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EPIDEMIOLOGY AND IDENTIFICATION OF PE TE DES PETIT 
RUMINANTS (PPR) VIRUS CIRCULATING IN MALL RUMINANTS OF 

EASTERN AMHARA REGION BORDERING AFAR, ETHIOPIA 

By 

Biruk Alemu: DVM, Debrebirhan Agricultural Research Center 

Major Advisor: Reta Duguma, DVM, M c, Collage of Veterinary Medecine and 
Agriculture 

ABSTRACT 

A cross-sectional study design was employed between November 2013 and April 20i.f. to 

determine antibody/immunity level of vaccinated sheep and goats at herd level. to 

determine the sero-prevalence and risk factors of PPR in non-vaccinated areas and to 

invest igate incidence and recent eirculat ion of P P R virus in field samples collectedfi-om 

small ruminants of eastern Amhara region bordering Afar, Ethiopia. A total of 969 

serum samples were collected from sheep and goats in the study districts. Muftistage 

sampling. with four hierarchical stages. was used as sampling strategy. Peason/ 

Associotio17 /villages and individual animal were selected by random sampling. A tOlalof 

32 samples, comprising 18 swab samples and 1.f. heparinized whole blood samples were 

collectedfrom the suspected animals for the presence of PPR viral antigen. 28 samples 

were examinedfor the presence of PPRV RNA by one step RT-PCR assays. Anti-mortem 

samples were collected from active cases with the aim of virus isolation. in additiol1./iI'e 

yeors retrospecti1'e data 011 PPR outbreak ~ras used in the present stud),. Questionnaire 

survey was also conducted to assess the association of seroprevalence of PPR and 

possible risk factors. Proportions were calculated for seroprevalence visa-vis fixed 

faclors that included animal species, sex and age, districts and village. Univariable 

analysis for the proportions was carried out using Chi-square analysis in £pi 1nfo 

software. A confidence limit of less than 5% was used to indicate a significant level. All 

variables with P < 0.05 (two-sided) in the univariable analysis were further tested by 

multivariable logistic regression model to assess their effect on PPR seropositivity. 

Clinical signs of PPR were observed in both sheep and goats. in both sex and all age 
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groups, in the all study districts. The clinical signs included high fever, ocular and nasal 

discharge, few abortions, re.spiratory distress and diarrhea. the diseuse oUlhreuk It 'U\ 

severe in Ilahru districi with morbidity, mortality and case fatality rates of 21. 9%, 8.-1% 

and 38.-1 % in small ruminants, re.spectively. The overall seroprevalence ofPPR virus 

antibody was 28.1%, 64.5% and 56.5% in unvaccinated, vaccinated and unknown 

vaccination status of small ruminants, respectively. The multivariable logistic regression 

model revealed residing in Rayakobo district , adult age, communal grazing and recent 

introduction of new animals as risk factors for PPR seropositivity in sheep and goats. 

There was statistically sign~ficant (p= 0.000) dfflerences in the level of seroconversion 

among the vaccinated districts with similar vaccine response of dfflerent age groups, sex, 

and species involved. In unvaccinated population around 28.1% and only 2-1.5% were 

with PI ~ 50% and 76%, respectively, whereas in vaccinated population around 6-1.5% 

and 58.8% of animals were with PI > 50% and 76%, respectively. The median value of 

PI is 26 and 83 for unvaccinated and vaccinated population, re.spectively indicating the 

success of the vaccine administered as the population has gained protection with 57 

additional value of PI due to vaccination. 31.3% and -16.-1 % of clinical samples 

examined were positive with Ie-ELISA for PPR viral antigen and RT-PCR for viral 

nucleic acid, respectively. The species-wise disease outbreaks were more severe in goats 

than sheep with both tests. The PPR virus were also successfully isolated on CHS-20 cell 

lines and confirmed with RT-PCR and IFAT assay only from samples collected from 

Habru district. The clinical and molecular findings of this study confirmed the eirculot ion 

(~( P P R I'irlls among poplilat iOl1s orsheep and goa.ts il1 I he study orcas und pre1'UlellCl! in 

(lctll(d ollthreaks situatiol1, which sho1lld he kept in mind while deciding the )'({ccination 

slra.tegy fi),. Ihe conlrol o( the diseuse. The restriction of movement of animals from 

endemic areas, with rigorous quarantine and surveillance procedures should be 

practiced to prevent the sjJread of the disease und the transmission or Ihe \'iI"llS to 

different localities. 

Key words: PPRV, small ruminants, riskfactors, herd immunity, Eastern Amhara 
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1. INTRODUCTION 

Sheep and goats are vital live tock for supporting food security because of their high 

reproductive capacity; faster growth rates, greatcr environmental adaptability and low 

initial investment, and hence have a unique niche in smallholder agriculture (Tibbo, 

2006). There is an immense opportunity for increa ed livestock production in Ethiopia 

with growing human population, urbanization, economic development, dome tie and 

export markets. lJowever, prevalence of different di eases is found to be a major 

constraint of the sector. 

Peste des petits ruminants (PPR) is one of the di ea es of major economic importance 

and imposes a significant constraint upon sheep and goat production owing to it high 

mortality rate. It is an acute, highly contagious and frequently fatal disease of sheep and 

goats caused by PPR virus (PPRV), a member of genus morbillivirus of family 

Paramyxoviridae (Zahur et af.. 2009). 

PPR is widespread in Africa, Arabia, the Middle East and in some geographical areas of 

Asia, including much of the Indian subcontinent. Furthermore, because of outbreaks in 

Morocco and the existing commercial trade between Morocco and both Algeria and 

Spain, the situation raised huge concern owing to the increased risk of introduction of the 

disease into free zones in northern Africa and into Europe (F AO, 2009; Khalafalla et af.. 

2010). 

The disease is mostly present in developing countries which often rely heavily on 

subsistence farming of small ruminants for trade and food supply (De Nardi et af.. 2012). 

Since 2007, more than one billion small ruminants in Africa and Asia have been 

considered at risk of being infected with the PPRV (F AO, 2009). Because of the dramatic 

clinical incidence and associated re triction on animal and product movements, PPR is 
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considered as a di ease of major economic impact and ha t be notified to the World 

Animaillealth Organization (OlE) (Albina e/ aI., 2013). 

The mo t effective way to control PPR i ma immunization of small ruminants a often, 

farmers in areas where the viru i endemic are unable to aff rd and implement the trict 

sanitary control measures, including the tamping out policy, required to contain the 

virus. Therefore, the control of PPR requires an effective vaccine and for this purpose 

several vaccines including both homologou and recombinant vaccine have been 

developed (Abubakar e/ al., 2011 a). 

