statistical analyses using the chi4sq uare test for bivariate 

associations and multiple logistic regressions for multiple factors, respectively. The 

streng ths of the assoc iations were determined using estimates of odds ratio. The putative 

risk factors were agroecology, flock size, age and sex Univariate ana lysis using logistic 

regression was conducted for assumed risk factors separately to determine their 

epidemiological importance. A backward eliminaIion procedure was employed ,to construci 

a final model. The p4value for statistically analyzed data was considered s i gni fi cantl~ 

different at 5% probability level (Thrusfield. 1995 ). 
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4. RES ULTS 

A seroepidem iological sur. e) of bluetongue nrus was conducted with the qbjec livcs o f 

detemlining the di stribution and seroprevalence of blue tongue virus antibodies and putati\,c 

ri sk fac tors associated with seroposi l i\'it~ in Indigenous Eth iopian sheep in the A;\RS. 

nClrth\\estern Ethio pia In th is stud). a serologica l 1m estigation o f bluclOngue \ mIS 

an tibodies using competitiw enzyme.linked Hnmunosorbent assa~ (cELlSA ) test \\ as 

employed on 860 sheep sera Relc\-anl mfOrmJIIOn for data analysis \\ ere collected from 4) 

IIlh:T\ic\\ed h\CSIOd , owners usi ng a standard quesllo nnal re formal. 

.. u. ~ (' ro logic:l1 sun l' ~ 

Dunng this stud~ a 101.11 o t 182 nocks (ho u'.:'('hnlds) ll f ..,hecp within <) \ dlagcs and.3 J Islnl'l.., 

nCfe bleJ hc{\\ eell OClOber and December :20n-t III Ihrl'c;' agrol!coioglcai lone ... of the A '-': RS 

nl\rih\\ e~itTn Fli1l0plJ t.; heep .;era were s l ra l di ~d <lcl:ording 10 agrtlt.:UI]llg.lcal lone. 110":1.. 

~! 't:'o. age and gender r,'r ~t~1tiSllcai analy"e~ for "'lgl1llll"Jnt tesl as n sh i:1l'illrS fM blucUlOgU\,.· 

\!m" "cwpositi\ II ~ 1 hert.: \\ib an O\erall fll'(" k\('1 .. cr,'pre\aknct:' III h~ -too III He Illl.;\... .. 

\\ Ih at least lllle II1lt .... lcd sheer pel nll'-!.. .I!lll ~4 I ,11 IIldl\\(jUJI k\d ( I ahk'~ ~ .mJ 11) 

1 he 110121., k\el serorrc\ alenl't' ranged 41 - 0 III Iht:' lughbnd ... to 970 n 111 Ihe 11\\\ bnd area ... 

1-!~urt.' 6 presents thl" .. ert1prt·\ alenee. t1('rk an~j IIldnldu,11 ... hecp 1(,\1,.·1 lIt hlut'tllngut' \ Iru .. 

an tibodies In mdlgen,)t1s sheer sampled frllm Jillerellt Jt,:wecological limes ()f the .-\'RS. 

,rthern [lillor',) 

·\11 the three sampled tilstril'ts and the 9 \ illal:!I,.'~ \\t.'n: seroposlti\e (\\!l1l ,1I kast one rt.'i1l..WrI 

hlf bluetongut:' \ iru" an ti bodies (Figure 6 l\;. I able 5) l he ind!ndual animal IL'\ d 

bluetongue ,"iru" antlh()d~ seropre\·alence", \\l'r!..! hll:!hc.,t in 100\\anJ t";~ -1 °0. (,1 5% ( I 

501°· - S6. - u /o) fol1u\\eJ b~ midd le altlllldl.:' (~- 2' '. QSoo CI 

highland (1 5.5 0/).95' <..' 1- 13 1% - 17.9%) 
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On flock basis. the se ra prevalence in their respective agroecologies were 97.1% (95% C.I = 
• 

96.0% - 98 .2%). 82.8% (95% C.I = 80.2% - 85.3%) and 41.6% (95% C.! = 38.3% - 44.9%). 

which were much higher than individual animal seroprevalence. Of the total (293) positIve 

animals. 141 (48.1%,) were from lowland. 102 (34.8%) from middle altitude and 50 (17.1 %) 

from highland. The difference of se roprevalence be tween the three agroecological zones 
, 

\\as significant (x- = 94.5. df= 2. p< 0.001). Sheep in the lo\\·land \\ere 6.2 (95% CI = 4.2 -

9.2) and 1.9 (95% CI = 1.4 - 2.7) times more likely to be seroposili\e than sheep in 

highland and middle altitude. respectively. The sheep at the middle altitude to be 

seroposimt' for bluetongue \·irus \\as 3.2 (9500 (I = 2.2 - 4 8) Illnes more likely than sheep 

in the highland 
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!'Igure 6: A ~lIllllll:H) 01 semprt.:\ alence 0 1 13 I \' ,lI1l1lw dIC'> ustng compcllll\'e I: U SJ\ III ~ hcep or di fkn.:nt agrol.!co logical zones 

III the . \mhara ~all t)ll . t1 Re g lo llal "'1 ,ll c (OU 10 Dc i,.: ~004 ) 
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I'ahk 5: A sU llllllar) oj St.:IOPIC\ ,dcm;c. tlod .llltl dllllll.d k\d (lJ hlLI(.:!')Il~lIC \ IILI '" ,1I11lhmh 11\ ... h t.:t.:p St.: I :I ofdl l'1 i.:rcnl vi l l:lgt.:s III 

thc I\ NRS 

Ilod Illdl\iduilJ 

\ ' dJilgc '-Ulllhl' l 'ulllhcr Sl" I. )llIC\ ;I kllu' 'lllllhl..'l' 'L1mbCI Scroprl'\ i1kncc 

tes ted 1)(1.., 111\ 1.: ( \ ~ " ) tO lcd POS lll \ c (f)'I) ) (95 % confidencl.: in te rva l) 

\/1'/('1//(/ dl ?tl'lct 

l\.t1k II I ; I ' 'I ' ; 1\:" . , 
'- ;7 h (.1-1 4 -10.9) 

Agam Wo uila 11 11 100.0 92 6R 73.9 (71.0-76.8) 

1\ kl c 111;1 Y o hal\ !lL's ') ') I 00 () X7 -I I ,17 I (43.8-50. 5) 

(!lI(III~I I{/ dl ... lIl CI 

Add ,,, A kill 2,\ 20 l-: ~ .~ , ' , 110 47 -I:U (394-460) 

lhllgulla 24 17 70 X III )' -, " --_.) ( 19.7-25.3) 

Ik/rakalll II 10 I)() <) )~ 10 56.6 (533-59.9) 

;":II((1hl'l di s trict 

,\lal1sl1 .. 1 I (, III (J: " 101 15 14 X (125-1 7.2) 

I\.l' kllHk Ichit ·1 ~ I ') e l ) J ~· I ,-
-) I X 7 ( 16.1-21J) 

l)o" h~!;;1l 10 ') 10 () X7 10 II :' (91 - 1'l(» 

I Iltd IX"" III) IJ" I X(JO ~I)j j 1 1 nO.9-37.~) 

I I -I .' {}, ell X, I' () ()(Ill 
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The percent seropositivity among sheep from different villages. as shown in Table 5. \aried 

from 11.5~'o (n = 87) in Doshegn (Alt itude 2900 m.a.s.l) to 73.9% (n = 92) in Agam Wouha 

(Altitude 700m.a.s.I). The highest flock seroprevalence was observed in Agam Wouha and 

etema Yohannes (100%) followed by Kokit and Bezrakani (92.3%. 95% Cl = 90.5% . 

9-l.1%. and 90.9%. 95 % CI = 89.0% - 92.8%.) villages. respectively and the lowest was in 

Doshegn (30.0%. 95°'0 CI = 26.9% - 33.1 %). The difference in seroprevalence on village 

basis was statisticall~ significant (X2= 14-L9. df=8. P< 0.00 1). 

The average number of sheep sampled per flock was 9.3 (ranging from 2 to 35) . 
• 

Considering at least one seropositive sheep in a flock. the overall seropositivity recorded in 

this study for bluetongue \'irus antibodies was 65Ao,0 (Table 6). The seroprevalence was 

found to increase \\;th flock size from small to large. ranging from 25.8% (95% CI = 22.9% 

·28.7%) to 38A% (95% CI = 35.2% - 4 1.7%). However. the difference among the different 

flock sizes was not significant (p> 0.05). 

Table 6: A summar: of seroprevalence of bluelOngue \ irus antibodies in sheep of the 

Amhara "\:al1onal Regional State based on flock size categor: (Oct. to Dec. ::004) 

Flock size :--':umber of \"umber of Seropre\alence (95°/0 Confidence 

categor: sheep tested posJtJ\"es (%) intenal) 

< 7 sheep 248 64 25.8 (c29 - 28.71 

7-15 sheep 336 10' -~ 36.6 (33 4 - 39.8) 

>15 sheep 278 106 384 !35.2~.lI.;) 

Total 860 293 34.1 (30.9 - 3- .2) 
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Table 7 shows the seroprevalence of bl uetongue \ irus antibodies in rel ation to sex. The total 

numbers of male and female sheep tested were 226 and 63 .. L respectively. A statisticall) 

signilicant difference (X1 
= 7.7. p< 0.0 1. OR = 1.6) in seroprevalence of bluetongue virus 

was observed bem'een female and male sheep. \\h ieh seems higher in females 36.7~'o (95% 

Cl = 33.5% - 39.8°"0) as compared to 26.5% (95% CI = 23.6% - 29.5 0/0) in males. 

