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ABSTRACT 

Participatory appraisal and conventional veterinary investigation methods were applied to 

\alidate Barana pastoralists' knowledge on cattle disease and to investigate the epidemiology of 

Foot and Mouth disease (Ft\lD), respe-ctivcly in Barana pastora l production system of Southern 

Ethiopia. Furthennore, detcnnin3tioll of seroprevalencc of FMD and assessment of associated 

risk factors (including serotyping of the c irculating FMD vims) were conducted. The 

participatory methods used were clinical observation. matrix scoring, proportional piling. and 

seasonal calendars. Seroepldcmiological investigations were perfomlcd using JABC ELISA and 

liquid phase blocking ELISA techniques. 

The analysIs of matrix sconng showed good level of agreement (\\"- 0.569·0.956) among {he 12 

mfomlant groups for the disease indicators. Borana PaslOralists descriptions of catt le diseases 

much 0 \'erlap \V nh III odem \ clcrinary descriptions. T he result 0 fp roportional piling indicated 

that about .f 1° o of callie population suffered from \'arious diseases and 8.8 ~ 0 died in the past one 

~car (F~tD recorded the highest incidence of 16.1 °/0 and mortalll) of 1.1°/0 ). Cahes recorded the 

htghest mean incidence of clinical F~ID lHoyale: \8.5°/0). While 100\'cst in chronic FMD 

(COl/dille; O .2~n ). Climcal F)'lD caused the highest mortality (2.8% ) in cah-cs compared to adults 

(0 .3°/0 ). :\cconhng 10 the seasonal calendar. the highest inCidence of aClite F~lD (Hooyale) was 

recorded dunng the long dr: season (Bo l/na) compared to cold dry season (lIagtl.l:l'£l). 

rhe overall seroprcvalencc of Ff.1D \\as 21 %) (11 = 920). herd infection rate. on the other hand, 

was 59°(1 (n 116). Slgnlficantl} higher herd seroprc\'alencc \\as recorded 111 Yabello dlstnct 

(61 ~o ). followed by DIITC (59% ) and ),loyale (52) districts. Similarly. Yabello district recorded 

the highest Fr.! D seropre\ alcnce (26.1° /0) on anll11al basis. From the various !"Isk factors analY/cd, 

Peasant AssoCIations (PAs) . herd sizc=. sex and age were seen to be siglllficantly aSSOCiated 

(P<0.05) with the seroprevalcncc. Liquid phase blocking ELISA test revealed that '0' type F\lD 

\lnlS is the ll1Jjor serotype (99.2% ) circulating in the area. follo\\ed by 'A' (95.8% ). 'SAT 2 

(SnOo ). and 'C" (6-.5u/o). 

.\ 



The results of 3 ABC ELISA and Pastorali sts' empirical knowledge of FMD showed a moderate 

agreement (kappa=0.45), indicating that FMD is an important cattle disease in Borana pastoral 

production system 10 warrant the institution of appropriate control strategy_ 

XI 



I. INTRODUCTION 

Ethiopia has the largest livestock inventories in Africa. possess ing more than 31 million cattle. 48 

l1ulllol1 small rUllllllnnls. 1.5 million camels and 7 million equines and 52 million chickens 

(Desla. 1999). Livestock ownership currently cOlllriblllcs to the livelihoods of an estimated 80 

percent of the rural population. In the highlands, livestock are kept Linder sculed or transhumant 

systems utili zing common pastures, many of which have a high clover conlent and crop residues. 

Such livestock includes some 9.3 million oxen providing draught power, for the mixed fanning 

system that prevails. In the arid and semi-arid extensive grazing areas orthe eastem , weslem, and 

SOUl hem lowlands. cattle. sheep. goats. and camels are managed in migra tory pastoral production 

systems (FAO W FP. 2005). 

In thc Greater 11 0m of Africa (GHA). pastoralists occupy large parts of arid and semi~arid lands 

of Ethlopl<l. Kenya. Somali. Djibollli. Eritrea, Sudan. Uganda. and Tanzania (FEWS ~'ET. 200~ ). 

Togcthcr \\lIh agropaslOralists. they compnse sIgnificant proportions of national populations in 

each of thesc countries. The Borena pasloralists in the study area manage their call ie. thc 

dominant alllmni species. in a traditional pastoral system. The Cattle herd is split into \\\-0 groups: 

the '\\'arra' herd is compriscd of small numbcr of animals specially milking co\\s and calvcs that 

arc kept around thc 'Olla's' (pCI111anellt encampments): and the . farra' herd that encompasses the 

majority of <Jlllll1als which arc dri'cn long distances in scarch of good pasture and surface water. 

in'cspccti\c of nallonal boundaJies (Coppock. 19c)~). 

Borana pastomlists' il\cilhoods depend predominalHiy on Ii\-eslock and their producls. They 

practLce a lranshumance nomadic system. which had bcen theLr traditional and primary sllnwal 

strateg) Howc\-er. physlc,tl infrastrucltLre IS poorl) dc\'cloped In areas where pastoralists I!\'c 

(FE\\'S \,ET. 200~). This has also been worsened by high prevalencc rates of li,·eslock diseases 

and poor \·eterinary lI1frastruclures and services. 

Bomna breed. one of the multipurpose callie breeds in Africa. was evolved. and is still widely 

rcared by Borana pastoralists of southt!nl Ethiopia. According to recell! estimates. the population 

of this breed ILvlIlg in the Borana pastoral areas is esti mated at 1.7 million (Desta. \999). 



Currently Ethiopia exports beef animals to Egypt. most of which originate from Borana pasto ral 

areas. F~ID is one o f the diseascs that can calise restriction on the trade of animals both loca lly 

and i ntemationally. t hereby I hreatcning t he livelihood 0 f B orana p astora lists in p articu lar, and 

nationa l agricultural economy in general. 

Fr-. tD. a viral vesicular di sease o f cloven-hoo fed domestic and wild animal species, is one of the 

hIghly contagious mfec tious d iseases that cause restnc tion to the trade of livc an imals and 

li\'estock products II1tcmationally (James and Rushton. 2002). It is characteri zed by fever, loss o f 

appctite, sa livat ion and vcsicular cmptions on the fect, mouth and teats (Thomson. 1994). 

r-. lorbidity is up to 100°'0 in susceptible animal populations but mortal ity is 10\\ in adults. During 

centuries of c \'olution of FMD in the fi eld. repeated opponuniti es for vari ation have led to the 

\'iral di \ crsificaliol1 whic h is. no\\ a days, refl ected in the co-existence of snen serotypes: A. O. 

C. SAT-I. SA T-~. S,\ T-3 and ASla- l in lhe world (Sahle. 200-1 ). 

The disease spreads rapIdly by movement of in fected ani mals o r mechanically on fomites such as 

cloth mg. shocs. \·chlcles . and \cterinary instrumcnts. The reasons for thc rapidll), of spread to 

fully susceptible populations is due to the highly infccllollS natu re orlhe \-irus. the prodllc llon of 

11Igh Iller 111 respiratory secretions and the la rge volumes ofdroplcls and aerosols of\'irus shed by 

mfected alliJ11als. the stability of YlruS in such droplets. the rapid replication cycle \\'i th \'ery high 

\-irus yields and thc short incubation per iod (Sellers, c/ al.. 1977). 

F~ I D IS a global dIsease that through the years has affccted IllOSt of the countnes. It occurs 

throughout the world . mos t commonly III Asia. Africa. Ihe ,\I1 lddJc East. and part s of South 

Amenca \'orth America. Central Amenca. Australia. :\e\\ Zealand. Chile. Japan. and 1110S1 of 

European countries hm'e been recognized as free, and Uruguay and Argent ina have nOI had an 

outbreak since Apnl 199-l (Sahle. 200-l ). Due to poor reporting from thc Afri can conti nent. F~ID 

IS considered endemiC 111 most of the African Countries "ith only \Iorocco (based on serological 

SUf\'cy). S\\'illiiand. Lesotho, Zimbabwe. ;\aJ1l1bla. Bots\\ana and thc Republic of south Africa 

being conSIdered frce of the disease by the 0 1 E in 1999 (K Ilching. \999). 
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In Ethiopia, outbreak of FMD frequently occurs in the pastoral herds of the marginal lowland 

areas of the country (Sahle e( al., 2004). This is mainly due to lack of effective vaccine, absence 

of li vestock movement control and absence of sys tematic disease surveillance and reliab le 

epidemiological data . It is however likely that the discase is underrepol1cd due to comparatively 

11Igh tolerance of local breeds to the clinical episodes of the disease (Lcforban. 2005). It seems 

thcrefore that FM 0 IS more prevalent and has been one of the major causes fo r considerable 

economic loss of the rural communities in Ethiopia. 

Providing veterinary services to Ihe communi ti es according to the westc111 model has proven 

difficult due to lack of infrastnlctur,e and the veterinarian has limited experience in harsh 

em IrOilments or pastoral system. Thus. participatory approach (PA) methods become necessary. 

To thiS end. there is extensivc body of traditional or Ethnoveterinary knowlcdge that pastoralists 

have known 10 possess and on \\'hich they rely to diagnose or treat many diseases (Kohler· 

Rollefson e( al .. 2001). It is possible that the proper collec tion. collation. and analysis of data for 

diseases like Ff\ID that Me often under repol1cd by con\entional veterinary services would enable 

to fonnulate and Implement sustainable control of FMD in Pastoral areas. Participatory rural 

appraisal (PRA) IS a systematic dala g.lthenng actJ\'it) carried OUI by a multidlsciphnary team to 

rncallhe unidentified facts about a COI11I11U1l1l), (Lielo ('( at.. 1995). Veterinarians and hn~stock 

workers have used and arc presently using a \'ariety of PRA methods to inv'estig:lIe animal health 

problcms (Cat ley, 1999). The tools include imcr\'le\\ing. scoring and ranking. and visualization 

stich as seasonal calendars. maps. \'elln diagrams. and flo\\ charts. 

Ff\ lOIs probably one of the most important 1I\'estock diseases in the world 111 tenns of econOllllC 

Impacl. The economic Importance of the disease is not only due to the abt1IlY of the disease to 

cause losses of producllon. but also related to the reaction of \,eterillary services to the presence 

ollhe disease and to the restrictions on the trade of animals both locally and internationally 

(J~1Jnes and Rushton, 2002). Despite the wide spread and cnonnous economic importance of 

F\lD 111 EthIOpia. chlllcal :lnd serologlc:l1 studies to characteriLe the disease, under local 

Etllloplan conditions ha\'c never been exhaustive and the endemic level has not been estabhshed 

The extent 10 which a disease is recognized as a problem is often dependent on the efficacy of the 

means for diagnosing it and observing its occurrcnce (Mochabo, 2003). Community participation 

3 



can play an enormous role 111 animal health servIces (Leyland, 1991), Therefore the mam 

objec ti ves of this study were: 

• To validate 80l'ana pastoral ists knowledge on diagnosis of FMD and detennination of the 

incidence, mortality and seasonality of the diseases 

• To detcnnine the seroprcvalence of"FM D and associated risk factors 

• To identify the serotypes ofFM D virus circulating in the Borana pastoral system 



2. L1TRATURE REVI EW 

2.1. Definition 

FMD is the 1110st contagious viral dis.ease of mammals and has a great potential fo r causing 

severe economic loss in susceptible cloven-hoofed animals. It is characterized by fever. loss of 

appetite, salivation and ves icular eruptions on the feet, mouth and teats (Thomson, 1994). It is a 

list A disease according to OlE disease classificat ions (OlE, 2004). 

2.2. Eti ology 

2.2.1. Taxonomy 

Fr-.ID virus was defined in 1963 by the lntcm ational Committee on Taxonomy of Viruses (JCTV) 

as belonging 10 the genus Api1fhol'irus, family Picorna\i ridae. The name, picornaviride IS derived 

from the Latin word 'Pico' meaning small and "rna' meaning Ri\!A, which refers to the size and 

genome i)1)c. of the virus while the genus Ilame ' Aphthovirus' refe rs to the vesicular lesions 

produced III clo\'en-hoofed animals (01 E. 200~). 

2.2.2. Physicochemical properties 

Picorna\'iruses are small RNA viruses Ihat are enclosed within a non-enveloped protein she ll 

(capsid). The capsid consists of polypeptides. which are devoid of Iipo-protein, and hence is 

stable to lipid soh'enls like ether and chlorofo1111 (Cooper el a/., 1978). The virus is pH sensi tive: 

and is lIlactivated when exposed to PH belo\\ 6.5 or above I I. However, in milk and milk 

products, the virion is protected. and can survive at 70 (Ie fo r 15 seconds and pH ·L6. In meat, the 

\'irus can survive for long periods in chilled or frozen bone marrow and lymph nodes (Mckercher 

and Callis. 1983). T\\o percent sohHions of l\'aOIi or KOH and ~%I Na2Co3 are effecti\'e 

disinfectants for FMD contam inated objects, but I he virus i s resis tant to a leohol, phenolic and 

quaternary ammonium disinfeclams (Sahle. 200~). The sizes of droplet aerosol also play an 

important role in the survival or drying out of the virus: droplet aerosol size of 0.5 - O. 7 ~lIn is 

optimal for longer survival of the virus in the air. wh ile smaller aerosols dry out. In dry 
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conditions the VIruS also survives longer in proteins e.g. In epithelial fragments (Donaldson. 

1987). 

22.3. \'mls '\l orphology 

Picoma\"lruses \·mons are Icosahederal with no en\,elop and contain one molecule of infect ious. 

posItive sense. single stranded R.J,"A (ssR..'\'A). ranging from - - .5 kb III length. A \·iral genomic 

Protein (\'pg). which IS enclosed by tbe 38 genome region. is covalently linked to the 5' end of 

the genome and a poly (.\ ) tract of vanable length is located at the 3" tenninus. The diameter of 

22 - 25 nm capslds IS composed of 60 capsomers each consisting of four protellls (VPI-·n. "Pl­

\·P3 IS exposed on the surfacc. "hils! \'P-I- is locaten imem::llly ::II the penlametric apex of the 

Icosahedrons and contains a myristic acid molecule attached to the amino temlinal glycine 

I Robert & Bruce. 1981 ). 

2 2 -l Genomic organl/JllOn 

F\ID\ has smgle stranded. posill\·e sense R:\A that is approximately 8500 bases long and 

consists ofa 5' non-coJlIlg region (~CRl. a single open reading frame. and a short 3' :\CR. It IS 

pol~adenylated. on the 3' end and has small \"Irus encoded protein. \'pg. co\·alently attached to 

th~ 5' lemlmliS. The major portion of the F'\ID genome consists of a smgle large open readmg 

frame of 6996 I1uc\eoudes encodmg a polyprotem of the 2332 ammo aCids (type O. Forss el al . 

198-1- ). Four distinct regIOns are dlstmgUlshed for the polyprotein namely the L. PI. P2. and P3. 

Another characteristic. unique to F~ID\·. IS that there are three species of \ pg encoded b} 

protem 38. temled 38 I. 382. and 383. All encoded Ypg \·ariants ha\"c been shown to be attached 

h..llhe 5' tenmllUs of\"lral R:\A (King cl al. 1982). 

The L protem represents t he leader protem. \\ here:2 Illltiatlon sites ( AL:G c odons) h a\"e becn 

idenufied III F'\ID \lnlS. namely Lab and Lb (Sangar el ul .. 1988) The PI gene product is the 

precursor of the capsid protems 10. )8. Ie. and IA. Firstly_ the llltennedJate PI precursor IS 

processed \\ Ilh the help of \ 1ral protease 3C'" to produce \'PO, \'Pi. and \'P3 where the products 

CtJll1blllt: to fOllll elllpl~ cap:sid particles The mature \"Inon IS produced aft~r the encapsldallon 01 
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the virion RNA that is accompanied by the cleavage of VPO to VP2 and VP4. The P2 (2A, 28. 

lC) and P3 (JA. 38. 3C. 3D) regions encode for non-stmctural proteins that are involved in viral 

R:\A rephcation and pr0tell1 processing (Bel sham. 1993). 