The homologous vaccine, however, al 0 has certain limitation, including requirement for 

cold-chain maintenance, and inability to differentiate vaccinated from infected animals 

(DIY A). Alternative thermotolerant PPR-recombinant poxvirus vaccine have been 

engineered in the past (Jones e/ aI., 1993 ; Diallo e/ aI., 2002, 2007; Berhe ef al. , 2003; 

Chen e/ aI., 2010), which should provide simultaneous protection against both di ea es, 

although none of them have yet been launched in the market and used in the field. 

Development and technology transfer of an efficacious thermo- table vaccine against 

PPR (and sheep and goat pox) in the short term remains an area for further research 

(F AO, 2013). Furthermore, a DIY A vaccine would facilitate surveillance for actual 

disease during an ongoing vaccination campaign. It is also essential to fully understand 

the role of wildlife in the spread and potential maintenance of PPRY in the environment 

in order to be able to initiate successful control strategies (Baron e/ aI., 2011). 

Another major gap for the success of PPR control is the lack of economical assessment of 

control strategies, and even of PPR cost. uch information would be useful to help 

veterinary services in convincing government and international organization to support 

and fund PPR control (Albina e/ aI., 2013). 
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The disease was clinically suspected for the first time in thiopia in 1977 in a goat herd 

in the Afar region, in the ea t of the country. linical and serological evidence of it 

presence has been reported in 1984 and later con!irmed in 1991 with cDNA probe in 

lymph nodes and spleen specimens collected from an outbreak in a holding near Addis 

Ababa (Roeder ef af., 1994). 

In spite or the J ~lct that PPR disease outhreaks are underreporteJ, due to the poor 

repol1ing system in Ethiopia, an increa ing trenel has been observed in PPR outbreaks 

bet\vcen the years 1996 and 2005. Over the last two decades PPR has spread from the 

now endemic lowland pastoral communities to many districts in the highlands of 

Ethiopia. As expected, that the prevalence was much higher in the low land pastoral 

systems as compared to the highland sedentary s]stem (Waret- zkuta ef af., 2008). 

The relentless spread of the disease in affected countries and the subsequent threat 

imposed on PPR-free African countries further south of the current endemic area have 

resulted in an increased recognition of the urgent need to embark on controlling peste des 

petits ruminants (PPR). Ethiopia developed a strategy ror the progressi\e control or PPR 

that builds upon the Icssons learnt from rinderpest eradication. A progressive control 

campaign based on repeated inoculation of all susceptible small ruminants is 

unaffordable to be implemented. Hence, an epidemiologically based targeting of endemic 

populations and high-risk zones will be essential. Despite an expansion or PPR to 

pre\ iously unrepol1ed area, very little work exists in the country to c1earl] 1"C\ eal the 

epidemiology of the di ease (Abraham ef 01., 1991: Abraham ef (fl.. 2005: Waret-Szkuta 

et al., 2008; Megersa ef 01 .. 2011; Delil ef al.. 2012). Therefore. additional 

epidemiological and socio-economic studies are needed to LlPP0l1 the current Ethiopian 

initiative towards controlling the disease. 
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J lence, the objectives of the tudy were: 

• To determine antibody/immunity level of vaccinated heep and goat at herd level 

• To determine the ero-prevalence and ri k factor of PPR in non-vaccinated areas 

• To investigate incidence and recent circulation r PPR viru in field ample 
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2. LITERATURE REVIEW 

2.1. PPR: The Disea c 

Peste des petits ruminants (PPR), al 0 known a goat plague, i a hi ghly eontagiou and 

infectious viral disea e affecting dome tic and wild small ruminants (Furley el al., 1987). 

It is caused by a virus which belongs to the Morbillivirus genu of family 

Paramyxoviridae: the Peste des Petits Ruminants Viru (PPRV). PPR got different 

designations in the past, which almo t all refer to the clinical ign of the disease: erosive 

stomatitis, goat enteritis, catarrhal fever of goat and Kata (Nigerian local name that 

means catarrh in English). The term goat plague was also u ed due to the rea on that the 

disease was producing high level of mortality in goat population (Berhe, 2006). 

Since its first description in Cote d ' lvoire in 1942, the disease has steadily progressed 

over time throughout across Africa, the Middle East, and Asia (Libeau el al., 2014). The 

infection has long been considered as caused by a variant of rinderpest virus, adapted to 

small ruminants. The recognition of PPR virus as a novel member of the Morbillivirus 

genus occurred only in the late 70s by using more sensitive laboratory techniques (Gibbs 

el al., 1979). 

PPR covers three essential forms : a per acute form, an acute form and a mild form. Acute 

PPR first results in a sudden dullness of infected animals, with high fever and 

inappetence. One or two days later, congestion of oral, ocular and nasal mucosae leads to 

serous discharges that later on become more abundant and mucopurulent (Roeder and 

Obi, 1999). Bronchopneumonia, revealed by productive cough and dyspnea, and diarrhea 

usually appears 3 days after the oral lesions. A a con equence of pneumonia and 

dehydration caused by diarrhea, severely affected animals may die within 5-\ 0 days after 

the on et of clinical signs (Diallo, 2006). Abortion are often ob erved during PPR 
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outbreaks, caused by PPRV alone or in combination with other pathogen (Kulkarni e/ 

al. . 1996; Abubakar e/ al .. 2008). 

Up to 100% of the animals may be affected by PPR in a nock and the mortality rate may 

range from 0 to 90% according age, breed and pecie of animal involved. When the 

infection results in overt and acute di ea e, the mo t common outc me i death with ca e 

fatality rates that may exceed 90% in naYve population (Albina e/ ai., 2013). Becau e of 

the dramatic clinical incidence and a sociated re trictions on animal and product 

movements, PPR is considered as a disea e or major economic impact and ha to be 

notified to the World Animal IIealth Organization (OlE). 

2.2. The Virus Structure 

Like other members of the family Paramyxoviridae, PPR vIrus IS an enveloped 

pleomorphic particle whose diameter varies between 150 and 700 run, with a mean of 

500 nm (Barrett, 1999). The virus envelope is 8-15 nm thick with glycoprotein pike of 

8.5-14.5 nm length being present throughout the membrane (Abubakar e/ al.. 20 II a). 

Table 1: Comparison of rinderpest full-length genome sequence with those of some other 

morbilliviruses 

Virus 

Rinderpest 
Measles virus 
Peste des Petitis 
Ruminantis 
Dolphin Morbillivirus 
Canine Distemper 

ource: Diallo e/ al.. (2007) 

Genome length in 
nucleotides 

15882 
15894 
15948 

15882 
15702 

6 

Percentage of similarity with 
rinderpest 

100 
70.50 
66.98 

65.91 
63.58 



The genome ofPPRV i non- egemented, ingle tranded R A, appro imately 16kb long 

with negative polarity (Ilaa el ai, 1995). It i comp ed of 15, 948 nucleotide, the 

longe t of all morbilliviru genome sequenced far (Diallo el al., 2007) ( ee Table I). 