Table 7: A summary of seroprevaJence of bluetongue virus antibodies in sheep of the 

Amhara \;ational Regional State based on sex category' (Oct. to Dec. 2004). 

\;umber of 

Sex i'!umber of sheep Seroprevalence (95% Confidence 

catego~ sheep tested POSItlWS (%) interval) 

0.1ale ~26 60 26.5 (0' 6 '9 -_J . - - .)J 

Female 634 36.7 (.)3 5 - ~9.8) 

Total 860 ~93 34.1 1309-37.21 

The minimum and mJ\.imum ages ot sampled "heep were 0.5 and 13 year:'. \\nh an mcrage 

of 2.81 years. Ages \\ere categorized into three groups as sheep less than ~ years old.:2 10 5 

years and greater than 5 years of age The re::.peetl\ e numbers of sheep In e<1ch group "crl." 

343 (39.90'0). 338 L)Q )%) and 179 (20 8%). 

The age \\as categurized in three groups as indicated in Figure"" \ge specific 

seropre\'alenee ItlLTeased from 24 .20'0 (95% Cl 2\ 30'0 " 27.\%). in ~ year.s \)Id group to 

48.1 % (95% (I = .. p - % - 51.4%) in >5 ~t'ar" group. The seropre\alence difference was 

sIgnificant (/= ;\ 5. df"" 1. p< 0.00 1) among Jge categones. Logistic regression anal~sl::; 

for age and serorosetl\ H~ proyided an odds ratio lOR) \"alue of 2.9 (95°;0(1 = 2.0 - 4.2) for 

age group 3 ( 5 ~e3r':>l compared 10 I «~ years), And 1.8 (95% CI= I.J - ~ 5 ) for agt' 
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group:2 (2-5 years) compared to age group I «2 years). Odds ratio \'aJue for age group 3 

compared to age group 2 \\as 1.6 (95%CJ = 1. 1 2.3). 

figure 7 A summary of seroprc\'aience of bluetongue \irus antibodies 111 sht!cp of the 

Amhara National Regional State based on age categories (Oct. to Dec 200-l) 
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Table 8: A summar) of univariate logistic regression estimates for di ffcrent putative ri sk 

factors of bluetongue virus seropositi\'it~ in the ANRS (Oct to Dec" 2004) 

Putat i\"e ri sk factor Odds ratio P·\'alue (95% confidence mten al 

(OR) for OR ) 

Agroecolog~ 

lowland \ s highland 6"~ 0.000 (4.: 9.:) 

lowland \$ middle alti tude 1.9 0.000 (1.4 ~.c 7) 

middle altitude \ "5 ' 0 J. _ 0.000 (2.2 ~ 4.8 

highland 

Age 

'>5~T$ \ -; < ~\ r:- :9 0.000 CO -L~ ~ 

> 5~ rs \"S ~·5~ Pi 1.6 0.000 ( ) ) ~ 3) 

~ · 5: r::; \5 ~H'-; I 8 0.000 (1 ; ~5J 

Sc\. 

female \S 11l31t: I 6 0.006 ( I I - .~.~) 

Flock size 

> 15 sheer \-; < -; sh~ep 1 S 0.002 (i:-:61) 

> 15 sheer \s -;- IS sheep 1 1 0 460 

7-15 sheer \'-; <.. 7 sheep I - 0.006 (I ~ ~"-ll 



Multivariate analysis of logist ic regress ion for the different putative risk factors indicated 

that two of the four putative ri sk factors (agroecology and age ) were significant (p<0.05) 

and thus included with the final model (Annexes VII. VI II and XI) . Floc~ size and se\. 

which were signi fi cant in the univariate analyses. did not sho\\ any significan t associatIon 

(p>0.05) in the final model. 

Upon clinical evaluation during sampling and information obtained frolll 0\\ !lers. a 

proportion of sheep were found to have symptoms assumed to be signs of bluetongue 111 , 
sheep (nasal discharge. coughing. history of abortion and diarrhoea). Of the 293 bluC'tongue 

\'irus seropositi ve sheep 42 ,0°'0 had clinical signs but there \ ... as no statistical association (/ 

:: 2.99. dr. = 1. P> 0.05) between related clinical signs and bluetongue virus seroposeti\it~ 

\10reove r. there was no significant correlation between any of clinical si!lll and . .. 
seropositi\i t)' in a correlation analysis by slata. It was also observed that onl~ nasal 

di~charge and coughing "'ere correlated among the four blue tongue related clmical sIgns 

considered 

"'.2. True prevalence and Pred ictive "a luci- of th c test 

I he calculated true seropn."\ alence. positi' e and negati\e predicll'e \alue ... lIt" th~ ((,,,Ion 

sheep "era in the Amhara '\,J,tional Regional StatL' (0\ crall. by agroecolog~. b~ age .tnt! "l':\) 

\\ere presented in table 9 The 0\ crall true seroprc\alence. positi\e and negall\e rrcJlcti\l' 

\alties \\erc 33.7~- D. 98.~oo and 99.5%. respecll\d~ 
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~ .3. Q ues tionn aire survey 

Forty·fi\'e selected livestock owners were questioned u~ing a pretest~d standard 

questionnaire format developed for relevant daw in relation to bluetOngue disease. 

All the 45 intervie\\ees questioned have responded. as they did not see a specific disease 

showing the common known clinical signs of bluetOngue. rather there was a tendenc) to 

incline to other endemic diseases such as PPR. ORF. FMD. up on trying to gi \'e them clues 

based on C0l111110n clinical signs of bluetOngue disease (pictures of ::.heep with common 

s~ mptOms of bluetOngue were 5ho\\11). Moreo\ er. none of the livestock 0\\ ners did sense 

the negati\'c impact of small biting insects such as mosquitoes. The~ complained of the 

larger biting. flies. 

This study also sho\\ed that there was a \\Ide animal movement around _\/eIJma district. 

\/elema is a main route for animal trading to Sudan (300 to 800 callie wcre dri\en daily at 

the lime of sera collection as estimated by the distric(s agricultural office) The Sudanese 

1i\ estoch. als0 enter the Ethiopian territory for grazing land and water. 

The existing husbandr:. system is free gra7ing \\ nh mixed nor and !n"estock f3rming. Stall· 

feeding. dunng the dr:.- seasons for allliveslOck and reglilarl~ for \\orkmg oxen. is practiced 

in the middle and higher ahilUdes. Water sources usc-d \\-ere ri\ ~rs. streams. ponds and 

\\ ells The distance of watering point \-aries from less than I to 15 kms 3\\·a) from the 

house. Sialling of anim31s during night is practiced in the highlands and in some parts in the 

middle altitude In the lowland areas. herders use loose kernel s or fences 

hgun: 8 shows the frequency of sheep diseases mentioned by Inestock owners in 

lowland midland and highland. The major diseases of sheep complained in lowlands \\ere 

Peste des PeHts Ruminants (PPR) (2-t 30 rt:::.pondents). contagiolls pustula r dermatitis 

(ORF) (~3 30). pncumonia (1730). sheep pox (930). foot-rot (8 30) and diarrhea (830) 

\\'hile those mentioned in highlands \\ere pasteurellosis (I-t 15). PPR 19 15). f001·rol (6 15) 

and pneumonia (5:151 (F igure 8). 
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5. DI SCLISSION 

After the first detection of bluetongue antibodies in sheep in central Ethiopia (Woldemeskcl 

c!i 0/ . 10(0). the re \\ as a na tional interest to learn more about the prevaknce as well as the 

distribution of the drus among do mestic ruminants in different parts of the count ry. A 

seropreyalencc stud~ of bluetongue in indigenous sheep was employed In three 

agroecological zones of the Amhara National Regional State (AKRS). nonhwestern 

Ethiopia from October to December 2004. One stud) site \\as bordering Sudan. \\hieh IS 

endemic to bluetongue virus. 

Based on this study. bluetongue virus antibody \\as found widel) distributed in mdigenous 

sheep III the Amhara \"ational Regional State. northwestern Ethiopia. with a seroprevalence 

of 34 \°/0. This resuh confirms the earlie r wor" of Woldemeskcl el al. (::! OOO) \\ho reported 

the presence of seroposlli\"c sheep with a scropre\alencl! of -1-6.7°.0 in (('ntral Ethiopia b~ 

detectmg antibodies to hluetongue \·irus. uSlllg the same EI 1<; .. \ configuration. though he 

~mplo~ed :I non·randl..ll11 sampling design to test 90 sheep (about 30 from each of the tre~ 

agroecologJcal lone:'.! Howe\er. since the dis1;'a"e is not rep0rli:d c1inica!l~ ilnQ not kno\\n 

by lhe li\"estock owners \\hile the ecosystem of most pan of I::thiopia i'i IJcall~ fa\ourabk' 

to the biological \eC II·,r (Cu/icoides species). the [Xl!l:'ntial danger of sprt'JJlIlg the mfectlon 

throughout th..:- countr: should be considered. 

