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ABSTRACT 

R· 'k f" . ' D ) h s foot and mouth IS s 0 It1troductlOn of transboundary al1lmal diseases (TA s suc a 

disease (FMD), lumpy skin disease (LSD) and contagious bovine pleuropnumonia (CBPP) 

through traded Borena bulls to markst chain and its consequences were assessed . The 

assessment used the framework that has been recommended by the World Animal Health 

Organization (OlE) for risk analysis. Likelihoods for release and exposure were estimated by 

a qualitative scale ranging from negligible to very high . Whercas, the consequences resulted 

from diseases occurrences werc asse::sed quantitatively. Fattened bulls intended to export 

originated mainly from Borena pastoj·,.11 system where these transboundary animal diseases 

were endemically established. The likclihood of the introduction of T A Ds to thc market chain 

through traded Borena bulls is found .; ) be high for FMD and LSD and medium for CBPP. 

The probability of bulls in thc feedlols becoming exposed to FMD viJ"us and Mycoplasma 

mycoides subsp. lIIycoides small-colony type (MmmSC) bacteria is also high and very high for 

LSD virus. Biological consequence such as prevalence and incidence and economic loss were 

assessed . From the total of 11189 bulls observed during outbreak investigation of LSD in six 

sites of feedlot operation in and around Adama, 681 (6 .1 %) and 204( 1.8%) bulls were found 

affected and dead with LSD, respectively. From the total of 38187 bulls examined for FMD 

and CBPP antibodies, 5536( 14.5%) Cl !':d 150(0.4%) were found positive and subsequently 

rejected from international market in 20 II , respectively. The total annual (20 II) economic 

loss due to prioritized T ADs was estimated to be 4,081 ,972.2 USD which is equivalent to 

69,230,245 .12 ETB (IUSD= 16.96 ETB). The analysis of matrix scoring showed strong 

agreement (W=0 .837 to 0.989; P=O.COO) among the 10 informant groups for the disease 

indicators. The introduction of those u"i"seases to the market chain of Borena bull for export is 

discussed in terms of international markets and trade disruptions. The risk estimates for all 

prioritized transboundary diseases i:iJ ~ greater than negligible, the~efore, transboundary 

diseases prevention strategy along the chain should be carefully considered by the Ethiopian 

veterinary services. 

Key words: Borena Bulls, Export, I ... ternational Trade, Market Chain, Risk Assessments, 

Transboundary Animal Diseases 
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I. INTRODUCTION 

E· h' . . I' k esource in the Africa 
~ t lopla IS a resourceful country bestowed with the largest IvesLOC r 

. '.. . . t d to be 53 4 million (CSA, contll1ent (f-'AOSTAT, 2007) and the cattle population IS estllna e . 
'. , " Is and their products, 20 II) with the potenlial to export substantial numbers of live anima 

L" , , 'b' fi' 20o/c of the GDP supporting Ivestock IS central to the Ethiopian economy, contn utll1g 01 0 , 

the livelihoods of70% of the population and generating about II % of annual export earnings 
, 'b " to the economy and (SPS-LMM, 20 I 0), However, the livestock sub-sector's contn ution 

fi ' , , ' I ' I tile cOLllllry expectation and 'orelgn currency earnll1gs 111 partlcu ar, IS very ow as per 

potential of the sectors, Some of the maJor factors contributing to the poor perfo rmance of the 

livestock sub-sector include the pre'mlence of highly contagious transboundary animal 

diseases (TADs) such as foot-and-mouth disease (FMD), lumpy skin di sease (LSD) and 

contagious bovine pleuropneumonia (CBPP), These diseases continue t J hinder international 

trade in live cattle and their products seriously in an era of globalization , Public concern is 

growing regarding the rapid transbc' -dary spread of animal diseases through animals and 

animal products have forced importing countries to apply strict measures so that animals and 

their products cxported should meet international sanitary phytosanitary (SPS) requirements . 

Live cattle export from Ethiopia is largely feedlot-based in which it involves value adding 

processes for three to four months in the feedlots , The export live cattle marketing chain 

actors are those who transact cattle as they move along the chains from the primary producers 

to the end users , In these chains, the"e is a lack of transmission within the marketing system of 

key information regarding attributes such as quality and health, Furthermore, actors along the 

chain lack consensus on export requircments in which cooperatives emphasized on breed and 

color, brokers and traders emphasizer. .on size and feedlots operators are more concerned 

about condition and health (GebreMariam el aI., 2010), These indicated that chain actors are 

not adequately informed of the importance of establishing source of origin, traceability 

mechanisms, and related certification processes for marketed animals, Furthermore, they do 

not yet appreciate the importance ofc~.:)ues related to food quality, the link between animal 

health, meat quality and safety, and why documentation is fundamental in enhancing 

competitiveness in the global market._ As a result, live cattle exported from Ethiopia fail to 

compete in international market especially in those importing countr;'~s having more strict 



. . attle export trade 
SPS measures. The repeated bans imposed by importing countncs on hvc c 

of Ethiopia signify a lack of conlidcncc in the country's export systems. 

. Movement of 
Animal diseases could be spread through production and marketing chams. 

infected animals is considered to bc the main risk factor for the introduction of many 

." . d' . . -- . d' Ii N tworks and linkages in value II1lectlous Iseases, ll1cludmg I ADs, mto Isease-'Tee areas. e ' 

I · I . . t'tute a "contact network" for c lall1S tlat lll1k production systems, markets and consumers cons I 
" d' .." . , f disease within and between contagious diseases an prOVide opportunities .. or transmission 0 

. . ' I arket chain inOuence the 
sectors. Structure of the hvestock sect~ >. and people ll1volved In t le m 

. . . ' tworks ' must be taken into 
spread of diseases along the chall1. Therefore, these chams, or ne , 

. . ., . d t 01 This process needs to 
account ll1 planl1lng strategies for disease prevention an con r . 

. h . h' I' k ' h' h stakeho"lers who are affected recognize t at WIt m Ivestoc marKet c all1s t ere are many. .-

d'fe lb' I d' d h . I S frected bv animal disease risk ; I 'I'erenl y y anlllla Iseases an t elr contro. ome are a II -

others may be able to inOuence risk, 'whilst some may be affected by prevention and control 
. .' I d ' ct faced by measures. Ideally, any interventions should be proportionate to the liS (an Il11pa 

each stakeholder, otherwise compe:lsatory mechanisms and/or sanctions may be needed to 

assure compliance and equity. 

Sustained control of contagious disea,-: can be achieved by reducing the risks of disease 

transmission in the livestock population, in addition to quick disease detection, containment 

and response. [n order to reduce risks, understanding of the risks and the factors that 

determine them (risk analysis) is required. Detailed knowledge about the livestock 

populations and about the behaviol..l;· of the people involved in all stages of livestock 

production and marketing (value chain) is an essential component of risk analysis. This 

knowledge can be developed and enhanced through value chain analysis (FAO, 20 I I) . 

The use of market chain analysis with risk analysis allows identification ::>frisk hotspots in the 

livestock sector. These risk hotspots should then be examined to determine how control 

measures could then be targeted at them. Market chain analysis can further provide 

information about the feasibility of control measures and potential impact of control measures 

on the chain actors (things will be changed in the value chain) and risk analysis can provide 

estimates of the effect of measures 0:1 overall disease risk (the incremental level of control 

likely to be achieved). This is often refe;:ed to as a 'risk-based' strategy (Taylor et aI. , 20 I 0). 

2 



To improve thc compctitivencss of l:i. .. lc export from Ethiopia an active strategy to improve 

cattle health , safcty and quality requirements of importing countries are crucial. This is 

achieved mainly by reducing disease ";~k in value chains to acceptable level. These involve 

changes in the behavior of the people !j1Volved in the market chain. If SL:ch a strategy is to be 

effective, the different pcople involved will have to be convinced of its necessity and validity 

of TAOs prevention and control along the chain. Consequently, intervention along the chain 

should be based on transparent and evidence-based planning and decision-making which 

requires methods to analyze the risk of these diseases in the chains that link production 

systems, markets and consumers. Even though some value chain analysis were undertaken in 

economic aspect livestock marketing, ir.formation on risk of transboundary diseases such as 

FMO, LSD and CBPP in livestock market chain for export /i'om Ethiopia in general and 

Borena live cattle market chain for export in particular is highly scanty. Hence, there is a need 

for risk assessment of those diseases in Borena bull market chain f'or export. Therefore, the 

aim of this study was to assess the risk of introduction of prioritized TAOs in Borena bull 

market chain for export. 

The specific objectives of the study wC'.~ : 

~ To assess the likelihood of release of prioritized transboundary diseases into feedlots by 

infected Borena bulls. 

~ To assess the probability of exposure of bulls to prioritized transboundary diseases III 

feedlots 

~ To assess the consequences (biological and economic) resulted from the diseases 

occurrence. 

~ To evaluate the perception of the .-.larket chain actors towards the risks. 

3 



2. LITERATURES REVmW 

2.1. Risk analysis 

Risk is defined as the likelihood anti ~agn itude of an adverse event (Ahl e / 01. , 1993). An 

important risk for the livestock production sector is the introduction of a contagious animal 

disease into an area free of disease m.d its epidem iological and economic consequences (Dc 

Vos and Saatkamp, 2000). Risk analys is is a formal method of dealing with hazards and 

risks . Risk ana lysis makes systematic use of the availab le information as an aid to decision 

making. To date, the main applicatioll of risk analysis in the animal health field has been 

stimulated by the agreement on the application of the sanitary and phytosanitary measures 

(the SPS Agreement) of the World Trade Organization (WTO) (WTO, 1994). A forma l 

framework for risk analysis in veterinary science was devcloped specifica ll y to provide an 

objective method for making decisions : ' 11 inter country trade (OlE 2004a and b), but it is also 

applicab le to other areas of animal disease control and , more widely, to other risky decision 

contexts. The risk analysis process rccommended in the OlE International Animal Hea lth 

Code cons ists ofrour components (Fig. I). 

/~ is /, aSscs;''';cn t 
Hazard identification - Release (IS5CSSlllcn l J r-----+ - Expos ure assessment Risk management 

- Conscqllcl1cc assessment rl 
- Risk estir:l<l tion 

~ 

1 

l Risk commu nication 

Figure I: The Four components of risk analysis 

2.1.1. Hazard identification 

A hazard is something that is potent' II h fi I . Ia Y arm u to humans, animals, plants or the 

enVlrOl1lnenl. A pollutant that may contaminate the env /' . I . . ronment IS a lazard (OlE, 2011). A 

pathogel1lc orgal1lsm that may be present in a piece of m· . t . C " . ea or InJ ected al1lma l IS a hazard . 
The eXIstence of a hazard is a prereqlJ;site for the issue f ·' k · . . 

.;.. 0 lIS to arise. Furthermore, for risk 

4 



. . ..' . h" hazard, of which at 
to be dn ISSlie there must be several pO:islble outcomes associated Wit .J1C , 

. ' '. , . " I' an outcome that 
ICclst onc IS unwantcd/ harmful. An unwantcd/harmful outcome IS definc( as 

b '. . . . d' · f ' e areas may lead to rings damaglllg consequences. Movement of live animals to Iseases re , 
. . h (th hazard) Such the Illtroduction of an animal that is infected with a certalll pat ogen e, . 

d f · " (011' onward spread movcment may lead to a variety or outcomes: no onward sprea 0 ' IIllec I , 
. If I' ' t' 0 outbreak' or crosS-of infection to local livestock resulting in an epidemic; a se '- Iml 111" ' 

.. . . . b t which particular outcome border spread. Of key IInportance IS thi'.t there IS uncertalllty a ou 
" . h" h the risk question arises. To will occur there IS an element of chancc (or risk) . T IS IS were 

. . . . . 'I f'amin a of a "risk question" proceed to fisk assessment from hazard Identification reqUIres t le I " 
. "I tome) ' it may cause (FAO, about the hazard and the potential harm (unwanted/harm III ou c 

2011). 

2. 1.2. Risk assessment 

. . . " t d 'n apl'lying risk assessment Animal health regulatory offiCials a: '. IIlcrenslllgly IIlteres e I 

techniques to international trade issues. Risk assessment is all evaluation of the likelihood of 

an adverse event occurring and the magnitude of impact should it OCClir. Therc are four major 

steps in carrying out a risk assessment (OlE, 2011) these are release assessment (probability 

of release from the source); exposure assessment (probability of exposure to the hazard) ; 

consequence assessment (biological consequences such as prevalence and economic 

consequences, etc.) and Risk estimation (which consist of combining the release, exposure 

and consequence probabilities). 

Risk pathway analysis is the main tool used in risk assessments. The risk pathway describes 

all the stages in the biological process that lead to the unwanted outcome. A risk pathway is a 

series of conditions that must be met, or events that have to occur, in order for the unwanted 

outcome to occur. Risk pathways exp ~ ,citly show the chain of events that must occur for the 

final unwanted outcome to happen. Each event in a risk pathway has a non-zero and uncertain 

probability of happening. Risk assess I .. :;nt involves assessing the prob~!Jility or likelihood of 

passing each step, and then to combine these into an overall likelihood. It is easiest to begin 

by sketching a risk pathway on paper, as a diagram showing all the steps on the pathway. 

Figure 2 illustrates the pathway corresponding to a simple imporl risk assessment. The 

diagram shows that the first step to consider is whether or not animals destined for import are 

infected. Secondly, if animals are infected, they mayor may not be detected by a pre-export 

5 



. . . . .' , the risk pathways 
tcst (I r not detected then thc unwantcd outcomc has occurred). COI1Slluctlllg 

can bc a valuable participatory and discursive process in risk communication . 

Animals deslined 
tor import 

Source: FAO, 2011 

Inkclcd" 

Figure 2: Pathway for a simple import risk assessment 

I d . . r L • • I' h . oents release and eXIJosure of n or er to make any estllnatlon 0 pro']ablilty o · pat ogel1lc ao 

. I d h I h h' ' . ' d tand and assess the factors that anima s an umans a ong t e cam, Il IS necessary to un ers ' 

influence the probability of an event happening. Steps along the pathway will normally have 

many risk factors associatcd with them and the final estimate of risk (~s defined by the risk 

question) will be formed by considering how all these factors combine and act together. 

Descriptive information and/or quant: .··:ive data are needed on all of these factors. Consider a 

common example variable the probability that an animal destined for movement or import is 

infected with a specific pathogen. This ~robability will be calculated in terms of prevalence of 

disease, which in turn depends on incidence and duration of infectio;l; incidence may vary 

with region, breed or age. The probability of an infected animal being prioritized for import 

will also depend on whether or not the selection process is random (maybe only breeding 

females of a particular age are imported). Therefore information must be collected on all of 

these factors and combined in the relevant way. 

Risk assessments are usually divided into quantitative and qualitative risk assessments . 

However, this division represents two extremes of what in reality may be a more continuous 

range (e.g. semi-quantitative assessments are also common). At the quantitative extreme, the 

probability of a hazard occurring is calculated using probability cal f:;ulations. It needs to 

estimate probabilities at each step of each and every risk pathway (OlE, 2004b). Qualitative 

analysis results in judgmental categor.:;·.ation of likelihood of an unwanted outcome occurred 

(e.g. very low, low, medium and high) (EFSA, 2006). 
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R
. ted outcome wi II 
15k assessment also involves cstimating both the likelihood that an unwan 
. . . .. . _ fi I estimation of 

Occur and the magnitude of the Impact of this occurrence. To arrive at a ma . 
. ' k 1'1 overall level ol­liS ,some account must be taken of the impact of the unwanted outcome. le 
. k . - . curring and the 

I'IS IS defined as a product of thc like~ihood of an unwanted outcome IS OC 

impact resulting should it occur (the consequence). This estimate may be either qualitative (in 

words) or quantitative (a numerical estimate). Examples of consequences include direct 

consequences (animal infection, disease and production losses, publiC health consequences) 

and indirect consequences (surveillance and control costs, compensation costs, potential trade 

losses and adverse consequences to th .... :environment) (01 E,20 I I). 

2.1.3. Risk management 

Risk management is the process of identifying and implementing mcasures which can be 

applied to reduce risk to an acceptablc level and documenting the final decision (North , 

1995). The objective of carrying out risk analysis is to search for ways to prevent disease 

transmission throughout production and market chains i.e . to find ways to manage (reduce) 

the risk. Risk reduction creates awareness and takes into account all the ways in which disease 

can spread and takes every practical measure to minimize the risk of disease spreading. This 

includes spread both into and out of fJrms and at every step of the value chain, wherever 

disease agents may be found. Risk management utilizes risk assessment results in ajudgments 

process to balance potential benefits against assessed risks, to reach decisions on acceptable 

risk and to formulate policy (risk reduction!control strategy) on that basis. Cost-benefit andlor 

risk-benefit analyses may be included ;:1 the decision-making process (F AO, 20 II). 

Risk management should be undertaken as a structured and systematic process encompassing 

all aspects of risk analysis. Risk mann:,;ment entails identification and implementation of risk 

reduction/controlmeasures. The entire process can be broken down into lhe series of activities 

such as risk appraisal (using the output from risk assessment), option appraisal (including 

impact assessment), implementation of chosen risk reduction measures and monitoring and 

evaluation (FAO, 2011; OlE, 2011). 

The general objective when managing risk is usually expressed as attaining "acceptable risk". 

But what is an acceptable risk a:ld accc:ding to whom is it acceptable? This is a very difficult 

question because what is considered an acceptable risk to Olle f . I - person, group 0 peop e or 
country may not be considered acceptable to others Many f:act fe - d' . ors a lect agreement regar II1g 
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tl e risk arc 
the acceptahility of any given level or risk particularly because "those who bear 1 . , . k IS 

f· . ' b ut whether a rlS 
o ten not those who rccei ve the major benefits" . However, negotmtll1g a 0 

. . . . . .. k the IJart of all those 
acceptable rcqlllres coml11on recogllltlOn of the magllltudc of the liS en 
' . .h . k by means of a 
Involved in the negotiations. This requires an assessment of t at rlS 

. h · ' acceptable in the 
methodology that is agreeable to all parties. It is in order to ascertain w at IS 
. . .. . . . I I t of risk analysis, must situation under analysIs that risk communication, Ihe fOUlt 1 e emen 

. b'I ' f a risk then depends on beg 111 at an early stage of the risk an:tlysis process. The accepta Illy 0 , 

. . disk and the potential 
dl fferent stakeholders ' perceptions of the balance between the assesse r 

benefits of taking the risk and/or the cost of risk mitigation measures. 
" 

A in o<Jovernmenl but 
Risk management is usually the responsibility of administrators, 0 len 

. . . t bl· shed by national or sometimes in the private sector, 111 response to regulations es a I 
. . I h" R' k 'd t Iy sCI'enti fie far.,;tors but also the II1ternatlOna aut Orltles. IS ' managers must consl er no on ' , 

. . . . d I 11llSt examine not only the legal reqllll'ements that define admlss!ble alternatives, an t ley I 

potential consequences of their decisions for animal health, but also the economic, political 

and social consequences of their decisions. In many ways, therefore, risk management is also 

an art based on judgment, rather than a formula to be applied (North, 1995). 