1 .~.5. Genetic vibration 

The obser.ed genetic "ariation in F\' lD "iral genome is the result of a two-step process. Firstly. 

the rephcatlon of "iral R\'A IS error-prone due to the absence of proofreading in the 3D-encoded 

R\A dependent R;\A polymerase. Secondly. competui,'c selection is continuously acting on the 

genome. Thus. those mutants with a selec tive ad , 'antage in the prevailing environment will be 

better represented than those with a sek:cti\'e disadvantage (Sahle. 100~). 

\lutatloll 

Foot-and-mouth disease \"Irus undergoes a high rate of l1lutallon dunng replication. This is 

mamly due 10 a lack of replication error checking mechanisms. R\A \"Iruses that exhibit such a 

deficiency mutate at the rate of one nucleotide base change per 10" bases per replication cycle 

(Holland l'l al 198~). It is also estimated that a mutation rate of up to lO-s 10 10- nucleotide 

suhSlltutJon per year dunng an eplzoolOiogical cycle of F\'ID nruses can occur. Therefore. ne" 

"maillS of F\ID 'Iruses are contJJ1uou;s]y ansing after each rephcatIon cycle. which constliute an 

mtrat~l'lc popuJatJon of F\'ID \Iruses \\uh different degrees of genelic relationships. predously 

described as the quasispeclcs phenomena (Dol11l11go et al. . 1990). This may result 111 the 

gcncratJon of \"IraJ di,·ersit). Change.:; In the nucleotide compositions of lhe capsid gencs are 

responsible for [he genetic or antigenic "ariabililY or lhe \"Irus (Lc\\s el (11. 1991: \. leyer el al.. 

1991 ). Thus. [he generalJon of ne\\ ",mants is conSidered as one of [he major problems JI1 the 

control ofF~ID by \"accmatlon. 



Selection 

One of the evolutionary mechanisms ellllployed by RNA viruses is the profile mutant production, 

detailed above. The immune system of an infected animal. which presumably provides a power 

full selective force, is another driving fio rce in viral evol ution (Diez et a1. , 1990). 

Recombination 

Recombination is anothcr important process driving viral biology and evolution. In RNA viruses, 

recombination involves the exchange of genetic material between two non-segmented RNA 

genolllcs resulting from polymerase 'julllping' during RNA synthesis. It has been shown that 

genetic lccombination occurs betwecn viruses of the same serotype as wdl a~ ut:lwet:11 serotypt:s. 

lntratypic recombination occurs more fi'equent ly than intertypic recombination and il appears Ihal 

recombination events in FMD occur more readily in the 3' halfofthe genome. than in the capsid 

genome oflhe FMDV. MUlations through recombination could result in the exchange of genetic 

malerial that could lead to the generation of new antigenic variants thai may escape immune 

pressure (King el aI. , 1982). 

? ? 6 A· . .. _._, .. Iltlgellic van at Ion 

One of the consequences of genetic variation through mutation. selection. and recombination is 

that new antigenic variants are constantly being generated. Not only is there no cross protection 

bet\\ecn FMD\' serotypes. but vaccination \\ith one allligenic \'arialll of serotype does not 

necessarily protect an animal when ,challenged with a different vinls of the same serotype 

(Sangare. 2001)), Attempts to characterize the extent of the ant igenic variation with in the FMD 

serolype karl \0 the establishment of the techniques where by viral SUbtype could be identified. 

Initially over 60 dIffe rent subl}1JeS \\ere identified by world Reference laboratory (WRL), but it 

quickly became apparent that there is a continues spectrum of intratypic allligenic variants, 

making a difficulty to identi fy specific subtypes (Asseged, 2005)).Changes to the genes encoding 

capsid proteins can result in antigenic variation and evolvement of new subtypes (Haydon el al.. 

2001). This may give rise to immunological distinc t varian ts that can re-infect individuals that 

have been pre\'iollsly infected b} related viruses. The degree of cross protection among different 
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subtypes of the same serotype thus varies. Since there is continual antigenic drift in enzootic 

situation this is an important factor to consider when selec ting vaccine strains (Grubman and 

Mason, 2002). 

2.1.7. Serotypes and sub types 

Currently there are seven serotypes o f foot and mouth disease vinls (FM DV), namely 0, A, C. 

Southern African Terri tories (SAT) 1,2 and 3, and Asia I, wh ich infect cloven-hoofed an imals. 

Witlull these scrotypes, O\er 60 subtypes ha\'e also been described using biochemical and 

Immunological tests; and nc\\ subtypes occasionally ari se spontaneously. However, at a specific 

time. there arc on I) a few subtypes causing disease throughout F~'ID endemic areas. The 

IInponance of subtypes is that a vaccine may have to be tailored to the subtype preselll in the area 

111 \\hich the \'accine is being lI sed (OlE. 200-1.). At present. a sequencing of Fi\ ID virus is 

IIlcreasingly bel!1g used to es tablish intratypic variations of Fi\.lD viruses and classifying vi ruses 

III to genotypes and lineages (Sahle. l OO··l). 

2.3. Epidcmio l og~ 

::!.3.1. Geograpilical distribution 

H\ID\' has an essentially global distribution. with the exception of :\'onh America. Western 

Europe. a nd A ustralia. The F ~ ID s tatus 0 fa ny p anicular c oUlllry 0 r region can bed efined as 

endemic. epidemic (sporadic), or free. F:'I0-free regions can be defined by national borders (e.g .. 

Australia, Indoncsla). by supranational borders (Europe. I\orth Amenca) or by disease-free zones 

\\ ithin nOll-free a reas. which arc maintained by III O\-cl11ent control (e.g., Z imbab\\'e). Sporadic 

regions are characterized by repeated incursions of Fl\ID viruses into regions where disease docs 

not usually occur The disease IS ei ther elimmated through control program or disappears 

naturally \\itilollt mtcr\'enllon until the next introduction months or years latcr (Samuel and 

Kno\\lcs.100I b). 

Some regions have eradicated FMD. often following mass annual prophylactic vaccination 

c~lInp<lIgns and through the stringent application of Zoosanllary measures follO\\ing outbreaks. 
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Continental Europe falls mostly into this category. Some countries, such as the United Kingdom. 

have eradicated F!'>.tD withollt resort to vaccination. However. FMD is epizootic in several areas 

o f the world and endemic in much of the developing world , including A frica, Asia, part of South 

America, and the !'>.1iddle and Far East (Table I). This situation exists despite continued efforts to 

control the disease and the extensive use of FMD vaccine throughout the affected areas o f the 

world (Asseged. 2005). Western Eu.rope has had recent outbreaks, which have all been 

successfully contro lled. This mcludes the 200 1 outbreak in the UK, which spread 10 Ireland, 

France. and the :"\'etherlands. and separate outbreaks ill It aly and Greece. Japan has also recently 

eradicated outbreaks (Le forban and Gerbi er, 2002). 

I a ble 1 Serotypes co mmonly isolated f rom certain geog rapiticall'egions 

COlltill ellt (S ubcontin ent) \ "irus se rotypes 

F:u rope (historically) 

Asb 

~\ frica 

SOUlh America 

;\ear East 

~li ctdJe East 

Far East 

Central Ea.stto \Vest 

:\ortheast Central and South 

South 

Source: Assegcd, (1005 

2 .3.2. Host range 

A,O, C 

A, O 

A, 0, C, Asia \ 

A , 0, C, ASia \ 

A,O 

SAT- J and- 2 

SAT-3 

A,O,C 

F\lD IS highly contagious and affects O\'er 70 domestic and wild Arlloduclyla species (Hedger. 

1981). Of the domesllcated species. catlle. pigs. sheep. goats . and buffalo arc susceptible to 

F:'-.l D. In addition, many spec ies of cloven-hoofed wild life, such as dee r, antelope and wild pigs. 

may become lIlfected, although. apan from the African buffalo. their involvement III the 

epidemIOlogy of F'\lD 111 the domesticated species IS not certain (OlE. 200..l ). The susceptlbllH) 

of these ammals can \'ar) \\ IIh breed of ammal and stram of \·inls. The disease is considerably 

less obvious or sub-clinical in breeds of cattle. sheep. and goats indigenous to Africa and Asia. 

where F~ I D IS I!ndenllC; and these animals are believed to haye been the source of infection fOl 
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countries previously considered disease-free (Kitching, 2002a; Kitching and Hughes, 2002; 

Kitching and Alexandersen. 2002) 

2.3.3. The role o f carrier animals 

Carrier, in FMD, is defined as an animal from which FMD VIruS can he isolated from the 

oesophageal pharyngeal (Or) area , more than 28 days after infection. Although it is well 

established that FMD virus persists in buffalo (up to 5 years), callie (up to 3 years), Sheep (up to 

9 months) . and goats (between 3-6 month), the mechanisms underlying persis tence and the 

immunological pathway that eventually leads to vira l clearance are not well understood (Bastos el 

ai.. 2000; Rossi ef al.. 1988). This may provide a rncc\umism for the maintenance of the virlls in 

nature and the cause of acute episodes of disease and may contribu te to the emergence of new 

antigenically variant viruses (Domingo el ai .. 1992; Kitchi ng. 1998; Sahle, 200..\). 

2.3...1.. F:v1D Serotypes in Africa 

FMD is endemic in sub-Saharan African count ries, except for Madagascar. Six serotypes. namely 

0, A, C, SAT-I, SAT-2 and SAT-3. are endemic in most sub-Saharan African countries with 

marked differences in the distribution and prevalence ofserotypcs (Kitching, 1998; Vosloo el ai., 

2002). A and 0 are widespread throughout Sub-Saharan Africa, whilst type C appears to have 

disappeared from the world as a whole, with the exception of Kenya (Kitching. 2002a). 

Historically type C is the rarest of the FMDV type to have occurred in Africa, having been 

recorded 0 nly i n I hree countries, namely: E Ihiopia. Kenya. and A ngola. The last 0 utbreaks 0 f 

sero type C were reported in Kenya in 1996 and 2000. a country where numerous oUlbreaks due 10 

the other serolypes. vi: .. A. O. C. SAT -1 and 2 have also been reponed. No other country has as 

wide a range of se rot)1>es in the circulation (Kitching. 2002a). Type 0 is endemic in some 

cOllntries of nonhem Africa. such as Eg)1Jt and Libya. while outbreaks due to this serotype have 

also been rep0I1ed in Algeria. Morocco, and Tunisia. In central Africa. and West Africa, 

scrotypes of O. A, SAT-l and SAT-2 have been recorded since 1958. while most outbreaks were 
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attributed to serotypes A and SAT -2 (Vosloo el aI., 2002). The three SAT types are also 

prevalent in southern and eastern Africa, SAT I, and SAT2 circulate in West Africa and are the 

only serotypes to have made incursions into the Middle East with SAT-3 demonstrating the most 

restricted (Vosloo el aI., 2002),( Table 2). Due to poor reporting from the African continent, 

FMD is considered endemic in most of the African Countries with only Morocco (based on 

serological survey), Swaziland, Lesotho, Zimbabwe. Namibia, BQ(swana and the Republic of 

South Africa being considered free of tile disease by the OlE in 1999 (Kitching, 1999). 
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Table 2. Topotypcs of Fi\ID sero types 0 , A, C, and South African Territories T ypes 
(5 . .1.\ T -1 , -2 and -3) in Africa 

Sero­
tv es 
SAT- I 

5.-\T-2 

S.-\T-3 

o 

-\ 

c 

Topo-Iypcs 

11 
III 
1\' 
\ ' 

\'I 

II 
Itt 
1\ ' 
\ ' 

\'I 
\'1 1 
\ ' tt 
IX 
X 
XI 

I I 
I I I 
1\ ' 

\ ' 

I I 
I I I 
1\ ' 

\' 

I 
II 
Itt 
1\' 
\ ' 

\'I 

II 
III 

I Representative country (ies) 

South A frica. southern Zimbabwe. 10zambique 
Botswana. Namibia. western Zimbabwe 
Zambia. rVlalawl. Tanzallla. northern ZImbabwe 
Uganda 
NIgeria 
NIgeria. Niger 

South Africa. i\ lozamblque. sOllthern Zimbabwe 
Namibia. Botswana. northern and western limbab\ve 
Botswana. Zambia 
BurundI. !\. Ialawi. southern Kenya 
;-Jigerla. Senega1. Llbena. Ghana. ;"Iall. Cote d'lvolre 
Gambia. Senegal 
Entrea 
Rwanda 
Kenya 
Democratic Republic of the Congo 
Angola 

South Afnca. southern Zimbabwe 
:-.iamlbw. Botswana. western ZImbabwe 
Zambia 
:-':orthem Zimbabwe 
Uganda 

South Africa 
Kenya, Uganda 
Algeria. Cote d·h-OJre. Gumea. \Iorocco. NIger. Ghana. 
Burkina Faso. Tumsla 
Erurea. Ethiopia. Tumsla. Egypt 

Angol21 
\laurltama. ~Iah. Cote d·h'olre. Ghana, I'\lger. :'\Igerla. 
Cameroon. Chad. Senegal 
Angola. Algeria. lI.lorocco, Libya. TUllisla. ~ l ala\\1 

Tanzama. BurundI. Kenya. Samaha, ;"Ialawl 
EthlOp:ta 

Sudan. Entrea 
l:ganda. Kenya. EthIOpIa 

I Kenya 

Source: Sahle (2004) 
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2.3.5. The role of wild life 

FMD has been reported ill several species of wild life, sllch as African buffalo (Sy"cerus caffer) , 

Impala (Aepyceros me/ali/pus), Kudu (Tragelapltll s slrepsiceros) specIes, Warthog 

(Pllflcochoerus (/erltiopic lIs ), and elephants that has a role in epidemiology of the disease. 

Buffalo are believed to be the ultimate source of infection for lives tock in southem Africa due to 

their ab ility 10 both maintain and transmit the disease. FMDV can persist in an iso lated herd of 

buffalo for up to 24 years, whilst an individual animal can maintain the infection for up to five 

years. FUl1her, more. buffalo ha\'e unequivocally been shown to be a source of infection for cattle 

under both natural and cxperi menta l conditions (Sangare, 2002).The mechanism facilitating 

SAT-t)1)C virus transmission of virus from buffalo appears to occur readily when. there is close 

contact between the t\\'o species during acute stage o f infection and shedding large amounts of 

virus. Impala (Aep),ceros me/ali/pus) is the most frequent infected species and act as 

Intermediaries in disease transmission was recognized. Although studies have es tablished that 

individual impala do not become carriers. it appears that the disease can persist in impala 

populations for between G and 13 months (Vosloo el aI., 2002). Kudu (Trage/ap/Ills slrepsiceros) 

were shown to be gradually infected, with the. calTier state of between 106- I 40 days being 

demonstrated. Experimcntal infection of warthog (Phacochoerus aelhiopiclIs ) with SAT2 t)ve 

virus resulted in severe clinical signs of infection, and transmission to in-contact animals. 

However. these animals do not excretc \'irus to the level of domcstic pigs and are not believed 10 

play an impol1a11l role in the epidemiology of FMD in Africa. Rare case of FMD and have also 

been reported in Indian elephant (Elep/ws II/(U:iIllIlS) and in the African elephant (Loxodo 

A/new/{{) (Thomson. 1994) 

2.3.6. 1\lolccular epidemiology 

Phylogenctic analysis of the virus protein 1 (VPI) region of FMD virus has been used 

extensively to investigate the molecular epidemiology of the disease worldwide. These 

techniques have assisted in studies of the geneti c relationships between different FMD virus 

isolates. geographical distribution of lineages. and genotypes. It is also used for the estahlishment 
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of genetically and geographica lly linked topotypcs and tracing the source o f virus during 

outbreaks (Knowles and Samue l, 2003; Sangare et al .. 2003). 

Sequence differences of 30 to 55% of the \ 'PI gene were obtained between seven serotypes of 

F~ I D while different subgroups (genotypes. topotypes) were defined by differences of 15 to 20% 

(Knowles and Samuel, 2003). Since 1987. the analysis of the genet ic distance and phylogenetic 

resoiullon of the sequence of \ 'P i encoding gene have provided crucial epidemiological 

Illfonnation coyenng dl fferent degree of genetic relallonships between field Isolates (Sahle. ::!OO..J; 

Samuel et al .. 1999). The e\'olllliollary changes of vims are detemli ned by comparing genom ic 

material from more than one \'irus \\'ith each other. At present, DNA sequencing and 

phylogenetic trees are widely used to illustrate the genetic relation ship between viruses (Sahle. 