The moderatel) higher seropre\·alence result I,htained In tht: currelll ~tud~ could be 

explained through the dilTerences between agroecologies. which ma~ I.ft'al~ a favorable 

condition for the aCli\ioes of the ,"ector. and thl' l''\bting management pracllcl':o.1;'lllplo)ed 

for agricultural acti\H1es fa\"ouring the transmISSIon of bluetongue \irus. 

Generall) the Inct that IhlS moderately higher ",eropre,·aknce of bluetongu~ 'IrliS antibodies 

In sheep sera is in :!grl..'ell1ent \\ith investq;atinn reports of other \\llI""cr~ 'in different 

countries. Among these \\ere those reported b) bi.elft.'''a el (II. (19831 ~- 6()1l III :"'igt.'Tla: 

~lushi ef af. (199:21 ~5.5"/o in Botswana: Formcnt~ l'I al (199~) 52.0' In !\\.)r: CoasL 



Woltll!llll.'skd el al (2000) -46,70. 0 in t.:cnt r<l l Fthlopla, I kndrib L'I ClI (:!{)Ol) JS :!~;, III 

Fr<llH.:e (Cllrsicil)~ 8halodl:<l a nd Jhab C:!O(1) 1Il InJI<1 (:''' "°n) <Inti Shringl JmJ shnngl 

(.~005) ,0,,°'0 1Illndia, too, 

, 
Ho\\I!\l!r. lower seropre\'alences \\e re ft!cortled frolll II1dlgl.'nouo.; sheep in :\c\\ Guinea 

(100 0). (,1I11c[Oon (16,::!0,0): 21mbatmc (I, ,(!o)~ InJl:l (15.80'0); Croatla(l:; ,0'0): 

K.aL<1l-.hstdll (21.-4°/0). (\'ankamman anJ C:blTlskl. 1l)81; 1·j..,1I1! t:l £II 1985. \Iu:-.ub anJ 

K.ell:. 2000: (jo\lndaraJan ~I a/.. 200:!. 11Stl!S ({ (If 2t){l'. I lInden'old l'l al. ~003 

r~speCI1\ d: ) 

1"\trcllll:h hIgh '-L'f\lprC\dlent.:es in sheep <-11-;(1 \\crc n.:pllrh.'~1 ;\ \Ioolllbique 182..1"0) P\ 

K.anhil! and Ik Sih;j (19R I ) and Tanz3111a £7, qo 01 b\ 11:(.'f:1 ,lI1d I :,tntU (199':;) 

~I.' IIl\ll\I.',i III IIUlll.lllllll;' IhL' intet.:llllll III J ;'l\l" b'I..1111\ th,l1 Th.: llhl'~ \!:Ir!ll1t'/ "w 

Iqqq. ('P\tn~ldr;ljdn(li.ll ~/ln~; OlE, ~(.f)J) 

~'\'1mlne, h.1\e ](lll!; nllrdt'rs \\lI h EthiopIa Thl.:'rl.' I,' ! 11'1.'1.:' l!lllT1al IlHI\(.'l1lenl .lCnl'i::> n.lIlonal 

hI tllhl,ml.'" I">l.'t\\e:I.'n 'dd"ll .Hld flhiori~llSL1d,Hll' '1.. \;.,,1,''':1.. ..'111\:1 In I-th\llrl~m h.'rnlllr~ I(lr 

~nllng .Uld \\;.Itef JU1!ng Ihe: dr:. $e<l~l'nl I hl'\e:1l1ft' tlte: l)..:..:urrl.'n!;t;' \11 blue:llmgul.' \lfUS 

111t1..·..:t11l1l1ll1Ihl0rl~1ll illdl~elHlUS sheer at highl.'r s;.'[l'!~!I.'\.Llt'n!;e: ma: Illil bl.' "'ufpn::>lIl~ 

i'1t' ,ernpn:\alel1ce (II bhll.'t(lJlgue \irus al1l1n"lh,', T1 r.:l.lIli\1l I, Ihe Ihrl.:"l.:" ,1:;i-'~t·,,:oln::!lI.:al 

/()ll<;'" de.lrI: Indu.:alt'J that the re 15 apprecl<lbl: hl~ht'r 'l.'ror~I"lll\ il~ In Iht;' J('l\\bnd anJ 

mlJ,lIe 311lluJe Ihan in Ihl.' highland sheep, Thl.'f(, \\,1 .. ;1 :-utisIKalI: slgllllicanl (P" !I.(01) 

dlfkrl.'llce 111 seropre\J.len..:e III bluetongue \lfliS .ltlllh)Jle" "';h!..'ep 111 the hmlanJ \\t:re 6,J 

,:II1J I 9 limes Illore ilke\~ to be se roposili\e than "heep 1Il hIghland and mIddle JltllW.k', 

rL'''rl.'ct\n:i: The odJs rallo ,'It sheep at Ihe 1111JJic diuIliJe \\a", ' :! lImes more hl-.eI~ 111 be 



seropositJ\c than sheep in the highland. 1 he higher scropre\'alenc," of bluetong.ue ,",rus 
• 

antibodies in the lowland and middle altitude and very 10\\ in the highland sheep suggests 

that lower altlludes are more favourable for the acti\'itit:s o f the ClIlicoides \ eClors 1 his 

result showed similar pauern \\ith the pre\'ious reports by d iffe-rent \\ orkcrs (Excifeka ttl 0 1 

1983 : Homan el (I I 1985: \\ 'o ldemeskel. CI (I/. . 2000 ). \ Iullens 1'1 a t. (2003) cl earl~ 

described in their in\ estie.ation report that em iro nment go\ crned d\ namics and intensil\ of - - .. 
\ ertebrate-\eclOr con tact in both time and space. The~ also discussed thai temperature had 

dramatic and consistent influence. altering \ecto r de\ 'clopmental rates and life histor: 

parameters si nce temperature was best known to cont rol rates of \ irogenesis lime to 

transmiss ion for bluetongue viruses in Culicouies 

Bra\'c rman •. " (I/. C:~ OO I ) clearly suggested that climati c \a riabJe::. innuenced~ bluetongue 

\ Irus spauaJ and seasonal distri butions through modificallons 01 vector abundance and 

capac it: "hleh II1corporates bitmg rates . H 'ctor sun i\al. e\lrlI15ic II1cubauon and \ector 

competence ~ame \\orkers also stated that both temperatun.' and ramfa! 1. \\hlch ar~ 

functIons of agn)ecolog~ . \\ere significant fach."I rs. as temperature had a prl1i'ounJ mtluenle 

lm the sun Iyal of ihese \'ector capacJt~ components and ,ince the Immature :-'Ia~es 01 

'- IIlkOldn imicola arc found III areas of damp or \\et nrganic m,:ltler. ram fall ha" J 1llJ.jl1r 

r""<jJli\e 11llluc..'nee on \ ector population denSIties C'apo rJ.1e d "f. L~OO~ I descnbed thai 

blueumgu\;.' \ec tor distributlOn III the world was based l!1 cJllnauc and elwircmrnental 

conditIons IIlslcad 0 1 rolit il'al boundarie!:i. 

Bra\ ('[mJn and Che...:hik ,I q93) sugg.ested that altitude of up-to one J..m IS the most 

appropriate height le\el. a, regards temperJture and rel .. llj\e humidi t~. for :-,uf\j\al nl 

C ultcoulc., species III long time transportati, on. ~ toreo\ er. Dungu and cnlkagues ~OO-ll 

mdlcated that bluetongue \irus stops replicating In the Culicllidn \'c..'ctN~ \\hen thl:' 

temperature \\ a:-. behm I.:' C and the actl\lI~ oj (' ;nllculll the m<111l IIlStxt \ellN of 

bluetongue..'. \\3S also temperature dependent 

The eurrent stud) sho\\ ed the presence of bluetongue \irus antlhodies in areJs \qth d \\Ide 

range M ahuudes. Seroposltl\'e sheep were Jhtaint;"d 1Il all heights IIlcluded in the s!Ud~ 



(600-2900m.a.s.l) although <;cropre\'alenc(' d~clin~d as the altitude ad\·anced This work 

also sho\\cd significant clustering ofblucton~u(' \irus antibodies at the village len:-I. which 

1ll3) be a funclion of local \ariat ions in Ihl' distribution and acti\·it) of the vector 

( ' 1IIicoiJe,\ 

Interestingl~. there \\as ,I ::-13t] ... ticall) significant (p...;O.OOI) difference In scropre\alence 10 

bluetongue among dIfferent age groups. Old ... hl.!cp \\ ere 29 and I 6 limes marl.! lI]"'eI~ to be 

..,('roposlt!\"(' than yearling .. and young shel..'p (~-5 ~ears)_ respecll\d~ as indIcated b~ the 

illgistic analysis S i lllilarl~ YI,ung sheep \\erl..' I X timl..'''' more likely tn hc "'CWfkJ~I1]\e than 

~L'<]rllng .... Ihis differellcc I ... Jtl ributed to thl..' lacl 111<11 older an]mal ... are tNIJII~ marc 

c'poscd w bluclOngue \Iru ... lIlfcction thiln \,'ung!.' ] nne-. due hl their longer hk JnlCClhlll 

Ill" shl'l'p \\l1h bluctllnguc \lrdS leads to rr"Juclion {It !t1ng-la ... ung prolcul\c humoral 

IIllIl1Umt~ (preClrltatlng antli"ll -iies) Tht' rI']'" III .... l'rO-cnn\"CfSlon c,hlhllcd a.., dgl' :ld\Jllce ... 

a~rel''' \\ IIh rerllrh hy \ alii J .. '.\\Jr].,.crs (l·ha,l \. f af 1990. hlfllll..'nt\ l"f lIf _ 19 l}..!. 11~I..'ra ,lilt! 