2.1.4. Risk communication 

Risk communication means an open information exchange between all those affected by both 

the risk in question and the deci~ions taken (the stakeholders), before the final pol icy 

decisions are taken. It should be started as early in the risk analysis process as possible, and 

should continue throughout the risk mar.agement process (North, 1995). Risk communication 

fulfils several functions those are: exchanging scientific or factual information between all 

people involved with or interested in the risk issue; providing information about the risk 

perceptions and the level of risk acceptable to the different stakeholders; disseminating 

information about the acceptability and feasibility of various possibl~ risk mitigation 

measures; disseminating information : . 'out the effects of proposed decisions and measures to 

allow for evaluation; encouraging and establishing trust between all those people and 

organizations affected by or interested in the risk issue(F AO, 201 I). 

8 



2.2. l'ranshoundary animal diseases 

-' , 'd " h diseases that are of I ransboundary anImal diseases (TADs) have been desenbe as t ase 
, ,,-, , , fi considerable number of Slgl11 Icant economIC, trade and/or food securIty Importance or a 

, h ' h 'I d I ' d h ep 'lde·mic prOI)ortions; and countrIes; w IC can easl y sprea to otler countrIes an rcac -
" , ' tion between several where control/management, ll1c1udln ! ~ exclusIOn, requIres coopera 

, . ' 1' , 'h ' h" I' t A of diseases of the Office countrIes' (F AO, 1996), These mall1ly fall WIt 111 t e .-ormer IS 

I 'I dE' , (OIl' ) Th 'I d ber of virus diseases such as nternatlona es ' Plzootles :. , ey ll1C u e anum -

, d d" :"PR) fi . d th dl'sease (FMD) rift valley fever rIn erpest, peste es petIts rumll1ants ~ r' , oot an mOll - , 
, , 'd' Ich as contagious bovine (RYF) and lumpy skll1 dIsease (LSD) as well as bacterIal Iseases Sl 

pleuropneumonia (CBPP) , 

As described by Rossiter and Hammadi (2009) common features of T ADs are the severity of 

, d d ' -, e with wh ich they can be losses that these dIseases can cause; the speed an IstdnC 

, d ' I' k I' k db' 'ted by road air and water ' their transmltte 111 Ivestoc or Ivestoc pro L1cts ell1g transpOl , , 

susceptibility to control through effect'-/e vaccines and movement restrictions; the array of 

diagnostic tests that can accurately diagnose infection before transport; and the significant 

levels of scicntific understanding of the natural history of thcse diseases -

2,2, I, Epidemiologic features of prioritized transboundary animal diseases 

Common transboundary cattle diseases in Ethiopia include foot and mouth disease (f7MD). 

lumpy skins disease (LSD) and contagious bovine pleuropneumonia (CBPP), 

Foot and mouth disease 

Foot and mouth disease (FMD) is the most contagious transboundary animal disease (TAD) 

affecting cloven hoofed animals, Significant economic losses are produced by its high 

morbidity and the export trade restrictions imposed on affected countries, There are seven 

recognised serolypes of FMD (0, A, C, Asia I, SAT I, SAT 2 and SAT 3), which differ in 

distribution across the world , Serotypc( A and ° have the widest distribution, occurring in 

Africa, Asia and South America, Types SAT 1,2 and 3 are currently restricted to Africa only 

and Asia I to Asia; the capacity to invade free areas is common to all types and periodically 

SATs are introduced into the Near East, and Asia-I into western and eastern parts of Eurasia 

(FAO, 2002; FAO, 2007), Endemic distributions of five of seven serotypes of FMDV are 

maintained in Ethiopia: serotype 0, :..:rotype A, serotype C, serotype SAT 2, and serotype 
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S 'I' '. . . > t" on aga i nst the 
!I. I. InfectIOn or vaccination again~t one serotype docs not provldc protec I 

. ' 1 I 20 I 0) 
other serotypes (Rufaei el af., 2008 ; FAO, 2007; Ayelet el al., 2009, Negusssle ea., 

I"MD .. .. d continents but 
• IS transmitted by a vanety of methods between herds, countlles an 

spread from one animal to another is by inhalation or by ingestion. In endemic areas, the most 

important method of spread is probably by direct contact between animals moving across state 

and national boundaries as trade or nomadic cattle. The routes of spread include inhalation of 

aerosolized virus, ingestion of cont<JI::linated feed, and entry of the virus through skin 

abrasions or mucous membranes (Aftosa, 2007) . The virus can persist in aerosol form for long 

periods in temperate or subtropical climates but not in hot and dry climates. The speed and 

direction of the wind are important factors in determining the rate of airborne spread. 

Humidity is also important but rai·,. as such appears not to be. In thc most favorable 

circumstances, it is now estimated that sufficient virus to initiate an infection can be wind 

borne as far as 250 km (156 miles). In cattle, the first site of virus infection and subsequent 

rapid multiplication is the pharynx. Foiiowing a few days of viremia, th,~ virus appears in milk 

and saliva for up to 24 h before vesicles appear in the mouth . All other excretions including 

urine, feces and semen may be similarly infective before the animal is clinically ill and for a 

short period after sign have disappeared. Humans are often a vehicle for transmission of the 

virus. It has been recovered from the nasal mucosa of persons working with infected cattle for 

up to 28 h after contact (Radostits el al., 2006). 

Lumpy skin disease 

Lumpy skin disease (LSD) is caused by lumpy skin disease virus (LSD V), a DNA virus of the 

family Poxviridea and of the genus Capri poxvirus. The World Org&nization for Animal 

Health (OlE) categorizes LSD as a notifiable disease because of the substantial production 

losses and restrictions to the global tra": -:: of live animals and animal products. 

LSD has been endemic in Africa fe:· more than 70 years occurring in a wide range of 

ecotypes. The first outbreak in Egypt was reported in 1988 (Ali el ai. , (990) but the disease 

has never reached northern African countries. Outside the African continent Israel has 

reported two outbreaks, the first in 1989 which was eliminated by the slaughter of all infected 

and contact animals (Yeruham el aI. , 1994), and the other more recently in 2006 (Brenner el 

al.,2006). LSD outbreaks have been reported in the Middle Eastern region since 1990 

(Tuppurainen and Oura, 2012). The disease was first observed in the w t rt fE h· . es ·ern pa . 0 t lopla 
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II I regions and agro 
(southwest of Lake lana) in 1983. It has now spread to almost a t le 

ecological zones (Gari el aI. , 20 I 0). 

· . . .. . .. ' d b different types of It IS well acccpted that lumpy skill disease IS mechal1lcally t1ansmltle Y . 
· . . . f the vectors III the bltll1g and blood feeding arthropods, although the Importance 0 

'" .. .. . . . . d A ,des aegypli was found transmission of' the VInIS In field conditions IS not fully undelstoo , e 
ft . feeding upon infected to successfully transmit the virus between cattle up to 6 days a el 

fl o (SI1OXYS JP) are able to animals (Chihota el al., 200 I), Experimentally, stable '· Ies 011 , ' 

. ' ., ., I 1986) and live LSDY has mechal1lcally transmit capnpoxvlrus between sheep (Mellor el a " , 

been isolated from stable flies after feeding on infected cattle (Weiss, 1968). 

· ... Y . ' cutaneous lesions, saliva, Drrect contact could be a mlllor source of II1fectlon. LSD OCCUI Sill' 
. . b 'olonoed' viral DNA has respiratory secretions, milk and semen. Sheddll1g 111 semen may e pr 1:> ' 

been found in the semen of some bulls for at least 5 months after infection. Animals can be 

infected experimentally by inoculation with material from cutaneous nodules or blood, or by 

ingestion of feed and water contaminated with saliva. LSDY is very resistant to inactivation, 

surviving in desiccated crusts for up to 35 days, and can remain viable for long periods in the 

environment (Rovid, 2008a). 

Contagious bovine pleuropneumonia 

Contagious bovine pleuropneumonia (CBPP), which is caused by Mycoplasma mycoides 

subsp. mycoides small-colony type (SC), (ml11l11sc) is the major cattle-raising and trade 111 

Africa and in other parts of the world. Contagious bovine pleuropneumonia is endem ic III 

parts of Africa including Ethiopia. Sporadic outbreaks are also reported in the Middle East, 

and are probably caused by cattle imported from A frica . The situation in Asia is uncertain, but 

in the past, this disease was reported in many countries. Although CBPP reemerged in Europe 

in the 1980s and 1990s, it was eradicat-:d and has not been reported since 1999. The Western 

hemi-spherc remained free of the disease during the recent outbreaks (Rovid, 2008b). 

tv!. Il'Iycoides SC is mainly transmitted from animal to animal in aerosols . This organism also 

occurs in saliva, urine, fetal membr(ll.cs and uterine discharges. C(lrrier animals, including 

subclinically infected cattle, can ret:;in viable org(lnisms in encapsulated lung lesions 

(sequestra) for up to two years. These animals may shed organ-isnlS par·t· I I h 
, leu ar y w en 

stressed (Rovid, 2008b). Cattle mover(.ents are responsible for the trar"'m's . f h C 
J I Slon 0 t e B PP 
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r. . lIy thought to be 
lrom one herd , region or country to others. Closc, repcatcd contact IS genera 

. . . d . I noer distances 
nccessary for transmission; however. M. mycoides SC might be sprea over 0 <> 

(50 to 200 metcrs) if the climatic conditions are favorable (Masiga e( al ., 1996). 

2.2.2. Socio-economic impact of trans boundary animal diseases 

Epidemic diseases such as rinderpest, foot and mouth (FMD), lumpy skin disease (LSD), and 

. b' I . C h . I I' estock industries by direct contagIOus oVll1e p europneumol1la ( BPP) t rea ten natlOna IV 
.. . . I't control or eradication effects. These Include high levels of morbidity and marta I y, 

. . . . d I' tock products The occurrence programme costs and restnctlons to trade 111 livestock an Ives . 
.. ., d b marginalizino them from of such diseases Impacts both poor and ncher livestock pro ucers Y <> 

higher price livestock markets and reslficting their capacity for value-ac'ded trade. 

. '1llclllde I'edllced feed intake, changes in Direct effects of TAOs on livestock productivity 

digestion and metabolism, increased morbidity and mortality and decreased rates of 

reproduction, weight gain , reduced draught power and manure and milk production. These 

have aggregate effects that limit economically important herd-management decisions 

regarding animal selection and optimal longevity. 

Many TAOs have mortality rate 50-90% in susceptible animals (Otte el al. , 2004). In the 

wake of the rinderpest pandemic of 1887 was estimated to have killed about 90% of Ethiopian 

cattle and more than 10 million cattle on the continent as whole (Mack, ; 970). The total value 

of output loss incurred by CBPP in twelve sub-Saharan Africa countries was estimated at 30.1 

million euros, giving an average of L 5 million euros per country. The value of output loss 

ranged from 0.5 million Euros for Ghana to 10.3 million Euros for Ethiopia (Tambi el al., 

2006) . As indicated by Tuppurainen r.nd Oura (2012) in intensive cattle farming units, direct 
I 

and indirect production losses caused by LSD have been estimated to be ~.s high as 45-65%. 

Indirect losses are often less visible than the obvious effects of clinical disease but may be 

equally or more important in their overall economic impact. Disease control has costs 

including vaccine purchase, vaccine delivery, disease surveillance, laboratory diagnosis and 

testing, quarantine and movement management. Expensive antibiotic treatment may be 

required for CBPP control. In twelve sub-Saharan Africa an investment of 14.7 million Euros 

was incurred to control CBPr (Tambi el aI., 2006). Yemen spends about US$ 250 000 
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(Rossiter and 
annually to control PPR in only 10% of thc total rural arcas of'the country 

I-iammadi, 2009). 

. 1·ln'"act than thc direct 
The trade implication of TAOs can cause a greater economiC ,.. 

. I tl ystems and resources 
production losses themselves. The more developed countries lave le s 

d' · 'dly and effectively to 
to cope with TAOs either by preventing them or by respon IIlg rapl , 

. . . d I ' . T ADs affecting 
outbreaks. As a result most developed countries have eradicate t le maJol 

h · . ' . h t ·· ho\"ever with disastrous t elr livestock. Outbreaks can and do occur III t ese coun lies, 'v , 

financial implications resulting from the trade sanctions imposed by the international 

community on the infected country. FIVl) outbreak in 200 I in UK, for example, is estimated 

directly and indirectly to have cost US$12 billion (Thompson e/ al. , 2002). The Ri ft Valley 

fever ban is estimated to have cost Kenya US $32 million in lost exports to the Gulf and other 

negative domcstic impacts on agriculture and other sectors such as transport and services 

(Rossiter and Hammadi, 2009). MoveElent restrictions and local quarantines mean the closure 

of livestock markets and reduced or !~O opportunities for sale of live animals and possibly 

meat and other products. In addition to the measurable economic impact on a national 

economy the inability to sell one steci or some sheep or goats can bril'g severc hardship to a 

pastoral family with no other income of sources of support (Steffen el aI., 1998 ; Holleman, 

2002). A small, localized and swiftly eliminated outbreak of FMD in a European country may 

cause very limited direct losses but the barriers erected against trade usually last much longcr 

and cause much higher losses (Jha, 2007). One Australian study ofthe possible outcome there 

of an outbreak of FMO concluded that the total loss of real GOP could be as high as $US 7.1 

billion over a 15 year period. This was based upon the assumption that FMO-free markets 

would be closed to Australia for a peri:'Jd of six years, leading to lower prices and increasecl 

slaughter of uneconomic livestock (Dent, 2002). The outbreak of CBPP in Botswana in 1994 

led to a closure of its access to the EU market, resulting in a 60% decl ine in beef and other 

export products (Townsend et al., 1998). FMO is one of the major diseases in Ethiopia that 

hampering export of livestock and iivestock products to the Middle East and African 

countries; the Egyptian trade ban of 2005/2006, in which Ethiopia lost more than US$14 

million(Leforban, 2005). 

Finally, Transboundary animal discases have significant and Ineasu 'I f'" h ' rave elects on uman 
welfare in developing countries. Particularly in pastoral societies livest k 'b ' d' , oc contn ute trectly 
or indirectly to food security and nutrition a source of protein micr t . . , onu nents, anlJnal power 
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· I b shown to have 
cine tradable assets. Animal disease cOI~trol and livestock products have een. 

cOlls 'ldcrabl' . . . ... peOIJle particularly in c Impacts on Improvrng chrld nutrrtlon among poor . 

I· d h' ld trition is based pastora 1st communitics, in which 75 percent or more of general an c I nu 

on milk and livestock products (FAO, 2002). The growth of international trade in agriculture 

produce buffer potential impacts of TAOs on food availability, but there can be still major 

impacts on poorer communities do k!ve access to substitute supplies. The foods security 

impact is the paramount concern of many national policy-makers in developing countries and 

provides one of the main arguments ip. .;avour of international assistance for control. 

2.2.3. The status of prioritized transboundary diseases in Ethiopia 

Ethiopia has three important TAOs that affect international trade; these are foot and mouth 

disease (FMD), lumpy skin disease (LSD), and contagious bovine pleuropneumonia (CBPP). 

Foot anci mouth disease was first recorded in Ethiopia in 1957 when serotypes ° and C werc 

found (Martel, 1974; Martel and Ga1l0'l, 1975). Current records from the National Animal 

Hea lth Diagnost ic and Investigation Center and National Veterinary Institute of Ethiopia 

indicated that serotypes 0 , A, C, SATI and SAT2 were responsible for FMD outbreaks 

during 1974- 2007 (Sahlc el al. , 2004; Gelaye ef al., 2005 ; Ayelet el (ii., 2008 and Legess. 

2008 ; Ayelet ef aI. , 2009;). 
, ' . 

The records of Ministry of Agricultlll'e and Rural Development (MOARD) from 1997 to 2006 

indicated that FMD outbreak occurred every where through out the country with the highest 

in central part particularly in North Showa 128 outbreaks reported duri ;",g the indicated period 

of time (Ayelet et aI. , 2008). 

Recent studies conducted in southern Ethiopia (Rufael ef aI., 2008; Megersa ef aI. , 2009; 

Bayissa ef al., 20 II ; Mekonen el d , 20 II), Southwest Ethiopia (Gelaye ef al., 2009), 

Northeast (Shi feraw ef al. , 20 I 0), Northwest Ethiopia (Mazengia et al. , 20 I 0), Eastern 

Ethiopia (Mohamoud el aI., 20 II) and different regions of the country (Ayelet et al. , 2008; 

Ayelet ef 01.,2009; Negusssie ef aI., :;:hIO) (Table I) revealed that FMD is posing a major 

threat to cattle in many parts of the country thereby callsl'llg co s'd bl . I ' n I era e economIc osses 
through morbidity, mortality and trade restriction. 
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Table I : Scroprcva lence of loot and mouth disease in Ethiopia 

Study areas Seroprevalence (%) Reference 

Borana pastoral system 21 Ru fael el aI., 2007 

Southern Ethiopia 9.5 Megersa el al., 200S 

Borena and Guji zone 24.6 Mekonen el al., 20 I I 

13 oren a zone 23 Bayissa el al. , 20 I I 

Bench Maji zone 12 . 1 Gelaye el al. , 2009 

Andassa dairy farm 14.6 Mazengia el al., 20 I 0 

Jijiga zone 14 .05 Mohamoud el al .. 20 I I 

Different parts of country 10.5 Ayelet el al., 2008 ; 

Di fferent parts of country 44.2 Neousssie el al., 20 I 0 
I:> 

South Omo Zone S. 18 Molla el al., 20 I 0 

Lumpy skin diseases first observed in the western Ethiopia (South west of Lake Tana) in 1983 

and the assumption was that it has been introduced from Sudan (Mebratu el al., 1984) . It has 

now spread to almost all the regions and agroecological zones with a major epidemic outbreak 

of LSD occurred in 2000/200 I in the northern parts of the country in Amhara and West 

Orom ia. Then it extended to the central and the southern parts of the country in 2003/2004 

covering large parts of Oromia and SNNP regions . In 20061 2007 another extensive outbreak 

reappeared in Tigray, Amhara and Be:lishangul regions in the northern and north-western 

parts of the country (Gari el al., 20 I 0). The occurrence of disease is mainly associated with 

wet season of the year (July to December) in which it related to increase population of biting­

fly (Gari el al. , 2008 ; Gari el al. , 2010). Taking into account the countrywide distribution of 

the infection and the size and structure of the cattle population in Ethiopia it is likely that LSD 

is one of the most economically important livestock diseases in the country. 