2004) 

2.3,- .\Iode oftf"lnSnllSsiol1 

F~ID nfUS can replicate and be excreted from resplralOry tract of animals leadll1g to airborne 

excretion of \lrus dunng the acute phase of infecllon. although. F~ID \'irus may occur III all the 

secretions and excretions of acutel) 1I1fected al11mals. IIlciuding the expired air. Therefore. after 

an Jl11mai becomes IIlfected b) any means. the primary mode of spread is \']a respIratory aerosols 

from infected a nimais (requires proper humidity and temperature). When proper humidity and 

temperature are maintained. F~lD \'irus can be carried up to 250 km across the sea and up to 60 

kIll across the land. The pnor condItion has been held responsible for the F~ID outbreak that 

occurred III France and t hen spread to LK in 1981 (Kitchmg. 1992) emphasizing the posslhie 

\\ mdbornc spread of the \ IruS under pre\-ailmg em lronmental condilions At present. there are 

Computer models that can predIct the most hkely \\ ind-borne spread of the \'1rus rrom mfected 

herds and al1o\\ the examination of a vanety of control strategies (Sallson at al .. 1991: Sahle. 

100-1.). Other Important means of spread are by direct contact be{\\cen II1fCClcd and susceptible 

al1l1l1als and indIrectly by exposure of susceptible ammals to the excretion and secretion of 

acutely mfected ammals, A person in contact with infected animals can ha\'e sufficient F'\ID 

\lruS 10 his or her respiratory tract for 2 -1. hours to serve as a source of infection for susceptible 

<lllllnals (Asse!!.cd . 2005) 
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lA. Pathogen es is 

The maIO route of infection in ruminants is through the inhalation of droplets, but ingestion of 

infected feed. inoculation with contaminated vaccines, insemination with contaminated semen, 

and contact with contaminating clothing. veterinary instruments. and so on can all produce 

infection. In animals infected via the respiratory tract. initial viral replication occurs in the pre 

pharyngeal arC.l and the lungs followed by viremic spread 10 other tissues and organs before the 

onset of clilllcal disease. F\ID \'irus is then distributed throughout the body. to reach best sites of 

multiplication sites such as the epithelium of Oro~phrynx. oral cavity. Feet, the udder and heart. 

\'irus probably replicate in the mammary gland of susceptible co\\. in the pituitary gland. Viral 

c.xcrctlon commences about 2~ hours pnor to th~ UII:,t:t of clinical disease and contlOues for 

se\eral days F'\lD \ miS. The acute phase of the disease lasts about one week and viremia usually 

declines gradually coinciding \\ ith the appearance of strong humeral responses (Murphy CI 01., 

1999 RecO\'ered callie produce neutralizing antibodies and can resist re infection by the same 

SUbtype of \'irus for up to one year. It was suggested that heat intolerance was a sequel to FMD 

and \\ as caused by damage to the endocnne system by. {Radoslits Cl al. 1994 

2.5. Immun e Response 

The protection 01';1 susceptible host against F\lD \mlS correlates with the neutralizing antibodies 

Inc!. Infection \\ Itll one ~serotype produces complete protection agalllsl homologous nrus. but 

little or no protection against heterologous \iruses (Samina el al .. 1998). Serot~l'e specific 

Il11mUIlIl) is based on the presence of neutralizing antibodies to one of the \'iral capsid proten. 

\'PI. develops - to 21 days after expo.sure to the \·irus. The immunoglobulin ~1 (Ig\l) is most 

pre\ alent 111 the earl) con\alescent serum and is less specific to the different serotypes tan 

Immunoglobulin G (lgG). IgG is produced III the later stage dUring the Fi'.lD infection and the 

reaction bct\\cen the serotype and the homologous antibodies IS highly specific. Ii has been 

reponed that healing of leSIOns and clllllcal recO\'cry 111 IIlfected 3111111als \\ou1d not occur until a 

few days after the IgGJ antibodies han~ developed. The localized antibody response. specific to 

anu-F\lD Jg;\l and IgA antibodies in the pharyngeal fluid of cattle develops - days after 
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exposure to the virus, while IgG activity reaches pick in serum onl y 14-21 days after infection 

(Mulcahy, el al .. 1990). 

The age of individuals has a lso been shown to influence the antibod y response aga inst FM D 

vi rus. Calves (age o ne week to six months) but depri ved of maternal ant ibodies responded as 

well as, or better than 18 months o ld catt le to initial vaccination against FMD. Although seru m 

ant ibody levels play an important ro le in host protection against FMD vi rus infec tion, the cellular 

responses media ted by T -helper and T- cyto toxic cells also play a role in the immune response to 

FMD virus infection (Sanzparra el 01., 1998) 

2.6. C linica l signs 

When susceptible animals are in contact vv ith cli nically infected animals. clinical signs usually 

develop in 3 to 5 days (Kitching, 2002a). although in natural infection. the incuba tion period Illay 

range from 2-1-l clays. The severity of clinical signs of the disease varies with the st rain of tile 

v·irus. the exposure dose. the age. and breed of the animal, the host species, and its degree of 

immunity. The signs can range from a m ild or ill apparent in sheep and goats to a severe disease 

occurring in cattle and pigs (01 E, 2004). 

in cattle, the initial signs are fcvcr of 103-105° F (39A--W.6° e), dullness. anorexia, and fall in 

milk production. These signs are foI1O\\'(~d by excessive sniivation, smacking of the lips, grading 

of the teeth. droollllg. :-.t'rou~ nasal discharge; shaking. kicking of the feet or lameness; and 

vesicle (blister) formation. The predilection sites for vesicles arc areas where there is fricllon 

such as on the tongue. dental pad. gums, soft palate. nostrils. muz7le, interdigital space. coronal') 

band. and teats (Sahie, 200-l: Woodbury, 1995). Afler vesicle formallon. drooling may be morc 

marked. and nasal discharge, lameness, or both may increase. Pregnant cows lllay abort. and 

young calves may die suddenly withoUl developing any vesic le because of in fl ammation of the 

heart (Myocarditis) (Blood el al. 199-l). Morbidity can approach 100%. but £\.lol1alilY in adult 

animals is rare, although ill young anim.als death can occur due to myocardit is and mortality can 

exceed 50% (\\'oodbury, 1995). Pregnant cows may abort (Blood et al., I 99-l). The course of'lI1 

F:'-.lD infection is 2 to 3 v\ccks .lithough infecllon may delay rccovery of mouth, feet and teat 
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les ions, resulti ng in hoof defonnation, masti ti s, low mi lk product ion, fai lure to gain weight, and 

breeding prob lems. A lactat ing animal may not recover to pre infection production because of 

damage to the secretory ti ssue. A chronic Pant ing syndrome characterized by dyspnoea, anaemia, 

hai r overgro\\lh and heat into lerance has been reported as a sequel of cattl e recovered from FMD 

assoc iated with pit ui tary gland damage (Burrow el al., 198 1). 

In sheep and goats. if the clinical signs occur, it tends to be very mi ld , and Illay include dullness, 

fever; and small \'es icles o r erosions on the dental pad, lips, gums, and tongue. Mild lameness 

may be the only sign. In lamc an imals. there Illay be vesicles or erosion on the coronary band or 

in the intcrd igi tal space, Infected anill12t ls may abort and nursing lambs may di e without showing 

any clinical sign ( 1I tlgh~s ('Ill/., 2002). 

In SWIIlC, the mitia! signs are fever o f IO-l -IOSo F (-W-40.6° C), ano rexia, reluctance to move, and 

squeal \\ hen forced to 1110\'C. These signs are follo\\'ed by ves icles on the coronary band, ves icles 

on the heals, \-eslcles in the in lcrdigital space (foot involvement is usually severe). and vesicles 

on the snout. ~Iouth lesions are nol 100 common and when they occur arc smaller and of shorter 

duration than in catlle and tend to be a "dry"-type lesion; there is no drooling; sows may abort; 

and piglets may die \\lIhOUI showing any clinical sign (Blood et a/., 1994). 

2. 7. P:lth ology 

In callie. the diagnostic lesions are single or multiple ves icles rangi ng from 2 mill 10 10 Clll. 

rhcse can occur at all slles of predilection . Usually gross les ions 011 the tongue progress in the 

following manner; a small-blanched whitish area develops in the epithelium; n uid fills the area 

and a vcslcle (blister) is fonned; vesicle enlarges and may coalesce \\ ith adjacent ones and Ihen 

rupture. lea\ mg an eroded (rcd) area. Gray fibrinous coating forms over the eroded area thai 

becomes yello\\. brown or green till the epithelium is restored (\\ ·oodhur~. 19(5). 

The vesicle in the intcrdigital space is usually large because of the stress on the epithelium caused 

by movement and weight. The les ion at the coronary band at first appears blanched; then there is 

separation of the skin and horn. When healing occurs. lle\\ hom IS fOllned, but a lllle rt:sulting 
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from the coronitis is seen on the wall of the hoor. Animals that di e may have grayish or yellowish 

streaking in the myocardium indicating degeneration and necrosis. These findin gs are known as 

"tiger heart" . Skeletal m uscle les ions OCCllr but are rare (Woodbur: . 1995) 

2.8. Economic impo r ta nce 

Ft\lD is probably one of the most impOJ1am livestock diseases in the world in tenns of cconomic 

Jlllpact. The economic importance of the disease is not only due to the abili ty of the disease to 

cause losses of production. but also rdated to the reaction of veterinary services to the presence 

of the disease and to the rest rictions on the trade of an imals both locally and intemat ionally 

(James and Rushton. 2002). Fl\ ID, therefore. threatens the livelihoods of simple farmcrs, la rge 

sophisticated fanning pract ices and thle nationa l and the intemational economies of the countries 

(Asseged.2005). 

The direct production effects in cxtensi\,e production system include loss of milk due to udder 

lll\"ohemenL and reduccd draught animal powcr from lesions on the feet. FMD also causes lower 

rates of li\-c-\\ eight gam in growing animals due to reduced feed intake. and reduction in 

reproductl\,c capacity by increased abortion rates of lip to 10°'0 in anllnals IIlfected during 

pregnancy; the disease also causes up to 6°'0 mortality in cakes. Restrictlons on animal 

mo\-emCI1l and 1J11ernallOnai trade can causc much more serious losses (James and Rushton. 

1()02).Tht: loss III animal production and lIlternational tradc restriction imposed follo\\ lllg all 

outbreak makes F.\ID ora major concern for ll\-cstock o\\ners. The control of outbreak (slaughter 

of infccted and in contact. disposal of carcass in disease free zones) and the loss due to thc ban 011 

li\'estock e:xpons costs sc\"eral million US dollars for a single outbreak (Sellers :md Daggupaty, 

1990). A striking example is the recellt outbreak of serotype 0 (the Pan Asian strain) in Great 

Bnta11l. a country that had been free of F~ID Since 1981. This devastating epidemic of 1001 

spread to Ireland. France and The :---'!ctherlands where the United kingdom alone \\cre forced to 

slaughter about -I million lllfected and 111 contact animals. The cost of this epidemiC in the Ul1ltcd 

Kingdom \\as esllmaled to be more than 529 billion (Samuel and Kno\\ les. 2001a). 
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2.9. Diagnosis 

Clilllcal diagnosIs based on lesion identification. in the early stage of infection, FMD \'inls or 

\iral antigens can be detected using several techniques. However, different serological methods 

are used to detect antibody against FMD vinls and is the main indication that infection has taken 

place. 

1.9.1. Field Diagnosis 

In cattle, Fi\lD should be considered whenever salivation and lameness occur simultaneously and 

a \\hen a vesicular lesion is seen or suspected . Fever o ften precedes other clinical signs: 

therefore. febnle animals should bc carefully examined. Early diagno:.tic Ic:siuns may be found 

before al1lJ11als stan to salivate. have a nasal discharge. or become lame. Clinical diagnosis can 

present many dlfticultlcs due to \'iral infecllons of the mucous membrane. which produce similar 

chOical signs. Differential diagnosis for F:-' lD should IIlclude \'esicular stomatitis. rinderpest. 

malignant catharal fever. the bO\'ine herpes 1 infections. swine vesicular disease. ves icular 

exanthema of s\\ me and bluetongue (Blood el al .. 199-4). 

1.9.2 LaboralOry Diagnosis 

Due to the highly contagIous nature and economic Importance of F~lD. the laboratory diagnosis 

and serotype Identification of the \lnlS should be done in a \"Inls·secure laboratory (OlE. 200-4). 

Specllnens 

Appropnate samples for F\lD laborat<Drj diagnosis are: Vesicular fluid usually contaills the 

highest qllantJt~ of nnls. Epitheliums from early vesicles and from reccntly mptured vcsicles are 

tls.sue 0 f chOice for \ InIS isolation (OlE. 2 OO~ ). When epithelium t issue I s not a vallable from 

rumlllant animals e.g. in advance or convalescent cases and infection is suspected In the absence 

of clinical sign. samples of oesophageal·pharyngeal fluids(OP) is collected b) means of a 

probang and used for \irus Isolation (Asseged, 2U05). Other samples such as, blood with 

anticoagulant. Serum. and 1~1l1ph nodes, thyrOid gland. adrenal gland. kidney. and heart are good 

sources of specnnens from postmortem. 
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Vims Iso lation 

The isolation and charac terization of the virus is the "golden s tanda rd" fo r the d iagnosis of viral 
di seases. The sllspensions of fi eld samples suspected to contain FMD virus are inoculated into 
cell cultures (primary pig kidney cells). incubated at 37 °e and examined for cytopathic effecl 
(CPE), 24 to 48 hours post infection. No e PE confinns the absence of FMDV in the samples. 
Vims isolation is a very scnsitive method. but laborious and expensive and there is the risk of the 
dissemi nation of the yims in the environment (Kitching et al., 1989). 

Antibody detection by liquid phase bloc king ELISA 

The liquid phase blocking ELISA detects and quantifies FMDV ant ibodies in serum of both 
lllfcctcd and yaccinated animals (Hambl in el 01 .. 1986 a). The test is based upon spec ific blocking 
of the Ff\lDV sample. Rabbit antigen-specific antisera for the different se rotypes of FMDV arc 
passively adso rbed to polystyrene micro wells. S erial dilution of test serum is allowed to mix 
\\lIh the spec ific F0.1DV antigen: the test serum-antigen mixture is then transferred to an ELISA 
plate coated \\ jth F~ I 0\' trapping amiserulll (rabbJl FM D antisera). The presence of antibodies to 
F\IDV In the serum sample \\ill result In the fOJ1llatJon of immune complex and consequent ly 
reduce thc amount of free antigen trapped by the immobilized rabbit anti seruill. In tum. fewer 
gUlllea pigs anti Ft-.IDV detecting anti bodies will react in the next incubation step after the 
addition of enzyme labeled (HRJ» anti·guinea pig Ig conjugate. Following incubation, the 
substrate chromogen solution, contain in g H ~02 is added 10 each well, before being stopped after 
15 minutes by addition of sulfuric acid. A change in colour de\"elopment is read \\ ith 
spectrophotometer al -l92 nm filters. in comparison to an tigen Control (Ca). containing free 
anllgen only. The diagnostic threshold f'or this assay is set at 50% inhibition (50PI). If either or 
both replicate PI \'alues or lest serum fall abo\'e 50 PI. then that test serum fall above 50 PI. and 
then that test serum IS tcm3ti\-eJy considered to be positive. If both replicate PI value or 3 test 
senll11 fall belo\\ 50 PI then the lest serum is considered as negallYc (FelTls. 100-l). 
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Antibody detection by 3 ABC ELISA 

The d election 0 f a ntibody t o I he p olyprolein 3 ABC p roteins i s 1I seful indicator 0 f F MD vi rus 

infect ion w ilh any 0 f t he seven s erotypes 0 f t he v irus ( Mackay el a 1.. 1 998). A Ilt ibody l ot he 

3ABC is only found in virus-infected animals but not in vaccinated an imals (Diego, 1997). 