1 ~drUlI. Il)q~: Bhalnd!~<1 anJ .1hla_ ~OO~. IUlhil'l\"old d II! ~O(l"";) 

11,\\\,ud 99 ll) sU~~;;'ll'd . I: ~wup-srecltic .11lI1Podll'" pt:TS1"1 1111 ,1r.nUl "I' hI CT.;;hlr.:I..'1I 

11111111Ib. ,\hr.:rt'J" t~I'': .... rl..·~i1i~ !leutralr71n~ .lJ1tlhlldh.~ .. -'1.."1"..: ,;.11 \11..'1..'11 lkm,TIl'lr.lIl..·,j .ill(,T 

111I1..'t: ~C.lr .. '-'hrlngr ,mJ "'Imll:: 120051 rcr(lrtl..'J d :-'1!;rlllil·'lIltl~ ~Ilftl'll..'nl '('wp:.:\ .I ... Ii("I..· ,II 

h!tJe!ll[l~ll~· \ lrll~ alillr. 1~l.l II Jllkrr.:111 ag\.· SI,ldl'''' lit Indl.l11 ... 11t:I..·r 1 hal \\a ... II! III k ...... 

... llI:r.:p_ Ilwlr.:ll'll..'. \\;1 ... !ltll LiJ ... ·\r~·.:h?J lhl..' hl~hl'l '''IT\lr(l~lIl\ ll~ ,lIlltlll!; the Illdl'l tJ] .. I.:-!I..'1lI 1 lJ:-> 

,hl'I..'P l!hill..".IlI..~~ thai Inl· ... l· U'JJ anl/nais 1l1.1~ h: a pnll..'llI l '-llm~·1..' lor ... prt':lo (I Ii ~·IInglll· 

\ HU~ III 111(' regIOn 111 r,lrtlC· 1.11 ,II1J In lhe natlOll III gI..'TlI..-"d 

-1.P O.OI.()R 1 "q'" l 1 

I - ::::::, 111 "'(,Il1PJc\akJ\':~· II: hluclongul..' \IIU'" ~lIlllb\1dll..'" \\<1" ohs(,I"\"I..'d bl..·\'.\I..' ... 11 klll,lIr.: 

arhI11l,d.: .. her.:p. II \\;:~ hl~hl.." ·n kmales 3() -. j J.~ (omr:!Ied hI ~ll.5°o III mall'~ II, \\r.:\el 

thl..· fin..!l nlllJd J"c.leLt('J 'l·' .is bemg ns].,. I.Klllr '-'I." m<l\ hI.' clmtnum.it'd r~ ,1.:,'1..' I he 

.1\CTagr.: age of km<lk ~hl..'lT ... lInpled 111 thb ~ll1J\ \\a" i "";~ \(\Irs and thai l·i nl.lll..'~ \\;.1'" 



1.26 years. Shringi and Shringi (2005) reported similar seroprevalencc of blucton!!ue \Ifll ~ 

antibodies (9.8% in male and Q.5% in female) in Indian sheep. 

In the multi\ariate logistic regress ion analysis the most parsimoniou!:o model of bluetongue 

\ irus seropositi\ it~ included agroecology and age as major determinant fac tors, 

1 his study sho\\ed that the li\eSlOCk O\\l1ers had no kno \\ledge about bl uetongue di sease 

and the negali\!': effect of pment iai biological vectors (Culicoides mosquitoes ), This might 

he due to similarities of cli nical symptoms of 8 T with other endemic di seases like fO Ol and 

mouth di sease, contag ious pustu lar dermat it is and pe~te des peti ts ruminants. Due w its mild 

nature and great \'ariation o f cl inical signs e\'en animal health profess ionals ma~ miss it to 

consider in differe nti al diagnos is, 

The high seropre\'a lence of blueto ngue \' irus in the IIldigenous sheep \\ ithoUl an~ clin ica l 

repc'lrt J.lld lack rtf awareness. among the liwSlOd, o\\'ners might not bc surpnsing as 

hluclOngue is reported to he mild in African breeds \\ hile bemg h l g.hl~ fatal Jl';ease 111 

l~.ur(lpean breed:-. {LAO, ~003. CIDRAP. -:!OO-l, OIL ~(}051. ~Iush i el al (I99~1 reported a 

25,:;0/0 (n :";69) scropre\alence of bluetongue \iru~ .1I1!lbodie~ \\!thout an~ clini(dl report in 

l3ot~\\ana The~ Jlso described the subclin ical or !Il,trran: nt na!ure of bluetongue ''1 -\friean 

indll:,!enOus sheep, The lack of correlation be tween scror()~ItI \l ty and a n ~ 01 r.luetongue 

r('sl:l1lbled c linical signs obsen'ed during sam pling abo can Justif) the inapparent nature l) j 

bl uetongue III thl:' local ~heep, 

Walton (2004) Slated that bluetongue n ruses hilH' heen Identl tied 111 many tW;-'leal and 

temperate areJS of the \\orld but the di sease occurs III fUI11111JntS In lhe temperate 7,lnes. rhe 

"ame autho r also remarkeJ the presence of little or none cimical disease III Ihl:' IfLlpl..:aI areas 

01 the \\orld. cxcept \\hen non-native ruminant... \\ere IlllmJuceu into \Iru~ endemIC arca:-.. 

lhe ,",uiallOll of c11111l:al signs. in sheep both bel\\een IIlJ,\'iduJls and particularl~ bemeen 

hreeds was descri bed b~ Lunden 'old ef 0/ (1003). \ lacLaehlan (~003) also dls(ussed the 

occurrence of cli nical bluetongue in incursion regions of the world \\ he re infection \\ as not 

endem ic 

46 



In generaL the present study revealed that there "as a \\ ide spread OCCurrence 01 

scropositi\ it) to bluetongue \ irus antibodies alllong the indigenous hreeds of Ethiopian 

sheep encompassing a large area of the Amhara National Regional State of Ethiopia. \\ ilh 

an o\erall se ropre\'alcncc of 34.1%. All sampled districts and \illages \\cre found \\lth 

seropositive animals for bluetongue virus antibodies. This ma) be an indication for 

cndemicity of bluetongue virus in the Amhara National Regional State of Ethiopia, All the' 

sampled sheep were IIldigenous type with no e\otic blood 



6. CONC LLlS IONS AND RECOMMENOATIONS 

Iht' r('sulis indlcateJ that bluetongue \ irus was ci rculating III a \\ ide arCiJ of the Amhara 

i'\allollal Regiol1<l1 Slare. Clinical disease I!) not reponed so far in I-thlOpm 1'0 \'3ccination 

programme against hluclongue either in sheep or other spec ies IS III pract ice in Ethiopia 

Iknee. the occurrerll:C of b lue tongue virus antibodies in the sera oftllc loca l !-.hecp aI higher 

!)croprc\'akncc In ~uch a \\Ide area should ha\c been arisen as a clll1sequence of either 

nalllral lIlfectlon \\ lib the \ Irlb {'If of pas,,\\ c illllllUnl/atiol1 \\ llh !1li.l1lTI131 Jmibodil.'s. 

Il o\\c\cr. the chance of dC lcclinl.! colostral anlibod\ III this simh \\a" minimi7ed 0\ 
~ ., . . 

(',ciuum£! sht.·cp Ic,,~ than 6 months of age dunng samplmg I he hight'! ",.,.'rnpn .. n alence and 

lad, \,)1 clinical !(:rt1rl indlc3tl'd the possibihl~ 01 blw:tonglle \ IrLJS 10 he r.:ndC!l1IC !Il the 

11,'~!lln_ Ihh CIII1,I!Il"n ma~ IC'Jd II) mfeclion (lr sll-.;ccptlbk· c'\(llic hll.·("J ... nl -.;ht.·t.·p lI11p(lned 

111 hl I Ih1l1111<1. and m;l~ ,-h.:1 a ... a Jelt.Trenl to ron:eJ IInpro'l,'mcm prtlg r:un,-, 

1"hI: 1111)SI r"r"'lIl1,1111 u ... 1l1l1or.:1 selccted indulinl agrol,'l'oh'g~ and agt.' h 111.l!llr dctcmlin,lJ1t 

I,Klnr ... l'ldo, tH d\ J.rl.·l1e ....... tV'HIt the hluehlllgul,' disl,'d"e amnl1t: tht.' t.I\l1lmunlt~ hlg.t.·lh('r 

\\ llll thl,' \,'\.1,,1111; I \t.· ... lnd. lll.magcmC"1lI S~ "'em (frn' ~mll11;t! Illn\ \.'l1h·1l1 Illd\ ... t..'n-c I ... 

1'<1\ ,\urar.k llle.l11" oj "l'f\.·aJtng I If hluel(lngue • iftl ... 

k,ld tll l,''\ptlll'lnn \.1' htU('h1IlgUt.· \lfU" ecl' ... hlelll .... LI1lt..'IIIll" hlllh ,II Lbed \eL\(lr ... ,lLld 

SPI.'('l!i\.: "'t.·ft\l~pt.·" II \'\Ul'!llllt:Ul' \ lfU ... "ugJ;e<.;1·Il~ the lll'l'U I'lf lurthl.,.'r ",11k ... III Ihl' .111.'.1 

r '·urthr.:f ... tUJIC'" llll the hluetlll1gue \ Iru .. In(ludmg. \,olatJon anll IJt.·11IIiit.'1I1111l nllill.' 