There is a suggestion that eBPP was !.'1troduced into East Africa from India by the army of 

field Marshal Napier when he invaded Ethiopia in 1867-1868 (Masiga el aI. , 1996). A total of 

583 outbreaks of eBPp were reported between 1995 and 2002 in Ethiopia in which highest 

outbreaks (187) were reported in 1998 (Tambi el al., 2006). 

Recent studies conducted in Westem Ethiopia (Reoassa 200 I' l3eyene 1997) N I 
1:> , , , ,ort 1west 

Ethiopia (Takele, 1998), Southern Ethiopia (Wondimu 1996) Eastel'n E- th' . (M k " lopla e onnen, 
2004) and different regions of the cour.try (NAHRe 2000) revealed th t eBPP . . 

- ' a IS posll1g a 
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'd 'able economic 
. . . . .. I . b causing conSI el, 

maJOI threat to cattlc In many parts of thc countly t 1ere Y 

I ' fi . serious attention. osses through morbidity and mortality and warrantll1g 01 

2.2.4. Control of trans boundary animals diseases 

, . - ., ist They have been used so 
1 echnlques and tools for the control of the major fADs already ex . 

d· . d from or prevented from 
successfully in many countries that most have been era Icate 
' . . . '1 Afi'ica Australia and New 
IIlfectlllg North America, much of Europe, much of Sout 1ern I , 
~ . . ... d' d localized outbreaks 
Zealand. In these countries there IS now nothlllg othel than sporn IC an 

I . I 2002) Improving 
which are usually quickly dealt witI-. (Bruckner et al. , 2002; P ullners et a ., . 

'd re key elements to 
disease reporting, surveillance, detection, preparedness and rapl response a 

tackle epidemics of FMD and others TAOs worldwide. 

Disease intelligence and active data search make use of information sources which go beyond 

those used for passive disease reporting systems. Such disease reporting and screening 

systems are developing and could be tapped to develop an animal disease early warning 

systems and the identification of emerging pathogens. In the developed countries continuing 

freedom from TAOs is based on exclusion of the infections supported by early warning and 

early response. 

The core requirement for enhancing the effectiveness of control activitie:; against high-impact 

diseases is to develop risk-based surveillance systems that focus on the greatest payoff in 

detecting disease and demonstrating freedom from speci fic diseases. The chapter on the 

evaluation of Veterinary Services in the OlE Terrestrial Animal Heallh Code (OlE, 2004a) 

states that: 'The Veterinary Services shall have at their disposal effective systems for animal 

disease surveillance and for notification of disease problems wherever they occur, in 

accordance with the provisions of the Terrestrial Code. The system will include "scanning" 

elements, which provide a broad assessment of the disease status of the country, and 

"focused" elements, which answer specific questions about national disease status. It wi!! be 

risk-based, in that it will direct surveillance resources at activities and areas of the country in a 

way that is weighted according to. the probability of adverse events and the likely 

consequences of such events (FAO, 2~·02) . 

Early detection and confirmation of :;.:spect cases of dI'sease . IS essential to ensure proper 
control and containment. In recent years new and impro d 'd . 1 • , ve epi emIo.'JgIcal methods have 
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d I· 'cal and 
been dcvcloped to deliver discase slll'vcillance. These include structure c Inl 

observational slII'vcys of the population, scrosurveillance, use of geographical information 

systems and remote scnsing to provid,~ information at lower cost than field data gathering, 

application of' low cost strain-differentiation methods using molecular epidemiological 

techniques delivered through kits to eliminate high processing costs and interview methods to 

gather information direct from livestock herders. However, major losses to disease-control 

effectiveness in recent years have bcen the decline through under-resourcing of veterinary 

diagnostic services and the slow d6velopment of alternative ways of providing reliable 

diagnostic capability. This situation can have serious effects on the speed and effectiveness of 

the national response to an emerging (t ; ~ease threat. 

The Manual on the Preparation of National Animal Disease Emergency Preparedness Plans of 

the Food and Agriculture Organization of the United Nations (FAO) (Geering el al. , 1999), 

stipulates that each country should, as part of its early warning system, carry out risk analyses 

to determine the likelihood of exotic diseases being introduced. The risk of' disease or 

pathogen introduction should be analyzed in relation to the country ' s geographical location 

and the disease situations of neighbori ;~(~ countries or trading partners. However, the state of 

current preparedness is inadequate, everywhere. For at least 20 years it has been obvious that 

the modern agricultural industries of the developed world cannot use 18
th 

Century methods to 

control naturally or intentionally occurring outbreaks like FMD in 21
st 

Century agribusiness 

without catastrophic damage and enormous economic costs. To try to do so is a grave mistake 

and there are much better alternativ,-,;. Government policymakers need to understand that 

control of' inadvertent or deliberate FMD or other transboundary livestock diseases is not an 

animal health policy issue that can be~ ,,; Ft to agricultural authorities (Breeze, 2006). 

The challenge of TADs control in endemic settings will require active partnerships to 

overcome the limitations of insufficient epidemiological information from these regions on 

the basis of which to develop targeted measures, and limited capacity and national resources 

to apply control measures based on mass vaccination or effecti ve movement control. 

Current vaccines commercially available against infectious diseases are of two categories. 

These are inactivated vaccines fOl'lmiiated with adjuvant and attenuated live vaccines. 

Although thcre is still scope for developing new vaccines and treatments for various diseases. 

the shortfall of greatest significance to poor livestock farmers I'S 'In 10 t t . w-cos , easy-o-use 

delivery systems. There is a need to move from current disease co t I th h . n 1'0 roug routllle mass 
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. . t ·hangcs targeted vaCCll1atlon towards more subtle approachcs in which managemen c , 

. . . . . . . . . . Such control 
vaCCll1atlon and other tcchnlqucs arc combll1ed 111 II1tegrated low-cost stlateglCS. 

programmes can make effective disease control a realistic possibility in poor communities by 

bringing the costs within reach. The potential for this is greatly increased if the immune 

response to the vaccine is such that it is still possible to differentiate infected animals from 

vaccinated but uninfected ones. Vaccines with accompanying discrim inating tests are 

becoming more readily available and seem likely to be an important tool in the future. Local 

strain variation in disease agents needs to be considered. Although it is much more cost­

effective to use generic vaccines that can be used for different populations, this must not be 

allowed to override the need to ensure that each vaccine genuinely provides protec tion in the 

various populations, otherwise the confidence of low-income communities in vaccination will 

be undermined (FAO, 2002). 

For developing countries, disease eradication is even less feasible and has provided few 

benefits with regard to international . trade. Even though rinderpest eradication has been 

achieved in most developing countries, the persistence of other TADs ..:ffectively limits trade 

opportunities. Crucially, unless a coulltry can convince the international comlllunity and its 

trading partners that it is free in its entirety from most, if not all , trade-sensitive TADsl List A 

diseases, export of livestock commodities is difficult and often impossible. [n developing 

countries, comprehensive disease eradication schemes covering morc than rinderpest have 

rarely been implemented, for a variety of resource, technical and operational constraints. 

Developing countries, especially those in sub- Saharan Africa, are poor and tend to rely 

heavily on donor sllpport for animal disease control programmes. Although these programmes 

may demonstrate impact during their lifetime, the resources that are required to maintain the 

benefits of aid programmes are often beyond the capacities of these countries (Thomson el al. , 

2004). 

A possible alternative to national-Ievcl TAD eradication is eradication on a zonal basis. 

Indeed, the OlE recognises the potential to eliminate specific T ADs from a zone or zones 

within an otherwise infected country. The approximately [70 OlE member countries can 

apply to the OlE for official recognition of freedom from four specific diseases (FMD, 

rinderpest, CSPP and SSE) on either a national or zonal basis . For other TADs the Code , 
recommends measures to achieve acceptable levels of risk when ·lln t· ·d d "' d por s are cons I ere , all 

accepts that complete freedom f1·01.., risk that is risk-free tl·ade . . bl 1-1 
" , IS unattall1a e. owever, 
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approachcs to thc eradication of TAOs othcr than the four mentioned above and provisions for 

assessment by the 01 E are not available. 

To address transboundary diseases, many developing countries have strategies and policies 

aimed at establishing so-called ' diser.!: '~ - free zones ' from which all TAOs affecting trade will 

be eradicated. The designation of disease-free zones as part of a package of measures to 

enhance access to regional markets ha5 been advocated . The Disease-free zones require the 

maintenance of fenced zones or compartments in which livestock are free of specified animal 

diseases. These are being promoted in Kenya and Tanzania in an effort to modernize pastoral 

production and enable livestock exports . However, the requirements for free zones applicable 

to more than one disease are not covered by the Code because ' free zones ' as defined in the 

Code are disease-specific. Many countries (particularly in Afi'ica) have to deal with a range of 

TAOs simultaneously and therefore technical considerations can be extremely complex. The 

question arises, therefore, as to whethe; these problems could be addressed more effectively 

by an alternative approach (Thomson e/ al., 2004 ; Anon, 2009). 

2.3. Structure and performance of Ethiopian live cattle market chain for export 

The diverse agro-c1imatic conditions of Ethiopia make it very suitable for the production of 

different kinds of livestock. Most of the livestock are produced by pastoralists, agro­

pastoralists, and smallholder mixed crop-livestock farmers and sold to private entrepreneurs 

operating in a value chain involving ,.ollection, fattening and transp0l'tation up to terminal 

markets. As a result the livestock market is structured in such a way that the marketable 

livestock from the major producing areas reaches to the final consumer or end-user passing 

through complex channels along the supply chains involving various actors including 

producers, middlemen, livestock trac-ling cooperatives, traders, live animal exporters. 

2.3.1. Supply chains for live cattle export 

A supply chain is the series of interlinking steps that determine the nature, character and value 

of a product at the time of receipt by the consumer. Basically, a value chain describes the 

range of activities from the producer to the consumer. In its analysis, it is broken into 

networks of activities controlled by categories of functionaries and distinguishes the stages in 

the supply process and support ser'l ~ es to accomplish the tasks. Various dimensions are 

analyzed in the chain which is very important in effective trac,'ng of p ' d t fl I' 10 uc · · ows, S 10W111g 
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the value adding stages, identifying key actors and the relationships with other actors in the 

chain (Hubert, 2005). The out put in the chain are determined by the requirements of the 

market agents including, consistency, cost, variety, value added and innovation, food safety. 

ethical trade; which are, in turn, responding to demands of their customer (Dolan and 

Humphrey, 2000). 

In Ethiopia, the export live cattle marketing chain actors are those who transact cattle as they 

moves along the chain from the primary producers to the end users: producers, middlemen, 

traders, feedlot operators ' live animal exporters. The enabling factors fo!' cattle export market 

business environment are the critical factors and trends that are shaping the market chain 

environment and operating conditio~£ which are generated by structures and institutions 

(policies and regulations) that are beyond the direct control of the market participants. Inputs 

and other services from other enterpri,, ;~ s or service provider organizations are provided for all 

the participants in the chain which will allow the actors to grow and maintain their 

competitiveness in the supply chain (Teklewold ef al. , 2009) . 

Conventionally, many livestock markets in Ethiopia are categorized into primary market, 

secondary market and terminal market (Legese el aI, 2008). Marketing of live animals and 

meat generally starts with collection of livestock from production areas and village markets 

and moving on to terminal market in r:·ities. In such marketing chains the livestock passes 

successively through a number of market actors, implying the links in value chains before it 

reaches to end users (Teklewold el al. , 2009). 

Although the majority of Ethiopia' s livestock is found in the highlands, 95 percent of the 

livestock intended for export is supp ied by the pastoral and agro-pastoral areas of Afar, 

Somali and Borena. A large percentage of the cattle exported from Ethiopia originate in 

Borena, and this area stages a fierce j)urchasing competition between live animal and meat 

exporters. Borena Zone is known for its high population of cattle (Farmer, 20 I 0). 

The live cattle marketing channels for cattle found to be different from those of shoat in that 

additional type of market participates such as feedlot operators were involved in some 

channels of the traded cattle (FigJ) . 

Recently, Middle Eastern countries such as kingdom of Saudi Arabia, United Arab Emirate, 

Kuwait, Yemen, Bahrain, Jordan and E~ypt are the primarily targets of Ethiopian live cattle 
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export. There are mulliple channels IfJr livestock (i'01ll Ethiopia . Only 20% of the livestock 

trade in Ethiopia passes through rorm~: channels, compared with the estimated 80% of exp0l1 

trade that passes through unofficial , informal channels (Anon, 2009). [nformal or illicit crosS­

border trade accounts for the majority .,) f live animal exports from Ethiopia, as it lends to be 

simpler and less expensive for exporters. [n 2006/7, the volume of informal exports was 

estimated at 328,000 head of cattle (Aklilu , 2008). Formally, Ethiopia exports approximately 

200,000 livestock annually. Of the 200,000 live cattle exported formally, approximately 

40,000 are exported from Amhara to Sudan, while smaller volumes of cattle are exported 

formally to Somalia and Kenya. The majority, however, is exported through Djibouti (Farmer, 

20 I 0) . 

[
Enabling J 

. Environment 

V·· ···· ·· ··· 

[;;~ 
------~~/ ........ . . . . . 

. 
. · · · 

Business and 
Extension 
Services 

· · · . . . 

. . . . . . 

Source: Legese el [11. , 2008 

Figure 3: Generalized live animals and meat export market chain 
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2.3.2. Market participants 

The livestock marketing system in EtI:iopia is very complex, linking a number of different 

types of market actors as the marketed animals move from producers to the processors or end 

users. The different links in the process of market chain indicate the different service that are 

provided the deliver the livestock or meat to various consumers. In the livcstock- marketing 

channel serving the export market, different type of operators with different socio-economic 

characteristics are usually participa~.;:d. These involve traders, collectors, cooperatives, 

purchasing agents, brokers, and live animal exporters. These market actors play limited 

participation on value addition process in existing various marketing chain except few market 

services sllch as transporting and limited fattening operation (Teklcwold el al., 2009). 

Exporters are few in number compared to traders in the market. However, the number of these 

actors in the live animal export sector is increasing from time to time. Foreign exporters­

importers are increasingly purchasing animals from within Ethiopia, using Ethiopian traders 

as collecting agents in primary and secondary markets (Legese el aI. , 2008). This is driving a 

different kind of vertical integration within the value chain, which increases efficiency but 

also foreign influence within the Ethiopiun livestock trade. 

Most of the feedlot operators are available at AdamalNazareth and Dera areas with their main 

role of fattening cattle for different markets. As part of SPS requirements and according to the 

rules and regulations of animal quarantine, fattening is operated after providing the cattle with 

necessary vaccines and medication. ·,. ::1e feedlot operators are collecting cattle either from 

Dera and Adama!Nazareth markets or from the main source markets. They use Borena 

markets as the main sOllrce market bec3llse of accessible transportation, and their preference 

for cattle sourced from these areas due to fast growing, large body si7.e, efficiency in feed 

conversion and adaptation to harsh environments. Feedlot owners show a strong preference 

for Borena cattle due to its large size, efficient feed conversion and superior meat quality 

(Legese el al., 2008). 

2.3.3. Seasonality of livestock flow 

The livestock markets in most parts of~'!e country are characterized by seasonality in low and 

prices of animals. In pastoral areas, the supply of livestock is highly seasonal and only 

somewhat related to market demand. Other determinants of supply nuctuation include water 

and pasture availability (particularly dry season vs. wet season), disease outbreaks and 
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availability of food aid (which help:; relieve pressure to sell animals for cash or grain 

purchases), clan conflicts and others. 

Livestock prices have shown a seasonal pattern where prices are at peak during rainy season 

(June to September) and drops in the other months. This is basically because of low supply of 

animals to the market during rainy season as farmers are usually engaged in other farming 

activities at the time. Availability of good grazing pasture is also another factor contributing 

to low supply of animals during rainy seasons (Legese el a/., 2008). Gezahegne el at. (2006) 

also indicated that input constraints lik~' feed and water shortage could significantly affect the 

supply and sales of animals. 

Seasonality in prices is also driven by seasonality in demand. Gezahegne el al. (2006) noted 

that prices depend mainly on supply and demand, which is heavily influenced by the season 

of the year and the occurrence of religious and cultural festivals on the one hand, and 

occurrence of drought or other weather shocks on the other. 

2.3.4. Livestock feed 

Escalating feed costs, in view of rising fuel and grain prices, remain major impediments to 

value adding for livestock. In Ethiopia, the average cost of feed has risen from Birr 8 to Birr 

20/day (USD $0.93-2.08) per head in the feedlots and transport. A study on livestock feed 

also shows that 80% of the traditional feed provided to cattle at the smallholder level is used 

for body maintenance only (Akililu , 200S). 

Natural pasture is the main source of feed for most of Ethiopia 's livestock, complemented by 

fodder and crop residues during the dry season. Of the various crop residues used as livestock 

feedstuffs , terf straw is the most commonly used for fattening. Agro-industrial by-products 

and commercial feed mixes are le£~ commonly used by small-scale livestock producers, 

although they are critical inputs for livestock fattening prior to slaughter or export. In 

particular, wheat bran from flour mills and oilseed cakes from edible oil factories are an 

important source of feed ingredients. Among seed cakes, linseed ane: cotton seed cake are 

generally used for fattening, while noug is used more often for dairy. There are approximately 

five commercial feed mixers and millers in Ethiopia, located in Adama, Modjo, Debre Zeit 

and the industrial areas of Addis Ababa (Akaki and Kality). Approximately 10 additional 

mixer/millers produce feed primarily for their own use (Farmer, 2010). 
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2.3.5 . Bottlcncck in cattle market chain 

E I 
. . . . . ' . .', I . 'port substantial 

-t110pia ranks first in livcstock resources In Africa with the potenlia to ex 

b 
. " .. .. I' d . internationa I trade 

nllm ers of live allimais. Howcver, Venous constralilts contillue to 1111 el 

t d 
" f . . ' I' of live cattle Despite o estlnatlons o · chOice turning the country IIlto a major supp ler . 

b 
" . I ality cattle and 

su stantml demand, the livestock system currently struggles to supp Y qu 

generate income from beef marketing. Production is highly fragment~d and geographically 

dispersed, and is not market oriented resulting in lack of a constant and uniform supply of 

marketable animals. Offtake in Ethiopia is low compared with that in other East African 

countries, suggesting that many livestock holders prefer to keep their live cattle for domestic 

use rather than sell them (GebreMcriam el al., 20 I 0). Furthermore, Ethiopian cattle market 

value chain is constrained by: i) lack of an efficient and effective livestock marketing system 

which is characterized by limited market information, absence of a livestock grading system 

to provide inccntives to producers and limited promotion, ii) limited knowledge by and 

capacity of value chain actors (prod'.!cers, dealers, transporters, meat handlers, etc.) to meet 

intcrnational market standards, iii) poor market infrastructure and lack of proper transport 

services, iv) prevalence of livestock diseases and inadequate veterinary support services. 