Briefly. the test is carried out as follows: Microliter plates arc suppli ed pre-coated wi th 

recombinant FMDV 3ABC viral antigen; dilutions of the samples to be tested are incubated in 

the well of these plates. Any an tibody speci fi c for 3A BC binds to the antigen in the wells and 

fonns antigen-antibody complex all the plate \\ell surface. Unbound material is removed froIll the 

wells by washing. Peroxidase labeled anti-lgG conjugate is added. which bind::. to tht: aJltiboJit:~ 

of the sample complex wi th the 3ABC antigen. Unbound conj ugate is removed by washing. and 

the Tetra·methylbcnzidinel (T~lB) corllaining substrate is added to the wells. The degree of 

colour. which develops (optical density measured at 45011111), is directly prop0l1ionai to the 

amount of antibody specific to JABC present in the sample. The diagnostic relevance of the 

result IS obtained by comparing. the optical dcnsity (00). \\ hich de\'clops in wclls contailllng the 

samples with the 00 from the \\ells cOlllallling the positl\e control. 

Compared lot he I iquid phase blocking ELISA. 3 A Be E LISA a 1100\s differentiation bet\\ccn 

samples from infected (3ABC positive) and vaccinated (3ABC negativc) animals (Hamblin ell/I .. 

1986<1.). The 3 ABC ELISA is a Iso rapid t est fore screening 0 f large number 0 fsera. In a n::as 

\\ here more than one scrotypes exist. the test is also cheaper compared to the com-en Ilona I liqUId 

phase blocking ELISA, which has the disadvantage that each serum sample l11ust be tested 

agalllsl all existing se rolypes (Sangare. 2002). 

;":uclcic acid recognition mcthods 

The polymerase chain reaction ( peR) (' an bell sed to amplify the gcnome fragments 0 f F,\10 

\'irus in diagnostic Illalcrial. Specific primers have been designed to distingUIsh bctween each of 

the se\-cn serotypes and in·situ hybridization lcclmiques have been developed for invesligating 

the presence of F,\I 0 virus Ri'\r\ III tissue samples (Woodbury_ er al. 19(5). 
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Unlike many living organisms where the hereditary infomlation is enc losed within a DNA 

genome, FMD virus has an RNA genome that can bc sequenced directly, but RNA is unstable 

and is usually first transcribed into cDNA prior to perfonning the nucleot ide sequence. Reverse 

transcriptase (RT) when combined with pe R provides a rapid and powerful technique for 

studying diverse RNA genomes. In epidemiological studies of FMD virus, nucleotide sequencing 

of the VP I gene has been used extensively to detenlline the relationships between the field 

isolates. The technique is also routinely uscd to investigate genetic va riation , molecular evolution 

in can·ier animals, and to identify the source of infection in outbreak conditions (Vosloo e/ al .. 

2002). 

The molecular epidemiology of FMD is based on the comparison of geneti c differences between 

\Irus isolates. and showing the genom ic relationship between vaccine and field strains for all 

SC\Tn serotypes based 011 sequences derived from the 10 gene. Sequencc eli ffercnces of 30-55% 

of the VPI gene are obtained among sevcn seroptypcs while different subgroups (genotypes, 

lopotypes) are defined by differences of 15-20% (Knowles and Samucl, 2003). Revercs­

transcription PCR (RT-PCR) amplification of FMD virus RNA, followed by nucleotide 

sequenci ng. is the current preferred opt ion for generat ing the sequence data to perfonn these 

comparisons (OlE. 200·n. 

2.1 0. Co ntrol 

The offiCial attitude of a cOllntry regarding control of a disease depends on how seriously the 

disease affects the country. the financial and technical ab ility of the country. and \\ hat its 

neighbors arc doing. The degree of control of F~ lD thus varies as follows (Gonzalez el al.. 

199:!); Routine vaccination is used where the disease is endemic; in contrast. a number of 

disease-free count ri es have never vaccinated thcir livestock bUI havc preferred the use strict 

movement controls and slaughter of infected and contract animals whell outbreaks occur (OlE, 

2004). 
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1.10.1. Endemic Areas 

In endemic areas. the disease is generally cont rolled by vacc ina tion and movement restriction of 

animals" Although the upper respiratory tract is a favored site for infection and rep lication, FMD 

yaCCJIlCS are able to protect animals against the development of clinical disease when given by 

the parcllIeral route. One mechanism for this is the transudation of serum antibodies into the 

mucosae thereby preventing \ lruS atta.chment to susceptible cells" aggregating and distorting 

\"]rus particles and facilitating opsonisation. in which virus-antibody complexes are removed 

frolll the blood by scavenging phagocytes (Asseged, 2005)" Vaccinat ion against FMD virus is 

achicycd \\ ith inacti\"ated vaccines that should JIlduce protectiyc immunity against each t)11C of 

antigens lI1corporated in the yaccine (Asseged. 2005)" Therefore. when \"accinating animals, it is 

Important that the \"aCCIIlC contain the same subtype of \"irus as is in the area" This necessitates 

frequent checking of the serotype and SUbtype during an outbreak because F~ f D virus frequently 

changes during natural passage through various species" Protection induced by aqueous 

aiumlllum hydroxide \"accine can protect for ..l-6 months while a double emulSion oil vaccine can 

protect for up to 1 year (Gonzale7 el ,II 1992). 

IntralYPlc \ JflallOn of the field strains ofF~ID \"lruses must also be considered in the seleCllon of 

seed \"Irus for \"aCCllle production (Glllbman and ~lason. 2002.)" Immunity to one serotype 

pro \"Ides protection only against the homologous drllses" In some cases. l11acti\,ated bi-. tri-, or 

poly\alel1l yaccine. \\hich contains the represcntati\"e strains of the serotypes that are In 

clrculatJon III the region. must bc used; therefore. actJ\"e disease sur\"cillance must be effectl\"c 

\\hleh needs a strong field sernce as well as proper laborator! facilities \\ IIh effiCient methods of 

detection and characterization of the yims. 

The e\tent of \"accinallon coverage is of considerable imponance to the protection of li\"estock 

pOpUIJlIOns. a concept called "herd Immunity" When protective Ic\"els or Immulllty are achleyed 

111 the maJonty of mdl\lduals. the establishment or mal11tenance of the disease wllh 111 the 

population is unlikel! to occur. For F\ID. Il is estimated that 80 to 85% of l11dl\'iduals must ha\"e 

protecu\,c levels of virus-neutralizing antibody to achie\'e herd immunity (Asseged" 1005)" 



In case of calves bom to vaccinated dams, the first vaccination should be, delayed as long as 

possible to allow decline of material an ti body, bu t, not beyond 4 months, as at that time a high 

proportion can be expected to respond effectively to vaccination whereas for calves born from 

non vacc inated dams. the first vaccinati on may be at 1 week of age (Garland, 1999). 

2.10.2. Disease Free Areas 

Stamping out 

The more affluent FM D free na tions. those with an economicall y significant live animal and 

animal product export trade, and those whose livestock are highly susceptible to FM O, have 

contingency plans to deal rapidly \V ith c onfi nned F MD 0 utbreaks ( Sangare, 2002; \V oodbury. 

1995). In the first instance. 'stamping out ' policy. consis ting of the slaughter o f all affected and 

1l1-contact susceptible animals would be instigated . together with associated zoosanitory 

measures including, the imposition of movements restriction, to control the outbreaks. Such 

measures might also extend to preemptively slaughtering other herds in which there is no clinical 

evidence of the disease, but which havl~ been epidemiologically linked with an outbreak, and may 

therefore contain infected animals. The stamping out is done with full compensation paid for 

animals slaughtered. The Sllccess of 'stamping out' is recognized by the O lE in its guidelines on 

re- establishing trade following an outbreak (Asseged. 2005). 

Emergency vaccination 

Emergency vaccina tion. within an infected area. has gained more preference in recent yea rs. in an 

altempi to reduce the amoLlnt of virus circulating and spreading beyond the restricted area. This 

so-called 'suppression' or 'dampening down' vaccination regime is now on the agenda of a 

European Commission \vorking group setllp 1O assist the Animal Health and Animal Welfare 

(AHAW) comminee in establishing criteria for the eradication of certain infectious diseases 

lIlcluding FMD. The use of emergency FMD vaccines has two clear objectives. Firstly. to 

provide protective immunity. as rapidly as, possible to susceptible stock, and secondly, to reduce 

the amount of virus released and Ihereby limit the spread of disease. (O lE, 2004; Asseged. 2005). 



Protective vaccination 

The protec tive vaccination is used errectively in animals not already exposed to FMD virus. It 

would therefore be employed out side the 3 km protection zone and outside any predicted aeroso l 

spread of virus from the infected premis,e. All vaccinates would be naive to FMD antigen, and 

would require a minimum of 3-4 days to develop protective immunity. This protective 

vaccination would thus foml a ring around the infected area. preventing d iseases spread, and 

allows the outbreak to expire within the protection zone. where infected herds would quickly be 

identified and slaughtered (Asseged, 2005) .. 

2. 11 . Foo t a nd mouth di sease ill Ethiupia 

F;"ID III cattle III Etlllopla was first recorded by Food and Agricultural Organization and World 

Reference Laboratory (FAO \\'RL). which indicated that F~lD serotypes 0, A and C were 

responsible for F0.1D outbreaks during the period of 1957 to 1979 (Marteh-197.t) . The antibodies 

of SA T2 also were detected in 19-1. in sera collected from cattle in the region now kno\\ n as 

,"orth Omo. southwestern Ethiopia (Roeder. er al.. J99.t). According to the annual report of 

Animal Health Di\'ision of i\linistry of Agriculture in 2000, the incidence of Ft-.lD outbreaks has 

1I1creascd b~ 1.3-1.5 folds since 1990 (Sahle er 1I1., 200.t ). Extensi\'e mo\emeni of li\'estock, the 

high rate of contact among anllllais at commercial markets. in communal gra71ng areas and at 

\\atenng POUlts. \\ere among the reasons forwarded for the increasJllg JIlcidence of the disease III 

recent years (;" iersie Ci 01 .. 1991). 

Howe\ er. It IS Important to note that only small percentage of the outbreaks is reported and typed 

III Ethiopia. therefore the abon:: figure acutely under estimates the actual problem caused b) 

F~ID dUring the period (Soh Ie. 2004). DUring the period of 1988 to 1991. serotyping of F~IDV 

was conducted at :-..'ational Veterinary Institu te (NV I) , Ethiopia and WRL for F~lD. United 

kmgdom (L'K) and serotypes 0 and SA T1 were Identified. This is the first record of the presence 

of SAT1 FMD\' 111 Ethiopia from sample- collec ted from Borana. Southern Ethiopia (Roeder er 

01 .. I 99~), r rom record of 0 utbreak 1 Il\Csllgalion i 11 C altle b y ~ \'1. b em cen I 982~2000, three 

serotypes: O. A and SAT2 F;"lDV were identified (Gelayc, er 01 .. 2001). The serological sUl'yey 

on Fi'-ID Illdicates that Serotypes A. SATI and SAT2 were isolated from buffalo at Omo i\ational 
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Park; O. A, SAT I and SAT2 wcre iso latcd from cattle and 0 and A were isolated from Small 

ruminants in Ethiopia (Sahle. 2004). SAT I an tibody was detected for the first lime in both 

buffalo and cattle. 

In Borana pastoral area, FMD outbreak is known to occur two to three times per year, especiall y 

during thc dry period whcn caHie havc to move long distance in search o f good pasture and 

surface water. Since Borana pastoral area lies bordering Kenya, the only country where five 

serotypcs of FMD virus (0, A, C. SATI and SAT2) were recognized, it is a high-risk area with 

regard to transboundary discases. The extensive seasonal cross border livestock movements 

fUl1iter compound the problem. 

2. 12. ParticilJ:'l! Ory A pp r:li sal 

It was recognized in the early 1970s t)lat formal systems of inquiry were of limited value when 

\\ orking \\ ilh rural communities in dc\ 'cloping countries. Ovcr lise of questionnaire surveys, rural 

de\'eJopmcntaJ tourism and poor cost effectivcness wcre idcntified as some of the key problcm 

\\ Ith fomlai mcthod of data collection, particularly qucstionnaire survey (Chambers. 1983). In 

response to these problems. Rapid Rural Appraisal (RRA) was developed in 1980s. which rather 

than attempting 10 collect quantitative data on problems idclllified by rescarchers. tends 10 focus 

on pastoralists' perceptions of priorities and problems and is characteriled by a reliance on 

qllalitau\"\~ data and. avoids statistical analysis. 

In the late 80s. RRA evolvcd in to ParticipalOry Rural Appraisal (PRA), which facilitated the 

participation 0 f t he communities in t he a nalysis and solving 0 f t hc p roblcms, and e ncol/ragcd 

project beneficiaries 10 plan and take action (Cat Icy, 1997). It is now widely used by dC\'elopment 

projects III both rural and urban areas of the third world and some workers arc IIwcstigating ways 

of combining participatory and fonnal approaches (Turton et a/ .. 1996). 

Leyland (1991) has reviewcd C0ll1l11l111ilY pal1icipation and its role in animal health services. 

According to this review. there is substantial evidence that Participatory Appraisal (PA) methods 

do gencrate infollnation that precisely describcs local people perceptions on animal health 
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problems. The methods are relatively resource friendly and are easily flexible accord ing to given 

ci rcumstances and information needs (Catley, 1999). In addition, there is an increasing interest by 

research centers to involve nIral conmmnities in the definition of research problems and 

identification of their solutions (Cat ley and Irungu, 2000), since community-based programs look 

promising with regard 10 sustainabili ty (Budd, 1999). PA has been used to good effect by 

community based animal projec ts and consequently, Ihere is now potential for incorporating this 

method into conventional an imal health dala co llection system (Cat ley, 1997). 

2.12.1. Participatory Appraisal Tools 

Participatory Appraisal and methods are useful in pal1icular for veterinarians invulvl:u ill 

community-based animal health services. However, it should be noted that participatory 

assessment is not only methods and tools, but also requires professionals to adopt a respectful, 

sensitive, and open approach to work with communities (Catley eI aI., 2002). PA collects 

IIlformalion using a toolkit comprising, interviewing, ranking, mapping, and scoring methods. In 

a typical survey, the combination of toe.]s allows cross checking or "triangulation" of results 

while the researchers are still in the field. Results are also cross-checked by working with both 

mcn and women. and using infollllants with varying experience, skills. age, social status. or 

\\calth. When ill\·estigating subjects such;as livestock disease. local cxperts can be identified who 

are respected by their cOllllllunities for possessing specialist knowledge (Cat ley, 1997). Several 

types of field data rOl1l1 the core or PA study that includes spatial, temporal, social. and technical 

data can bc collected. 

The semi-slnlclUred interview (SSI) has some relation with veterinary medicine in history laking 

and subsequent tentative diagnosis. The SSls prompts one to have a checklist or some questions, 

followed by the I'ollow-up questions for the informants ror further infoll11ation (CatJey, 1999; 

Cat ley and Mohammed; 1996). For the visualization methods. mapping-involving construction of 

a map on the ground using locally available materials has been used in animal health surveys 

(Catley, 1999). For spat ial data, maps and transects are used (Lela er aI., 1995). For temporal 

data, the tools that have been employed are timelines. trend lines, and seasonal calendars. 

Ranking and scoring methods have been widely used whereby informants are required to 
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compare items or problems in pairs and decide the most important; the results are presented in a 

matrix with a total rank calculated (Catley, 1999). This scoring method, made visual when a 

matrix is drawn on the g round, with ltell1S along X4axis and indicators along the Y4axis, and 

stones used to score. has been used in northern Somalia to understand associations between 

different types of ticks and health problems (Cat ley and Aden, 1996). 

Another visuall y oriemed scoring method is proportional piling (Cat ley. 1999). The method 

involves the usc ofa large pile 0 fcounters like stones. The counters are usually 1 00 t hat the 

infonnan ts arc asked to distribute on diffe rent items to show the relative sizes or importance. 