The genome encode eight protein including IX tructural protein namely: the 

nucleoprotein (N), the pho phoprotein (P), the matrix protein (M), the fu ion protein (F), 

the haemagglutinin protein (J I) and the large polymera c protein (L), and two 

nonstructural protein V and ; in the order 3'- -Pc N)-M-F-lI-L-Y ( ailey el al., 

2005)( ee Fig. 1.). 

(h) 

floo.j:/ 1""'." (P) 

~ r" 00 P'O,"" (r) 

"iT 't>eMagq"l ...... p"' ...... ''') 

Source: Banyard el al., 2010 

Fig. I: Morbillivirus. (a) A chematic diagram of morbillivirus viron structure. (b) electron micrograph of 

viral ribonucleoprotein (RNP) present within an RPV-infected cell. The RNP is clearly 'herring-bone' 

structure (arrow) and is known to contain viral RNA and protein within the cytoplasm, Bar, 2000nm. 

The N protein totally encapsidates the viral RNA and encapsidated genomes can be 

observed under the electron microscope as 'herringbone-like' structures of approximately 

14-23 nm in length (Barrett el al., 1993). These structure containing the genomic R A, 

completely encapsidated in N protein, and in association with the P and L proteins, form 

the minimal replicative unit of these viruses, the ribonucleocapsid protein (R P) 

complex. The P protein acts as a molecular intermediate that is proposed to bridge 

components of the R P during both the replica e and tran criptase activities of the iral 

life cycle (Abubakar el al., 2011 a). 
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The viral envelop, which derive from th ho t cell membrane, are a ciat d three iral 

protein: the matrix protein (M) which i I cated in ide the en el pe and erve a a link 

between the nucleocap id and the two external viral protein , the fu ion protein (F) and 

the haemmagglutinin (J I), i een as peplomer protruding from the envelope and 

believed to be ;n~portant for virus particle a embly (Diall el al.. 2007). By thi P ition, 

M play an important role in ensuring efficient incorporation or nucleocap id into 

virions during the viru budding proces . The haemagglutination allow the viru to bind 

to the cell receptor during the lir t tep of the viral inrecti n proce . By their po ition 

and their functions, both F and I I are very important ror the induction or protective host 

immune response against the viru (Diallo el al.. 2002; Berhe el al .. 2003). 

The viru binds to the ho t cell receptor through I I during the fir t step of the infection 

proces . Following attachment, F mediates the fu ion of the viral envelope with the host 

cell membrane, introducing the viral RNP complex into the cell cytoplasm. F and in 

particular, H are considered to be very important [or inducing protective ho t immune 

response against the virus (Barrett el al.. 2005). 

However N the most abundant and also the most immunogenic among PPRV proteins, 

does not induce protective immunity against the virus. It has been used in the 

development of diagnostic tests (Diallo el al.. 2007). 

2.3. Pathogenesis, pathogenicity and virulence 

PPRV is lymphotropic and epitheliotropic and produce severe lesions in organ systems 

rich in lymphoid and epithelial tissues. After entry through the respiratory route, PPRV 

multiplies in the pharyngeal and mandibular lymph node and tonsils (Munir el al.. 

2013). The febrile stage may occur on the fifth da and rna per i t until the ixteenth 

day po t-infection. The r ultant viraemia facilitate the di emination of the viru to all 

vi ceral lymph nodes, bone marrow, spleen, and the mucou membranes of both the 
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respiratory and digestive tract (Abubakar el af., 201 I a) . Acute di ea e i u uall 

accompanied by lymphopenia and immuno- uppre i n, leading to econdary 

oppOliunistic infections (Appel and ummer, 1995; Murphy and Park, 1999). The viru 

can be i olated from na al di charge from the day ninth of virus infecti n. PPRV then 

starts multiplying in the ga trointe tinal tract, which lead to tomatiti and diarrhea. 

tudies have showed that the apopto i of infected cell eem ' to play an important role 

in the pathogenesis of PPRV in goat and heep (Mondal el at., 200 I; uvenc and 

Gurcan, 2009). Viru spread to oral Ie ion ha been reported in several tudie (Brindha 

el a/., 2001; Gulyaz and Ozkul, 2005). Al-Naeem and Abu-Elzein (2008) demon trated 

the presence of viral antigen in papule around the oral cavity, which is an indication of 

the predilection site for viral replication and tropi m like the mea Ie virus, a kin Ie ion­

causing virus in human (AI-Naeem and Abu-Elzcin 2008). Although this prediction i 

helpful to understand the pathogenesis of the di ease, fUliher tudie are required to 

confirm that this is not due to other concurrent infections. 

PPR VIruS exhibits different levels of virulence between heep and goats. PPRV is 

sometimes reported as being more evere in goats than in sheep. Extensive pecies based 

antibody surveys have indicated that the level of antibodies against the PPRV protein 

was higher in sheep than in goats. This explains why the viru might have more affinity 

in goats than sheep. Wosu (1994) has observed that the rate of recovery is lower in goats 

than in sheep (Wosu 1994). The difference in pathogenicity between sheep and goats may 

not be due to viral affinity, but may be due to a high recovery rate in sheep. 

However, there have been report of both an increa ed susceptibility of sheep 

populations, goat populations and outbreaks that app ar to ha e affected sheep and goat 

populations equally (Taylor el al. , 2002; ingh el af. , 2004a; Yesilbag ef at., 2005; 

Chauhan ef af., 2009; Wang el af., 2009). A ymptomatic infection ar al 0 known to 

occur in some species (Bidjeh el af.. 1995) although how the iru circulate in the 
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ab enee of clinical di ea e i not understood. PPRV is kn wn t infect cattle 

a ymptomatically (Diallo el al., 1989; Ander on and McKay, 1994) and can al 0 affect 

camel (Roger el aI., 200 I). 

An outbreak with a high mortality in h ep wa reported by Tayl r (1984) who 

hypothe ized that heep po e ed an innate re istance to the clinical effect of di ea e, 

but occa ional field train could overcome thi re i tance and produce high m rtality 

(Taylor, 1984). 

Breed may affect the outcome of PPR viru . Virulence app ar to vary from train to 

strain, although there is only one erotype. iffercnt train of PPRV have b en hown to 

exhibit varied virulence when experimentally infected into the ame breed of goat 

( ouaey-I1ymann el al., 2007b), and different breed of goat have been hown to re pond 

differently to infection with the ame virus (Diop el aI., 2005). The rea on for thi 

variability is unclear but both virus equence and host pecies are thought to be of 

importance. 