\ II"US and Ihe .. ~rol~p(,s on dlfferenl <1111111.11 "pecies {all fUIllIl1Jm .. j.1 \\1.'11 a ... 

Clllol11(1h 1:!1 cli "un cy" on I he hiol\. I~ !(<11 \ I.'l;tors afl.' {If pafallllllllll IInrl Irt~U1Lt' 

,. ·\\\an:l1e ... ' \.!"I.'.IIHlJ1 amt)n~ hcnh Iht.' h\t· ... hh.:~ (mile! ... <1lld anllll.ii hl.'dhh 

prok""lOllah I<ll;nllsiJef hluelOllgut. III dLfkrr.:llllal JIJgno"ls "1,'1.,.'111' \1.,.'0 1111pN1311l 



,. Special attention should be gi\cn 10 Ihose specific areas with higher serocoll\'c rsion 

\\hi1\.' attempting any corrective measures relating to bluetongue virus. 

,. I::-, olic sheep should hL' \'accinated against bluclOngue \ irus prior to importation 



7. llEFE RENCES 

,\hdel1a. ~ l . Saliman. S. K<llTar. A. I,iris. Sand Aradaib . I (2003 ) peR detection of SudanesL' 

isolates of bluetongue virm. se[ogroup. j 'd Archil', 7:;'. 113-\39. 

APIIIS 0003 ). BluelUngue Animal and Pial)! Health inspecllon Scn'icc~ . lAC] SI!I-'I ' [ o! 1hL' 

l lmh;d States Dl.:'panmcnl 0 1 -\ g ricuituft' ( l SD:\-APIIiS l. 

.\ [;}J<lI h. I . Sdw ]"t'. ( C uIlN. J and Osburn. B i ]99S,. \ llCSit'J peR IIlf dctcc tl o n 01 '\ o rth 

\ Illcrican ,'obI t'S o f hluc tollgllf.: \ JfU.,. b.beJ nn '\\ I ~(,1l0111 (' "equt'llcc: allah SLS oj B I \ - 1 .... 

leI \ /iaohw/ 59. 94. I O~ 

\ :h1..lh. I ",trI.!f\ \ hJdla. \ 1 .!!'J (l "bell1 H ,':00"", [)\..'!l'du 11 pj 1 ... ()rpl\lfll" 'L'rp~] ul' 

u"m,::: d 1l1ultlpk\ R I -peR I d!rch,; ~.t fl.-;·-I 

H.II.k: I. Ikklllik. 1 . \b:bil.'u. B •. nJ I) .. ,: I ... R\\(~t:'-· ..... I~q(l-:', 1l1Plllnh':,!J(JI",u[h 1 •• 11 ..... .-. t 

blth .. ·\I\ll~Ut' In ~(J()~ 1!1 fran ... ,- III \h:-l!J ... · rllP" nl 'h.: J 1,1 1 Illlt'nUIH)nal "I ~ Ill!, ,II 11 1111 

HIU~'hl!l::-<l"" :::h-~<j ( kr ~()()~ r ..! l,jl)n1ll11.! 11,lh 

H() \ (.::'O()Il) I Ill' (tllllH)1 CaJllP<ll~11 ...'.nll'l I:lan;! .... . illt' o ~lIhl h·d ll"lt't' p ilnd gnab m ilk' \'nit.II,) 

'\,11 nn;d ]\l't!wn:ll "' tall' B Ull'.,ll nl \,.:n~·qil'ul"". Iblll 11,11 II . -jiLl 

1~1;l\ .... rnUll . Y 1:::001 L Clllllatl~ \,!llabk" prl'sulllahl~ Illtll1t·llll· B I spatial and ,,::I'-,II(\;I! 

JlsinhlltJlln, 111l"11llgh llloJI:il,lti 'ns ,,' \l'..:tlll ..:aral.' 1\ IIlll .1h m~bllcl.· I ('I ·lnh 6 ... f14 

50 



Bra\crmnn. Y and Chcchik. F. (1993) . Airstreams and their possible po tential for the introduction 

of ('u!icoides borne animal diseases to Israel. Isr J ,\led ",S. J-8 

I3ra\emlall . "I ('he-chiI-.. F and l\lullens. B (200 1). The Interadion hl'l\\een c111nalIC faCl or~ and 

J3T outbreak:- 111 Israel and thl' Eastern t-.lediterranean. and the fea Slhll il\ o f c'-Iabh shmg 

I3T-fn:e w ne J /.,,. I 'u A SSQ( 56.78-89. 

Caporale. \ ' . \lacLachlan. :.:. Pea rson. J and Schudd. A. ( ::! (J03) Conclusions of the OI F 1'.1 

Inll'rIlJ.tlnnai 'i~ mpos lU lll on bluetongue. Taormi na. Ita l ~ 

('( \ l l~fllJ,) Cl'ntral ( Olllllli~~10n for .-\gncuh ural ( l'n~us II\l'"hxl-. pnpulatlllJ1 ·\ .JJI" \ bi.lh:1. 

I IhlllPI;I 

lIDR·\;' I~II()J ) BiUl'hlllgUl' D I~l'a"'l' Cellll'r lnr Inft'l llou ... D I ... ed"c RI.'~l·,If\.:h ,md p. hl.:\ 

\ ... <l~kl11lc 1I1'ahh Centre. t 'm\l'T"i t ~ of\l l1me';\II,l. LS·\ pro I-I ~ 

( IR \1) ~(II);'I \ klJl'llll~ (It.IlIt'Il" .. , n ... 1-. I,)r rl)iI.'llllill \l'd,)r:-- 1,1 r.llll'h)Il~UI.· I" 

11.:;('r\ fh.:(lR \f)l ') RO\l 

';r'h 

\ ,mJ ('U .1' ' 1 ('1 

q'l' hll' 

J ~tI .';"-4 

<.:..! 'j lC' from ("11th I/i., "pr III \ustraha b~ "Ill' ';:r and chelllh:al Ir .... ;.t11l1l'1l1" 111 \h :;"'.11 .. ' 

h. \h. of thl;' Thml IIl\t;'rr.,lIlPIlJi "':; ~lllr,1S]11:r- "1 Biut"Il1ngUl' ~ t1 . ~\1 Ikl " 1~ p .;s 

r ll)rrlllna. Ita" 

:'1 



Donkersgoed, J. Gertonson. A . Bridges. M ., Raths. D .. Dargar7. D .. Wagner. l3. Boughton. A . 

Knoop. D., and Walton. F. (2004) , Prc\'~knce of antibodies to bluetongue \irus and 

A.marglila le in ;"Iontana ~~arJlIlg catt le entering Alberta feedlots: Foal 2001 Canad \'el .J 

45,486-492. 

Dunbar.;"!" Cunningham. ;"1 and Roof. J. (1998 ) Scroprc\'alcncc of selected dl~casl' agents from 

frrc·rangine black bears in 1 lorida J Wild /)1\ J -t ,612·619 

Dungu. l3 Potgleter (. \ '(lil lCI1.:hm:.ll1. B. and :-i!llil. '1 c~OO-n Ih ... · u:.'~: 01 \,Kcmatlnn III tht: 

control 01 bluetongue In l,tllkl1111.: regions' thL' Southern Arm:an e\penclln: Ih';' Bud 119 . 

11"~1. \1. ()qn:Hl 0 .. Karrar. .\ ,m.! \hdcl Ralull;lI, \ II()SO). ,\/1 oulbll:ak ol rlw,:I(lnguc III "hl'I..'p 

111 thl' ~lId;l1l I ('I RC't I 06 -t~ 1-4R::! 

I kul' :\fi.\ I ".lIl~lI<..'_ r 1.1\ 1111 \\ and (nunl\, I II C)8:') Pll'\ .. 1i<..'IlCI' (11 HI\, anllhllJll'" 111 

rumlnanb 111 (amcn1l'11 hop 1111111 IlIrh I', 1.1 i;, 18S! 

, 

\() (::!fJU.') '\lIlm:ll Ikalth IJI";l'.I ... e l.ud ... \\t thl' I ,l.lIlt! \gnuilllll.d (JI'~dn,I,ltlon Bluet\)n~lll' 

pp 1-::::-; 

I i1rl11em~. P. D(lllll·fll'(h. J L1U!;!IIlH.:_ \. OU,lIdl",j \1. Di3\\:I!·..!. ". Raath. 1 P. (rrahler I). 

l.e101r:m. Y ,mel Angba . .'\ (I q{)4) l~pldeI111()lngl( slull~ of hluellll1gu<..' 1ll sll((p. (~l1tk <lnd 

different "PI'ClC' 01 \\ illl <Ulllna!... In the 1\1)1: \ ,I"t. Re" .\{ I I e(·h 13, - ~ 7 -:' 1 



Go\' indarajan, R .. \'engadabady, N .. Pra bha h. ar. T.G. Albert. A. and Kotceswara n. A (2002) 

Seroprcvalcnce of b lueto ngue in Tamil Nadu . Cheiroll . 3 1, 99-1 00 

lla\\h.es. R.A.. Kirkl and. P.D .. Sanders. D A. , Ihang. , .. Li. Z .. Dav is. RJ and lhang. N (2000) 

laboralot') and field studies of an anllgen capture ELI SA for bluetongue \'irus J " iro . 

l /cIII 85.137-149. 