I\Ios1 of PA tools have been used to produce qualitative data and PA survey results are presented 

in a descnptl\'c rathcr than numerical Conn. However. virtually any qualitative data can provide 

numerical data if transformation occurs at an early stage in data co llec tion process, by defi ning 

the number of items 10 be scored and the number of stones to be used fo r the scoring of 

indicators. Specific indictors could be defined by the researchers and added to those produced by 

the infonnants. Replication of the standardized scoring tool would allo\\ statistical analysis for 

non4parametric data. 

2.12.2. Participator} appraisal compared to cOlwentional methods 

Sc\'eral advantages and disad\'3Il1agcs of PA methods compared to conventional methods are 

Implied (Catley and l\lariner. 2002; Mugenda. 1999). The use of PA tools nornlally generate 

largely a quahtatl\e data Ihal are detailed. dynamic and defines local peoples' problems and 

solutions whercas the cOJl\entional (t raditional) methods only yield data that are chien), 

quantitati\'e and stable (data whose facts do not change). Thus. the PA methods have been 

qualified as a bottom lip approach compared to the top4down approach of the conventional 

approaches. 

The PA approaches are holisliC III nature whereby all aspects of the phenomenon in question are 

studied b} use of multiple methods in a process referred to as tnanguli:ltlon. Thl.! focu~ of 

conventional methods is usually 011 selected predefi ned variables. The comlllunit)' has a greater 
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access, control, understanding, and analysis of infonllation, when the PA tools are employed, but 

in the conventional ones, the community does not apparently own the infomlation. In addition, 

this makes the project unsustainable, bcc:ause researchers in conven tional methods are seen as 

'outsiders' and, decision-mak ing is ent ire ly from them. In contrast, the PA methods attempt to 

break the cultural barriers and researchers are seen as 'insiders'. which in tum. lead to collection 

of useful inforl11alion about the community, particularly with involvement of local people in 

decision-making. 

Typically, quantitative data driven approaches are attempted. but prove to be untenable in large 

pastoral areas \\ ilh relative ly small and mobile human population, limited modem infrastnlclure, 

and insecurity. Other problems include luck of baseline data to perform random sampling 

procedures and the difficuily of following the herd during longitudinal studies (Cat ley and 

i-.larlllcr. 2002). The use of standardized PA tools. which produce quantitati,'e data. is another 

option for , 'etennar: epidemiologist for pastoral areas. 
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3. MATERIALS AND METHODS 

3.1. General descript ion of the study area 

The research was conducted in three dist ricts of BordJla pastoral area of Oromia Regional State. 

located between 03°37' 23.8" to 05° 02' 52.4" North and 37° 56' 49.4" to 39° 0 l' 1 0 1 "East. in the 

Southern pan of Ethiopia (Fig. 1). The altitude ranges from 970 mast in the south bordering 

Kenya to 1693 mast in the Northeast. The Borana pastoral system represents a vast lowland area. 

covering about 95.000 km' (Coppok. 1994). It borders republic of Ken)a to the south. Somali 

Regional State to the cast and. Southern Nation and Nationalities Regional State to the west and 

Gujji Zone to the North (Annex I). 
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Figure I: Ma p of pastoral zones in G rea ter Horn of Africa (G HA) countries showing 
location of the study area, Bonna pastoral system , South Ethiopia 
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The climate is sem i-arid , which receives annual average rainfall ranging from 500 111111] in the 

South to over 700 mm] in the North. Del ivery of the rainfall is bimodal: 56% of the annual 

rainfall occurs from March to May and 27% from mid September to mid November (Coppock , 

1994). Annual mean daily tcmperature va ries from 19 °C to 24 <lC with moderate scasonal 

variation. The S o rana pastoral system is dominated by savannah vegetation containing mixtures 

of perennial and woody bush lan e\. The major sources of water are ponds and deep wells during 

rainy and dry periods respectively (Helland, 1997). Livestock is an integral part of the Sorana 

people that serve several purposes: as so urce of food, income generation and socia l pres tige 

(DeSla, 1999), 

The livestock populations are approximately 1.7 million catt le, 2 million sheep and goats , 

700.000 camels and 6-l ,OOO equines (Desta. 1999). The Borana pastoralis ls manage the ir cattle, 

the do minant animal spec ies. in a traditional pastoral system. The cattle herd is split in to two 

groups: "Warra" herd. comprising of small number of an imals. especially milking cows and 

cal\cs. are kept around the Olla's (encampments); whereas ';forra"" herd. that encompass the 

majority of animals. are driven long di s tance in search of good pasture and surface \\ ater. 

irrespective of national boundaries (Coppock, I 99-l ). This cattle keepi ng system highly exposcs 

the animals to cross-border contagious dise-ases such as F.1\ ID. 

3.2. Study popu lation and sa mpl in g tech nique 

Study animals \\ ere selected from approximately 290.000 B orana pastoral cattle populatIOn 111 

three districts of S orana pastoral area namely: Yabcllo. Dire and Moyale. The three districts were 

selec ted frolll the existing six districts of Borana pastoral system based on their geographical 

loca tion, proximity to livcstock market, ava ilability of watering wells and socioeconomic 

characteri stics. From each district. about 20% of Pastoral Association (PAs) (15) were randomly 

selected. to be included in the stud y. From selected PA's. 10% of ca ttl e herds (116) \\ ere selected 

randomly as a primary tlnll; then eigh t ani.mals were randomly selected as a secondary unit. olll~ 

from thc selected herds. to be included in the study. Accordingly. 15 PA s, 116 herds and 920 

dnimals were 1I1cludcd in the slUd y. This number was arrived at by first assllming the pre\ alencc 

o f 50%. to get the maximum sample size required to determine the prevalence in simple random 

32 



sampling and then lIlflating the number (384) by 2-3 folds. to account for the effect of 

randomness and representativeness in multistage sampling (Thrusfiled. 1995): 

n = 1.962 x P lli-Ll...:..E~) 
d' 

Where. 
n 

PC\P = 
d~ = 

n= 

required sample size 
expected pre\'alence 
desired absolute precision 

1.96' x 0.5 (1- 0.5) ~ 384 cattle 
0.05' 

F Itty of the selected herd 0\\ ners (10 each from Yabello and Dirre. and 10 from ~loyale districts). 

who were kno\\ n to ha\'e a good Ethno':eterinary knowledge were chosen as key informants III a 

partIcipatory appraIsal. 

3.3. Study Drs ign 

Both participatory appraisal and conventJonal \'etermary in\,estigatlon methods were applied to 

generate Illf0n11ation on F~ID. The participatory appraisal methods used were Chl1lcai 

obscnatloll. ~latrix scoring. Proportional pIlll1g. and Seasonal calendar (Catley. 1005: Cat ley el 

al. 2001). ComentlOnallll\'estlgatJon of F~ID was conducted using 3ABC ELISA (to deten11lllC 

seroprc\'alence) and liqUId phase blockll1g ELISA (to identify the serotypes). Geo-referenced data 

such as geographIc location and altitude were collected usmg GAR-\ll): - 6 GPS 

3.-L P~rl iri p ato r~ d isease appraisal 

:. J I CllnIcalObscn3t1on 

Chmcal Obsen-atJon of sick al1lmals reLated to F:-'ID was done dUring sample collection morder 

to crosscheck. the perception of the ll\·estock keeper with other partiCipatory appraisal results. 

We \-isited 116 Borana herds during sera sample collection that eight animals \\-uh chromc F~ ID 

\\ere found at dIfferent sites. The pastorallsts Idenllf) the ammals \'ery \\ell. ClInical sIgns 
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considered were. hair over growth, emaciation, reduced milk production, seek shade, and panting. 

Blood samples from these animals were collected for serological tests. 

3A 2. ~Iatrix Sconng 

During the participatory appraisal Semi-structured interviews (5S!) were used to gam an 

understanding of the local perception of can Ie diseases. The groups of infomlams were identified 

by key infonnant to prioritize and rank the' most important cattle diseases (Table 3). Pair- wise 

rankJIlg of five cattle disease (F~ I D (Hooyale) and other four control diseases (C BPP 

(Sombessa). LSD (5ukii). Blackleg (Harka) and Mastitis (Nakarsa» was conducted to identify 

locally percel\·ed indicatOrs (sings). The five diseases indicaterl above were presented using every 

day objects and placed along the tope X-axis of the matrix. Each of the five diseases in the matrix 

was scored against a list of 17 clinical signs or cause of the diseases. The indicators were 

Illustrated along the Y -axis of the matnx ~Fig, 2). For each indicator. infonnants were asked to 

score each disease by di\"idJIlg plies of 25 stones against the five diseases. \latrix scoring was 

standardized and repeated with fi\'c in Yabello. fi\'e ill Dire. and t\\·o PAs in Moyale (total 12 

mfomlams). Group Sizes varied from 6 to 13 indi\·iduals. The le\'eJ of an agreement across the 

groups \\ as detemlJl1ed by the method of S lege! and castellan (199-l) . 
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Figure 2 Matrix scoring b)' men ciders from Yabcllo district, Borana pastoral area 

3.4.3. Proportional piling 

l3eforc performing the proportional piling to estimate the relative incidence and mortali ty caused 

by five most important cattle diseases during the past onc year. infonnants were asked 10 classify 

the animals into different age groups. that fits into real cattle husbandry S)S lcm: Waatiyc/Jabiye 

(calves aged 0-2 years of both sexes): Raadallibicha (Weaner 1-3 yea rs): GoromsalKurkura 

(young group 3-4 years): Ilawicha/Korma (>4 years old). 
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I hen e\er~ informant "as all<)\\cd to maintain a pile or 100 :.Ioncs for each agl." group. hcli.ln: 

splitting the pile of stones into two rclali\\.~ numhers of sick and healthy stocks during the PtlSI 

Olll' ~ l'a r ( Fig. 3). The pik of stones n:pn:,>enting the sick callie \Vas then suhdi vidcd into the Ihc 

major disl..'ase and other diseases 10 sho\\ thc relative number o r an imals afTected b~ different 

disease:. during the ~ ear. SlIhsequentl). each informant \\ as asJ...ed to relllO\ l' so n1l.' of the al n:<I(I ~ 

allocated stones represent ing the sick to indicatl.! the 1l1ll11hl.!r of dead animal s/surviva ls du ring the 

)I.!ar for cach livc prioriti/ed and other disl'asc of cattle. For F~ I D chronic disease \\as scored for 

animals that sur. i\cd thc ac ute attad . t\gl' spec ific incidence and Ill()rtalit~ rates and 950. 0 

con fidence limits \\cre calculated with par:-.on\. correlation coefficient. 

Figun· .'\: I'rollQrliuI1UI pilhlK hy wllm~n infurlUilnl ~ in jV1!)) a l\lllistri(.' t , Borana P~l s t onl l 
:I rca 



JA..I . Scaso J1;:11 Cah'ndllrs 

S~asonal calendars \\ere lIsed to desc ribe the seasonal occurr~nces of the five Illost important 

C:llth..' di scases id~ntificd in the matr ix scoring. rh~ IlK,thodolog) for construc ti ng s~as('I1al 

cakndar \\as similar to matrix scoring. I he season's local names of Boram.t tong rain (Gana). 

short rain (Adoksn).cold dr) (ilagaya) and long dr~ ( Ilona) \\I,."n.' r~prcs~ ntcd b) loca l mat,-'rial on 

the X-a.\is and numbers rcprcscll tin:!? di~cases and causes placed along the Y-axis. This t) pc of 

sca,ol1nl caknci<lr \\<15 used \\ ilh fi\i.~ groups of informants from Yahello. four from Dire <lnd one 

from \ loyak districts (10 groups of in fo rmants) (Fig . .f ) 

ICllntal1 dClla dcri\ed from seasonal cakndnr \\as compared \\ith ubjecli\c mea~ un.: s of rainfall 

('olleeted b~ the Southern Ibngekmd De\ doprnenl Project (S R Dl1) to determine mcnn amount 

and proportion of lOla I annual rainE11I per Borana s,-',hon. 

Fi l!un' -I : Scason:11 calcmlllr hy m en du('r" from Dire di ll fri r l. Bonln :1 pasto ral "rca 
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3.5. Seru m sample collection 

Whole blood w as c ollected from a jugular vein ofr andomly s elected cattle into 10 m I s terile 

vacationer tubes and stored overnight at room temperature for serum separation. The serum was 

then transferred into a single sterile cryovial, bearing the names of the owner and PA, and herd 

number, age and sex, and transported in an icebox, to Nat ional Animal Health Research Center, 

Sebcta, for the analysis. In the laboratory, the serum was stored at _20°C unt il laboratory 

investigation. 

3.6. Laboratory Analys is of IiMD 

3.6.1. FMD-3ABC ELISA 

Abolll 100~ 1 ofprediluled samples (I: 16 in diluent buffer A) and controls (I: 100 in CHEKIT 

FMD 3ABC sample diluents) were dispensed into the appropriate wells of the microtiter plate 

pre-coated with recombinant FMDV 3ABC viral ant igen (AIUlex . 2). The pleats were covered 

with a lid and incubated for 60 minutes at 37°C in a humid chamber. After incubation microplates 

were filled with about 300~tI CHEKIT FMO 3ABC washing solution and washed three times. 

Then 100~1 of Ihe ready 10 use CHEKJT-FMD 3ABC-Anli-Ruminanl-lgG-Po-Conjugate was 

dispensed into each well and incubated for 60minutes at 37°C in humid chamber. After washing 

the plate, 1 OO~I of TMB-substrate was dispensed into each 96 wells and incubated at room 

temperature or optimally at 25 °C for 15 minutes. Finally, adding 100~1, CHEKJT-stopping 

TMB-solution stopped the reaction, and the result was read using a spectrophotometer at 450nl11 

wavelength within 2 hours of adding the stopping solution. The Reader, connected to the 

computer loaded with ProComm and word packages, was used to automate the reading of 00 

value. The percentage posit ivity (PP) for test samples in relation (Q the negative and the posi tive 

controls was calculated as follows: 

Equation .1 PP value = OD sample - ODnegative xl 00% 
ODposetive - ODnegati\'e 

The Cut off value provided by the Manufacturer was used to detennine the percentage positivity. 
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3.6.2. Liquid phase blocking ELISA 

Plates were coated with 50~t1 trapping rabbit antibody stock (Rabbit anti-FMDV serotypes 0, A, 

C and SAT 2) di IUled 1: 1 000 in coating buffer (carbonatelbicarbonate) into 96 wells of NUNC 

~Iaxisorp microplate and incubated at 4°c over night. Simultaneously, 50~1 of tes t and cont rol 

sera (C--. C- and C). diluted I: 16 in dilucnts buffer A (PBS and Tween 20) were added into 

wells of U boltom microplates acco rding to layout (Annex. 3) and 50).1\ of FMDV Anti gen 

(serotypes 0, A, C and SA T2) diluted at suggested working dilutions were added into all 96 wells 

of the perspective polypropylene U bottom microplates. Sera and antigen were mixed and 

incubated at -toe over night. washed with dilution of PBS at pH 7.4, three times: then , 50pl 

serum-antigen mix ture was t ransfcrrcd from U bottom microplates tot he appropriate w ells 0 f 

~UNC ~lixsorp plate (Annex -l ). and incubated at 37 °C for one hour. w ith conti nuous shaking. 

After microph.Hes were washed, SOpi de tecting antibody (Guinea pi g anti-FMDV serotypes 0, A. 

C Jnd SA T2). diluted i: 1000 in diluent buffer B (PBS. Tween 20 and skimllled milk powder) 

was added into a1l96 wells of the rcspecti\'c microplates and incubated at 37°C [or one hour with 

continllolls shaking. After washing t.he plates, SOpl of conjugate (Horseradish peroxides­

conjuga ted rabbit anti-guinea pig immunoglobulin) diluted i :200 in diluent buffer B was added 

into 96 wells of each microplate and incubated at 37 0e, for one hour with continuous shaking. 