Morbidity and mortality rates are often higher in young animals than in adult. Whilst 

disease can be severe, different animals respond differently following infection in both 

natural and experimental settings (Diop el aI. , 2005; Couacy-Ilymann el al., 2007a, b). 

Prerequisites for susceptibility remain unknown but the infecting strain, immunological 

competence, nutritional status and pre-existing parasitic infections are all thought to 

contribute to the outcome of infection (Couacy-Hymann el aI. , 2007b). 

10 



2.4. Epidemiological ituation 

2.4.1. Current geographic distribution 

PPR was long considered to be confined to West Africa but later it has expanded to cover 

large regions of Africa, the Middle ast and A ia (Khan el al.. 2008). The chronological 

spread of PPRV, as recorded by detection in previou Iy unaffected countrie ,give the 

impression that the geographical spread of PPR occurred ea tward , from We t Africa to 

Bangladesh. Ilowever, thi does not neces arily mean that PPR originated in We t Africa 

(Arzt e/ of.. 2010). The global pread of PPR i probably related to the progr sive 

control and later, eradication of rinderpe t. The ces ation of rinderpe t vaccination 

campaigns and loss of antibody cro s-protection between the two di ea e mean that 

small ruminants are now fully expo ed to PPR (Libeau el a/ .. 20 II) . ince the middle of 

the 1980's, the development of new tools [or diagno is, allowing for a specific 

identification of the virus, has helped in determining the area of distribution of PPR 

(EMPRES W A Tel!. 2008). 

In Africa, PPR endemic zones include the countries located between the ahara and the 

Equator, from the Atlantic Ocean to the Red Sea. The disease is widespread in western, 

central, eastern and northern Africa (Banyard e/ 01.. 20 I 0; OlE, 2011 a), and the four 

genetic lineages are all present in different regions of the continent. 

In northern Africa, apart from gypt which is infected at least since 1989 (Ismail and 

House, 1990) and more recently an outbreak in 2006 in Aswan province ( I-Hakim, 

2006), the Moroccan outbreak in 2008 was the first PPR incursion. PPR ha now been 

identified in Tunisia (Ayari-Fakhfakh e/ of .. 20 II) and Algeria (De ardi e/ of .. 2012). It 

has now spread north of the ahara and only Libya has not rep rted the disea e to date in 

the region (Banyard e/ 01.. 20 10; OlE, 20 II b). 
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In ~a t Africa, confirmation r endemicit r PPR ha be n hown thr ugh the 

detection of antibodie to PPRV in Ken a (2009), ganda (2005 and 2007) and anzania 

( wai el aI., 2009). PPRV wa recently det cted in Kcnya in 2006 in the Turkana di trict 

(Anonymou ,2008). omalia wa al affected by PPRV in 2006 with the central region 

being mo t eriously affected. Whil tnt c nfirmcd b lab rat ry diagn i, PPRV wa 

al 0 een in Ethiopia in 2008 and 2009 ( yamweya el at., 2009). In a tudy carried ut in 

Ethiopia, ana ly i of national erol gical data revealed thc er pr valenc and di tributi n of 

the di ea e in the country a h wn in Fig. 2 (War t- zkuta el aI., 2008). 

o 125 250 500 750 

Legend 

PPR seroprevalence 
~0-2% 

C] >2 5% 

;;5. 15% 

)15·25% 

-'26·56% 

LJ wered a not somp led 

c=J R8YlOrts buundaries 

N 

A 

Fig. 2: eroprevalence of PPR acro s wereda in Ethiopia. Admini trative map of Ethiopia indicating the 

regions and weredas boundarie . For each wereda eroprevalence of PPR wa calculated b di iding the 

number of positive valid ample by the number of individual ampled in the wereda. A the colour get 

browner higher is the eroprevalence found in the area. In grey, wereda for which no data wa available. 

( ource: Waret- zkuta el aI., 2008) 
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In recent year, field data and laborat r finding. ha e conlirmcd the dramatic pread of 

PPR toward the c ntral and outh of Africa, affecting 'entral Africa Republic (2005 and 

2006), Democratic Republic I' ongo (2006), 'had (1999 and 20 6), 'amer n (20 9) 

and Gabon (2007) (Banyard el al., 2010). [n ctober 2012, PPR has been reported f'or the 

fir t time in Angola ( [E notificati n). The risk of PPR introducti n i. n w high for 

neighboring countrie with major heep and goat population ' like M zambique or 

Zambia (Albina el aI., 20[3). 

Furthermore, the pre ence of the either antibodies to the viru or th detection of' viral 

nucleic acid in ample from Burkina Fa 0 (2008), Ghana (20 [0), igeria (2007) and 

enegal (20[0) ha been confirmed (Banyard el al., 20[0). 

In Asia, PPR was fir t di covered in outhern India in 1987. ub equently, epizootic PPR 

spread across the Arabian Peninsula, the Middle (I lOll awi el a/., 2004; AI-Dubaib, 2008; 

Abu-Elzein el aI., 2004; El-Rahim el aI., 2005) and Far East, and several Asian countries 

like China, which has reported its fir t ca e of PPR in Tibet (Wang el aI., 2009) and in 

Nepal in 2007. 

The virus continues to be reported periodically aero India with recent reports 

documenting presence of PPRV in Rajasthan in the north (Kataria el al .. 2007), the 

Kolkata region in the east (Saha el aI., 2005), Kamataka and Mahara tra in the south­

we t (Chavran el aI., 2009; anthosh el al.. 2009) and aero s the southern penin ula 

(Raghavendra el aI., 2008). The e reports reflect the endeminicity of the di ease aero 

the entire country. 

On the remainder of the Arabian Penin ula, the viru ha been detected in a game re er 

in the nited Arab ~ mirate (Kinne el al. . 2010) a well a in atar (20 I 0). Tajiki tan 

reported their first ca e of PPR. In Paki tan, erum ample fr m health animal 111 a 

goat flock following a u pected outbreak in 2005 were er p ' iti e for PPR antib die 
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( hmad el a/ .. 2005) with further rep rt · in the north of tht.: c( untr ( bubakar el a/ . 

2008; Mehm od el a/. , 2009), north, south and central Punjab (Durrani el a/ .. 20 10), 

Lahore (Ra hid el a/., 2008) and in I. lamabad where an outbreak in fghan sheep 

(Bulkhi) c urred (Zahur el a/., 2009). 

Further episodes of PPRV disease in Iran are re iewed b) Abdollahp< ur el a/. , (2006) . 

PPRV is also believed to be present in Kazakhstan although onl) ery few seropositive 

animal have been identified (Lundervold el a/. . 2(04) . . ' erological detection of 

antibodie to PPRV has also been detected in samples from Vietnam (Maillard el a/ .. 