There havc been frequent export bans " ~ ~ainly due to the stringent health requirements of some 

importing countries, v) poor feed supply and low feed quality and vi) demand for draught 

power for agro-pastoral systems competes with live bulls sales for young males. leading to 

predominant sales of aged, low-quality cattle (Teklewold e/ at., 200S. ; GebreMariam e/ aI. , 

2010). 

Another important constraint affecting cattle market chain actors is lim ited access to market 

information at the grassroots level. Pastoralists and traders lack clear and detailed knowledge 

on the desired livestock characteristics and health requirements of importing countries. 

Further, these producers are also not adequately informed of the importance of establishing 

source of origin, traceability mechanis:ns, and related certification processes for marketed 

animals . Chain actors do not yet appreciate the importance of issues related to food quality, 

the link between animal health, meat quality and safety, and why doclImentation is 

fundamental in enhancing competitiveness in the global market. 
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2.4. Participatory appraisal 

. needs of globalized 
Livestock sectors art: constantly evolving in order to meet the changll1g . 

. " . . . . . k Networks and linkages In 
society. rhls process can bnng new and changll1g disease r1S s. 

. onstitute a contact 
value chains that link production systems, markets and consumers c 

. , ft' s diseases within and 
network, which provides opportunities for the transmisSion 0 con aglOu 

between sectors. It follows that these chains (networks) must be understood and taken into 

account in planning risk management strategies for disease prevention and control. 

Value chain analysis is essential to an understanding of markets, their relationships, the 

participation of different actors, and the critical constraints that limit the growth of livestock 

production and consequently the cc":'petitiveness of smallholder farmers. These farmers 

currcntly receive only a small Fraction of the ultimate value of their output, even if, in theory, 

risk and rewards should be shared dow!. the chain (Rota and Sperandini, 20 I 0) . 

Risk-based management of animal disease should be people-centered. This means identi fying 

the people involved (stakeholders) in the livestock sector and examining how they operate, 

how they perceive risk and what determines their risk profiles. It also means determining their 

resource bases, the profitability oFtheir business and their alternative opportunities, as well as 

their constraints in terms of regulations, investment in human capital and infrastructure . 

In this regard , the use of participatory approaches and methods to improve our understanding 

of the patterns of diseases in value chain is crucial. These approaches and methods are derived 

from participatory rural appraisal (Ameri el al., 2009) . The techniques of participatory rural 

appraisal (PRA) are used to formulate the programme objectives, gather epidemiological data 

and intelligence, and analyze informa~ ·.on (Jost el al. , 2007). Participatory epidemiology (PE) .. , 
is based on conventional epidemiological concepts but uses participatory methods (Chambers, 

1983; McCracken el al., 1988). Participatory methods were f'irst used to approach 

epidemiological questions in smalkcale, community based projects, where technical 

assistants had close contact with livestock-keepers, and needed practical methods of assessing 

targeted animal health activities within realistic time frames (Jost el al., 2007) . 

The PE approach was developed to overcome the constraints in applying conventional 

epidemiology and formal research in developing countries Conventl'on I 'd . I b . a epl emlo ogy can e 
expensive and logistically complex, producing large quantities of' fi . ~ fi ' 

111 ormation 1I'0m onna. 
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. '. II furthermore, as 
surveys that arc often biased. spatially, behaviourally and 10g1StJC~1 y. 

. ." nation is often 
researchers generally do not understand the local context, quantitative II110n 

misinterpreted (Chambers, 1983) 

. .' der to 
Participatory risk analysis should be used together with value chall1 analysIs 111 or 

identify risk hotspots in the value chains. In livestock value chains there are many 
. d' f" t ways ', these stakeholders who may affect and be affected by disease hazards In I 'feren 

people may face different levels of risk and may be affected by prevention and control 

. d'f" P .. . k I' I PI'ov'lde information about the measures In I ,erent ways. artlclpatory ns ana YSls can a so 

feasibility of the control measures 3nd their potential impact on the people involved in the 

value chain. 

2.4.1 . Participatory appraisal tools 

Participatory rural appraisal is an effective qualitative tool for researchers to collect data at the 

community level and places more emphasis on the empowerment of the community to process 

and utilize the information on their own. This information can be used to design better animal 

health projects and delivery systems, .. lore successful, timely and sensitive surveillance and 

control strategies or as new perspectives for innovative research hypothesis in ecological 

epidemiology (Schwabe, 1984). Parti~ ~j)atory approaches are based on open communication 

and transfer of knowledge, using a toolkit of methods guided by some key concepts and 

attitudes. The methods include: semi-structured interviewing, focus-group discussions , 

ranking and scoring disease observations, a variety of visualization (e.g mapping and 

modeling) and diagramming techniques (e .g. seasonal calendars and historical timelines) (Jost 

ef aI., 2007). 

To have a more complete picture, ?1I the points of view must be cross checked or 

"triangulated". In practice, triangulation implies combining and contrasting data from various 

viewpoints. It is common to find that actors describe issues that, under revision, turn out to 

refer to aspects of the same problem (Lundy et al., 2007). When investig,1ting subjects such as 

livestock disease, local experts can be identified who are I'espected by tl . 't' fi . lelr communi les or 

possessing specialist knowledge (Ca~i -.. /, 1997). Several types of field data form the core of 

PA study that includes spatial, temporal, social , and technical data can be collected. 
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d' ' e in history 
Th ' , ' I , terinary me ICIn e semi-structured interview (SSI) has some relation Wit 1 ve 

k' . , . to have a checklist of some 
ta Ing and subsequent tentative diagnosis, The SSls prompts one " 

, , . ' . , , t for further mformatlOn 
questions, followed by the follow-up questIOns for the IIlfOlmdn s , 

, 1'- t' n methods, mapplllg-(Catley, 1999; Catley and Mohammed; 1996), For the Vlsua Iza 10 

, 'I bl aterials has been used IIlvolving construction ofa map on the ground using locally aval a em, , 
, , 'd t . cts are used (Lela el In 31l1mal health surveys (Catley, 1999), For spatial data, maps an ranse 

I d t' eJines trend lines, and aI. , 1995), For temporal data, the tools that have been emp oye are 1m , 

" 'd I d vhereby informants seasonal calendars, Rankmg and scoring methods have been WI e y use 'i 

, d ' I .. ' " d d 'd tl ITIOSt '1iTIpOI'tant' the results are reqUIre to compare Items or prou,.~;ms 111 pairs an eCI e le , 

are presented in a matrix with a total rank calculated (Cat ley, 1999), This scoring method, 

made visual when a matrix is drawn cn the ground, with items along X-axis and indicators 

along the Y-axis and stones used to score has been used in northern Somalia to understand , , 

associations between different types of ticks and health problems (Catley and Aden, 1996), 

Another visually oriented scoring method is proportional pil ing (Catley, 1999), The method 

involves the use of a large pile of C::lunters like stones, The counters are usually 100 that the 

informants are asked to distribute on different items to show the relative sizes or importance 

Most of PA tools have been used to produce qualitative data and PA survey results are 

presented in a descriptive rather than numerical form, However, virtually any qualitative data 

can provide numerical data if transformation occurs at an early stage in data collection 

process, by defining the number of items to be scored and the number of stones to be used for 

the scoring of indicators, Specific indictors could be defined by the researchers and added to 
' . 

those produced by the informants, Replication of the standardized scoring tool would allow 

statistical analysis for non-parametric data, 
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3. MATERIALS AND METHODS 

3.1. Study a rea 

~ . ltd in the central parts 
The study was conducted East Shewa Zones. East Shewa Zonc IS oca e 

f 0 .. .. b I I . f E t Sllewa Zone extends from 7 
a 

o romla regIOnal state of EthIOpia. A so ute ocatlon o · "as ' ~ 

33'50"N to 900S '56"N and 3S024 ' 10"E to 40° OS' 34"E which indicate that this zone is 

located in tropical climatic zone though the climate is influenced by altitudinal variation. The 

total area of east Shewa Zone is approximately 9,633.52km 2
• The altitude ranges from 500 to 

4307meter above mean sea level. The Zone can be categorized under rift system of oromiya 

since about 93% of the total area of the zone is completely located in rift system. East Shewa 

Zone comprises 32 districts of which 67% are mid altitudes and 33% are lowlands. The mean 

annual temperature varies between ISoc and 30°c and its mean annual rainfall is 41 OmlTI-

820mm. Natural vegetations grown in East Shewa Zone are grouped under the Acacia wood 

land and savannah vegetation. In the 5.udy area, Adama and surrounding areas hosts a total of 

200 feedlots of various sizes. The fcedlots are located in urban and peri-urban areas. Tile 

larger feedlots produce about 2,000 to :;'000 heads of cattle a year while the smaller ones hold 

about 10 to 20 heads at anyone time (MoA, 20 I 0) . 

3.2. Studied population and source of information 

The studied population consisted o~ bulls at finishing phase for export in East Shewa zone. 

The origins of the bulls were mainly Borena pastoral system and very small proportion from 

Bale lowlands. All animals used for study were male with 3-5 years age category and 

vaccinated for FMD, CBPP, LSD and ether three bacterial diseases . 

For seroprevalence study of FMD and CBPP, 3S187 serum samples collected for one year 

(20 II) from apparently health bulls for certification purpose were used. For outbreak 

investigation of LSD, all bulls found in 20 export oriented feedlots in and around Adama 

willing to participate in the study were used to follow up the occurrences of new case of LSD 

between July and December 20 II . 

Participatory appraisal methods (Catiey, 2005) such as semi-structure !nterview (SSI) pair-

wise ranking and matrix scoring techniques were used to . /.' . generate 1I11ormation from 10 
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. f ' . ' . . . . . ' ., . f' ~ II t o!Jerations. Data for 
III Ol lll am gloups wI th group SIZC vancd fro m 4-11 In 8 sItes 0 Ieee 0 
I . . . . . w with 3 1 feed lot 

t le ri sk assessment pa ramcters was obtained from secondary data, mtervle 
. . _ . . . ' . . Ch k li st werc used 

opcratOI s, and personal he ld observat lo; ls and fro m sC lentJ fi c Il tel atures. ec 

to cst imate level of biosecuri ty in all feedlots (A nnex 4). 

3.3. Methods of risk assessments 

. I HaIth 
This study used the framework that .:as been recommended by the World AnIma e 

Organi zation (OlE, 2004a) for risk ana lys is. The framewo rk outlines fo ur key steps that 

should be covered systemat ically. These are re lease assessment (probabi li ty of release fro m 

the source); exposure assessment (probabi lity of exposure to the hazard); consequence 

assessment (b iological consequences such as prevalence and economic conseq uences, etc.) 

and Ri sk est imation (which consist of combini ng the release, exposure and consequence 

probabi lities). The risk assessment was taki ng into account the national va lue chain of borena 

li ve cattle for export only due financial and time constraints. The bas ic framework used is 

shown in Figure 4. 

Release assessment: Borena 
bulls in the market chain 

~ 
Exposurf( assessment: 
li ke li ho~ds of in fect ion due to 
exposure 

1 
Consequence assessment due to 
di seases occurrences 

I .- -. 
Direct: Biological Ind irect: economic - f---

-
Risk estimation (occurrence 
*consequence) 

Figure 4: General scheme of the assessment (Ol E method) 
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. d MvcoploSJl/O 
I I' . "'MD d LSD Viruses an ./ n t liS !'15k assessment, thc hazards arc Jefincd as the I' an . . ere 

.' T:le evcnts that w 
mycoides subsp. l11ycoides small-colony type (MmmSC) bactel Ia. , 

. h . were specified and broken 
considered as contributing to the release and exposure pat ways I 

. ., . I robability. The overal 
down into several stages, with each stage being assigned a condltlona p . 

by combininoo the probabilities of the probability of a given pathway was then arrived at 

various stages. 

. which the Qualitative risk assessments were c0nducted for release and exposure 111 

." d t as used to assess the probabilities were assessed and described textually. Quantitative a a w 

. f' k d ' h' t d fi · the I'elease and exposure ranged consequence. The categories 0 ns use 111 t IS S U Y 01 ' , 

from negligible to very high (Table 2) . 

Table 2: Interpretation of probabi I ity c: ~egories 

Probability Category 

Negligible 

Very low 

Low 

Medium 

High 

Very high 

Adapted from EFSA (2006) 

Interpretation 
----~------~~--~~----­

Event is ~G rare that does not merit to be cCo nsidered 

Event is very rare but cannot be excluded 

Event is rare but does occur 

Event occurs regularly 

Event eccurs very often 

Event occurs almost at certainly 

Each risk estimate is associated with some level of uncertainty. The lack of knowledgc 

(uncertainty) regarding the mechanisms used to generate the probability estimate was 

classified according to both scientific information on literatures (Pfeiffer, 2007) and the 

information obtained during the epic.~miological investigation in the studied area: (i) low 

(solid and complete data available); (ii) medium (some but not complete data available); and 

(iii) high (scarce or no data available) Uncertainties were demonstrated within brackets after 

likelihood estimates. 

3.3.1. Release assessment of prioritized transboundary diseases 

To assess the risk, the probability that each stage in the release risk pathwa s d ' ,y were Occurre 
considered separately for the tree prioritized TAOs. The overall probability of a release 
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. Release risk 
pathway was then arrived at by combining the probabilities orthe variOUS stages. . 

. . r.. t Scenarios tree was 
pathways Involved only national Borena live cattle value challl 101 expor . 

d . . . . f ch prioritized TADs 
eSlgned to describe and evaluate the pathway of IntroductIOn 0 ea . 

through tradl:d bulls frol11 the point -;) f production until the feedlots in Central Ethiopia. 

Scenario trees contain nodes that de~'cribe the events from which probabilities of an event 

derive; these probabilities were qualified according to the aforementioned terms. 

The risk question posed for release was "What is the probability of introduction of prioritized 

TAOs agents into feedlots by Borena bull moving along market chain?" In this study, both 

scientific literatures and epidemiological information were used . Scientific literatures were 

used to obtain information on prevalence of FMD, LSD and CBPP in borena cattle, 

susceptibility of Borena bulls for those diseases and incubation period of the diseases . The 

presence of veterinary pre-purchase inspection and certification at markets, appropriate 

facilities required for pre-purchase ins;:-::ction at market and disposal practice in the feedlots 

and feedlot operators ' abilities to detect and exclude the hazard upon release were assessed by 

semi-structured interview (Annex 3) and personal observations. Annex I presented data 

required for the assessment of risk for release of prioritized TAOs via tr:lded cattle in the 

market chain. 

3.3.2. Exposure assessment of prioritized transbollndary diseases 

The risk question for exposure was de3cribed as: " What is the probability that bulls in valuc 

chain become infected by TAOs after the release of the agents by an infected traded bull 

passing along the market chain?" 

The exposure pathway describes thf: direct and indirect transmission pathways by which the 

infected bull pass along the market chain transmit the diseases to bulls in the feedlots was 

designed. To assess the risk, the probability that each stage in the exposure pathways were 

occurred considered separately for tilc three diseases . Recent scientific evidence from 

literature and epidemiological information were Llsed in each stage and the overall probability 

of exposure pathway was then arrived at by combining the probabilities of the varioLlS stages. 

For the overall probability of FMD C):posures, the assessment considered the probability of 

infection of bulls in the feedlots G,:' FMDV from infected traded bull , probability that 

scavengers infected or contaminated with FMDV from carcas f . fi d ' ses 0 111 ecte bull have 
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'I't that 
-ft' , . .. . - ' . Ii lion probabl I Y 
c cctlve contact with bulls III the feedlot and thiS contact leads to In ec , 
f II . . . . I FMDV and transmit to bulls 
eee ots staffhandllllg live and dem' bulls get contamlllated Wltl 

in the feedlots. 

'rh ' . h These were probability 
e likelihood of LSD exposure assess;r:ent considered two pat ways. . 

f
·" . . . S V fi taln'lllated blood- feeding 

o IIlfectlon of bulls III a feedlot after exposure to L D rom con, 

arthropods and probability of infection of bulls in a feedlot after exposure to LSDV from 

contaminated equipments. The likelihood of CBPP exposure assessment considered the 

probability of infection of bulls in the feedlots by MmmSC from infected traded bull. 

Information required for the assesSmt.lt of risk of exposure of prioritized TADs is presented 

in Annex 2. 

3.3.3. Consequences assessments of prioritized transboundary diseases 

The direct consequences because of disease occurrence sllch as mortality (biological) and 

indirect consequences such as embargoes (economic) were evaluated . The direct assessment 

was based on information collecte.-I from feedlots found in East Shewa Zone of Orom ia 

Regional States by using serological and clinical investigation. Serological investigation 

results of FMD and CBPP conducted using 3ABC ELISA and C-ELISA and stored in Adama 

plant and animal quarantine cente!' were used to determine annual seroprevalence, 

respectively. Cohort study was used to examine LSD cases at feedlots in and around Adama. 

Economical assessment was done by estimating economical loss encountered due to 

occurrences of diseases resulting in bulls mortality and rejection due to detected TADs. 

Clinical and epidemiological investigation of LSD outbreak 

In all participated cattle feedlots , ca:. '.: of LSD diagnosed by feedlot's veterinarian and/ or 

bulls' attendant were clinically eX3m:ned. In addition , bulls in all pe;-.s were observed by 

veterinarian and any suspects of LSD case were examined. Bulls with suspected case of LSD 

were examined for physical status, temperature, superficial lymph node and skin lesions 

according to Rodostits el af. (1995)" Performance data collected were used to evaluate impact 

of LSD morbidity and mortality ~n cattle export (Annex 5), For each feedlot under 

investigation completed data entry forms were supplied and asked to record with regular 

monthly visits until the bulls were e:i;Jorted. All deaths in the participated feedlots were 
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. I death in the . ' , .' . . , . . d th form tota recolded dUllng study period III order to know propOltlOn of LSD ea 

study period. 

Serum samples collection and processing 

. 'f! t' urpose from bulls Serum samples collected for one year (2011) perIod for certl Ica IOn p 

b ... d ' . fon Blood samples were etween 3-5 years age were used for seropositivity etermma I . 

aseptically collected using 10 ml plain vacutainer tubes from apparently healthy bulls through 

jugular venipuncure. The tubes were then labeled with tag number of animals and kept 

protected from direct sun light in sla-nt position until the blood clotted and sera were 

separated. The clotted blood or separated sera were transported to National Veterinary 

Institute (NVI) laboratory and National Animal Health Diagnostic and Investigation Centre 

(NAHDIC) for investigation. Serum samples were examined for antibodies to 3ABC non 

structural proteins of FMD vinl~ using a commercially-available enzyme-linked 

immunosorbent assay (ELISA) test for identifying infected animals from non infected ones. 