Finally. the plates were \\ ashed and 50111 of substrate chromogen (hydrogenperoxide 

(H20~) Onho-Phenylenediamine (OPD) solution was added and incubated at ambient 

temperature for 15 minutes (briefly placed on Ihe shaker to ensure even mixing) before 50111 of 

stopping solution (sulphuric acid (H1SO.!) was added 11110 all 96 wells o f the microplates. 

The l:LlSA reader was connected to the computer loaded with ELISA Data Infonnation (EDI) 

Software, which IS used to automate the reading of 00 value and calculate the percentage 

111hlbllion (PI) . The percent inhibition I,PI) for cont rol and tesl samples was calculated according 

to equation 2 and 3 respcctj\'cly using manufacturer's manual (Ferris. 2004): 
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Equation. 2: FOnl1Ula for calculation of Pl a n the control and qualify assurance acceptance. 

PI ~ 100 - (Replica te OD of control x 100) 

Median 00 ofCa 

Equation 3: F0I111ula for calculation of PI of test sera and Diagnosti c interpretation. 

PI ~ 100 - (Replicate OD of test serum x 100) 

Median OD of Ca 

3.6.3. Antigen titration 

Antigen titration was done to check the working dilution of each FMD antigen used in 

serotyping. Plates we re washed three times between each stapes except a fter substrate added. The 

following procedures wcrc used (Ferri s. 200-t): 

Test plates were coated with rabbit trapping anti body stock of FMOV serotypes 0, A, C, and 

SAT~ diluted 1: 1000 in carbonate bicarbonate coating buffe r aI PH 9.6. Then, 50111 of FMDV 

serotype 0 trapping antibody was di spensed into all wells of rows A and B o f the microplate; 

F:vIDV serotype A trapping antibody to rows C and 0 ; FMDV serotype C trapping antibody to 

rows E and F; and Fi\1DV serotype SAT~ trapping amibody to rows G and H and incubated over­

night at -toe. After washing the plates with PBS buffer solution three times. 50,ul of diluents 

buffer A was dispensed imo wells o f rows A to H. columns 2 to 12. and 75JlI 10 wells of rows A 

and B of column 1. Then 2 5~d of antigen serot ype 0 was added to wells of ro\\ A and B of 

column I. serotype A to rows C and D, serotype C 10 rows E and F. and serotype SAT2 10 rows G 

and H and mixed. About 50 !.d of thi s d ilutIon ( 1/4) was transferred from column I to 2. from 2 to 

J and soon. to repeat the mixing procedures as far as column 11: col umn 12 was left as a 

background control. The plates were then incubated at 37 DC for one hour w ith conti nuous 

shakmg. After \\"ashmg, 50Jli of diluted 1: I 00 Fi\. ID\ ' sero type 0 detecting antibody was added 

mlo all 12 wells of rows A and 8 o f the microplate. serotype A detecting antibody to rows C and 

D, serot ype C detecti ng antibody to rows E and F, and serotype SATz detecting antibody to rows 

G and II. The plates were incubated at 37 °C for one hour with continuous shaking. After 
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washing with PBS, 50 .... 1 of anti species conjugate diluted I :200 in diluents Buffer B was added 

into all 96 wells of the microplates and incubated for onc hour at 37°C with continuous shaking. 

Afier the pleats were washed and dried , 50pl of the substrate/chromogen solution was added into 

the all-96 wells of the microplates and incubated at ambient temperature for 15minutes, under 

conti nuous shak ing. before SOp I o f stopping solution was added and the plates read with 

spcclropholOl11cter at 492nl11 filter. As indicated in the protocol, the dilution that gives an average 

OD \'alue of 1.0 to 1.5 was selected and twice that concent ration was used in the sen lln sample in 

the liquid phase block ing ELISA. Accord ingly. the ant igen work ing dilution used was selected 

for each scrotype as fo llows: 

0 1 ~ I allisa L012590P031 Used at working dilution of 1 :60 

A '21 ;vlahmatl i L012240P032 Used at working dilu tion of I :60 

CP H1 7,84 618199 Used at work ing dilution of I: I 0 

SA T2 Eritrea Lot2330P036 Used at working dilution of 1: 60 

3.7. Data collection a nd analysis 

Thc parllcipatory and laboratory ill\"estigation results were ana lyzed using Statisti cal Package for 

Social Sciences (SPSS, 2002) and Statistical Analysis System (SAS. 1998). respectivcly. 

Agrcement among the scores of infcJllllant groups was assessed using Kendall coefficient of 

concordance (W) (Siegel and castell an, I 99.f). The levcl of agreement be tween FivlD diagnosis 

by pastoralists and conventional diagnosis by way of 3ABC ELI SA was analyzed by kappa 

statistic and posi tive predictive value (Thrusfield, 1995). Finally, logist ic regress ion (S PSS. 2002 

Version 11.5) was used 10 detcJ1lline risk factors associated wi th seroposi tivity o f the disease in 

Ihe study area. In all the analyses. confidence level was at 95% and P < 0.05 \\3S set fo r 

sIgnificance. 
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4. RESULTS 

4.1. Participatory appraisal 

4.1 . 1. Cli nical observat ion 

Eight chronic FM 0 cases were observed during the study with typical signs of rough and 

overgrowth of hair coalS and emaciation (Fig. 5). The major clinical s igns described by the 

farmers for animals with chronic FMD (Gaandile) were overgrowth of hair. dullness. isolation 

from the herd. abdominal breathing. panti ng. frothy discharge from the mouth. behavioral 

changes such as dysphagia. standing u:nder shade during hotter hours of a day and reduced milk 

production. extended calving inte rval. and binh of weak calves with watery milk in the first week 

ofhirth. Heifers o ften develop chronic FMD afte r they recover from the acute attacks. 

From eight ani mals identified as sufTer ing from chronic FMD (Gaandile) by the paslOralists 50% 

were fou nd positive by 3A BC ELISA . for the combined serotypes (0. A. C. and SA TI). 

Figure. 5. A cattle with sign of chromic FMO, (Gaaudile) at Dire district in Borana pastoral 
area. 
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-t . l .2. Disease r-.'Iatrix scoring 

The result o f semi-structured interviews (SSls) revealed that Borana pastorali sts were able to 

describe d iseases and ranked them based on mortalit y, loss of production (m ilk), frequency of 

occurrence and the ease of or control. T able 3 shows diseases li sted by pastorali sts according to 

thei r order ofimponance. 

Table 3 Summary of CO lllmon ca ttl e d.iseases prioriti zed by Borana pastorali sts in th e three 
distri cts of Bor:lIIa area 

Loca l Na me 

SOll1bcssa 

Hooyale 

Suuki 

"aarka 

;\"abrsa 

Silissa 

Dhukuba Gadamsa 

Chinl1ale 

Gaandlle 

Gandl 

Birtle 

:-\yanye 

Scielltjfic Name 

Contagious Bovine 

Pleuropneumonia 

Foot and Mouth Disease 

Lumpy Skin Disease 

Blackleg 

~tastil is 

Pasteurclloss 

i\lalignant Catharal Fever 

Anthrax 

Chronic Foot and )otolith 

Disease 

Trypanosol11osis 

Babesiosis 

Rabies 

Rank 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

A pair \\Ise comparison was lIsed 011 fhe diseases of cattle. ranked high by pastoralists, to 

detemlillc the disease IIldictors for lise in matrix scoring; FMD (Hooya/e) was the disease of 

Il1terest \\hde the other four \\ere control diseases (Table -t). 
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Table 4. Summ.uized Matrix sco ring of disease indicalOrs in three districts of Borana 
pastoral area 

CBPP F~ID LSD Black leg Mastitis 
IndiclOrs (Sombesa) (lIoo)'alc) (S uuki) (llaarka) (Nakarsa) 
Coughing 25( 17-25) 0(0-8) 0(0-0) 0(0-0) 0(0-0) 
(W=0.956"·) 
Salivation 0(0-6) 25(15·-25) 0(0-0) 0(0-0) 0(0-0) 
(\\'=0.885"·) 
Aborlion 0(0-7) 25«18-25) 0(0-7) 0(0-2) 0(0-0) 
W=0.881 "·) 
Lameness 0(0-3) 13.5(6·24) 0(0-3) 7.5( 1-13) 0(0-7) 
("'; 0.900"*) 
i\ l orlalil~' 7.5(3 -11 ) 3(0-5) 4(0-6) 10.5(7-22) 0(0-6) 
(\\'=0.87 1"·) 
Reduced milk 0(0-8) 11(6-18) 3(0-9) 0(0-8) 10(2-13) 
production 
(W=0.5 .. 3"·) 
Loss of body 1(0-8) 16(8·25) 6(0- 12) 0(0-2) 0(0-4) 
weig hl 
("'=0.8 1 .. .. *) 
Skin lesion 0(0-0) 7(0- 10) 15.5(12·15) 0(0-5) 2(0-8) 
(\ \ =0.782*") 
Teal lesion 0(0-0) 0(0-;) 5(0- 17) 0(0-0) 19.5(8-25) 
<\\ =0.762***) 
l-lai r o\Cr 0(0-01 25(17-25) 0(0-8) 0(0-0) 0(0-0) 
gro\\ Ih 
(\\'=0.902"'**) 
Panl ing 3(0-15) 21( 10-15) 0(0-5) 0(0-2) 0(0-0) 
(\\'=0.778 ·"'*) 
Seck shade 0(0-10) 20.5(1·~-25) 0(0-5) 0(0-4) 0(0-0) 
(\\ =0.768***) 
I)en e .. ~e ferl i li l~ 0(0-0) 22( 14-25) 2.5(0-11 ) 0(0-0) 0(0-0) 
\\'(=0.8"' 0"*) 
I)encas(' llIal"J,.('1 0(0-9) 9(6-12) 7.5(4-13) 0(0-0) 5(0-13) 
\ 'alu (' 
(\\'=0.624 *"*) 
Dis('as(' aff('('1 0(0-0) 19(0-25) 0(0-7) 0(0-1 4 ) 0(0-5) 
\\ Ud li f(' 
(\\'=0.569·") 
Transmitted b~ 0(0-0) 0(0-0) 0(0-12) 0(0-0) 25(13-25) 
li ck 
("'=0.92 "' 5* * *) 
TranSlll ill('d "'S( loR) 6(5-10) 7(4-10) 05(0-4) 0(0-2) 
" ji ll (,O lil ae l 
(\\'=0.8"' 0"*) 

:\"umber of mformants groups 12: \\' = Kendall's CoeffiCient or Concordance (* 1><0.05: **P<O.OI; 
**"P<O.OOI). \\' valucs \'ar)" from 0 to1: the higher the \'alue the hIgher the level ofagreemcnt between 
mfonnants groups. The number out of parentheses mdlcates median scores of the 12 groups and minimum 
anti ma'ltnUIll limits arc ~ho\\'n III Pnrenthe-;es. 
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The analysis of mat rix scoring showed good leve l of agreement among 12 infonnant groups C.,;"r= 

0.569-0.956; P< 0.001). The groups of infomlants also indicated that salivation , lameness, 

abortion. decreased milk production, loss of body condition and mortality (in young animals) are 

the 1110st imponant signs of FMD. In all groups infonnant scored the di sease FMD by considering 

both Hoyale and chronic FMD (Gaalldile).The disease Gaandile affected animals that seemed to 

recover from FMD but later developed signs of hair over growth. panting, seeking shade during 

sunny days and decreased milk production and infertility. Additional signs of FMD as observed 

by the pastoral ists through SS I were lesion on foot and mouth , reduced appeti te, birth of weak 

calves or still bIrth, and secretion ofwat(~ry milk for about a week after calving. 

FMD (I'looyale) and LSD (SulIkr) in the matrix scoring received high scores for transmission by 

contact: "omen in formants on the other hand scored mastitis (Nakarsa) as case strongly 

associated \\lth tick infestat ion. The infonnants also ind icated that FMD could affect other 

domestic anllnals such as sheep and goats. and wildlife such as Oryx. Kudu. and Gazelle . 

. i, 1.3. ProportIOnal pili ng result 

IncIdence 

The Borana pastorallsts categorize cattk into four age groups: calves. Waollyei)abiye (Both sex); 

Wcaner. Raw/a (Female) libicha (male): Young. Gorolllsa (Female) Kurku/'{l (~ lale) and Adult, 

IIml'lc/w (Female) Konna (i'd ale). The disease incidence in specific age groups as estimated by 

the pastorahsts is illustrated III Fig. 6 {a· f). 

According to the result of proportional piling. acute F~ID (l-Iooya/(!) had the highest incidence 

(18.5%,) III calves (Jabiye) follo\\'ed by adult male and female (Ha\\'icha Konna) (16%) (Fig. 6b). 

The ~Iean annual incidence of chronic F~ID (Gumuli/e) varied from 0.20.0 in calves tJabiye) 10 

1.8% in heifers (Goromsa) (Fig.6f). Pearson correlation coefficients for disease incidence by age 

groups \\ere -0.124 (P>0.05) and 0.47 (P<O.OOI) for acu le FMD, (Hooyole) and chronic FMD 

(GU{l/u/dt!). respec tively. 
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Figure 6 The mean annual incidcncc of important catt le diseases in different age groups in 

three districts of Borana pastoral area (Dec. 2004-No\'. 2005) 
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C. Lumpy sk in disease/Suuk; 
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E. MastitislNakarsa 
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According to proportional piling (Fig . 6), the incidences of acute FMD (Hooyale) and Black leg 

(Haarka) were high in young stock (Fig. 6b and 6d). On the other hand, the incidence of CBPP 

(Sombesa), LSD (Suuki) , Mastitis , akarsa), and chronic FMD (Gaalldile) increased with age 

(Figs 6a, 6c, 6e. and 61). The Pearson's correlation coeffi cients for disease incidence with age 

group were summarized in Table 5. 

Table 5 Correlation coefficient for ,disease incidence by age groups in Bora na pastoral area 
(Dec. 200~-"'0\ · . 2005) 

Pea rson's co rrelation 

Disease Coeffici ent Significance (Z·tailed) 

CBPP Sombesa 0.196 0.005 

F~1D Hooyale -0.1 24 0.081 

LSD Suuk, 0.232 0.001 

Blackleg Haarka -0.391 0.000 

\Iastitis Xakersa 0.775 0.000 

Chronic HID Gaalldile 0..1 7 0.000 

Conversely, compared to other Important diseases such as CBPP (Sombesa), Blackleg (Haarka), 

and Mastitis (.\'akarsa), FJ\ ID (Hooyale) was the most commonly observed disease during the 

~ ear: reportedly affecting 16.1 °;0. compared to ~ 1.6% of the total affected (Figure - ). 
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Ot hers 15.20% 

Mastitis 3.50% 

Blackleg 2.30"10 

LSD 3.40% 

FMD 16. 10% 

CBPP 1.10% 

Healt hy 58.40% 

Figure 7. Mea n incidence of cattle diseases, in relation to healthy cattlc of all age groups in 
Horana pastoral arca (I)ce. :Z OO4--Nov. 200S) 

Disease mona1it~ 

The estimated mortal ity rate attributed to important call Ie diseases in di fTerent age groups arc 

sho\\n in (Fig. 8). FMD (liooyale) had Ihe highest l1lorla lil) (2.8 %) in Cahes (Jabiye) and 

io\\cst (0.3%) in adult (lIowichQl Karma) (Fig. 8b). Pearson correlation coem cicnts for disease 

monalilY b) age groups \\as -0.589 (P<O.OOI) for acule FM D (Hooyale) and Hlackleg (llaarka). 

In all other disease conditions. mortality is negativel) correlated to age groups ( I> < 0.00 1). 