20(8). 

After the fir t report of PPRV in European Turkey in 1996, the potential for PPRV t 

spread across the re t of Europe became the question of interest (07kul el a/.. 20(2). 

Indeed, there have been numerou reports of PPRV in 'J urkey having now also been 

reported in Western Turkey, Bursa province (Yesilbag el a/. , 2(05) and Mugla and Aydin 

provinces (Toplu, 2004) in the Aegean di trict. 

In 2007, the first outbreak of fatal PPRV wa reported in Kirikkale Province, entral 

Anatolia (Kul el a/., 2007), suggesting spread of the viru into the central belt of the 

country and in 2009 infection of sheep in the Middle and Eastern Black sea region of 

Turkey was reported (Albayrak and Alkan, 2009). The M roccan outbreak and the 

potential existence of a yet- unidentified foci of PPRV infection across other territorie 

in northern Africa also increa es the threat of mo ement of infected animal into southern 

Europe. Historical exchanges exist between Morocco and pain where both vine and 

caprine population arc important. 
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2.4.2. Quantifying fhe di ease burden in variou ho f demography, ho f rallge and 

reservoirs 

PPRV primarily infect heep and g at , although cattle, buffalo , camel and pig arc 

u ceptible to infection, but do n t c ntribute to the epidemiol gy a th yare unable to 

excrete virus (Banyard e/ aI. , 20 \ 0). attle and pigs are known to b a dead end host and all 

attempt to induce clinical di ea e in adult cattle experimentally failed (Abraham, 2005). 

Whether PPRV-infected and iek buffal e ' and camel are ourc of infection for mall 

ruminant remains unclear (Albina ef al., 20\3). Intere tingly, on one occasion a clinical 

case of PPRV infection wa rep rted following xperimental inoculation of calves and a 

further report de cribe an outbreak of clinical di ca. e in buffal eau ed by PPRV (Pope 

e/ aI. , 2013). PPRV i not con idered a pathogenic to cattle, dome tic and wild African 

buffaloes ( yncerus cafTer) although \ 0% of them may sero onvert when exposed to 

PPRV in enzootic region (Ozkul e/ aI. , 2002; Abraham ef 01. , 2005; ouacy-Ilymann e/ 

aI., 2005). Ilowever, high ca e fatality rates (96%) have been reported and the di ea e 

experimentally reproduced in dome tic Indian buffaloe (Bubalus hubalis) in India 

(Govindarajan e/ 01., 1997). Additionally, PPR is now recognized a an emerging disea e 

in camel ids and a respiratory yndrome was the main ign in Ethiopia and udan (Roger 

e/ al .. 2000; Khalafalla el aI. , 2010). 

The existence of sylvatic re ervoirs for PPRV ha been reported with infections and 

deaths in captive wild ungulates from everal specie having been described previou ly, 

such as antelopes, em bok, bharals, ibex impala and gazelles (Abu-Elzein ef aI. , 2004; 

Furley e/ aI. , 1987; Kinne e/ aI. , 2010; Ogunsanmi e/ 01. , 2003). In specific condition, 

wildlife may have played an important role in PPR epidemiology in the Arabian 

Peninsula (Kinne e/ aI. , 2010). In areas where PPRV ha been pre ent for a long time. we 

have some evidences that PPRV might repre ent a threat for wildlife. A for rinderpe t, 

wildlife is more likely to be a victim rather than a re ervoir for the PPRV (Ander n. 

1995; Couacy-llymann e/ 01.. 2005) . 
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PPR cau e ignificant I e due to high m rbidit and high mortalit) rates, ith the 

latter occa ionall y approaching 90 100% in immunologicall nai e populati n of mall 

ruminant, dropping t n arer 20% in endcmic areas (Pope el al., 20 13). 'I he ratc are 

fI.cn higher in young animals than in adu lt. WhiL t di 'case can be e erc, difTerent 

animals re pond differcntly fo llowing infecti n in both natural and pcrimcntal ctting. 

(Diop e/ aI., 2005; ouacy-Il ymann el aI., 2007a, b). Ilowe er, ther ar limited data on 

other pecic uch a cattle and buffaloe and particularly camel. During an outbreak of 

pe te des petit ruminant (PPR) in camels in the Sudan, morta lity rate were up to 50% 

(Khalafa ll a el aI., 20 10). 

Table 2: elected prevalence tudies of PPR in difrcrent hosts in dif~ rent c untrie and 

di trict · of Eth iopia 

Country Species No. tested (*) Prevalence Reference 
C'/o) 

Africa 
Tunisia heep and goat 382(cELI A) 7.45 I\yari-Fakhfakh ef al .. 20 II 
Egypt heep and goat 243 (cEll A) 6 .4 Abd EI-Rahim ef al., 2010 

Egypt heep and goat 40 (ic ELI A) 82.5 Abd EI-Rahim ef aI., 2010 

Egypt heep and goat 40 (FAT) 90 Abd EI-Rahim ef aI., 2010 

Algeria heep and goat 21(RT-P R) 33.3 De ardi ef al .. 2012 
Tanza nia heep and goat 216(cELI A) 31 Muse ef al. . 2012 

Uganda Sheep 106 (cEll A) 51.89 Luka ef aI., 20 I I b 
Uganda Goat 2 10(cELI A) 57.62 Luka ef al., 20 I I b 
Kenya attle 240 (cEll A) 4.2 Gitonga, 20 II 
Kenya camel 160 (cELlSA) 3.13 Gitonga, 20 I I 
Niger ia Sheep, goat cattle 2,879 (c-ELI A) 55 EI-Yuguda ef al., 2013 

and Camel 
Nigeria heep, goat cattle 2,879 (V T) 57 EI-Yuguda ef al .. 2013 

and Camel 
Asia 
China heep and goat 1536 (cELl A) 17.6 Wang ef aI. , 2009 

India Sheep and goat 4407 (cELl A) 33 ingh ef al., 2004a 
India heep and goat 1504 (-ELI A) 32.8 Balamurugan ef al., 2012 
India heep and goat 4884 (cELl A) 43.46 Balamurugan ef aI. , 20 I I 
Pakistan Sheep and goat 1463 (cEll A) 74.9 Zahur ef al., 2008 

Paki tan heep and goat 427 (Ic ELI A) 40.98 Abubakar ef aI. , 2008 

Pakistan heep and goat 933 (cELl A) 51 .34 Khan ef al., 200 

Paki tan heep and goat 4548 (c LI A) 18.2 Mehmo d el al., 2009 

Pakistan heep and goat 623 (cELl A) 55 .22 Abubakar ef aI , 20 II c 
Kazakh tan heep 542 (cELl A) 0.6 Lunder old ef aI , 2004 