Ilendrih.x. P .. De La Rocqe. S., Al bina. E and ?ie;:ntara. S (200 1). The disease emerg ing as a re~l1lt 

of global \\amllng and the spread of \\etland .... The impact on an11nal ht.'alth the ca~e III 

hluewngll~ of ~heep . Through \\ebma..,tcr \\,n\ CIt! med 

Il nar. H . (arpc:ntcr. I . Singer. R. and Gardner. I I ~oo·n Probabil1t} 01 1I1trnductioll of C'(ltll' 

"tr~I111~ 01 hluC:hlJlguc \irus int t1 tht" \ " and 11llt1 t a lllllrnl il thr\lugh l111p,'rtallt)ll (1/" infl'lIl\j 

,:attlc I'n'\ \d .\fed 66, 79-9 I 

II(lman I 1),111.1111.11 . l ayillr. ., and YuilL \\ (lljS' \ prL'IJIl1111~lr: .... ur\~: d the ~plde111Hllp~: 

III ~hlehlll:;ll,' III Cllst.:trica and '\orth ( 1,1I1lhl.t ( l!ulIln.l III,!: 9~ , J.:'-. ~()~ 

ll(l\\ard. r (199' 1). Impon Rish. Anal~sl s ·\:-;..,lIl,lIll·I.: rlll\ldl'U h\ "l·r(lltlglc.tl lesh \hm'.tr\ ! I 

·\ t.-lIl·uhllL' Jl1 r I ml·~t~ [or 'c\\Ie~t1nJ PI' ~_ ,t 

ll~el;j, I and I ~'lruu. \ (ll)QS). Prdllllillill; l"lIJeIKl" t hluC:lnllgl.h..' \lrU" In\...·lllOlllll Iall/am.1Il 

slH' .... ralhlgnab R/(1/ ·11/1111 1/1111 J'rrl.i II' -!'t . l}\j_I};(l 

.I11hn ... tlll J). \\ I"nll \\ and Paul. P \.~llOO) \ ,ll!d,u!Pll III d Il·\L'J" .... lIdlho..:ll[' 1"1,.' lllu!tJpk-"\ !'l I{ 

te~t Illr tht' :-; .... r,)l~pe d .... te rminatlon oil ...... ,,,nl.lIl'''' (11 B 1 \ r l't \"("/'(I - (., 10:; · \\';;' 

l\.anh'lI. (j and Dl' ,,>,1\ a. R (1981) A scn1k'glcal ~tln·c:\ 01 h!lIl;'hlll:,:lle 111 \ Inzan\hlqul.." 8/11/ 

1111111 II/th I'/nd .·1/1" 21.) , ::!89-291 

33 



L1StI'S. E. Oosnie. S .. Oenie. i\1. Lojl..ik. i\1. Cae. 7.. ('\('tme. 7. Madic. J. Scparovic. S. 

l.ahro\lc. A Savini. G. and Goffredo. ~1. (2003). Serologic nidence of 0 '1 and preliminar) 

cJ1lomolog: stud: in south~m Croatia In , Ab::;tract book 01 the llmd International 

S:mpnsmnl on Bluetongue 26-29 Oct. :!003 . p, 57. 1 ilorm1l1a. Itah' 

l.undennlJ. \1 . \hlnl'r-Gulland. ~ , OTal 'Jgan. C and Humblm. t (2003 ) h r.., t 1.'\IJencl.' o j 

bluetong.ue \ 'i rus 111 Kazakhstan I 'e{ A//c.:l'oh . 92. ::!81-~S : 

\ 13d dl,:hbn. " r ~ OO"; ). 1 he rat h(I~t'n(,s l s of bluetongue \ I r u.., lIlt\,'dIPIl \Ij rU ll111lJ.llh anJ JuratlOl1 

Ilf\lli.1l.'Tnitl In Ahstract h\)(ll.. ti l the Thi rd Inll''rIl''lI illn;iI S:lllr\hl ll lll on Blul'((lJl::,ue 26-:!lJ 

t'LI 2u(t',. r 9-l I ;]('!"mmJ. I:.d: 

\Iarllll!.'i \ ' .11111:1" . .\ \ lartlllt?! rand \ Illier. J)" ! 19()1}) " l'll) Ilr\l'\ 1(11 s\,:k',:Il'J ,lhl';I"I.' 

.1::l'111:-- ;:1 \ \ hllt'-13ikJ dl.'er Ir,'m \le 'J(, .I Wild /)1' J:'. - 'N,SI .. 

\h.'r..:\.. j Il},!S· Bil!I.'Wn~ul> 111 1,~ \kr..:\.. \ 'ctl'nnar: \I,mu:}1 

\\ 11111111 1\ "I " r \ TiO' '" .1':-, .-\, S eJn rp ';;:::j)-~:I 

\\1 R( r... md III Ill' 

\h ph, r l' hb:-. I . Ii(lrl '](,",," \: mJ 'i tuJJI.·11. \1 IllN,j) R.l.l \ 'lit!. 111 \ ~ll·nl1 .. r\ \ :-, I 0-\ 

.... Jr· t .... \. \c.IJ..:mic Prl.'" pr 3Q , ': ,j\} 

, I.:~ 

" III \ 
" "' , ," 

~·\lnt~\.; Ir \hstr.1\,:t h.)i', ()1 -'k' Th d Interni.t\hlll~1 '\::1: 

I J.,:: .::OO~ I' ;.;; ! ...t,""111il ). 

Dllc\..o.·1 \\ Ibbl'rlr.:\ (, ,InJ "ur~ D 1199~ P,I.'''; 1'1t0J111l:-: ,lIltlh"Jll'''' II IllI .. 'lm.'U\,; 

r I" 111 B,1l:-'.\ .. 1I1.1 nu' .:; ,. llil" I' .tl,-r -to. 1 1-

\ lusuka (J • .IIlJ Kell:, P I'::' rJU) i'rdullInar: :,tudles In to tht: ..,erl1prl'\ :tll.·lh:C P! .!I~llhl)Jl~ 'l) B \ 

11 ~at~lc. ,hl;'t:p and ~('I~II:' ':', I mflJt1\\(' If:t!1 A llilll lIidl fmd ", "'8. I - -I t;..: 



Naresh. A . Roy, P and Pm:'.ld. Ci 11996). Evaluation of recombinant bluetongue 

using dot ImmunohmJmg a~s3y \\ith serum, from sheep and cattle Alii .I 

1556-1557. 

\ InlS anllge ns, 
I 

lei RI!,, 37. 

OlE OOO~j Bluetongue ~LlI1ua l 0 1 Standarc1::. for Dl3gnostic I est::; and \'acclIlt.'s :,tl eJn pr. 195. 

210 

Oil' COOS) Bluetongue In I>j"t.'a ... t: in fom1allon 1 hrclllgh \teh ~ltl' \\ ,~ \~ c01t.'ln: 

P3\\('5].;a , .I. \ t.'lller. (i, an": \k!l<'l P (~i)021 \'t.'<.:(OI' COll1pek'IK~' or " lIutl1 ,\lnt,1Il ( 111L'Ilhk" 

Spr..'l'Il'S 101 hIUCI(lIlg:.:L' \ Iru ... 'l'lll t~ pc 1 (l3 I \' -\) \\ IIh :-.peCia l rdt.:'n.'IKt' l~l tht.' dll'd (It 

1t.'lllpt.'l'aturt' nn Iht.'! :'1.' (II \,'IIS rt.Tllcatlt l ll III ( IIIIIC(//a and ( bolollill(J\ 1/ ... ,1 /II( 

16. II 

Pur'lr..'. H \klhlr. P. R,,:!t.:'I" J) ".11 \ld. \ and Ba\Ii:-. \1 (':IHI~ ('lim,11t." l.:hi.II1~L' IJld Ihl.: :I.'l~111 

t'l11efL:I.'lh:t" 'BIII1! iWrl.' '.;! Rlr Iii 'In .\. I-'\·]};I 

KJd,)"llth (1 Blno,l. I) ,Jr,' (u: l ,Plq": Blul'tnngut' In \ L'lt.'illl •. r\ \k'JIL'!I1C \ h'\'r I, 

thl.' I:'L'<I:-,e~ ']c.mlc .;h .... t.·n rip. ~ ,> .!nd hor .. \'''' S t.'.,]1 ItuB"h: I IIlJa!J'-'r 10:' ' 

II hi tlt'\ 'ipp I lISlIlg SJld lit.' Im,:;.!\'r\ In 
, 

\h,tra~' h , 

-I 1 ,1<" n I!' ] II 

St.!itl!rt. II (jq(6). Blut.'lon:..:uc In 



Sellers. R (1981) Bl uetongue and related diseases. hr Gibbs. Vi rus Diseases of Food Animals. 