Pearson's Correlation coefticients fo r age specific mortal ity is presented in Table 6. 
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Figure 8 Case specific mean annual mortality rate of different age groups in Boraoa 
pastoral area (Dec. 2004·Nov. 2005) 
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c. Lumpy skin disease/SlllIk; 
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E. MastitislNakarsa 
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Table 6 Correlation coefficients for a~:e specific mortality rate in Borana pastoral area (Dec. 
2004-Nov. 200S) 

Disease 

CBPP ISombesa 

FM D IHooyale 

LSD IS uuk; 

Blackleg IHaarka 

Masti tis INakarsa 

Ot hers 

Pearson ' s correlation 

Coefficient 

0. 185 

-0. 589 

0.023 

-0.38 1 

o 
-0.340 

Significance (2-tailed) 

0.01 

0.00 

0.75 

0.00 

o 
0.00 

The results of proportional piling on mortality additionally showed that 8.8% of cattle died from 

various diseases in the past one year (Fig. 9). FMD accounted for 1.1 % of crude fatality rate. 
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Figure 9 Mean case fata li ty rate reJatuve to recovered cattle in Borana pas toral area (Dec. 
2004-Nov. 2005) 
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4.1.4. Seasonal Calendars 

The ten groups of Borana pastoralists divided a year in to four seasons: long rainy season (Gana), 

from March to May; Cold dry season (Adoolessa), from June to August; Short rainy season 

(Hagayya), foml September to November; and Long dry season (Bolla), from December to 

February (Annex 4). 

Summarized seasonal calendar for livestock diseases, rainfall, tick infestation, cattle movement , 

and contact with wildlife was shown on (Table 7). Moderate to good agreement was seen among 

ten infonnant groups regarding seasonal occurrence of the diseases; such as CBPP (Sombesa). 

FMD (Hoo}"ale), LSD (SlIlIki), Blackleg (Haarka) and Mastitis (Nakarsa), and seasonal pattern 

of rainfall distribution (W= 0.397- 0.995). The incidence ofFMD (Hooyale) was found to be high 

during dry season (Bona) than cold dry season (Hagayya). The lowest incidence was reported 

during rainy season. 

The i nfonnants a Iso have good agreement ( W = 0.839) 0 n seasonal animal movement, which 

occurs frequently during dry season in search of good pasture and water. This pattern of seasonal 

movement (in dry season) determines contact between domestic animals. However, regarding 

contact of cattle with wildlife, the agreement was moderate (\V = 0.287). 
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T able 7 SUlllm a ri zed seaso nal c a l end ~!li all th e occurrencc of differ ent di seases of calli e in 
Boran :l pas toral a re~1 ( O c(' . 100. ~ - :\' o\,1005) 

Borana seasons 

TG:l~ Adoo lessa I-I agayya BOlllt n 
(Loll rnin ) Short r a in Co ld dry) Lono dry) 

M onlh !, by G rcj..!o l' ia n C:II Clld :tr 

I ' I I A I ;\ 1 I J ;J 1-\ ; S 10 >' : D J F , , 

Rnin fal l 12(10-13) 2(0-3) 6(4-8) 0(0-2) 
( \\'= 0.995)*** 

CBPP 2(0-5) 5.5(2-8) 1.5(0-4 ) 10(3-13) 
(Solllbcs a) 
(\\'=0.700)*** 
D ID ( H oo~a l c) 1(0-3) 5(4-7) 1(0-3) 12.5( 10-16) 
(\\'=0.938)*** 

LSD (SlIlIki) 3(1-5) 125(9-18) 4(0-6) 0(0-2) 
(\\'=0.R70) *** 
Bla ck leg 13.5(9-18) 2(0-3) 4(0-8) 0(0-1 ) 
(llaa rka ) 
(\\'=0.9 19)* ** 
.\l as titi s 4.5(2- - ) 31"-4) II.5C- 16) 0.5(0-6) 
(:'\a k arsa ) 
(\\ =0, 787)* ** 
T ick in fes la lio ll 9.5(0-13) 3((1- - ) 5(3-9) 2(0-1 0) 
(\\ =0 . .19- 1' . 

Increased C:1 l1lc ]5(0-5 ) 5(.1-6) 210-6) 115(9-14) 
111 0 \ e l11 ClI1 
(\\ =0.839)*** 
\\ ' ildlifc 8. 5(2-12) 45( 0- 10) 4.5(2-8) 25(0-10) 
Cont ac t 
(\\ '=0. 287) * 

'\ It. \\. Kendlll ... ~'oefl1':lt'n{ of o.:ono.:Old:m.:e \.p -0 )5; *.p 0.( I. p. 0.(01) The numh ... f OUI ~Ide tht 
tll,ldet n:I'It:,elll:'lllr:<hans and IllJnllllUrn and nl:t\IIllUm \JllIc~ af!;.' mlhe brlCket The ag!t:ement \~a<; termed ~\t'ak 
mHJ~'ra!t' an,1 ,;!ood 11 \r-\alue<, ~\ere k,,-; than 0 ~() bel\~eenO.26 and 0.38 Cp 0.05 Jnd gr!;.'a!er than O.~SCp ( !\ 
100 Mil 1<.'~reo.:tL\d: I Seigel and Ca'>tdlan. 199": 

'-l\,;,lsonal ralllfall pattern dcscnhed b~ 11l1~mllanlS \\as \alldated by maklllg companson b\!i\\Cell 

s\!asonal calendar,> as described h~ ihe paslOrallsts and ObJcctl\"e measurcs of ralllfall (Table~ ) 
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Table 8 Compa ri so n of seasona l rainfall pa tt e rns as d ete rmin ed by p as torali sts' seasona l 
ca lendar a nd objecth e ra in fall data in Bo r <.l na pasto r a l a rea (Dec. 200-l ·!'\o\,. 2005). 

Seasons 
-'tin 

Gana 10 
, \ doolessa 0 

lIaga~~a J 

Bona " 

Onta from seasonal ca lendar 
(;\'= 10 in fo rmanls g rou p) 

R a in fa ll seore -' Ied ia n sco r e 
as Proport io n 
of to ta l annu al 

-" ediall -'l ax sco re 
12 13 60 , , 10 , 
6 8 30 
(I 2 0 

Oato from SORO V. 

-'l ea n 

I) cc. 200 ~ ­

~o \'.2005 

Rainfa ll as 
r ni n fall proport ion of 
(mill ) tota l a llnu nl 

r nin fn ll 
199.9 62 
25.-l 8 
82. - , - -

- ). 

13.9 4 ' > 

The p3swrahslS knowledge 111 the diagnosis of F'\ID and the result of 3ABC ELISA (Table 9) 

\\er~ II1llloderate agreement II.;. 0 ~5) II1dicating a reasonably perfect (93' c POSltl\C prCtllCIl\C 

\alu~) recognltioll ofF.\ID by pastorahsts. 

Tablc 9 COl1lpari~Olls of KIlO\\ ledge of F.'I D diagn o'i:is b~ pasto ra lists and th ei r 
co rres ponding 3A BC E U S .~. res ult a t herd leHI in Bo r an3 pastora l area 

Pasto ralist Diagn os is of 

F\JI) 

Positi\ e :\ega t i\'e 

3 ,Be ELl~ , Posi lh e ,- , - -

S egat i\ e IJ 

I o ta I 41 9 

Total 

29 

21 

50 

Posi ti\ c predicti\ c 

of pastorali s t ~ 

diagnosis 

93 1 tSJ.3·10~ ') 

,, -, (-l9.3·91j.21 

81 Cl.O· 93.41 



-L!. Lahor:Hor~ al1al~sis 

~::! I Scroprc\i.llcncc ofF~·.tD\' using 3ABC ELISA 

From 116 herds e\i.llllllled for the presence of antibodies [Q the 3ABC non-structural protein of 

F~lD "Irus. 68 (59°0) contamed. al lest. one positi\'e animal (TablelO). The highest pre\-alencc 

recorded 111 Yabcllo <-lIstrict (61°;0) \\as s.ignificantly different (P<O.05) from other districts (Table 

10). On the other hand. from 920 animals examined, 193 (11 %) \\ere positi\-e. The respectl\e 

scroprc\-alcnce mthe Ihree dlstncts (Fig. 10) shows statistically slglllficant different. 

Tahl f' 1 n Sf' ro pr(' \ :l lenc(' of F'I 0 in ca llie he rd ", in Ihree di"'tri c t'" of Bora na Pastora l ar(' a 

.\0 of :'\' 0 of Herd level 
Pos itive pos itiv (' sc ro pre\ alenee 

Di ~ tri c t ,"0 of he rd anim al herd (%) 95 % CI 

Yabello 56 S9 3~ 61 -1 8.1 - -3.9 

39 59 3- - - S(J.6 

21 II 39.1 - 6~ 9 

T otal 116 193 68 59 50 - 68 

(z' ~ 9.09; P <0.(1) 
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Figu re 10, Snoprc\ 'al cnce n l(e of F \I O a t indi \' id uallc\' eI ill thrce di stri cts of Bora n<l 
p:lsto ra l a rea 

The rcsulis al PaslOral Associalions (PAs) Ic\'el are given in Table II. The highesl herd 

seropre\'alence was obsen'ed in Dida Tlyara (100%), ROlllso (100%), Dicla Yabc!lo (80%). and 

Garbi r.llIlch ( 77%). 0 n i ndl\'lduall ('\cl. seropositi\ily \\' as h ighesl a I D ida Tiyara (-1-3.3 5 ~'o) 

Garbi Minch (33.3%). ).I agado (31.-1-(','0). and !-.I edhecho (26.9%) PAs. This difference among the 

PAs \\<15 slatistlCally signIficant (/ -1-'"' 2: P<O.OOI). 
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Tab le 11. A summary of seroprc\,a lenc:e, at herd and a nima l level in callie at different PAs 
of three distric ts of Boran a pas toral area 

No. of Herds No. of Animals 
Tota Pos it i\'e Prc,'alenc Total Pos it ive Prevalence 95% CI 

PAs I c (%) (%j 
Yabello 

DidaTlyara 100 63 26 41.3 29. 1-53.4 
Dharito 5 I 20 35 9 25.7 11 .2-40.2 

Did Yabello 10 8 80 63 15 23.8 13 .3 -34.3 
Garbi tin. 13 10 77 42 14 33.3 19.1-47.6 

Tedim 1- - 41 63 10 15.9 6.8-24.9 , 
Areri 10 7 70 75 15 20 10.9-29.1 

Dire 
r-.lagado 5 3 60 74 24 32.4 21. 8-43.1 

,\ Iedhecho 6 2 '" 67 18 26.9 16.3 -37.5 JJ 

Dembella 8 4 50 69 10 14.5 6.2-22.8 
Bedana 
Harallo II 4 36 64 9 14.1 5.5·22.6 
Romso 5 5 100 69 9 8.7 5.1-21.0 

:-'lelbana 4 , 50 62 6 9.7 2.3-17.0 -
'\I oya le 

Dambi - 15 53 " 5. - 0.6-11.9 J 

Tile ~Iado 8 5 63 62 12 194 9.5-29.2 
Tuka 6 4 6- 59 13 22 11.5-32.6 

Total 11 6 68 59 920 193 21 18.4-23.6 

, 
X- ~ 47.2: P< 0.001 

Stnlliarly. tntrlllSIC host risk factors (age and sex) were seen to be significantly associated" ith 

F~tD 11lfection (Fig. II. Table 12): herd size (Table 12) was also seen to be increasingly 

associated \\ IIh F)'lD infection. 
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Table 12. Seroprc\"alence of FMD in ca ttle of d ifferent sex a nd herd s ize in Borana pas tora l 
area 

No sa mples Sero pos it ive Seropreva lcnce 95% CI 
(%J 

Sex 

~Iale 281 44 15.7 11.4-20.0 

Female 639 149 23.3 20.0-26.6 

Henl size 

0-50 350 56 16 12.2- 19.8 

51-1 00 282 69 24 ) 19.5-29.5 

>100 288 68 23.6 18. - -28.5 
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Figure 11. Seropre\ alence of F:\lD in different age groups of catt le in S ora na pastora l a rea 
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Table 13 Summary of the logisti c regression test of the different risk fa ctors of FMD in 
Borana pastoral area 

Risk factors III OR OF OR 95% CI (O R) P-value 

District 0.33 1.25 0.67-2.3 1 0.484 

PA's 0.02 1.02 0.92-1.1 3 0.719 

Herd size -0.195 0.82 0.67-1.01 0.066 

Age category -0.52 0.59 0.52-0.68 0.000 

Sex -0.168 0.85 0.55-\.29 0.441 

-l.2.3. Serotyping based all liquid phase blocking ELISA 

Out of 120 samples randomly selected from 193 posi tive sera for serotyping using liquid phase 

blocklllg ELISA. 99.2% •. 95.8%. 80.0(%. and 67.5% were positive. respectively for O. A. SAT2 

and C serotypcs ( Fig. 12). There was a high degree of combinations of infections, and only one 

(0.80;'0) sample tested negative for all the serotypes examined (Table 14). 
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Figure 12 Proportio n of different F\ 1 D serotypes idcntified in Borann pnstorn l arca 

62 



Table 14. Exclusively combined serotypes of FI\tD virus antibody circulating in Borana 
pastoral area 

Proportion o A c SAn 

71 (60% ) 

24 (20% ) 

10(8.3 %) 

I 9 (7.5%) 
I , 

I 
4 (3.3%) 

I (0.8%) 

Sore' Shaded areas sho\\ the presence of each serotype in a combi ned infection 

From all possible combinations of occurrence. the highest (95 .8%) \\'as recorded between 0 and 

A serot)'pes. follo \\ ed by 0 and SAT 2 (80%). A and SAn. and O. A and SAT2 combinations 

(Fig 13). 
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Figu re 13 Proport ions of different co mbin ations of F.\ 10 sc rotypcs observed in cattle of 
Borana pasto ral area 
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Compari son of relati ve distribution of the different serotypes in the three districts of Borana area 

showed no statistically significant (P>O.OS) difference (Figs. 14 and 15). 

o Yabello fa Dire I!lI Movale 

120 

100 

80 

(00) 60 

,)0 

~O 

0 

0 A SAn c 
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Figure l...f Proportions of different se rotypes of F;\lD in catt le of three distri cts of Bora n3 
pastoral area. 
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5. DISCUSS ION 

The present study has indicated that FMD is a second priority di sease, next only to CBPP, in 

Borana pas toral area (Tab le 3). The result of disease sign matrix scoring (Table 4), indicated that 

the group of infonnants described wen mosl of the clinical presentations o f catt le diseases; 

indeed most of the signs listed for FM D were consistent with what is i Ildicated in veterinary 

literatures (Calley el al., 200 1: Cat ley el a I., 2004; Rodostits el aI. , 1994) . In Ethiopi a, simi lar 

signs have been reported in pastoral cattle of Afa r (Tadessc. 2003) and Somali (Eshetu . 2003) 

Regional States. The moderate agreement (kappa = 0.45) between Barana paslOralists' way and 

serological test in the d iagnosis of FM D (and a good positive predictive value of 93.} %) 

conforms well to the previous study (Calley. 2004), which reported a positive predict ive value of 

up to 96% for r. lassai herders: ind icati ng a strong disease diagnosing abi lity ofpastoralists. 

As indicated by the community. the incidence rates of acute (Hooya/e) and chronic (Gaandi/e) 

FMD (16.1 °0 and 1.1 %, respecti\'ely) \\as in agreement with the previous report of 17% (acute) 

and 1.1% (chronic) incidence of Fi\ ID in Sukuma herd, Tanzania (Catley 2004). Consistent 

finding was obtained from Afar Region of Ethiopia, in which 20% of animal affected by the acute 

episode of F~'lD progressively developed chronic FMD (Halah) with signs of heat intolerance 

(Eshetu. 2003). 

The fact that the incidence of acute FMD (Hooyale) dec reases as age increases while that of 

chronic FMD increases with age (Fig 6b.f) is in agreement with previous report (Cat ley and 

Irungu. 2000). Similar finding \\as reported from Afar pastoral region of Ethiopia (Eshetu. 2003). 

Coupled \\ith the high mortality rate recorded in calves (Fig. 8b) experielliiai knowledge of 

informants confonns well to the conventional veterinary literatures (Rodostits et a/ .. I 99o.l) that 

reponed high mortality rate in calves. 