Kazakh tan Goat 137 (c -L1 A) 0.7 Lundervold el aI , 2004 

Kazakh tan attle 279 (cfLl A) 2.2 Lunder old ef al,. 2004 
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Jordan heep 929 (ci LI ' I\) 29 AI-Majali el al. 2008 
Jordan G at 400 (cl' LI A) 49 AI-Majali el al. 2008 

audi Arabia heep 992 (cU.I:A) 3 . 9 AI-l ubaib el al . 2008 
audi Arabia oal 962 (cI ~ LI , A) 55.09 AI-Dubaib el al .. 2008 

EuroEe 
Turkey heep, goal and 1607(cl: Li A) 22.4 Aulel al .. 2002 

callie 
Turkey heep, goal 2 1 (RT-P R) 85 .7 Kulel al. . 2007 
Turkey ga7elle 82 (cELl. A) 12 u r and A Ibayral.. , 20 I 0 

EthioEia 
Local ily(Dislricl) 
Afar,Borena,Ea l 835(cELI A) 13 Abraham el al . 2005 

hewa, ambela, oal 442(cI::LI . A) 9 Abraham el al. 2005 
Jijiga allie 910(cE:U , A) 9 Abraham el al. 2005 

amel 628(c ~ LI A) 3 Abraham el al. 2005 
A far (Awash Fenlale) heep and goal 2 8 (cELl A) 36.6 Delill el al .. 2012 
Gambella(ltang) heep and goat 779 (cELl . A) 27.3 Meger. a el aI., 20 II 
Afar (Adaar) heep and goat 84 (cELl A) 18.3 Meger'a el al. . 20 I I 
Afar heep and goat 1653 (cELl A) 15 .3 Waret- Ikula el al.. 2008 
Amhara heep and goal 5992 ( ELI A) 4.6 Warel-, ,kula el al .. 2008 

Benishangul Gumuz heep and goat 729 (cEll A) 8 Warcl-. ,kUla el al. . 2008 

Oromia heep and goat 2290 (cEll A) 1.7 Warel- ,kUla el al.. 2008 
NNPR heep and goal 1622 (cELl. A) 1.8 Waret- ,kula el (/1 .. 2008 

omali heep and goal 465 (cEll A) 2 1. Warel- ,kula el al.. 2008 

Tigra~ heeE and goat 900 (cEll A) 15.3 Waret- ,kula el al .. 2008 

* Laboratory technique employed 

2.4.3. Disease pattern and seasonal occurrence 

There are considerable di fferences in the epidemiologic pattern of the di ease in different 

ecological systems and geographical areas (Abraham, 2005). The di ease easonality in 

all geographic zones is not clearly apparent. In ubtropical areas, the occurrence of the 

disease is reported to be more common during winter and rainy seasons (Amjad el af .. 

1996; Brindha el af.. 2001; Dhar el af.. 2002). Confinement and re tricted movement of 

the animals, due to rainy ea ons in tropical countrie , may affect the nutritional tatu of 

the animals and hence predi po e them to PPRV infection (Munir et af.. 2013). On 

another hand, PPR can al 0 occur mo tly during the cool, dr ea n in mo t endemic 

area of Africa (Lancelot el af.. 2002; Abubakar el of .. 2009). The increa e of m rbidit 

rate i mainly ob erved during the ear with unfa orable weather condition and poor 

fodder (Kaukarba evich, 2009). Thi ariation i probabl explained b the regi n-
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dependent dineren e in animal husbandr conditi )ns and socio-l:conomic statu' of the 

farm owner (Munir el 01., 20 I ). I he encouraging climatic factors for the 'iur i\al and 

spread of the virus may also contribute to the scasonal occurrl:l1ce of PPR outbreaks 

(Abubakarelal.,201Ib). 

It has been propo. ed that PPRV may circulate siit.:ntl , 0 casionall causing sporadic 

epidemics wh n the host population's immunit it.: cis drop. The spread of PPR V is 

affected by both ho t density and birth rate and animals that survi e infection arc 

protected for life. Where particularly virulent isolates arc in 01 ed and a nai e population 

is expo ed to the virus, the mortality rate is orten very high. Ilerd animals that are in 

constant contact with each other, like sheep and goats, arc therefore er susceptible to 

serious outbreaks (Anderson, 1995). 

The newborn kids arc susceptible to infection arter 4 months of age, due to decrease in 

maternal protective antibodies (Srinivas and Gopal 1996; Ahmed el al., 2005). Waret­

Szkuta el 01., (2008) recently conducted a serological survey in Ethiopia and declared that 

age i the main risk factor for the seropositivity in small ruminants. , erological evidences 

revealed that antibodies occur in all age groups from 4 to 24 months indicating a constant 

circulation of the virus (Taylor, 1979). In Oman the di case per isted on a year round 

basis maintaining itself in the su ceptible yearling population (Taylor el al., 1990). 

Therefore, an increa e in incidence reflect an increase in number of susceptible young 

goats recruited into the flocks rather than sea onal upsurge in the virus activity, ince it 

up urge pend on the peak of kidding sea ons. Moreo er, the u ceptibility of young 

animals aged 3 to 18 months wa pro ed to be ver high, being more severe I affected 

than adults or unweaned animal (Tayl reI al., 1990). 

T decrea e PPR incidence and the ri k of it (re-) intr duction in ther area, initial tep. 

of a PPR control program hould tart in highl infected regi n , preferentially at the 

beginning of the dr ea on in frica, and primarily in area' \\h re intense animal 
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contact may occur: b rder" large Ii e t ck market, pastoral area, and 0 on ( Ibina ef 

a/.,2013). 

2.4.4. Molecular epidemiology 

Ba ed on the molecular chara t rization, trains of PPRV can b grouped into four 

lineages (I IV), which are genetically di tinct from each other (Kwiat k ef a/., 20 II). 

CIa silication of PPRV is being analyz d based on the sequenee analysi or both F and 

gene ( haila el al., 1996; 'oua y-llymann ef al., 2002; Kerur el al., 2008); howe er, 

parallel compari on of PPRV strain has propo 'ed that gene i most di ergent and 

hence mo t appropriate for molecular characterization of c10sel related isolates (Kwiatek 

el a/., 2007). Both arc well onserved gene with 10% nt mean variability between the 

most di tantly related sequences; this variability can exceed 0% on some part of the 

equence (Kwiatek el a/., 20 II). The virus ha been recognized to occur as only one 

erotype among four lineage ( haila el aI., 1996). This classification of PPRV into 

lineages has broadened our understanding of the molecular epidemiology and worldwide 

movement of PPR viruse (Kerur ef al.. 2008). 