Competitive Enzyme Linked lmmuno-Sorbent Assay (C-ELlSA) test were used to identify 

CBPP seropositive and seronegative animals . A total of38187 bovine Sf!ra test results for both 

FMD and CBPP were used for this study. 

Direct economical loss estimation 

Economic losses caused by TADs were calculated based on mortality rate of LSD and 

rejection rate due to FMD, LSD and CBPP from international markets. Parameters used for 

economic estimation were the annual (201 I) serum tested for FMD and CBPP and total 

animals at risk during the outbreak of LSD, average weight of the bulls, average market prices 

in terminal market for export, mortality rate of LSD and the rejection rates of bulls due to 

FMD, LSD and CBPP. Total numbers of animal at risk for LSD were obtained from Adama 

Plant and Animals Quarantine Center records. Total animals at risk of LSD during the 

outbreak were 18864 bulls . 

3.3.4. Participatory assessment of perception of feedlots operators to the risks 

Semi-structured interviews (SSI) (Annex 1II) were used to understand perception of feedlots 

operates to transboundary animal diseases (LSD FMD and CBl)P) " kIt' . h I I ' liS s. n ervlews Wit oca 
veterinarians provided Ajtegir/Maz names for FMD r;"entc.t IG b b r 

,[" lCl lire re ta .or LSD, and 

Samba/Sal for CBPP and other two cattle diseases (Patuerella (Gororesa) and Bloat 
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(Hoc', , ,f" I C' ..', d to establish the relative 
,ell1~ neJo( Toraa-bukokusa). P,III'-Wlse rankmg was use 

. " . . .. . . . . . . . t 1'5 by explaining the 
1111 pOi tance of the 5 pnol'lty diseases the perspective of the feedlot opel a 0 

I d to generate 
local indicators (signs) for each of' the diseases. This process was a so use 

indicators for matrix scoring. 

M · . . d' . 1St a list of clinical , atnx scol'lng was used to score the five top ranklllg Iseases agall ( 

epidemiological, production and ma;·!' ,~ t indicators. The matrix scoring was adapted from the 

methods described by Catley (2005). The five diseases identified above were presented using 

by either written names on cards or C:l the paper, or use local objects or pictures based on 

literacy of participants and placed along the tope X-axis of the matrix. Each of the five 

diseases in the matrix was scored against a list of 12 indicators/clinical signs. The indicators 

were illustrated along the Y-axis of thc matrix. For each indicator, informants were asked to 

score each disease by dividing pilcs of 25 stones against the five di seases. After the Matrix 

scoring was standardized the procedure was repeated with other informants. The level of 

agreement between informant grours was assessed using the Kendal 's coefficient of 

concordance (W) calculated using the Statistical Package for the Social Sciences (SPSS, 

2007). Evidence of agreement bet ween informant groups was categorized as . weak ' , 

' moderate ' and 'strong ' according to published guidelines on the interpretation of W (Siegel 

and Castellan, 1994)) and the p-values assigned to W by SPSS so ftware. Accordingly, 

agreement was termed werJ for W<0.26, P>0.05; moderate for W=0.26-0 .38, P<O.05 and 

strong for W>0.38, P<O.O I. 

3.3.5. Risk estimation of prioritized tra:lsboundary diseases 

The risk estimate for the diseases occurrence in the market chain was made according to the 

eombination matrix presented in Table 3. For example, if the probability of the introduction of 

a disease is moderate, and the probability of exposure high, then it will result in a moderate 

conditional probability of disease occurrence (i .e. moderate *high = moderate) . The 

consequence estimation was base the biological and economical impact in the feedlots due to 

the prioritized transboundary diseases. 
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Table 3: Risk categories combinatiolll1latrix 

Paramctcr 2 IExposurc Risl{ Catcgory 

~ Very lo',v Low Medium High Very high 
'" ell 

VL ~ 

C Very 10w(VL) VL VL VL VL 
~ 
~ 0 

L -- I:>D Low (L) VL L L L ~ ...... .... 
... ell 

M ~ U Medium (M) VL L M M .... 
.!l! ~ 

e '" High (H) H H 
ell ~ VL L M 
... 
ell Very high (VI-I) VL L M I-I VI-I p.. 

Adapted from Zepeda (2007) 

3.4. Data managcmcnt and analysis 

Data were classified, filtered , eodcJ sing Ms ExcelS , and was transferred to Statistical 

Package for Social Sciences software '/ersion 16 (SPSS software V . I '~ >Thereafter analyzed 

according to the different variables . . Pearson chi-square was used to cvaluate the statistical 

significance of variables . A6reemen! among the scores of informant groups was assessed 

using Kendall coefficient of concordance (W) (Siegel and Castellan, 1994). In all the 

analyses, confidence level (CI) was at 95% and P:s 0.05 was set for significance. 

35 



4. RESULTS 

4.1. Risk assessment of foot and mo· h disease 

4.1. 1. Release assessment of foot and F: 'Juth disease 

. . . ·h · h Gorena bull in market The pathway In whIch FMD could be mtroduced to the feedlots t IOUg 

• • .". 0 ·r fi ·dl t e 'ators preferred young challl IS shown In hg.5. Accordlllg to SSI result 10010 a ee 0 op I, 

. F 'tl nore survey indicated Borana bulls (three to four years old) for fattenlllg to export. ut len , 

h . . c of bulls and 19.4% that 80.6% feedlot operators use f.orena markets as t e malll SOlll c 

feedlots operators used Dera and Adama markets for purchasing 80l'ana bulls for their 

feedlots . 

Borella Pastor"i 
sys tem 

Household 
Callie 
infected 

Infected catth; In fected bulls 
detected aiong 
(he market chain 

Figll1'e 5: Scenario tree outlining disease pathway along the chain 

Probability of Borena cattle in the market chain infected with FMD 

Introduction 
disease 

Different studies in Borena Zone in,.'icated that H1D was endem ic in Borena pastoral system. 

FMD was reported as one of the main diseases of BOl'ana cattle more than 15 years ago 

(Coppock, 1994), indicating the long-tr: i'm presence of the disease compared to other cattle 

diseases. Borena cattle population has 55.2% to 58.6% herds which have at least onc FMD 

infected cattle (Rufael ef al., 2008; Bayissa el al. , 20 I I). Mekonen el at. (20 I I) also indicated 

in their study that 53.6 % of FMD infected cattle are found in Borena Z::Jl1e. Borena bulls arc 

susceptible for all circulating serotypes of FMDV in Ethiopia (Aye let ef al., 2009). 

" 

As national plan for progressive control of the disease on a short, medium and long-term 

basis, FMD surveillance program w-. ' carried out in Borena pastoral system by Yabello 

Veterinary Laboratory in coopcrat:Oi~ with f.ebeta National All'llnal ·· :·~alth O' t ' . • ., lagnos Ie and 

36 



. . . . . mcnts and kits, 
Investigation Center (MoA, 20 10). However, due to shortage of equIp . . 
. .k ·th lower capacity to 
Inadequate budget and logistic problems, the laboratory WOI s WI . 
. . . , .. . . . Currently, there IS 
IIlvestlgate outbreaks timely and to carry out regular surveillance dctlvllies. 

.. d t control (Bayissa 
no govcrnmcnt strategy in FM 0 contre through vaccmatlOn an movemen 

.. . . . and timing) and and Bereda, 2009). Lack of vacclllatlOn strategies (quality, coverage 
. . h · Id· ease the outbreaks of uncontrolled animal movement are thus the malll factors t at cou IIlcr 

FMD in endemic areas sllch as Borena Zone (FAO, 2007). This fact indicated that FMDV is 

. . . h d ·th t any control spreading in the Borena pastoral arc:! Wlthlll and between the er s WI ou 

intervention. 

Number of bulls purchased per mark::~ varied to a great extent based on markets . The bulls 

were transported using small trucks. ·L,e bulls can get in fected at mark·~ t, collection site and 

dming transportation, increasing the probability of a bull reaching the feedlots in Central 

Ethiopia shedding the virus . Taking :l1tO consideration the prevalence of FMD in Borena zone 

and susccptibility of Borclla cattle, Ill:; probability that an infected bull entered to thc markct 

chain is therefore high (low uncertainty). 

Probability of FMD infected Boren a b; :;.' s not detected along the market chain 

Clinical signs of FMD usually develop in 3 to 5 days (Kitching, 2002), although in natural 

infection, the incubation period may range fi·om 2-14 days . Recovered or vaccinated cattle 

exposed to diseased animals can be healthy carriers for 6-24 months (Aftosa , 2007). 

According to SSl result average time ; .. ,c.ent on transportation from production areas to feedlots 

in central Ethiopia was 1.65 days. Since cattle from production area to the feedlots spend less 

than 2 days, the likclihood of an infr:::.!ed animal without clinical sign undetected along the 
:1 ' 

market chain is high. Markets survey,",:rther indicated that at various i:;oints in market chain 

from primary market to feedlots in Central Ethiopia, there was no veterinarian performing 

pre-purchase inspection and selection for quality assurance and certification for live cattle. 

The traded animals were not subjected to any tr:: sts before they were moved into feedlots. Pre­

purchase inspections along the mu:ket chain have been conducted by traders or purchaser 

groups without necessary animal health knowledge. The SST result also indicated that 87.1 % 

of feedlots operators have trend of ,. ·:ying animals as batcll Th· b . 
,. , . IS uylllg system cou ld 

increase the probability of an infectcLl 1)"..111 with unapparent infect" t d 
Ion 0 pass un etected along 

the market chain. Sensitivity for clinical inspections of FMD d· h~. . 
urlng t c emly stages IS lovv 
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. . . .. f the infected 
(sens. <0.1) (Achterbosch and Doprer, 2005). The probability of not detec II1g 

B . . . . d . b very high (low 
orena bull under the speCified conditions IS therefore assesse to e 

lIncerta i nty) . 

Probability oflaek of containment of the FMD virus 

Markets survey revealed that pre-purchase inspection by purchasers group involves a visual 

and physical evaluation of animal \ihile moving freely in the market with low possibility of 

examining the bulls thoroughly. Ac~ording to personal observation, purchasers open the oral 

cavity of the bulls with their hands to d"oiermine the age using teeth eruption. This trend could 

be a source of infection for the traded bulls in the market from hands contaminated with the 

saliva of infected cattle. In 93.5% of observed feedlots , carcasses were disposed nearby 

feedlots where scavengers and insects have easy accesses with high probability of 

contaminating the environment. According to our observation, 83 .9% of feedlots have 

isolation pens, however, 76% of pens ·,"ere found adjacent to pens where healthy bulls were 

kept with possibility of viral transmission from infected bulls to healthy bulls by means of 

aerosols (Kitching, 1992). In I 00% .~ :. surveyed feedlots , staffs do not use any protective 

cloths while handling bulls and also do not use sanitary and disinfect; ::m facilities to avoid 

contamination. Generally, there coc;ld be an introduction of unobservable FMD infection via 

traded bulls; contaminated scavengers and contaminated staff. The facility along the chain 

would not help to identify and exclude the risk from introduction of the virus to the feedlots. 

Thus, due to lack of biocontainmellt of the virus along the market chain, the probability of 

introduction of the virus into the feedlots is considered to be high (low uncertainty) . 

Summary of release assessment for FMD 

The finding of this assessment suggests that the overall risk for the release of FMDV in 

feedlots is estimated to be high with low uncertainty (Table 4) . Release patl1'Nays probcbilities 

vary from high to very high. Therefc .;, the probability of FMDV release to value chain by 

traded bulls occurs very often (Table 2) . 

. r 
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Table 4: Summery of release aSSeSSllll-:r.t for FMD 

Risk pathway Risl< Category 

Probability of Borella callie in the market chain is High 

infected with FMD 
,i . 

Probability of infected Borena bulls ,s not detected Very high 

while passing along the market chain 

Probability of lack of biocontainmenl of the virus High 

within the facility along the value chain 

Overall risk estimate for release High 

4.1 .2. Exposure assessment of foot and mouth disease 

Uncertainty 

Low 

low 

Low 

Low 

chain through in fected bull from Assuming that FMD has been introduced into the value 
. , . , Id · fi· ted directly or indirectly. The Borena pastoral area, other buds 111 tr. e ."eedlots cou get 111 ec 

. ., d · fMDV are presented in Fig. 6. pathways through which bulls 111 the fe~olots are expose to ' 

Scavengers 

Inrected bulls purchasod ro, 
f----Joi fini shing 

ConlnrnmatJOn by handling IIl rectcd 
f----~ bulls and carcasses 

Contaminated scavengers/dog/vulture 
f----~ with improper disposal hoving accesses 

L-___ -' to reed lots 

Figure 6: FMD exposure pathway 

Exposure pathway!: exposure of bulls [I'om infected bull 

Inrection or bulls at 
reed lots 

According to SSI results, the bu~ls are usually introduced into feedlots without quarantine. 

The transmission of the disease throl!gh contact between newly introduced and previously 

purchased bulls is highly likely as b; -: is are free to move in the barn (Fig. 7) and share 

common feed and water which may be contaminated by the excretions and secretions of a bull 

infected or found in incubation period. Although, 83.9 .% of feedlots have isolation pens for 

sick animals, 76% of pens were found adjacent to pens where healthy bulls were kept with 

possibility of viral transmission frOll: infected bulls to healthy bulls by means of aerosols 

(Kitching, 1992). Vaccination of bUdS stUited after two weeks of registration by Adama 
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. ' ." balch of bulls to 
. . . . t 'oductIOn of Ilrst 

veterInary controlling authority. The length 01 tllne frolll In I . d virus is 
. ". .' bulls. The aerosolIse 

vaCCInatIon IS suflicl(:nt to transmIt the dIsease to healthy I year 
. .. , . , . . . It may persist for over 

resIstant to external Influences IIlcludlllg comlllon dls1l1fectants. . ds in 
. " . . . osol forlll for long pen a 

in contaminated premIses. fhe VII .. ..! ' also can pr::rslst 111 aer . . d th' t 
. . bl - . ulllstances, it is estImate a 

temperate or subtropIcal clImates. In the most favora e Clrc Ii 
. " . .., ." . (Radostits el al., 2006). There ore, 

suffiCIent vIrus IS present to IIlltlate WInd borne 1I11ectIon . 
. . . . ' . ' . healthy bulls in the feedlots IS 

the probabIlIty of transmIssIon of FMD J from IIlfected bull to 

assessed to be high (low uncertainty). 

Photograph: Gezahegn Alemayehu 

Figure 7: Bulls freel y move in barn and share feed and water 

Exposure pathway 2: exposure of bull:; to FMD from scavengers 

Semi-structured interview survey result!; indicated that the major disposa! practices at fcedlots 

is throwing carcasses into shallow pit~;_ 0r leave it on open air (93.5%) where scavengcrs can 
_M :~~ . 

easily havc accesses to carcasses )r":' ~1 transmit the virus to feedlots mechrlnic:.:lly or 

biologically. Furthermore, this survey indicated -that scavengers sllch as vultures, dog~ , cat" 

and rodents were scavenging -near th(;,::~edlots and dump sites. The sL;rvey further indicated 
R~ . , 

that 19.36% of feedlots were keeping dogs an·d in all feedlots cats and v',:ltures can have easy 

access to the feedlots . The virus can 'survive for long period of time in viscera, bone marrow, 

blood and lymph nodes (Mckercher and Callis, 1983; Radostits el al. , 2006). The virus can 

pass unchanged throllgh the alimentary tracts of birds which may thus act as carriers and 

transport infection for long distan-::c:: (Radostits el at., 2006). This fact indicated that vultures 

can playa role in the transmission of the disease. Dogs and cats lnay I 
a so play a role in 
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. . . ". :t' 'posed area to 
transmittIng the virus mechani0ally by carrying the inf0ctive matenal ,; 0111 ciS .' r 
. . ,' . . . Ie in transm 15510

n 
0 

leedlots enVlronlllents. Rocit:nts sllch .. ~ rats and mice may also play 10 
. " . . ' . (Aftosa, 2007). 

the virus because they show SOl11e ' ,;vel of susceptibilIty fOi the VII us 
. TI refore the 

However, the interaction of scavengers and bulls in the feedlots IS rare . 1e ' 

probability ot'transmitting the virus through scavengers is low (medium uncertainty). 

Exposure pathway 3: exposure of bulls to FMD from staff 
\ 

The hygienic practice of staff, who comes in contact with live and dead bulls was assessed. 

The assessment revealed that the ilrobability of contamination of staff coming in contact 

directly with bulls for several reasons at all stages of the production cycle including tagging, 

prophylaxis treatments, vaccic:Jtions, p.,r;:dication of sick animals, blood sample collections 

and disposal of dead lllllls could be ~ : igh. Indirect contacts also occur during feeding and 

watering. The analysis ofSSI revealed 1!:Bt 83.3% oflhe staff working in feedlots have direct contact 

with bulls. In 100% of feedlots observed, all staffs do not use any prcteetive clothes while 

handling dead bulls and al so do not use sanitary and disinfection fa0ilities to avoid 

eontC!m ination. Staff hands, clothes ,: ' ·.;hoes soi led with excretions from in reeted bu lis and 
. I, 

carcasses can also be the source of infection. The virus can survive f.J:' 24 -28 hours in the 

human respiratory tract (Radostits ef c:1., 2006; Aftosa, 2007) . The virus may also persist for 

over I year in contaminated premise, for 10-12 weeks on clothing ,\Ild feed , and up to a 

month on hair (Radostits et al. , 2006). Therefore, bulls could be infected directly by 

contaminated hands, aerosol and indirectly by ingestion of feed. Thus, the probability of 

transmitting the virus through contamillated staff is medium (low uncertainty). 

Summary of exposure assessment of FMD 

Table 5 presents the risk estimates fo . ':dl the exposure pathways. The probabil ities for the 

pathways range from low to high . The overall risk estimate for the bulls in the feedlots 

become infected by FMDV after th~ rc!ease of the virus by an infected bull in the value chain 

is thus high (low uncertainty) . Therefore, the exposure of bulls in the fC~'dlots to FMDV after 

the release of the virus by an infected)~l~ll in the value chain does occur very often. 
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Table 5: Summary of exposure aSSC~SJ11ent of FMD 

Risk Pathway Risk Catcgory 

Probability of infection of bulls iii tl:;;. fcedlot aller High 

exposure to FMDV from an infected Borena bull 

Probability that infected or contaminated scavengers low 

transmit FMDV to bulls in the feedlots 

Probability that feedlots staff handlinr'live and dead Medium 

bulls get contaminated with FMDV and transmit to 

bulls in the feedlot 

Overall risk estimate for exposure High 

4.1.3. Consequence assessments offoot and mouth disease 

Seroprevalence of foot and mouth ciisease in fcedlots 

Uncertainty 

Low 

Medium 

Low 

Low 

From the total of 38187 bulls examined for the presence of antibodies to the 3ABC non­

structural protein of FMD virus, 5530 (14.5%) were found positive. The seropositivity of 

FMD varied from site to site and the \'~~'iations were statistically significant (X2=3.28 , df= 9, 

p<O.OOI). The highest seropositivity was recorded in Meki (37.4%), and the lowest was 

recorded in Nahmaled site (3.1 %) (Table 6). 