Seasonal incidence of FMD (Hooya/e) "as found to be high dUring long dry season. (December 

to February) compared to cold dry season (June to July), the lowest incidence being during rainy 

season (Table 7). This seasonal paHem is associated with Borana herd management system thai 

drive forra herd (66% of he rd population) in search of good pasture and water. This system has 
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facilitated the contact among different herds from different locations, including contact between 

mfected and non· infected ones. Chronic F 10 (Gaandlle), occurring following outbreaks of 

F~10 during dry season. is consistent with high prevalence of chronic FMD reponed from Tana 

Ri\'cr Distric t. Kenya (Cat ley el al., 2002b). The seasonal calendar, as evaluated by rainfall 

pattern (Table 8) was good indicator of the conventional calendar. 

The overall seropre\·alence rate of 21 ~'o (59% at herd) reported in this study was in agreement 

\\ Ith the previous findmg from Ethiopia (Sahle. 200~) in which seropositivity o f 26.5% was 

reported. The highest district level seropre\'alence (26.1 %) recorded in Yabello (Fig. 10) as 

compared to Dire (1 .8~0) and '\loyale (16.1 00). probably reflects a bener rainfall that favor 

availability of water and pasture. making thiS district a dry period refuge for the pasloralisls 

\Ioreover. Yabello IS a center for caule market that facihtates contact among caule from different 

locations. Among the sampled PAs. the highest seroprevalence was recorded in PAs located in 

Yabello and Dire (Table 11): Dida Tiyara is a PAs where pennanent (artificial) surface water IS 

found. ~lagado PA boarders Kenya and it IS a place \\here communal crater mineral lick is 

located \loreo\er. thiS (alter PA has a \-ast paslUreJand along Ethiopla·Kenyan border. where 

JllImals from both countnes frequentl~, mix. 

Age specific seropre\alence study revealed an mcreasmg prevalence as the age increases (Fig. 

11). ThiS may mdlcate the cumulauvc experience of the populatIon \\ uh the agent (\I urphy el ell . 

1999) Therefore. those allJI11als aged greater than four years. might have acquired the 1I1fectlon 

from multiple serotypes. and could produce antIbodies against all serotypes of F'\lD The 

relatl\el~ low seropre\-alence m age group less than two years may be 1I1dlcali\"e of pre\'allIng 

paSSI\e maternal lmI11lmilY and low frequency of exposure as the Borana pastoralists keep tillS 

age group 111 harm herd. around permanent encampments. The correlation of disease \\ Ith herd 

Size (Table 12) can be explained by the cOlllaglOus nature of the disease and mode of 

transmiSSIOn. which IS enhanced by cmwdmg and frequency of contact. Although sex appeared to 

ha\c a Significant effect on seropOSIlIV!l: 111 unn arlale analYSIS (l able 11,. It \\as found not 10 

ha\e a significant effect (p>O.05) in the multl\·anate anal)sis (Table. 13). 
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FMD Scrotypes circulating in Borana p·astoral areas were 0 , A, SAT2 and C. This is in 

agreemel1l with previous find ings from O mo National Park and Bale mountain area (Sahle, 

2004). Sim ilarly. Dejcne (2004) reported serotypes 0 , A, C, and SA T2 from samples collected 

during outbreaks in dairy fanns in and around Addis Ababa. Three serotypes (0 , A, and SAT2) 

were also isolated from catt le at Nat ional Veterinary Insti tute. Ethiopia, during outbreak 

investigation from 1982-2000 (GaJaye, et al., 200 1). The finding of serotype C in this study is 

however inconsistent with current knowledge that considers serotype C as eliminated from the 

world. Andersen (1985) however rccord!~d the presence of five serolypes of FMD (0, A, C, 

SATI ands SAT2) in buffalo in support of the present study, and the last outbreak of serotype C 

occurred 111 Kenya in 2000 (Kitching, 2002a). 
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6. CONCL USION AND RECO~IENDATIONS 

The ohser\'cd agreement between infonnants groups and veterinary literatures regarding most of 

exhibited signs of imponant cattle diseases has proven that Borana pastorali sts have an enomlOUS 

wealth of knowledge on diagnosis of cattle diseases. Therefore, Parti cipatory Appraisal methods 

are useful to complement conventional methods, in the control of complex livestock diseases 

such as F~1D. 

The analysis of seasonal calendar demonstrated that FMD is more prevalent duri ng dry seasons: 

December-February (Bona) and June-July (Hagayya). consistent with seasonal cattle mO\'cment, 

which Intensifies during long dry pl~nod (December -Fehmary) Although cattle movement 

control IS unpractical (at least at present) III Borana pastoral system. the level of seropositi\·iy and 

loss due to morbidity and monality. as lIwestigated through panicipatory appraisal. Justify a 

launchll1g of a control program. This finding suggests that animals should be protected through 

vaccination before they are subjected to stress of movement and mixing. This study funher 

elucidated that \'arious F'\lD serotypes are circulating in Borana pastoral area. signif)1ng to 

penodlcally assess the efficacy of the \·accmal strains in the field . 

Therefore. based 011 these findings. the followmg is recommended: 

The panlclpatory epidemIOlogical and conventional veterinary methods are complementary: 

therefore. they should be used side by side during animal health research. especially 111 pastoral 

areas. to make usc of the nch experience of the pastoral communlly. 

An extenSI\"e regular serologIcal survey. nrns isolation. and charactenzations of F'\lD\' need to 

be conducted for a pOSSIble de\elopmelll of polyvalent vaccine. Based on Borana seasonal 

calendar. :"oyember (end of shon rainy season) and ~la) (end of long ramy season). two times 

per. year can be suggested as the most suitable lime for \"accm3tion agalllst F:-'ID in Bor~l11a 

Pastoral system. 
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8. ANNEXES 

Annex J. The map of Ethiopia showing Oromia Regional State and Oorana pastoral area 

• Borana pastoral area 

D I nrnll1i~ Rf"!Jin~l "':l'p I 
D I Rc~vin;ll ,'fill' hnunricuv I 
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Figure.2 Plate layout lIsed for FMD-3ABC ELISA 
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Ann ex 3. Plat e layout used fo r liquid phase blocking EL ISA 
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Annex. 4. Borana Seasonal calendal', Local and scientific name of season and months of a 
year 

.Seaso n Status of rair~ Month of a year 

Local namc SClcntlfic name 

Ga na Long rain Gurandhala March 
Blttotesa Apnl 
Camsa May 

Adooless:1 Cold dry Buffa June 
WatabaJI July 

Obra Tika August 
I-I:lgcya Short rain Obra Guda September 

Birra October 
Chika November 

Do II II:! Dry season Sdassa December 

I 
Abrassa January 
Arnall February 

Anll ex 5 Geographical positioning syst em data co llected in different PAs of Borana pastoral 
:uea, 

I PAs North (latitude) East (longitude) Alti tude (M) 

DidaTiyara 04" 56' 52.6" 038" 13' 22.5" 1530 

Dharito 04 47' 19.6" 038 I I' 00.3" 1631 

Did. yabello 04" 54' 52 .3" 038" 10' 24.3" 1596 

Garbi Minch 04" 53' 16.9" 038" 14'01.3" 1693 

Tcdim 04" 02' 52.4" 038" 13' 22.5" 1653 

Areri 04 58' 17.1" 037 56' 49.4" 1511 

l\lagado 03" 53' 41. 1" 038" 13' 22.8" 973 
, 

Medhecho 03v 12' 03,6" 038" 16' 52.1" 1548 

Dcmbclla 03" 24' 40.3" 038" 19' 59.5" 1512 
BcdanCl 
Harallo 03" 59' 13.7" 038" 23' 14.0" 1467 

Romso 03" 03' 19.8" 038" 15' 32 .5" 

1 
1629 

- - -
i\ lclbana 03° 5~' \9.9" 038" 28' 28.2" 1357 

Dambi 03" 37' 48A" 038" 58' 09.9" 1209 

Tile Mado 03" 36' 49.8" 039"01' 10. 1" 1140 

Tuka 03" 37' 23.8" 038" 51' 50.0" 1232 
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Annex 6 Format used for collection of sample and information on risk factor 

Date of co llect ion ............................ . 

Region .. .. ................................... Zonc ...................... ...... .... .... . 

District PAs Owner No Sample Age Sex Georeferenced data 
Name animals Codes 

North East All itu 
de 

I 
2 
, 
J 

4 
5 
6 
7 

· 
· 
· 

Annex 7 Micropla tes layout indicau: laboratory r('su lt of liquid phase blocking ELISA 

" '" ..... - ........ "' ... . .... _ ' A ..... ". _ .. u_ .... , . . __ .- ... 
... _ . .. _to • • . - _._ ... ,- .. . 

. ~ . .. ' _.n ..... .. ... , ., .. . , .. . , .. ,. .. ., ... .. ,. 
:r .... .... . .. .. .. ,. . " . . ,-.. , ... _ ... - .. ,.. 

84 



9. CURRICULUM VITAE 

PERSONAL DATA 

Name: 

Date of Birth : 

Tesfaye Rufael Chibssa 

08 Julyl968 

Place of Birth: 

~Iantal Slaws: 

Languages: 

Address: 

West Shcwa, Gendabart 

I\. larried with one child 

A ran Oroma, AJ11haric and English 

Asella Regional Veterinary Laboratory 

r .o. I3ox 212. 

Tel: 0911 -6~9-2 (~Iobile) 

Email rufaelc@.yahoo.com 

EDUCATIONAL BACK GROUND AND QULlFCATION 

• Doctorate Degree in Veterinary Medicine from Addis University Facuhy of 

\'elerinary ~1edicine. Dcbre Zeit. 1993 

• AcllIc\'ed Semor secondary school Certificate at Ayer Tena High school. Addis 

Ababa. 1983-1987 

• Achic\'cd Junior secondary school Certificate at Kachise Senior secondary School. 

Gendaban. 1981 -1 982 

• Achic\cd primary secondary school Certificate at Getare Pnmary School. Gendabart. 

19 -~- 1980 

SPEC IAL COURSES AND TRAIN I:"IG 

• Certificate, Pamcipatory Disease Search (P DS): A Training organi7cd by 

CAPE and PACE Ethiopia_ 21-26. 200~. Dollo Ado. Ethiopia 

• Certificale. Basic Computer course. PC: Trammg Sponsored by 

AsellaRegional\'etcrinary Laboratory. Aug. 2002- Jan .. 2003. Asella. Ethiopia. 

85 



• Certificate. Serological and Bac teriological techniques: Training Sponsored 

Quality and Sanitary of animal product in Ethiopia and National Animal Health 

Research Center. Jun. 23- Jul. 4, 2003, Sebeta. 

• Cel1ificatc, Planning, Monitoring, and Evaluation: Training organized by Ethiopia 

Agncultural research organizarion. 24-29 Sep. 2001. Melkassa, Ethiopia. 

• Certificate, Epidemiological, and econom ic investigation as a planning basis fo r animal 

health programs: Intemational. Training Course organized by GTZ, JllJ.02-Allg. 03. 

1999. Bamried, and Feldafing. Gemlany. 

• Certificate, Princi ples and Criteria of Monitoring and Evaluation: Training organ ized by 

Borana lowland pastoral Development program IGTZ .. NOV.24-25. 1997. Ncgelle. 

Borana 

• Certificate. Project Cycle Management (PC~l ) and Objectives oriented Project 

Planl1mg: Trallllllg organized by Borana pastoral and Development program 

(BPLDP) GTZ. , lay \2-\6.\99-. :-<egelle. Borana 

• Certificate. Integrated Tsetse and Trypanosomosis control: Training sponsored by 

Or0l111a agriculture Bureau. Ethiopian science and Technology commission. and ICIPE. 

Aug. 21-1996. southem Ethiopia. 

WORKS HOPS A:\' O SHII NA RS 

• :\a!lonal workshop on quality Assurance. Scpo 14- 19.2005. at ~ational Veterinary 

Research center ~AHRC. Sabeta. Ethiopia 

• Workshop Pan African Program for the control of eplzooucs (PACE). Annual report. 

march 04-05.2004 . Addis Ababa 

• Introduction to Participatory EpidemIOlogy. 10-11. Dec.200-t Faculty of \ " eterinary, 

Ochre Zea. Ethiopia 

• Ho\\ to use Geographical posltJons System( GPS). Jan. 5-8, 2003. Oebre Zeit. 

Ethiopia 

• Regional strategic planning workshop on anllllal health problems of Or0l111 a regIOnal 

state. 23-26 Jan. 2001. Hima. Ethiopia. 

• Cross Border experience, sharing in the field of Community based primary health 

care (CBPAHC). April. 28-29. 1998. ~l oya1e. Borana. 

6 



• Pastoral Oriented Development and extension concept (PODEC) 25·30, 

May. 1998, Negelle. Borana by GTZ 

• Common concept for a community Based Animal Health Care System (CBAHCS), 

June, 18,1998, Yabello, Bmana 

• Development of a Curricular for the training of \' et · scouts Contact Herders, 30, July 

1998. )'abello. Borana 

\\ ORK EXPERJE;\C E 

~ooo ·(0 dare 

• Head of f-.licrobiology Department at Asella Regional Veterinary Laboratory 

• Sero·suryeillance team leadler. 

• Guest lecturer of Terioginology and animal health at Asella Agricultural Technical 

College 

1995-1999 

• Head of animal health and production section Southern Rangeland Development 

Project (SOCRDI..:). Yabello. and Borana 

• Conduct training for capacity building especially CAH\\"s with \"GO's 

1994-1995 

• Team leader of district \-eterinary section, ).forth 01110 Zone, SR~:-: 

PROFE SS IO;\L AHI L1.-'< TIO:,(S 

• '\lember. Ethiopian "eterinar) Association (E,'A) 

87 



RESEA RC H WORI< 

• Revic\\ on Peste des Petits ruminants and its current status in Ethiopia, 2005,FVM, Dchre 

Zeit 

• Isolat ion and identification ofPPR virus in Arsi Zone ofOromia Region. Preceding orthe 

I th Annual conference of the EV A, Addis Ababa Ethiopia 

• Survey of Chalk brood disease on the golden insects in Arsi of Oromia Regional state. 

Annual report of Asella Regional Veterinary Labo ratory. June 2002, Addis Ababa 

Ethiopia. 

• Ad\'erse Reaction of TI -1-"; strain. CBP P \'accine in Southem Oromia Rangeland 

Development units (SORDlJ) Borana. Ethiopia. Veterinary Association Proceeding of 

}-I-
1h Conference, June 2001 Addis Ababa. Ethiopia. 

• The importance of mechanically transmitted If)-1)anOSomosis 111 Asella Regional 

Veterinary laboratory operational areas. Proceeding of the Workshop on animal health 

problems in Oromia Region. January 2001. Hima. Ethiopia. 

• Report on new Camel. disease Called "FurTo" in Southern Rangeland Development 

project (SORDU). Borena. Ethiopia. \ 'eterinary association proceeding of 10th 

Conference. June 1996 Addis Ababa, Ethiopia. 

• Research on the Epidemiology and Biology of Oestrus oyis III sheep and goats 111 western 

She\\'a, Ambo. D\'~I thesIs. AA LJ. F\'.\1. Debere Zeit. Ethiopia. June 1993. 

• Seminar on Embryo transfer and its development potential in Ethiopia 1991. FYi\1. 

Debere Zeit. 

RHERE;\CES 

Dr. \lesifen Sallie (0\'\1. \ISC. PhD) 

Center ,\tanager of National Animal Heahh Research center. Scbeta. 

Dr. Berhe G Egziabher (DVi\I, r-.ISc) 

Director of i'ational \ . eterinary InstItllte. Debre Zeit. Ethiopia. 

Dr. Asseged Bogale (D\'r-.1. i'.ISc) 

Assistam Professor, Faculty of"eterinary \ledicine. AAL. Debere Zeit 

Ethiopia 

88 



10. SIGNED DECLARATION SHEET 

i, the undersigned. declare that the thesis is my original work and has not been presented for a 

degree in any University and that all sources of material used for the thesis have been duly 

acknowledged. 

';'\amc Tesfaye Rufael Chibssa. 

Signature 

Date of submiSSion 

This thesis has been submitted for examination \\ ith our approval as Unive rsity advisors. 

Dr. Assegcd Bogale 

Dr ;\ Ies"n Sahle 

89 