The three first lineages were hi tori cally settled in Africa according to the apparent 

spread of the virus from West to East Africa (Banyard el aI. , 2010). Lineage 1II is also 

common to south part of Middle East (Yemen, Qatar and Oman), reflecting the major 

movements of sheep and goat from the Horn or Africa to the e countries (Baron. el at .. 

2011) and unexpectedly once outhern India. The fourth lineage was until recentl 

confined to Asia, including Turkey and the Arabic penin ula. Within a remarkabl hort 

time, it spread to a large part of the African continent. In 200 , an exten i e epidemic of 

the PPRV lineage IV occurred in Mor cco. Thi finding wa particular! relevant a it 

marked further geographical spread of thi lineage ut ide ea tern and we tern frica and 

it fir t detection in northern frica. [t i n found from udan to northern rrica 

(Algeria), a well a central Africa and the ulf of uinea (Khalafalla el at , 2010: 
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Kwiatek el af.. 2011; Fig. 2). Interestingl , older outbreaks of PPR In :udan were 

lineage III, while recent outbreak ha e been lineage I ,sugge ·ting a change in animal 

movement pattern in that region (Baron, el al. . 20 I I). Furthermore, because of the e 

outbreak in Morocco and th e i ting c mmercial trade b twecn Morocco and both 

Algeria and pain, the ituation raised huge concern owing to the increased risk of 

introduction of the di ease into free zones in northern Africa and into Europe (FAO, 

2009; Khalafalla el al .. 20 10). In enegal and Mauritania, a similar scenario has occurred 

with lineage II, originating from cntral Africa and mo ing to We t Africa whereas in 

the 1980 , lineage I was the d minant, if n t the single lineage found there. The presence 

of the two African lineages in Asia along id a distinct Asian lineage gave an indication 

of the trade toute of pread of the disease (Abraham el (fl. . 2005) . 

It i still unclear whether differences between lineages are merely reflecting geographical 

speciation or if they are al 0 correlated to pathogenicity ariability between isolates 

(Ban yard el af., 20 I 0). The proper under tanding of lineage di tribution in a specified 

region i essential when choosing the appropriate homologous prototype to en ure 

efficient immunization. The continued application of heterologous vaccine candidate 

hitherto not prevalent may lead to generation of novel lineages, or allow the exi ting 

population to evade protection, especially in RNA viruses. Therefore, identification of the 

lineage is a pre-requisite for fruitful diagno i , epidemiology and control (Munir el af.. 

2012b). 
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ource, Albina e/ al., (2013) 

• LIneage [ 0 No d . 'Iaratlon 
o Posltiv' virology 
o Posi tl e serology 

Fig. 3: Worldwide cumulative distribution of the four PPR virus lineage. Different colors how different 

lineages and hached bar represent the la t identified lineage in the corre ponding country. The pink color 

indicates virological evidence of PPR infection. The blue color indicate erological evidence of PPR 

infection but no virus i olated. The grey color indicates missing information or di ea e never reported. 

2.4.5. Derivers (risk factors) for PPR transmission (challenging its eradication) 

PPRV is mainly transmitted by the aerosol route and a uch often require clo e contact 

between animals to pread within a herd (Banyard el a/., 2010; bubakar el al., 2012). 

The affected animals during the febrile tage f di ea e are imp rtant urce of 

transmission (Braide, ] 981). Although no can'ier tate II r PPR ha been defined. viru 

may be hed during ubclinical ca e or during in ubati n period bubakar el af., 

2012). ouacy-Hymann el a/., (2007a) confirmed in an experim ntal infe ti n that 

infected animal could tran mit PPR befi re the on et of clini al ign. The ear after. 
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[:,z ibe el al., (2008) studied the shcdding of virus during thc post-rcc )\lcr <.;tatc of the 

animal, and realized that goats infected ith PPR can shed irus antigens in feces for II 

week after c mplete recovery (Ezeibe el (I/. , 2008). 

Animals affected by PPR hed the irus in e, haled air, in secretions and ex retions (from 

the mouth, eye and no ,and in feces, 'emen, and urine) appro, imatel 10 days aner thc 

onset of fevcr. neezing and coughing b the infected animal can spread infecti( n, while 

the transmis ion between animals in thc ieinit can occur throu,h inhalation (0 er a 

distance of' 10m) or, unlikely, through inanimate objects (fomile) due to its rapid 

inactivation In ext mal dry conditions. Spread threw,h ingestion and conjunctival 

penetration, and by licking of bedding, feed, and water trou ,h. , is also not uncommon . 

Infection may pread to offspring by feeding them the milk of an infected dam (Munir el 

(I/.. 2013). 

The pre ence of mixed populations (i.e. nock of hcep and goat) and the introduction of 

new animals into a nock/herd or the rcturn of animals that were not sold in the market to 

the village i major ri k factors for the PPR sprcad ( ' F PI L 2008). In pa toral arcas, 

livestock trade, nomadic herding (FAO, 2009) and the congregation of susceptible 

populations close to watering point during dry sea ons and/or in livestock markets pia, 

an important role in spreading the disease. 

tres related to changes in the farming procedure (change of diet, habitat and 

development of inten ive fattening unit) al 0 afford increa ed opportunit for PPR 

transmis ion (Abraham el aI., 2005; EMPR T I!, 200 ). Furthermore, limited 

fodder availability often, lead to nutritional deficienc. re ulting in increa ed 

susceptibility to infection. on equentl , large number I' animal become in~ cted 

during thi period and the e animal then help to maintain the irculation of the irus 

throughout the year b frequent animal-to-animal tran "mi si n ( ubakar el 01 .. 20 lib. 

The e factor ma playa ke role in th tran mi . ion I' PPR infe tion. 
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The ther challenge is the role of" ildlife in the PPR spread. " his is suggested by inne 

el al.. (20 10) who i olat d the iru fr m different ild small ruminants kept under semi­

free-range conditions in the United Arab Emirates (U ' ~ ) . . 'equence anal sis of the 

gene indicated that the viru belongs to lineage' ,and was different from the iruses 

already i olated from the Arabian Peninsula inne el 0/ . 20' 0). ,-urther anal sis 

indicated that the e i late are more clos I related to 'hinese oncs rathcr to the 

expected, audi Arabian i 'olates. The rigin of this ne PPR strain in the region has not 

been inve tigated, but it highlights the role of' wild ruminants as a possible threat to 

domestic mall ruminants. 

2.5. Recent diagnostic m thods 

Earlier tudies have ugge ted that PPR might have been around for quite some time in 

different countries but wa, wrongly diagno cd (EM PRES, 2008). PPRV is routinel 

identified on the basis of clinical examination. gross pathology. histological finding. and 

laboratory confirmation (Abubakar el al .• 201Ia). ' Iinical sign and lesions can be 

misleading for PPR diagnosis ince other diseases. including pasteurellosi or contagious 

caprine pleuropneumonia, have similar consequences. It ha al 0 been confused with 

rinderpest because of the clinical similarity (lIaas and Barrett. 1996). 