Table 6: Seroprevalence of FMD in rel~lion to site of feedlot operations 

Site NQ of testcd NQ of positive Seropositive (%) 95% CI 

Dera 2090 745 35.6 33.6-37.7 
Modjo 484 16 3.3 1.7-4.9 
Migra 12180 1468 12.1 I 1.5-12.6 
Wanji 2136 77 3.6 2.8-4.4 
Koshe 6399 888 13.9 13 .0-14.7 
Meki 3544 1327 37.4 35.8-39.0 
A wash Melkasa 2417 518 21.4 19.8-23 .1 
Awash Sebat 4338 335 7.7 6.9-8.5 
Nahmaled 3469 106 3.1 
Adami Tulll 1130 56 

2.5-3.6 
5.0 3.7-6.2 

Total 38187 5536 14.5 14.1-14.9 

X2=3.28, df= 9, p=O.OOO 

" (0 
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b tween 
S"I ,. . . . ., - 001) difference e 

1n11 arl) , thele was statistically slgnll'lcant (X2==4.)5 , dr=9, p<O. 
, . 'ecordcd on 

months of the year with highest sero;. )sitivity 011 July (36.3%) and l(lwest WelS 1 

April (3.8%) (Fig.8). 
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Figure 8: Monthly seroprevalence of P 10 in feedlots in 20 I I 
.1, 

Economic loss estimation from foot and mouth disease 

-. 

I 
I .. ___ .-l 

Direct economic loss caused by FMD was calculated based on FMD rejection rate from 

international market. According to FMD serology result, 14.5% of bulls in the feedlots were 

found positive for FMD and subsequently rejected from international markets. Markets 

assessment during study period reveakd that, average 375kg bull was sold with 600USD 

(1.60 USDIKg) average price at termil'.tl markets for export. Therefore, the total econom ic 

loss due to FMD rejection from international market was estimated to be 3,322,269 USD 

which is equivalent to 56,345,682.21 ETB (I USD== 16.96 ETB). On average each 40 business 

"' owner participating in finishing of bulls destined fro export loss 83 ,057 USD (1,408,647 

ETB) due to FMD in 20 II . 

4.2. Risk assessment of lumpy skin di~ease 

j' 

4.2.1. Release assessment of lumpy sk~ . disease 

The pathway in which LSD could be introduced to feedlots th"ough B b II . I . oren a u rn mar ,et 
chain is similar with pathway design fcr FMD as shown in Figure" A ' d' 

J. ccor rng to SSI result 
100% of feedlot operators preferred young Borana bulls (three to fi . I . 

our yeals 0 d) for fattenrn o o 
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to export. The survey !'urther indicated that 80.6% or feedlot operators (n=31) use Borena 

markets as the main source or bulls and 19.4% reedlots operators used Dera and Adama 

markets 1'01' purchasing 130ranCl bulls ro;' their feedlots . 

Probability of Borena cattle in the ma "!t chain infected with LSD 

Scientific literatures indicated that LSD was maintained endemically in Borena pastoral 

system and outbreaks occurred almost ';very year (Gari el al., 20 I 0). R d fael e/ al. (2008) also 

indicated that LSD was one of important disease in Borena cattle next to CBPr and FMD. All 

ages and types of cattle are susceptible to LSD (Radostits el al. , 2006; Vorster and Mapham, 

2008). There is no national control and prevention strategy designed for LSD control (MoA , 

20 I 0). Lumpy skin disease outbreaks were controlled in Borena Zone by mass vaccination 0[' 

the risky populations following the rcports of its occurrences. However, as result of transport 

and communication problems, poor recO"ding and documentation system, the reporting rate of 

LSD outbreak is low. Furthermore, fj,lJncial and logistic problems werc found to be main 

deep-rooted sources of limitation ror responding fully and immediately to LSD outbreak 

reports (Bayissa and Bereda, 2009) . Number of bulls purchased per m[, l'ket varied to a great 

extent based on type of markets. The bulls were transported lIsing small tl'li '..: ks. The bulls can 

get infected at markets, collection sitcr'~;:: 1l1d during transportation, increasing the probability of 
" 

bulls reaching the feedlot in and around Adama shedding the virus . Taking into consideration 

the prevalence of LSD in Borena Zon~ and susceptibility of Borcna bulls to the di seasc, the 

probability that an infected bull enters i'J the market chain is high (low ',: ncertainty). 

Probability of infected Borena bull not detected in the market chain 

The incubation period under field conditions is 2-4 weeks and 7-14 days following 

experimental challenge (Radostits el al., 2006) . The characteristic skin nodules of LSD are 

seen between 7 and 19 days after viru~ inoculation. According to SS! results, average time 

spent on transpol1ation from production areas to feedlots in Central Ethiopia is 1.65 days. 

Since bulls from production area to the feedlots spent less than 7 days, the likelihood of an 

infected bull without clinical sign undetected along the market chain is very high . Markets 

survey indicated that at various points in market chain from primary markets to feedlots in 

Central Ethiopia there were no veter: :'" t ian performing pre-purchase inspection and selection 

for quality assurance and certification ['or live cattle. The traded animals were not subjected to 
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. . . ." . along the market 
any test bcf"ore they wcre moved II1to fctldlots. Pre-purchase Inspections 

. . . I ry animal health cham have been r;onducted by traders or purchaser groups Wit lout necessa 

knowledge. According to SSI results, about 87.1 % of operators have a trend of buying 

. . h Id ' · tl" b bTt)1 of an infected bull anlll1als as batch. Buying ammals as batc COLI IIlCI ease le pi 0 a I I 

with mild infection to pass undetected along the market chain . The probability of not 

detecting the infected bull under the specified conditions is therefore assessed to be very high 

(low uncertainty). 

Probability of lack of containment of the LSD virus 

According to SSI result, pre-purchast';nspection by purchasers group involves a visual and 

physical evaluation of bulls whi!e moving freely in the markets. Personal observation 

indicated that. in 93.5% of feedlots d j bodies disposed in shallow (ts near by feedlots or 

throw in open air where insects have easy accesses to disposed carcasses thus facilitating the 

transmission of the disease. Lumpy 5kin disease infected bulls were isolated in 83 .9% of 

feedlots observed; however, none of isolation pens were insects proof with very high 

probability of viral transmission flroUgh mechanical vectors such as Stomoxys .5pp. and 

mosquitoes (Kitching and Mellor, 1986; Chihota ef at., 200 I) . In 100% of surveyed feedlots, 

staffs do not use any protective cloths while handling the cattle and also do not use sanitary 

and disinfection facilities to avoid con~[,mination . Generally, there could be an introduction of 

unobservable LSD infection via traded bulls; contaminated equipments and contaminated 

staffs. The facility would not help to identify and exclude the risk from introduction of the 

virus to feedlots. Thus, due to lack of biocontainment of the virus along the value chain, the 

probability of undetected infection ,~·· tered to the feedlots is considered to be high (low 

uncertainty). 

Summary of release assessment for U;:" 

The analysis results revealed that the overall risk for the release of LSDV III feedlots is 

estimated to be high (low uncertainty). Release pathways probabilities vary from high very to 

high (Table 7). Therefore, according to Tabie 2 interpretation, the probability of LSDV 

release into feedlots by traded bulls :11 the market chain occurs very often. 
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Table 7: Summary of release assessnw 1t for LSD 

Risk Pathway Risl< Catcgory Unccrtainty 

Probability of Borena bull 111 the IT. Iket chain is High 

in fee ted with LSD 

Probability of infected Borena bull is not detected Very high 

while passing along the market chain 

Probability of lack of biocontainment of the virus High 

within the facility along the value chain 

Overall risk estimate for release I-ligh 

4.2.2. Exposure assessment of lumpy skin disease 

Low 

Low 

Low 

Low 

Assuming that LSD has been introduced into the feedlot through infeer'~ d bull passing along 

market chain, the bulls in the feedlots could get infected indirectly (Rcvid, 2008a). The 

pathway through which bulls in the fr I':ots could be exposed to LSDV is presented in Fig.9. 

EquipmcllIs 

Co:'!" ina:cd while feeding 
in(cc:;~.i blood and wound 

ConlJ~,inaled 

equipmcnls uscd in thc 
fecoinls 

Figure 9: Exposure pathway of LSD 

Inli!ction ofbul\s at 

l"cdlolS 

Exposure pathway I: exposure of bull to LSDV from blood- feeding arthropods 

Literatures indicated that the transmi ss;on of LSDV is believed to occur mainly by blood­

feeding arthropods (Weiss, 1968; Kitching and Mellor, 1986; Chihota el al., 200 I) . According 

to feedlot operators, LSD outbreaks in feedlots occurred during rainy se:.!::on when mosquitoes 

and other flies population increases. Different studies indicted that LSD'! is mechanically 

transmitted by mosquitoes (e.g. Culc,":cllirijicens, Aedes natrionus and A. aegypti)) and flies 

(e.g. Stomoxys calcilrans and Bi{).~nyi(/fasciata) (Weiss, 1968; Kitch:l1g and Mellor, 1986; 

Yeraham et aI. , 1995; Chihota et a!., .~~~OO I; Vorster and Mapham, 2008). According to SS! 

results, vaccination of bulls started " ';:eek after the final bull purch ;!~ed have entered the 

feedlots and registered by quarantine service. However, the duration of time from introduction 

of the first batch of bulls to vaccination is sufficient for transmission of the disease to 
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. . . d 'l t 71% of feedlots susceptible bulls by biting insects. Furthermore. SSI results II1dlcate t 1a 0 

. I r . d b II isolated in 85% operators have doubt on the cfficacy 0" I.he LSD vaccll1e. nlccte u s were 

of the fecdlots. However, biting insects have easy accesscs to the isolated infected and healthy 

bulls. Therefore, the probability of transmitting the virus is very high. Since temporal LSD 

Occurrence was associated with increase in the biting-fly population ((lJari el al. , 20 I 0), the 

probability of infection of bulls in a feedlot after exposure to LSDV from blood feeding 

arthropods during rainy season is very":,igh (medium uncertainty). 

Exposure pathway 2: exposure of bulls}o LSD from equipments 

According SSI results, as part of SPS requirements and rules and rcgulations of animal 

quarantine, it is mandatory to vaccinr:te all bulls in the feedlot destined for export for six 

diseases and dcworm at least once. Th~: common method of vaccination and dcworming are 

subcutancous injection. Semi-strtlc~;;,'c interview results further indicated that only 29% of 

feedlot operators use their own veterinarian for the treatment of sick animals . The rest 71 % 

operators use mobile veterinarians with higher probability using contaminated equipmenrs 

between feedlots . Contamination of eql;'i pment happens mainly via blood, crust of skin lesion, 

saliva, nasal and lachrymal dischargcs (Weiss, 1968). Lumpy skin disease virus is remarkably 

stable and surviving for long periods at ambient temperature, especially in dried scabs. The 

virus is very resistant to inactivation, surviving in necrotic sk in nodules for up to 33 days or 

longer, desiccated crusts for up to 35 days, and at least 18 days in air-dried hides (Rovid , 

2008a). Ifproper ncedle hygiene was not practiced, needles contaminated with virulent LSDV 

during the actual vaccination and tre<ltment procedure serve as vehicle for transmission of the 

virus (Carn and Kitching, 1995; Mag'~" ' i-Cohen el al., 20 12; Tuppurz';I~en and Oura, 2012). 

According to personal observation, biosecurity levels in most feedlots were very poor; this 

makes them to be very vulnerable to Jisease incursions. Survcy further indicated that almost 

all feedlots are unlikely to disinfect or thoroughly clean and dry their equipment. The 

likelihood of exposure of bulls i!:' tIle feedlots to LSDV through unsterilized needles is 

therefore considered to be high (low uncertainty) . 

Summary of exposure assessment for ~. 3D 

The risk estimates for all the exposl!:'e pathways is presented in Table 8. The probabilities in 

the pathways range from high to very high. The overall risk estimate fcc exposure of bu: Is Lo 

become infected by LSDV after the release of the virus by an infected bull is thus very high 
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· by an 
(mcdium unccrtainty). T'he exposure (,i-' bulls to LSDV after the rele::se of the Vlrl.lS 

infected hull in the value chain occurs almost certainly Crablc 2). It should be noted also that 

this qualitativc probability estimate is associated with a medium level of uncertainty. This 

Icvel of uncertainty is due to lack of information on type of blood feeding arthropods present 

in feedlots areas . 

Table 8: Summary of exposure assessment for LSD 

Risk pathway Risk Category Uncertainty 

Probability of infection of bulls in the feedlots after Very high 

exposure to LSDV from contaminated blood- feeding 

arthropods. 

Probability of infection of bulls in t: ,,; feedlots after High 

exposure to LSDV from contaminated equipments. 

Overall risk estimate fix exposure Very high 

4.2.3. Conscquence assessment of IUliltJ)1 skin disease 

Clinical and epidemiological investigation of LSD outbreak 

Medium 

Low 

Medium 

During study period, all bulls were carefully examined for presence of characteristic clinical 

signs of LSD. Affected animals showed severe clinical signs (Fig. I 0), characterized by 

generalized skin nodules of 2-5 cm in (j .iameter (Fig.1 OA I), enlarged peripheral lymph nodes 

and edema of the dependent parts (brisket and forelegs) (Fig.IO A2), and ocular 

discharge(Fig. IO A3). Majority of the affected population was observed with variable degree 

of lameness (Fig.1 08 I) that accompanied with edema of lim bs with the progression of discase 

the nodules became necrotic, and eve" :mllya deep scab formed (sit-fast) (Fig. I 082). 
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Photograph: Gezahegn Alemayehu 

Figure [0: characteristic clinical signs of LSD 

(A I). Generalized skin nodules, (A2). Brisket edema, (A3). Lameness and edema of leg , 

(8 1) .Ocular discharge, (82). Nccrotic :lOdules and deep scab formation (sit-fast) 

From the total of 11189 bulls observe .. ~ ,during outbreak investigation of LSD in six sites of 

feedlot operation in and around Adam~,' 681 (6 .1 %) and 204 (1.8%) bulls were found affected 

and dead with LSD, respectively. Analysis of the outbreak statistics considering site as risk 

factor (Table 9) revealed a significant difference in morbidity rate (X2=2.514, df=5 , p<O .OO I) 
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I · K h (I I 9%) and among all the sites of feedlots operati. ·.IS with highest values observet 111 os e . 

lowest value absorbed in [)era ( 1.4%). Morwlity rate were also signifi~antly different (;,:2 == 

1.68 df=5, p<O.OO I) among all the sites of operations with highest values observed Koshe 

(4.8%) and lowest va lue absorbed in Dem (0.5%). The overall case fatal ity of the disease was 

30% with significant difference among all feedlot operation sites ( X2= 32.67 df=5, p<O.OO I). 

The highest case fatality was recorded in Koshe (40.5%), and lowest case fatality was 

recorded in Nahmaled (15.8%). 

Table 9: Morbidity, mortality and case fatality rates of LSD in re lation to site 

~ite PAR New case Dead Morb. (%) Mort. (%) CFR(%) 

Boku 817 89 '~5 10.9 3.1 28.1 
Dera 1050 15 1.4 0.5 33.3 
Koshe 2263 269 :09 11.9 4.8 40.5 
Migra 1771 74 "'"t 4.2 1.4 32.4 .:_-t 

Nahmled 4055 158 :?5 3.9 0.6 15 .8 
Wanji 1233 76 : ~ 6.2 1.3 21.1 
Total 11189 681 204 6. 1 1.8 30 

PAR=Population at risk; Morb. =Moro)dity; Mort. =Morta lity; CFR== Case fatality ratc 

Direct economic loss estimation due to LSD 

Di rect economic loss caused by LSD was calculated based on LSD morta lity rate and 

rejection rate of bulls from internationa:-markets due to detected LSD infection. According to 

clinical and epidemiological LSD outbreak investigation result, 1.8% of bulls were dead and 

4.1 % were rejected. According to Adama plant and animal quarantine service record , 18864 

bulls were at risk of death and rejection during the LSD outbreak. Terminal market survey 

indicated that, a bull with 375kg aver"ge weight was sold with 600USD average price (1 .60 

USD/Kg). Total financial loss due te ~_SD death of bul ls in the feed lot during the outbreak 

(June-December 20 I I ) was estimated 204,000 USD and 464,054.4 USD estimated loss from 

LSD rejection. Therefore, the total ~' ~onomic loss due to LSD demh and rejection was 

estimated to be 668,054.4 USD whicn is equivalent to 11,330,202.6 ETB (1 USD= 16.96 

ETB). On average each 20 assessed feed lot owner lost 33 ,403 USD (566,515 ETB) due to 

LSD during six month of study period. 
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4.3. Risl< assessment of contagious bovine plcuropneumonia 

4.3.1 . Release assessment of cuntagiol!~ bovine pleuropneumonia 

The pathway in which CBPP could ' ~e introduced to the feedlots through Borena bull in 

market chain is similar with pathway design for FMD as shown in Figure 5. According to SSI 

result 100% of feedlot operators pre[kred young BOI'ana bulls (three to four years old) for 

fattening to export. Survey further indicated that, 80.6% feedlot operators (n=31) use Borena 

markets as the main source bulls and 19.4% feedlots operators used Dera and Adama markets 

for purchasing Borana bulls for their feedlots. 

Probability of Borena cattle in the market chain infected with CBPP 

According to different literatures, Ethimia is one of east African counrries in which CBPP is 

endemically maintained all over the .:;ountry with 25% morbidity and more than 10% 

mortality (Masiga el ai" 1996; Tambi el al. , 2006). Borena Zone as a whole infected s ince 

long time, is an endemic area (Afework, 2002) , According to result ot:a ined by Issa (2004) 

and Roger and Yigezu (1995) prevalence rates of 9.4 % and 74% were recorded in Borena 

cattle, respect ively. Rufael el al., (2C'~ .) also indicated that CBPP was number one important 

disease in Borena cattle. Borena zebu (Bos indicus) cattle are fully susceptible to the disease 

(Masiga and Read, 1972). There is wwerrunent strategy in animal health provision of 

preventive services through mass vaccination of CBPP (Bayissa and Bereda, 2009), 

Borena Pastoral Area Development Office record analysis result revealed that more than 80% 

of cattle in the Borena Zone were vaccinated for CBPP in 2010/2011. Annual mass 

vaccination program might decrease the seroprevalence of the disease (Masiga and 

Domenech, 1995). However, taking into consideration the long time endemic maintenance of 

the disease in Borena Zone and susceptibility of Borena cattle for CBPP, the probability that 

an infected bull entered to the market c~hin is medium (low uncertainty). 