(l ondon. Acadamic Press). pp, 567·584, 

Shringi. Sand Shringi. B (::'005). COlllraratl\~ dficac) of standard AG ID. (TII- and ELISA fOi 

de tecting bluetongue \ irus antibodies 10 indlgeneous breeds of sheep mId goats til 

Rajasthan Ind J "d S('/ 6, 77·79, 

'tanlc~. ~I (19lJO) Pre\alL'llcl' of bluetongue preclpHJting anlibOtiJes In dl1lllL'\tICJtt'd illl1lllab 111 

YL'nlL'1l Arab Repuhllc hop All/Ill 111111 Prod 22, 163· 164 

I t'lllhlgen. C . Ilal11bhn. C . Quandt. Sand Ilurich. K (2000). Scrosunt'~ tm ..;clcctL'J 1Ok'dlm!'. 

JISl';)..;L' .l~l'nb tn tht: flt'l' ra!l~ln~ hi ad-. <Ind \\h lll' rhinocl..'ros 1t1 '\lncI I IIJ/d /)/1 36 . 

Ihru", fid d, \1 Ill)l}~) \'clL'rnur\ r-rldcmil)111~\ ~' edn BlJck\\~ll \\ 'is_\elN:hJ!h \ cd.!; B .. :rlm, 

(jL'nnall~ 

I ·haJ. I Rl'lm,mll 11 I hurm,mti. \ 1 ;mJ f r;ll1lt. ( {191.)!)) J\ SI..'ro\'Td.::mll)ll)~'\ It \UtJ: 1111 

blul'1I1nglh.' \ llU~ 111 J'I!:-~ cank III Ihl' ccntral ;111c\ of Caldilrlll<l lei 1< .. '\ ( 'III ! -f. q\). 

II c. 

\ ~ll1l..amJlli.\n -\ ;lll~l C~bll1\i-. R t 4~1)\ ~l'I- It _!~:iI SU]\t'\ 1,'1 -\!luh Il 

'\c\\ GU\IlC;\ '/II\{ leI./. :; - . ::!5~ - ~55 

\'~f\\oerd. J) \\ dl1d I ra~l11u~. B J (199"': ). Blul..'hlJlt-tll..' In InfL'Llll'U:-' 1..11~L',l"I..'" ,01 InohlLk \\1111 

Spl.'clal RL'krcnCl' to '-,lluh \inca I -I~i_J'::'\1 (h(nrd { Tni\t:lsit\ "rl'''''''' "\luthl..'rn AttlGI 

( .11't:1t)\\11. 



Walton. T.E. (200-l) . The history of bluetongue and a current global ovcn' ie\\. I rei Ita!, -4 0, 31· 38 

Ward. t-.l P .. I·orh("~·hilkner, J,e. and Duffy. V.L. (1996), Evalua tion of c FLl SA 10 delec t infection 

o f cattk III sentinel herds in Queensland. Australia \\ ith biueton!!ue \-iru <.,cs. " (,I \led. -4 9, 

1 17·125. 

\\'hltt'. J) \1. Wilham. C.W .. Carol. D.B and Ban:. J.B. (2005) <) tudles on mcrni nte ring of 

blue tongue \Iru (; in insects J (Je ll f '/1'01 86, 45 3·-l62 

\\ 'Htman, \ . .1. \k'II{)r. P.~ and Ba~Ii". 1\1 C~()02). 1:lfect of h!ll1pt'I<ltun.' {1n till: tranSllll"Slon 01 

Orbi\ I r llS(,~ h~ the biting Illldgl.'. Cuilcoides sonnrt'nsis .\led l'cI /-1110111. 16 , 1-l7·156. 

\\ {lldl.,tlll.·,,)...el. \ I ilbhun. (j. llbho. \1 and Pnll!il.:tt'r. L~ J) (2(1\)( ) PII.'\ait.'I1Cl' nj hlut'tollt!Ut' - , 

\ 11th ;lllllh\lllll· ... III shcl'p 111 celllJ'dll·thiopIJ f)/lch Tiel"acl II \{hr 10 7. _,}:tJ·-l2X 



~ , ,\1',\ 1, \. 1 ", 

A llll e ,\ I : S1.: l'lIlll Sillll p k colkcllO Il 11.)[ 111 :11 

/ (lilt' \. tll.l~t' 

1).111.: ( Ilill 

-1 SCI' 

No OWIl1.: f 'S llilllll.: 

j l' Jock 

I Sl/e I !'In J IOliS lll !! cOIllIJtI Oll 

~Iinical symptoms 

(II lleillth ~, S Sid .. , 

Tube 

no, 

j 

-I --i 

1 



A n llCX II : Bluetongue questionnaire format (Li\ t.:stock owners ' observation ) 

I REFERENCE 

Region Zone 

District PA Kebele ______ _ 

\,illage ________ _ 

'\am~ (I i\\~stock owncr) __ -Agc ____ _ 

, '\11 \tIl FR OF 1.i\'ESTOCK O\\'l' FD (h\ 'p"Cles) 

, , 

Call!c 

IWSllA'\I)RY SYS II \1 

C I ran ... humant 

4 \'\1\1 \1 \10\"1' \11',1 I \(,TOR, 

,.--, 
, r-

( n .lIm,:!. ;mo \\<lh;,rll1g 11.I,k~ 

Camels Equine 

n '\OIlWJl t.: D 

thelt 

J \1.1-.:--I\lOII1l11an tnl\\t"1ll1."1l1 C 

- , 
D I-.t;lJh.lo 'r(l!''! lhl' 

\\ t.'rloJ. 1/(lIlC 

s') 

\\ 1..'1 !)r~ [)roll~ht "'11 

I 

J 
I 
J 



MAJOR (ATTl E MOVDI E 'T ROOTS 

I FRO~ I ! VIA I TO ~ Purpose 

I l -

-t I 
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=-~ 
-
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L ~ 

.;; I Ll~t lllaJor JiseJ.~C':-' olcanle III tht.: area (in \l!'dcr or Imrortanu~), 
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, 

; 
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, 
" 

, , 

SCI!'!' Ilf IC :-:A \11 
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T 

-
10l \l ,\,\\11 SCII',\, IlnC '\' \\11 
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5.3 Have you ever obsened a disease" ith mouth and tongue lesions in ani mals? 'tOO 
5.4. What is the tradi tional name of that disease? ........... . 

5.5 Which species of ammals arc affected? ...... ...... ... . 

5.6 I low docs the disease transmi t among domesti c ani mals? .. 

5.7 When did you obsent' the disease /(ll the first time? 

Oefore 5 years 0 Be fore I year D 
Ocfore 2 ~ ears D Less than a year D 

58 Whal are the suspected sourcc(s) of the disease? 

Seas(lnai had ill\}\"ement for gra/lng and watt.:ring 

"\JC\\ ly introduced animal (tradc. girl. Changt'. l'\(;) 

D 

D 
D 

"' () Is the discase presem currently? lCs D 1\0 0 
~ I!) h \'our herd affected h~ the dlsca"l' rh)\~') Yes 0 'XII I 

Cauk. .Sheep (ioa!s ... 

1.:\1..'1"\ I\\n 'en!":-. . 

~ II \l". \\hal Il"ddltlllll,\. 

.:: I';; h tlh'rl' :1!1~ l"nnlf,,1 Illl,thlld) Yt' 

"' 1911 ~c:-.list theIr nnmes dnJ descrihl.: thelf :-Ile and .lprcaralll"l· 

"' 20 In "Illl'h <;t'Json (:-1 the~ do appeal 

"' 21 1),\ ~\\U 1hlllk that they arc harmful 

.;; ~: <- .m thl..'~ Ir<lll:-.mi1 dlsea:-e IS)"} Yl'~ 

"' 2, It ~l'<;. \\hl(:h dlSeJ:-I.!(s») 

\\ 'hal do t lll'\ tin' Y cs [ 

'\'0 ~ 
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Annex II I: Pictures of indigenous sheep fl ocks in middle a lt itude and highland. to sho" the 

different visible phenotypic characteristics In different agroecological zones 

Killa ber tSouth \\'011 0 Zone) graZIng (In a pO(Jr pasture 
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Ann e," IV: Bluetongue data code book used in the study 

District (agroecology): 

Villages: 

Fl n~J... "VI,.' c<1tegor: 

I h)lIS1l1~ (l1Igh t) 

1= t-.letema (lowland) 2· Guangua (mid altitude) 

3= h utaber (highland) 

1= Kokit 2 Agam Wuha , ~ lclcma Yohanncs 

-1 = Addis AJem 5 

-.- Alansha f, 

< - sheep , 

j\ la le , 

< ::\ ears 
, 

o Outdoor 

, 
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Dangulla 

Kelemderha 

-, - 15 shl:'t.'p 

Female 

~ - :;~ ear:--

IndnN 

\ kdllllll 

p. ~ I, \ \. 