Probability of infected Borena bull no: detected in market chain 

The incubation period for CBPP is difficult to define. This period varies n'un 20 to 123 days 

(Rovid, 2008b). According to SSL-,;,?sults, average time spent on transportation from 

production areas to feedlots in Centrai Ethiopia was 1.65 days . Since cattle From production 

area to the feedlots spent less than 2,0._ days, the likel',hood of an infected animal with out 
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I·· I' d . . I' I M k . Y l'nd'lcated that at c IIlICa sign un etected along the market chall1 IS lIg 1. ar ets SUI ve 

various points in market chain fron. primary market to leedlots in Central Ethiopia there was 

no veterinarian conducting pre-purchase inspection and selection for quality assurance and 

certification 1'01' live cattle. The tradcci,.:lI1imals were not subjected to any tests before they 
. ; ' 

were moved into feedlots . Pre-purck.se inspections along the market chain have been 

performed by traders 01' purchaser groups with out necessary veterinary ski lis and knowledge. 

Furthermore, diagnosis of CBPP in a single animal may be difficult and 50% of the animals 

develop subclinical disease (Masiga el al., 1996). Semi-structure interview results further 

indicated that 87.1 % of operators hav:. '1 trend of buying animals as batch. Buying an imals as 

batch could increase the probability of an infected bull with mild infection to pass undetected 

along the market chain . The probabi I i" ,' of not detecting the in fected bu lis under the speci fied 

conditions is therefore assessed to be '/ery high (low uncertai nty). 

Probability of lack of containment of Mmll1sc bacteria in market chain 

Markets survey indicated that pre-purchase inspection by purchasers group involves a visual 

and physical evaluation of animals while moving freely in the market. According to survey 

results, 83.9% feedlots have isolation pens, however, 76% of pens were found adjacent to pen 

where healthy bulls were kept with po.~:.i bility of bacterial transmission from infected bulls to 

healthy bulls by means of aerosols (Masiga et al. , 1996). Generally, there could be an 

introduction of unobservable CBPP infection via traded bulls. The facility would not help to 

identify and exclude the risk from introduction to the feedlots. Thus, due to lack of 

biocontainment of the bacteria withi.!l the facility of the market chain, the probability of 

introduction of the bacteria into the fe~:llots is considered to be high (low uncertainty) . 

Summary of release assessment of CB ::.'1 

The findings of this assessment as outlined in Table 6 suggest that the overall risk for the 

release of MrnmSC bacteria in feedlots was estimated as medium with low uncertainty, 

Release pathways probabilities vary from medium to very high The r d' . , relore, accor II1g to 

interpretation in Table 2, the probei)ility of Mmf!lSC bact'el··la . I ' . , I e ease II1to feedlot by traded 
bulls in the market chain occurs reguiarly, 
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Table 10: Summary uf release assess .. ~nt ufCI3PI' 

Risk pathway 

Probability of Borena bull in the m:!I\et chain is 

infected with CBPP 

Probability of infected Borena bull is not detected 

while passing along the market chain 

Probability of lack of biocontaiilment of the 

bacteria within the facility along the market chain 

Overall risk estimate for release 

Risl< category 

Medium 

Very high 

1-1 igh 

Medium 

4.3.2. Exposure assessment of contagious bovine pleuropneumonia 

Unccrtainty 

Low 

low 

Low 

Low 

Assuming that CBPP agent has been introduced into the fcedlot through infr;cted bull passing 

along market chain, other bulls in f("~~lots could get infected directly (Rovid, 2008b). The 
· , ;1 

pathways through which bull are expoo::.d to MII7I11SC bacteria is shown in Fig.ll . 

InfcClcd bulls lnfcclion of 
in Ihe markel bull s along 

market ch ain 

Figure II: CBPP exposure pathway 

, 
lnfccwd uull 

~-r---j;.{ purchdsccl lar I--

I fini shing 

Exposure pathway I: Exposure of bulls via infected bull 

l:t fcclion of 
u',:ls al reedl~:J 

According to SSI results, the bulls are ~Isually introduced into feedlots without quarantine. 

The transmission of the disease throli6~ contact bet,veen newly introduced and previously 

purchased bulls is highly likely as bulls arc free to move in the barn (Fig. 7) and share 

common feed and water which increase direct contacts between healthy and diseased bulls or 

at incubation stage. Interview with feedlots operators indicated that, va.::cination of bulls 

started two week after the final bu: ~ " .• rchased have entered the feedlots and registered by 

quarantine service. The duration ofti-:11e from introduction of the first barch to vaccination is 

sufficient to transmit the disease to s' -:;eptible bulls. M. mycoides SC is mainly transmitted 

from animal to animal tilrough aerose!:.,. In 16.1 % of observed feedlot~' ::here was no isolation 

pen for sick bulls. Furthermore, in 76% observed feedlots the isolation pens were constructed 

adjacent to healthy bulls' pens. Therefore, there is possibility of the bacterial transmission 
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from infected bulls to healthy bulls b:t means of aerosols (Masiga e/ al. , 1996). Carrier 

animals, including subc linically infected cattle, can retain viable organisms in encapsulated 

lung lesions (sequestra) for up to t\'/o years. These bulls may shed organisms, particularly 

when stresscd. Thcreforc, the probabi lity of transmission of CBPP [".:om infected bull to 

healthy bulls in the value chain is assessed to be high (low uncertainty). 
1 ) 

The overall risk estimate for the bulls in the feedlots become infected by CBPP after the 

release of the bacteria by an infectedJ~ull in the value chain is til us high (low uncertainty). 

Using the interpretation given in Tabl.e 2, the exposure of bulls in the feedlots to after the 

release of the Ml11mSC by an infected bu ll in the value chain does occur very often . 

4.3.3 . Consequence assessment of contagious bovine pleuropneumonia 

Seroprevalence of contagious bovine pleuropneumonia 

From the total of 38187 bulls examindfor the presence of antibodies using c-ELlSA, 150 

(0.4%) were found positive. The seroJJositiv ity of CBPP varied from site to site, and the 

variations were statistically signi ficant (X2=63.45 , df= 9, p<O.OO I). The highest seropositivity 

was recorded in Meki (1.1 %), and the lowest was recorded in Modjo site (0.0%) (Table I I). 

Table II: Seroprevalence ofCBPP in -; Iation to site of feedlot operation 

Site NQ of tested NQ of positive Scropositivc(% ) 95'10 CI 

Dera 2090 14 0.7 0.3- 1.0 
Modjo 484 0 0.0 0.0-0.0 
Migra 12180 38 0.3 0.2-0.4 
Wanji 2136 4 0.2 0.0-0.4 
Koshe 6399 19 0.3 0.2-0.4 
Meki 3544 40 1.1 0.8-1.5 
Awash Melkasa 24 17 6 0.2 0.0-0.4 
Awash Sebat 4338 15 0.3 0.2-0.5 
Nahmaled 3469 10 . 0.3 0.1-0.5 
Adami Tulu 1130 4 0.4 0.0-0.7 
Overall 38187 150 0.4 0.3-0.5 

X2=63.449, df= 9, p=O.OOO 

r. 
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· . .., .. 373 If'-9 - 0005) difference between SlIllIlarly, there was statIstIcally sIgnIfIcant (;'(2 =2. t - , p- . 

months of the year with highest seropositivity on .Iuly (0.7%) and lowest recorded on June 

(0.1 %) (Fig. 12). 

r l 

~.t1onth 
_____ .J L-_ _ _ _ ... ___ ___________ . ___ _ 

Figure 12: Monthly seroprevalence of CBPP in feedlots in 20 II 

Economic loss due to CBPP 

Direct economic loss caused by CBBP was calculated based on CBPP rejection rate from 

international market. According to cm'p serology result, 0.4% of bulls in the feedlots were 

found positive for CBPP and subsequently rejected from international markets. Market 

assessment during period revealed that average 375kg bull was sold with 600USD (1.60 

USD/Kg) average price at terminal mc:rkets for export. Therefore, the total Gconomic loss due 

to CBPP rejection from internatiorr : market was estimated to be 91 ,649 USD which is 

equivalent to 1,554,367 ETB (I USD= 16.96 ETB). On average each 40 business owner 

participating in finishing of bulls destined for export lost 2,291.2 USD (38,859 ETB) due to 

CBPP in 201 i. 

4.4. Participatory assessment of perceptions of feedlots operators to the risks 

The result of semi-structured interviews revealed that informants groups participating in 

finishing of Borena cattle for export 'Nere able to describe diseases and ranked them based on 

mortality, rejection from international market, market value of diseased bulls in local market , 
feed conversion rate, frequency of oeG~,(.'ence and the ease for control. The result of pair-wise 
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. k' . I . I fi .'. .. II . ·t'll"(" I'll six groupS out of rem mg I cvea ed that LSD wns ranked WIt 1 LOp 01 Its ovel d Impol (I v' , 

. rd' t- . d fi t ' I: s I'tes 'md th i rd in ten 1Il10nnant groups and FMD rank.: ' secon In we SItes an 'Irs III lour ( 

one site. Pastcurellosis. bloat and CBP'> ranked third , fourth and fiflh , respectively (Annex 6). 

The results of pair-wise comparisons '."ere the basis for further charact~rization and selection 

of diseases for matrix scoring. The results of matrix scoring for transboundary animal diseases 

and other diseases are presented in Table 12 . Strong agreement (W = 0.837 to 0.989; 

P==O .OOO) was observed among the 10 informant groups with group size varied from 4-1 I for 

a ll disease indicators. The inforr.',ant groups indicated that skin lesion ; rejection from 

international market, mortality, decrease feed conversion rate, lameness, and decrease market 

vallie in local market and morbidity were common indicators of LSD. They also indicated that 

salivation, rejection from internationa: market and lameness were 1110st important indicators 

of FMD and coughing for CBPP. 

Table 12: Summarized matrix scoring of cattle disease by feed lot operaturs 

Indicators (W) 
-- (', . 

Diseases 
Bloat FMD LSD CBPP Pastuerellos 

IS 
Skin lesion (\V = 0.884) 0(0-0) 0(0-2) 25(24-25) 0(0-0) 0(0-0) 
Rejected (W =0 .981) 0(0-0) ". 14(12-15) 9(9-22) ~;(1-3) 0(0-0) 
Mortality (W == 0.922) 6(3-7) 0(0-0) 10(9-13) 1.)(0·-6) 8(6-8) 
Coughing (W=0.995) 0(0-0) 0(0-1 ) 3(2-3) 2( 12-16) 10(6-1 I ) 
Salivation (W==0.955) 0(0-0) 15(14- 15) 0(0-0) 2(0-5) 9(5-10) 
Occur at the begging of 12 .5 ( 11- 0(0-0) 0(0-1) 0(0-2) 12(12-13) 
finishing period (W==0.890) 12) 
Decrease feed conversion O(O-G) 3(2-5) I 5( 14-20) 5(2-7) 0(0-3) 
rate (W ==0 .885) 
Lameness (W == 0.960) 0(0-0) 10 (9-1 3) 15(12-16) 0(0-0) 0(0-0) 
Decrease market value (W== 0(0-0) 1(0-2) 24(20-25) 1(0-3) 0(0-0) 
0.837) 
Sudden death ( W == 0.880) 12(9-15) 1(0-4) 0(0-0) 2(0-5) 10(9-12) 
Morbidity (W == 0.960) 0(0-0) 7(6-12) 10 .5(8-13) 5( 1-6) 2.5(0-4) 
Response to treatment (W 3(0-3) 0(0-1 ) 2(0-3) 8(8- 10) 12( 11-15) 
=918) 

Number of informants groups = 10; W--Kendal coefficient of concordance; P- value is <0.00 I 

for all W. Median scores (with mininllir:l and maximum scores) were shown in each ce ll of 

the tab le. 
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4.5. Risk estimation of prioritized transuoundary diseases 

The likelihood of introduction of pric. itized TADs to feedlots from in fected bull passing 

along market chain ranges from medium to high . There is high probability FMD and LSD 

introduction to the feedlots and medium probability for CBPP. The likelihood of infection, as 

a consequence of exposure also high except for that of LSD very high consequence of 

exposure in the presence of blood [.!eding arthropods. Then, the likelihoods of diseases 

occurrence from the release and exp()sure range from medium to high (Table 13). As a 

consequence, the overall prevalence of FMD and LSD is more than 5% that need control 

intervention. The total estimated ar. .. . ual (20 II) economic loss dUf! to three prioritized 

transboundary diseases was estimated to be 4,08 1,972.2 USD which is equivalent to 

69,230,248.51 ETB ( I USD= 16.96 ET13). The economic losses estimation also revealed that 

more than 20.8% loss was recorded from tota l income of business due 10 the occurrence of 

these three diseases. Therefore, I·~e risk estimation is greater than negligible and risk 

management measures may be justified. 

Table 13: Risk Estimation of Prioritize(;·Transboundary Diseases in feed lots 

Disease Risk of Release Risk of Exposure Disease Occurrence 

FMD High High High 

LSD High Very high 1-1 igh 

CBPP Medium ,: :3h Med ium 

" 
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5. DISCUSSIONS 

-I'h ' , bl' I I I f'- Id 's 'I relatively c application of risk analysis in thl! animal and veterinary pu IC lea t 1 IC S I , 

new and evolving discipline that has L)eeome increasingly important aftcr the establishment of 

the agrecment on the application of sanitary and phytosanitary measures (SPS agreement). 

being largely employed to provide importing countries with an objective method of assessing 

disease risks associated with the importation of animal products (Murray ef al., 2004). 

Nevertheless, it is also applicable to otl;..'r areas of animal disease control and, more widely, to 

other risky decision contexts (Fahrion ef al. , 2008; FAG, 20 I 0; Taylor el aI. , 20 I 0; FAG, 

20 II). In this sense, the risk assessment framework can help in identi fying risk hotspots in the 

value chain, which is useful to optimize targeted surveillance and control mcasures (Taylor el 

aI. , 20 I 0; FAG, 20 II) , Considering our assumptions, somc traded bulls in the market chain 

were identi ried as being of higher ris! : ior the introduction and spread of prioritized T ADs in 

the feedlots because of their placc of origin, certification system in the market chain, faciliti es 

in thc chain to exclude the risk ancl, .:areness of the actors in the chain towards the risks. 

Many of live cattle exported from Ethiopia are originated from Borena jJdstoral system where 

FMD, LSD and CBPP epidemics have been reported (Roger and Yigezu, 1995 ; Issa, 2004; 

Rufael el al. , 2008; Gari el al. ,20 I 0; Bayissa ef al. , 20 II ; Mekonen et aI. , 20 II). Furthermore, 

these animals were moved from production areas to the feedlots with out certifications and 

any test. Pre-purchase inspections along the market chain have been conducted by traders or 

purchaser groups without necessary veterinary skills and knowledge and therc are no 

appropriate holding facilities in the m~; .. ket chain that can assure containment of the agents 

upon release. Therefore, the overall risks range from medium to high as a result of high risk of 

introduction of FMD and LSD and medium risk for CBPP to market chain. These steps in the 

release risk pathways should be considered as being critical control points where appropriate 

intervention measures can be applied . The probabilities of bulls in the value chain becoming 

exposed to FMDV and Mmll1SC bact.;~ ~·:a after they are released by traded bulls in the market 

chain are considered to be high and very high for LSD virus. These are mainly due to the fact 

that biosecurity measures along the ,,"·'..Ie chain are negligible which P1akes them to be very 

vulnerable to disease incursions. 

As biological consequences, the overnll seroprevalence of 14.5% reported for FMD in this 

study is indicative of its importance in feedlots business. The individual animal 

seroprevalence result obtained in this study was in close agrcement with the previous findings 

, . 
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r . Ad' . I d J'" , - (M 11 'l1110lld e/ al. 2011) in 110m n assa dairy farm (MazengJa ('I a ., 20 I 0) an IJlgd zone I 0 , ' 

which seropositivity of 14 .6 and 14.05% were reported, respectively. On the other hand, the 

prevalence reported in this study is higher value than pervious reports of 8.18% (Molla et al. , 

20 I 0) and 9.5% (Megersa el al., 20W) in South Ethiopia. The seropositivity finding of this 

study is lower than record of21% in the BOI'ana pastoral area (Rufael et aI. , 2008) and 26.5% 

in the country (Sahle, 2004). The lower prevalence of FMD in the feedlots than in Borena 

pastoral system might be due to the i\.ct that bulls are purchased bas~d on their good body 

condition and health . Thus, the probability of chronically ill animals with poor body condition 

entering the feedlots is therefore very low. 

There was significant difference found between sites of feedlots operations with FMD 

prevalence of 37.4% and 3.1 % at Meki and Nahmaled sites, respectively. This variation might 

be due to the difference of biosecurity measures the feedlots used . Similarly, there was 

statistically significant (X2=4 .55 , df=9, p<O.OO I) di fference between months o f the year with 

highest seropositivity on July (36.3%) and lowest was recorded on April (3.8%). The relative 

low seroprevalence in April might b~ due to the fact that FMD virus transmission over 

considerable distance by aerosol is Ic~s effective in hot and dry condition of tropics (Hutber 

and Kitching, 2000). Therefore, the r(,:·"\Jrted higher prevalence of FMD during cold and rainy 

month of July could be attributed to virus stability under such conditions (Klein el aI. , 2008). 

The presence of characteristic skin L ;Jdules and outstanding features of the LSD are best 

indicative of the occurrence of LSD at affected feedlots . The clinical picture of the disease 

includes such as generalized skin nodulcs, edema of the dependent parts, ocular discharge and 

lameness were in accord with those documented by Coetzer (2004), Brenner el al. (2006), 

Radostits el af. (2006), Kumer (2011), Gari el al. (20 I 0) Salib and Osman (201 1) and Body 

el al. (2012). 

The magnitude and frequency of LSD occurrence varied across sites of feedlots operation 

during the study period . The observed LSD prevalence at animal level found in this study was 

6.1 % which was in close agreement with the previous findings from Nekemt area of 7.02% 

(Regassa, 2003) and 8.1 % reported by Gari el al. (20 I 0) in the coun~ry. Mortality (1.8%) 

observed during this outbrep,k was similar with previous reports by Salib and Osman (2011) in 

Egyptian cattle. The significant diff/) nces observed between the morbidity, mortality and 

case fatality rates in the six sites might be attributed to variations in availability of suitable 
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d· . . • . . . I 1990' G ri el 01.. 2010) and can ItlOn for tne prcsence of biood-kcdlllg arthropods (All el a ., , a . . 

diffcrence in biosecurity practice used in the feedlots. 

A seasonal characteristic of LSD occurrcnce implies that the transmission of the diseasc might 

be linked with the optimum season for the development of vector insect population (Kitching 

and Mellor, 1986; Chihota el 01., 200! ; Gari el 01., 20 I 0). However, there are still little hard 

evidences for the specific insect vectors incriminated in the transmission of LDSV and may 

deserve further study to elaborate the principal vectors. 

From the total of 38187 bulls examine:! for the presence of CBPP antibodies using c-ELlSA, 

I SO (0.4%) were found positive. The"present study is in close agreement with the previoLis 

seroprevalence record of 0.5 I % in Nigeria (Nawathc, 1992). On the other hand, the 

seropositivity finding of this study . 'as lower than the overall seroprevalence of 10.3% 

reporteci by Mekonnen (2004) in Somali Region and 4% in West Well:.;ga by Fikru, (200 I). 

Highcr sero~revalences were also recorded in previous studies in Borena Zonc with 5.1 % and 

74% prevalence by Issa (2C04) and Roger and Yigez LI (1995), respectively . The lower 

seroprevalence in this study might be due to the fact that annual mass vaccination program 

might decrea£es the seroprevalencc of the diseases at community level. This fact is supported 

by Masiga and Domenech (1995) in which annual mass vaccination has been used with good 

results in East Africa and much of W( ~ : Africa. Bulls intended for finishing were purchased 

based on their good body condition and health, the probability of chronically ill animals with 

poor body condition is therefore very low. This might also account for lower prevalence of 

diseases in the feedlots. In Ethiopia antibiotic is used for the treatment c;f the disease for long 

time. This could lower seroprevalenc of the disease by reducing a detectable serological 

response (OlE, 2009). 

The seropositivity of CBPP varied 0'.'; .'Ieen study sites and the variations were statistically 

significant (X2=63.45, df= 9, p<O.OO i). The highest seropositivity w':s recorded in Mcki 

(1.1 %), anct the lowest was recorded in Modjo site (0.0%). This variation might occur due to 

the difference in biosecurity meaE~lres used in feedlots. Similarly, there was statistically 

significant (X2=23.73 , df=9, p= 0.0(5) differcnce between month of the year with highest 

seropositivity on July (0.7%) and l.owe:.t was recorded on June (0.1%). The higher prevalence 

of the diseases in rain month of July i.Iight be due to the fact that the d:sease is less prevalent 

in dry climates than in humid ones dL:",to infected droplets can be inactivated by ultraviolet 

light as indicated by Provost et al. (1997). 
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The tOlal anllual (20 I I) economic loss due to prioritized TADs was estimated to be 

4,081.972 .2 USD which is equivalent to 69,230,248.5 ETB (ILJSD == 16 .96 ETB) . These 

losses were due to dealh of' cattle from LSD and rejection of cattle from international markel 

due 10 LSD, FMD and CBPP. The total estimated economic losses caused by three 

transboundary diseases in this study were 20.8% of the total income of the business owners 

from finished bulls. On average each business owner loss 33 ,403, 83 ,057 and 2,291.2LJSD in 

20 II due to LSD, FMD and CBPP, respectively. This loss estimated for individual business 

owner might be more than estimated here since each operator could' engage in finishing 

practice more than once in a year. Moreover, the feedlot operators also incurred costs 

associated with treatment of sick bulls and maintenance of the rejected animals. For example 

during the LSD outbreak, the feedlots operators tried to sell Ihose rejected bulls for local 

butchers, However, no one need to buy those bulls due to the fact that the disease affects the 

flesh of the bulls . Therefore, the rejected bulls were held at feedlots for additional three to 

four months at a cost of the operators. The same is true for FMD and CBPP in which the 

rejected bulls further reconditioned for additional 2-3 months in order to compete with bulls 

from smallholder fatteners in the 10Cil: markets . Due to this fact some feedlots operators drew 

down their working capital and were unable to resume their fattening activities at the time of 

this study (about 5 months after the outbreak). I-Ience, the introduction of trade sensitive 

diseases illto feedlots can cause severe financial hardship and lead to the failure of the 

business. Furthermore, an outbreak of a disease such as LSD in the feedlots increases the risk 

facing individuals or Finns considering entering the live cattle export industry, even in time 

when the disease may not be present. 

The demonstrated negative impacts of the three prioritized T ADs on the feedlots operators ' 

are not the only consequence documented where financial impact assessment was conducted 

but also other downstream actors in 1!1':: value chain, including livestock producers, traders, 

farm attendants, veterinarians, as well as other, non-agricultural sectors. If exports are to 

continue to increase, certainly national herd off-take continue to increase which enhance the 

income of producers. Similarly, the presence of a disease can affect consumer acceptance of 

animal products which will affect prc·.:ucer incomes, not only in the area in which the disease 

outbreak occurred but also elsewhere in the country. Impact of those diseases in feedlots may 

extend to these stakeholders participating in the value chain even if they do not own livestock. 

Feedlots 1"ocused at the export market, are an important employer of rural and urban workers 

with few marketable skills. Feecilots owners created employment t' oppor lIntty for many 
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· . ...... . I t TI loss of export markets veterinarians graduated from dil'ferent Ufllversltlcs In tlC coun ry. le 

through a hcalth problem in the fcedlot industry of Ethiopia could result in a loss of 

employment for these workers . The effect would spillover to other suppliers of inputs 

including cattle feed suppliers and transport services. 

Live cattle export from Ethiopia is currently largely feedlot-based. The introductions ofTADs 

into feedlots certainly affect access to. specific markets. For longer time Middle East markets 

are the traditional destination of Ethiopian live bulls. However, the current health status of 

Borena bulls in market chain unquestionably becoming a challenge for the country future live 

cattle exports opportunities to those countries. From Middlc Eastern countries, Egypt and 

Yemen were the only importer of live cattle from Ethiopia during the study period . This fact 

signifies that share of Ethiopian has be<:n declining in recent years while the competitors have 

been taking an increasingly larger share of the rapidly expanding market for live animals in 

terms of reliability of supply and terms of trade, quality and safety and other non-price 

factors. The main competitors of Ethiopia such as Australia, New Zealand, Brazil , India and 

Pakistan are already meeting the international SPS standards. As a result, bulls exported from 

Ethiopia fail to compete in international market especially in those importing countries having 

more strict measures. The repeated bans imposed by importing countries on livestock and 

meat export trade of Ethiopia signify a lack of confidence in the country ' s export systems. 

The imposition of this type of trade ban and the endemic nature of FMD and other TADs in 

southern Ethiopia raises questions r.:-r)ut the most appropriate ways to control the disease 

along the chain and also, ensure the safety of live cattle exported to other countries. 

In this study, the participatory apprais;,l methods used indicated that c~ttle diseases that have 

transboundary importance were major problems in the Borena bull market chain for export. 

The participatory methods help to obtain insights on actors ' perspectives of risk. Strong 

agreement among informant groups implied that the prioritized diseases were com\11only 

perceived risk in the studied segment of the chain. This indicated that the feedlots operators 

acquire knowledge of the risk introduced of their own context. Then feedlots operators take an 

action by their own to mitigate the risk through a continuous adaptive process, whereby 

decisions are made based on perceptic.!s of the external environment such as market access , 
resources and the operators' own attitudes and preferences. Indigenous practices and 

technologies can often be quite effective at decreasing risk (Grace el al., 2008). It is not 

necessarily only the factors affecting risk, but also the feedlots operators perceptions to the 

., 
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risk, thut are crucial in decision-muki1.g. Market chain actors unclerst::ncling of the risk ancl 

support for the decision making process are critical , especially in situations where the 

potential advcrse outcomc hus serious health or economic consequences on a regional or 

national level. But sometimes it is neglected in preventing or managing the risks at 

coml11unity level which engender J bottom up approach planning and implementation of 

disease control programmes, to complement the more traditional top-down approach adopted 

by governments. On the other hand, ths: participatory approach give opportunities to identify 

the people involved (stakeholders) in the sector and examining how they operate and what 

determines their risk profiles. It also means of determining their resource bases, the 

profitability of their business and their alternative opportunities, as well as their constraints in 

terms of regulations, investment in human capital and infrastructure. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

The probabilities of release of transbollndary diseases (FMD, LSD and CBPP) to the feedlots 

through traded Borena bulls in the ma.:~ct chain range from medium to high. The probabilities 

of exposure of bulls to transboundary diseases in the value chain vary from high to very high. 

The introduction and spread of these -:iiseases along the value chain causes huge econom ic 

loss. This can lead to failure of the business and significant disruption of live cattle trade in 

international markets. 

The result of semi-structured interviews revealed that informants groups participating in 

finishing of Borena cattle for export were able to describe diseases and ranked them based on 

different indicators. Strong agreement among informant groups implied that the prioritized 

diseases were commonly perceived risk ;n the studied segment of the chain. 

The importance of risk assessment in the market chain beyond its ability to cstimate the risks 

associated with the introduction of a given disease, lies in its use as a framework for 

organizing data . It can also be used as a tool for supporting future regulations and policy in 

the areas of international trade of anir 0 is and animal products . 
• ·1 _ 

On the basis of the above findings, the following recommendations are made to improve the 

functioning and efficiency of the maIL: ~ chain. 

Two phase SPS certitication system proposed by MoARD which enforccs live callie exporters to 

undertake pre-selection of bulls in local markets, followed by initial testing, vaccination, and 

quarantine of bulls for 21-day during the first phase and then quarantining and finished in a 

feedlot (phase 2) should be applied. 

The capacity to diagnose and maintaining records of transboundary diseases at every step in 

the market chain are required to develcp long-term predictive disease statistics. 

Strategies to improve veterinary service delivery by field staff and laboratories should be 

designed. Improved veterinary health services will reduce disease incidence, mortality and 

morbidity and improve the quality 0tr;~narketed animals. In the medium to long term, health 

facilities and laboratories need to be better equipped and the num bel' of veterinary staff in the 

public and private sectors should be increased. 

64 



I) I d " I ' I d' I I t'lOll of' clinil:al records \.egu ar an pel'lodlC complementary scro oglca stu les ane eva ua 

should be maintained to build a relwble disease diagnosis, reporting, prevention and control 

system, 

An effective biosecurity plan such as proper disposal of carcasses, isolation of sick bulls and 

cleaning of all equipments should be designed and implemented in the feedlots to prevent 

spread of diseases, 

Feedlot operators, livestock traders, dealers and marketers should be made aware on the route 

of transmission of transboundary diseases, Emphasis should be given to do the " right thing" 

about sourcing of animals from disease-free areas wherever possible; not to buy any sick 

stock; follow the rules of quarantine ~ ,' identification of animals; and keeping records, The 

potential consequences of the occurrence of a disease on national and international trade 

should be emphasized , 

Vaccination programme for transboundary diseases should base on detection of se rotypes or 

subtypes circulating within the country to ensure that the most appropriate vaccine strains can 

be selected for use in the country, Vaccination should also be timed appropriately, taking into 

consideration seasonal animal husbandr:' practice and livestock movement patterns, 

An integrated system approach involving value chain and risk analysis should be applied in 

research, extension and marketing to improve the effectiveness of diseases control in the 

market chains 
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8. ANNEXS 

NQ Release Assessment Pathway Data Required 

I. Probability that a bull In the market Prevalence of selected FMD, LSD 

Annex I: Data required for release assessment of prioritized TADs by bC ~'ena bull _ 

~ 
chain is infected with T ADs and CBPP in borana pastoral system 

Susceptibility of cattle in the chain 

to these diseases 

Frequency and volume of bulls in the 

chain 

Time spent in the chain until it reach I 
to fatting farm ' 

2, Probability that an infected ;';u II is not 'oo,b,t;o" podod ~ 
detected while passing along :,;.)C chain Susceptibility /potential as carrier I 

Number/ frequcncy/proportion of l 

cattlc inspected (r- linically and lor I 
swab) I 

I 

Compliance with veterinary 1 
inspection along the market chain 

Actions taken on infected cases or 

those found sick or dead on arrival 

3. Probability of lack of biocont2::1ment of Presence of appropriate inspection 

the agents within the fa:ility of facilities for cattle in the chain 

inspection point in the mark>::t chain Presence of appropriate disposal 

methods 
-

Presence of isolation p.;n 

handling I 
, 

Safety procedures for 

I 

o· I 
fom ites, live and dp.z.d bulls -~ 
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Anncx 2: Data required for exposurc a":,~ssmcnt of bu ll s in fccd lots to TADs 
~ -

NQ Ex posure Assessment PlI thY'. ays Da ta Required 

-
I. Probabil ity or infect ion of bulls in the feed lot Opportunities for contact 

--
after exposure to FMD [..:-1 CBPP fro m Suscept ibi lity(vaccination 

infected bull s entered the va lue ehai n status) 

Surviva l of the virus 111 the 

environment 

Virus shedding behavior 

Airborne dust di spersion I 
~ Infectio us dose required 

l Infectiousness of exposure 

2. Probabi lity that scavengers infected or Prcsence and abundance of I 
contaminated with FMD have c::' '1tact with bu ll s scavengers around fced lots and 

from carcasses of in fectcd . bu ll s ,and this disposa l pits 

contact leads to infection Disposal practice of dead bulls 
-._ - -------:--

Access of scavenger to the 

.-. . -. feed lots I 

Surviva l of the agents inl 

disposed materia l and I 
contaminate('1 cnvironment 

I 
I 

- I 
B iosecurity practice JI1 the' I 
feedlots I 

I 
3. Probabili ty that feedlots staff handl ing live and Number of people invo lved 

I 
in : 

dead bu lls get contal11i na'~d with FMD and hand ling li ve and dead bulls 
I 
I 
I 

transmitlo hea lth bu ll s Live bulls hand li ng and1 

disposa l practices (use of ! 
- I 

protective clothing and I 
disinfectants) I 
Level of con . ni nation of staff I 

hand, clothing alid boots 

Survival of the V l rL1S 111 
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Inl'ectiousness of contacts __ _ 

·------- -·-- -- ·-------·l COltluminated - hand,-clothing I 

and boots j 
4. Probability ofinlection of bulls in a feedlot after Type equipment used 

.------~-j 

5. 

exposure to LSDV 

equipl11cnts 

from contaminated Survival of the agents in 

Probability of infection of lwlls 111 a 

con tam inated equ ipments 

Frequency of contact of cattle 

with equipmc:lts I 
Infectiousnes:'~f Gon~ 
Biosecurity practices (cleaning 1 

I and disinfection) -J 
feedlot i Presencc and abundance or I 

after cxposurc to LS DV frG I! contaminated arthropods I 
Arthropods Survival of the agents ~ 

, 

'-1 
arthropods 

Suscepti bi I ity(vaccination 

status) of cattle 
1----- --- i 

Frequency of contact of bulls I 

_ ._-- --'-------

with arthropods ' I 

Infectiollsness of a~throp~~ 

Annex 3: Check :ist for field survey 

Objective: To identify major cart Ie discase 111 the market chain and risk factors for 

introduction to market chain. 

Activities: 

>- Identify major cattle diseas~ t..: :'-': Ig Participatory Epidemiology (PE) methods 

• 

• 
• 

Semi-stl:t;ctureo interview 

Pair-wise ranking exercise 

Matrix scoring of diseases 

>- Validate informants ' information and confirm some cfthe diseases 

.. Re!)cat thc participatory exercise with at least 10 groups 

• Make clinical examination at the field 

>- Observe trading system in the I' .arket 
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i. Overall data 

).- How long you have been in thr' ":usiness? 

~ What are your initial sources ol' linance? 

~ Education level 
) , 

>- Is any forma l registration procc. s required to establish feedlots? 

~ Are there any written records of activities? 

ii. Supply Pattern 

~ Markets used for purchasing bulls 

~ Type and number of bulls pl!~'ehased in the market 

~ Buying system in the market 

~ Marketing problems encountered whi Ie purchasing cattle 

iii. Health problems 

) 

>- Knowledge about specific animal characteristics in terms of health , quality, safety, and 

other criteria required by importers. 

~ Criteria used to screen animal$ in markets to assure quality and safet:.' 

>- Major disease challenging the. :, ' ."iness 

~ Health plan- vaccination andn.cJieation protocols 

iv . Biosecurity 

~ Rules for staff keeping in feeo ':':Xs 

» Boundary security 

~ Routi!1cS at feedlots 

>- Waste handling practices 

Annex 4: Check list for eva luation of feedlots biosecurity level 

Biosafety Measures Yo, , ,~. No Remark ! 

All in all out policy -I 
Never mIx bulls from other ! 

feedlots 

Use of foot bath I 

Separate receivi ng pen ui.. 

Far from human resident area 
f--

Proper disposal of dead animals 

~ ~ Protective close and cleani ng 
'-. 

I ---_. I 
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r- -. 

I 

I 
and disinfection -----1 -I--- -
Pens with their partitioning 

Separate feed and water troughs I 
~. 

Separate sick pen -
Feeding shades 

Emergency slaughter house 
-

Drainage system - .. 

Contamination of feed and 

water troughs with manure or 

other dirt. 

I 

'-- ~ 

Annex 5: Fec:dlot performance data record sheet formats 

l. Feedlot ID ________________ _ 

2. Owner Name ________ . _______ _ 

3. Name ofrecorder, _____ _ 

4. Phone number ______________ _ 

5. Site _________________ _ 

6. Record sheet on entrance of bulls to the feedlots 

Date of NQ of bulls Origin of Mean of Weal{ NQ of Pen 

arrival arrived bulls tl-ansport animal on dead number 

arrival bulls allocated 
1-' 

7. Individual animal disease situatior, t'f!cord sheet 
- ---, 

Date TagNQ Pen NQ Clinical Treatment Action taken Remark 

I diagnosis received 

result I 

I 

I ---1 
I 

------J 

I 
'--- I 
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8. Serological Test Results Record Shee:! 

NQ - T Sitc 
- - -~ 

of NQ of Seroposit ;yC bulls ~ Datc of tes t T,' ia l NQ 

I bulls 
FMD CBPP 

~ 
--

9. Feedlot Performance Resu lts Record Sheet 

No Feedlot Site NQ NQ of Ani ma l No of NQ of NQ Sero-

ID cattle dise:lsed treated dea th rejected positive 

a nimal 

_ . 

·- -F .. -

- I T 
Annex 6: Sum mary of common cattk diseases prioritized by reed lot or-r:: rators 

Local Name of Diseases Equivalcn, E nglish Na me Ra nk 

Fentata/gurebrcbta 

A fte -gir/maz 

silisa I gororesa 

Menefat IBokokusu 

Samba/sa l 

Ekekel chito 

Gandy 

Chack 

Ebach IB ul ka 

Garro kassal tek imat 

Mczgerlsilm i 

Abagorba 

Lumpy ski n discases 

Foot and mouth diseases 2 

Pasteure llos is 3 

Bloat 4 

Contag ious bov ine pleuropneumon ia 5 

Mange 6 

Trypanosomos is 7 

Foot rot 8 

Abscess 9 

Enteritis 10 

Tick infes' ' ioll I I 

Black leg 12 
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