(y 13cnakam 

9 L>oshegn 

, , 

1:' sheep 



Annex V. Bluetongue Ant ibod) Test Kit. cELI SA (YMRD. Inc .. Pull man. USA ) 

General Descrip tion 

This eompclil i\e en 7~[Jlc~ I J!l l.. ed I!ll inunosorbent assa~ (c1::. II SA) detec ts bluewngue \lru:-. 

antibod ies in ruminant sera Sample serum blucLOngue \ irus a ntl ~ bod~ IIlh iblts bindmg of 

horse radish peroxidast' (lIRPHabeled bluetongue \ i rus~speei fie monoclonal antIbody {{l 

hluetongue \ Iral allll~t'n l:oalcJ on the plasllc \\el1s Binding (lj the IIRP-LiI·,t'!ed 

monoclonal ant l bod~ conlu~i1k' b d('tl.':cted h~ the addition III l'1l/\ Ill(, :-.utHratt' .llld 

qual111lied h~ subsequent l'o]pr product dl.:'\·e!opmclH 

"tron~ color dc\elor:1It'nt lIlJiL"ate, Imle or Ill) blod,agl: ,,' IIRP-1.,bl.:'kd 111 '11Ikl,'ll,1I 

'IIlti\111dy hlndlng and Ihl.:'rt'h1re the ahsence lIt hlul.!hHl);Ul' \ Iru..; anuhnd\ 111 ..;ampk "I.!I'I 

\\'eal.. L"lllm Je:\t·lopn:.:m JUt' tll lI1hlhltion of Ihe: 11111l1odonJI anllh\IJ\ hlll'!~ 1~ hi tht' 

;..., II l llllt('nb 

\ 

B PnSJ1]\t' { (lilli' ] 

:\ nIl hnd ~ -Perll\ IJa"t' <.. onj ugate 

.;; pL.llt' 

~ Illi 

-I 1111 

16ml 

~() Illi 

"." Slnt:k and l11uitlL"hannL'1 ;IJll! .... lahlc \"0lul11c plpL'lI. r:-. .md JlspII..;ahk pla~llI: ':1''' - . 
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.:. Test tubes or non-antigen-coated transfer plates . 

• :. FLiSA microplate reader or spectrophotomete r with 620 11111 filter. 

.:. Deio nized or distilled water. 

.:. Paper 10 \\ eJs . 

• :. \lultlchal1nel rl pellOr reservoirs . 

• :. Gradu31ed cylmder. 

.:. \\ ash ho ttle. manual. multichannel \\ ashlllf! dc\·icl" . 

• :. rimcr 

/\ 11 n.:agl.·nt, \\ ere slOrd nl-f <- unt il rreparalJon forh:s t rrOl.:r.:dllll..' \ \ <1" started 

,. 1 hI..' :->I..'nlll' "<1!~:"!t.' s, rea~ents and plate!-- \\crl.' hroui:!h, til rtll)1l1 h:.'mrl..'r;lIurl" prh)) 

,urtln:; Ihl..' 11.."-

,. ,11\ 1..' clllJ ';,.·:!-JIJ\C t ~Ilif(lb \\e re nlll 11 durl1r.:;HI.' 1I .. ';':;lrok,:-o (It Ihl..' ntunhl..·r \ . 

'1..'1'11111 ',lInrk' '.) hI.' 1l"SlcJ Cnntr\1b \\\'rl..· nm on 1..'\ t'r\ pl-th' I h.: (1)lHnl! .1110 " .. -' Ii' 

.:111pk Ii)...; \\t--,: I..'lltt'n.:j l'll a phl)IOCOP~ nlthl..· .I11:Idlt 'I.." up RI.'~nrd 

, [hI..' pl .. Itt· .... ren \I..'d Iromlhe toil pouches ( \ ) ,\n~ lllU,t'd "Inp" \\t'!"1.' !t'tUII1I..',! \\ 

Ik pl)u(h and 'I..'curel~ ,cJled Cal! \ ' ?IRD hlr e\.lm 1~<Hh.:hl.." ,md sl.."lkr Pbcl..' ,t::r' 

I. bl u"';l..'d III It:;.. ila!l1t.' .mJ numt>t.'f Ihl..' II) I' {II r.:dch ,IIII' I\l mdllllalllllJ"Jl..'nt.lill'i ~Il 

thl' \l'lllP RI..'( .j r\h\.~\, mark the stnp~ !Il CISI..' lilt" lall til ( I Ihl.' Ir.lllll..' l:W ,'­

\ l,fll!:-

,. \nllhoJ\-Per\l\1d,1Se t lTlJugate CD ) \\,b RI ·\DY·II ).\ \ 1 'II diluui\l1 \ I 

, \\ ,1,,11 \olutlon I X) \\<1' prerared h~ dJlulll1f ('nt' p,lr1 : Ihl..' ';;0.:\ \\ ,h/l ,,- . It..:' 'I 

( IIKl..'l:!r:1tc n- \\llh":j r.1n, llj dlstllkd \\J1I.'1 '\ prpnllll,!ld~ I III I \\<I,:\J \l~·""LJ 

hI! t' ;l(h \\1..'11 

,. "-nulll :-';lInrll..'~ \\I..' rt' tt.'Sk.j t \" DILl ' TI-J) 
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.:. 1 ~st tubes or non-antigen-coated transfer plates 

.:. [LISA microplate reader or spect rophotometer \\ nh 620 11m filter. 

.:. Dl'ionIzed or di stilled waler 

.:- Paper IO\\cls. 

.:. t'-.lultichannel plpenor re::cn-oirs . 

• :. Graduated cyltnder 

.:. Wash boltlC'. manual. muillchannel \\a ..,hing dc\ ICt' 

.:. Ti111l:.'r. 

Shllagl' and Stnhlllt ~ 

Prep,Ir ,1111 ltl 

,.. I hI.' ..,\,.' rlllll "',lfllflk:-. r;':,l:?-c::iS an': p131\.' \\t.'rt.' hrougl·', r,h))ll 11.'111;'\,.': I1H~- rn(>! II 

..,urtl !l~ th\,.' 1.:,,1 

r P.,..,!1I\C ,\Ill '\l':,.';J!!\\,.' ( 'r.!;"lIh \\1:1(' Hill 111 ~IUJ'ltl-Jll.' Il'~;lrdk'"", (! hl' "mlhl.'l 

"\"'rlllll "',lIllr!I." 1< hl'Ie.:..,ll,J t ('nln1J.., \\l'll' nlll (Ill \,.'\l"\ pl.UI: I hI: t.:"llt~ 

..... lIll pk II ) \\\,.'IC l'Jlll'r~.·J \)11 j, phlll\It.:111'~ III thl.' dll,,,,.ll ", 'IIr R l.'UHd 

,. l ht: pla1l'" J\'nll1\I..'C frollllht' j~,d pnuchc, I \ ). -\ n~ 111l1hl'J "I II['" \\L'r\,.· Il' · urnI..'J II 

Ihl.' poutl, .tl" l "'l'curd~ "t.'alcJ Clll \ \1R D I'M 1.'\lra pll!h:hl" ,mJ "l'.ilcl Pld(L' .... Inr' 

h' bl' u..;ni III I ilL' jrJlll1' 3nJ IllIl11f'L" 1hl' I. II' \1 1 l ',I(h 'II 11'1" m,IlIl\;tJIl q IL'j1;dll\lli \\ II, 

1hl' "il'lIlr Rl' .. :m,j \I\\a\s n1dlk thL' .... 11'1' ... III ("as\.' till'\ 1.11 '1I! III th-:: tr Ill': durn 

\\,I..,llIn~ 

'\11 u Ul llll \\.1' 

nl..'("l!ssa~ 

,.. \\ J..;h <"' \lluIJ1 n 1,\ \\.t~ r~.:par-::J b~ ... dutlng 1m!.' p_tr1 II thl' ~IJ.\ \\ .hl " "lut1<'1 

(\\IK~ntr~lk I \\llh ";Q r,:r.' nl tll .... IJlk,j \\,lll.'r \pl'n\\,rn;ltl'l~ 1 111 .1' 

Inl l'dt.:h \\ \.'11 

,. SL'rurn '<Irnpk" \\l'fL' h:"st~d l -""!) I! t I I ! ) 



Anno V I : Competitive ELI SA Plate Layout 

Co ntro ls Test serum samples ( in duplicate) 

, 
~ :2 

. , I 3 4 ' 5 16 : 7 8 19 10 -, II 12 

I 
A c- c- I 2 " 4 5 6 7 ~ 8 9 10 

B c- c- I 2 " -1 ) 6 7 ~ 9 10 

- - - - - --c C+ C+ I I 

I 
D C+ C+ I I 

fCc E cc -
I 

+ 
F Cc Cc 

~ 

C 

~ 

H -1 0 

h.e\: (l' 

( 

I -



An nex V II : Muhi stage logist ic regression o utput o rthe ro ur putati ve risk racto rs . 

agroeco l og~. age. Ilock s ize and sex. ro r 131 V seropos it ivity 

- -------
Result Coef SId Err. / P>'z [95% Conf. Inlenal) 

laez ~ - 2 148347 
----,-----,-,------------- -
0431 464 -4.98 0.000 (-.2994 -.1302694) 

laez 3 - .43~70~3 0427926 - 10. 11 0.000 (- 5165793 -.3488353) 

[agecat~'" 167615~ 4 49 0000 (0944165 "408119) 

IJgccatl..'", 292620-1 0451671 6A8 O.OOD 1"040944 )81141>4) 

0_1()J !-q 

Ilblateg , OclOO 0.55 I-O.080{J I~IJ(J I 

05S0t) 1-0111>: 

()! 100 

" ... , St" 



Anne>. V III : Multi stage logistic regress ion outpul of the three putati ve ri sk factors. 

agroe cology . age and sex. after the model r~J~cted flock size 

Resuh Coef SId Err. 7 P > 7 ' [95% Conf Interval] 

laez 2 -. 177681 .03809 18 -4 .66 (1000 (- 2523397 - 1030224 I -

lae7 
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