Laboratory technique that were u ed in diagnosis were iru neutralization te t (VNT), 

agar gel immunodiffusion test (AGID). counter immuno-electrophore i ( I P) and iru 

i olation which ha been time con uming and laborious (Balamurugan el a/ .. 2007). 

Effective implementation of control mea ure for PPR require rapid, pecific and 

en itive method for diagnosi (Munir el al.. 2012a). II we er, ",,,hate er the qualitie of 

all the new techniques i , it i imp rtant to kn w though not nece aril u cd for all 

outbreak. that viru lation till remain the gold standard diagnostic technique 

( laramu el al. . 20 I 2). 
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Fortunately, a number of serologi al and molecular diagnosti tests arc currently 

available for th d tection of' PPR or confirmation . 'I hese laborator tests can be 

divided int tho e that look ('or the irus (P ' R or il11l11uno 'apture 1 LL' licl ' US I). 

used to detect acute infection, and tho e that look for antibodies a .ainst the lrus 

(competitive [~ LI A IcELISAI), used f'or serum sur eillance studies and to estimate ho 

wide pread infection has been in a flock or area (Baron. el 01 .. 20 I I). 

urrentJy, the IE re mmend the use of the c< I11petitive PPR specific anti-II 

monoclonal based I ~ LI , A (cll-I:L1:A) and lrus neutrali/ation tests I'or detection 0(' 

antibodies to PPRV ( [E, 20 13). '[he most reliable and rapid test for antibod detection 

i a competition ELISA based on a monoclonal antibod directed against the lrus 

nucleoprotein. Becau e VNT necessitate cell and virus cultures. and thus takes se eral 

day before result outcome, it is not used as a routine test. [t is mo ·t1 used in reference 

laboratories to confirm unclear results (Albina el a/.. 2(13). 1 [owcvcr, cveral alternati es 

exist including the indirect N ELISA ([smail el a/., 1995), il11J11unofiltratiol1 (Raj el a/., 

2008), a novel sandwich ELI A ( aravanan el aI., 2(08), haemagglutination (IIA) and 

haemagglutination inhibition (l II) te ts (Raj el a/., 2008; , ara anan el aI., 2006; 

Manoharan, 2005; Raj el aI., 2000; Ezeibe el aI., 2008) and latex agglutination test 

(Keerti el aI., 2009). 

Detection of PPRV antigens can be performed using a ariet of tools including 

immunocapture ELI A, counter immunoelectrophore i ([ P) or agar gel 

immunodiffu ion (AGIO). [EP and I,-ELl can di ·tingui h PPR from RP . but the 

AGIO test cannot differentiate these two iru es. 10 is al relativel in 'ensiti e. and 

may not be able to detect mall quantitie of iral antigens in milder form of PPR 

(Banyard e/ aI., 20 10). 
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II we er, IIA and III tests, being simple, cheaper and e mparati\c1y sensiti\e. ean be 

u. ed I' r r utine screening purposes in c( ntml programmes ( unir el 0/ .. 20()9; Osman el 

a/.,2008). 

The first ie-ELI . A was used by :aliki (1994) for identif, ing PPR . and used a 

polyclonal capture antib dy. A subsequent ersion using mono lonal antib )dies for both 

capture and detection was developed by Lib 'au and c()wori-ers (Libeall and Lcf"evre 

1990, Lib au el a/., 1994). 'I his test has the advantages of simplicit (low technology 

requirements) and rapidity, shows good sensiti ity and wori-s on samples that have b 'en 

stored at ro m temperature (ie, when the virus inf"ccti it \ ould ha e heen destro ed), 

and i now con idered a definitive dia 'nostic test b the orld Organisation for Animal 

Ilealth (OlE, 2013). 

An extension of the principle of the ie-ELI . A can be fOllnd in the use of 'pregnanc 

tesC-type pen-side tests based on the chromatographic strip test technology and the dot 

ELl A that can be performed without the need lor equipment or technical c perti 'e 

(IIu ain el aI., 2003; Aslam e/ at., 2009), u h a test was developed for RPY diagno is 

toward the end of the eradication campaign (Bruning el a/ . 1999, ambufa el a/ , 

2000); a similar test for PPRV i currently under development at the In titute for nimal 

IIealth (Bruning-Richardson el al.. 20 II), 

Virus i olation in cell culture can al 0 be attempted with everal different cell line. 

although recovery of virus i not always ucces ful. Previousl . a marmoset-derived cell 

line (B95a) was primaril u cd ( reeni a a el al . 2006) although primary lamb kidne, or 

African green monkey kidne (Vero) cell culture ha e al been u ces ful (Mahapatra 

el a/., 2006), African gr en monke kidne cell ( cro) ha\e becn f r a long timc the 

cell of choice for the i olation and propagati n f PPR , I Io\\c\er. 'omc isolates rna} 

n t grow well in the e cell , Re entl . tran formed m nke} cell e pn.:ssing 'heep goat 

acti\ation molecul ' . (. I A 1 or 'r I -0). the irus cellular 
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receptors, have b en 'h wn to possess incn.:asl.:d sl:nsiti\'it) ( dombi £'/ £II .. 20 II ). 

Generally, culture are examined for c topathic dICct in thl: da s loll(}\'ving inll:ction of a 

monolayer with u 'pect material; the identity of thl.: irus can b c{ nfirml:d b \irus 

neutralization or m lecular techniques (,'ingh £'/ £II. 2(09). I echniques for irus isolation 

cannot be u ed a routine diagnostic tests as the arc time- 'onsumi ng and cumber'iome 

(OlE, 2013). Moreover, the preser ati( n of sampl 's colkctl.:d u!Hkr fidd 'ondi tions is 

not always adequate for uccessful laborator results. irus isolation d )es, howe\l:r. pia 

an important 1'01 from a rcsearch pcrspecti e. 

The most popular techniques for virus detection are based on mole ular biolog . For 

molecular d tection, standard rn -P 'R ( 'ouac - Ilymann £'/ £II .. 2(02) has now been 

superseded by the mo t sen itive techniquc ', rcal-time R 1-1' 'R assays specific for PPR 

(Bao e/ 01 .. 2008; Kwiatek e/ 01.. 20 I 0; Battcn e/ 01 .• 20 I I) and loop-mcdiatcd i 'othermal 

amplification techniques (Wei e/ 01 .. 2009). This assay utilises R e tractcd from field 

samples using robotic extraction methods allowing high throu .J,put, specific diagnosis of 

PPRV, whilst reducing cross contamination of samplcs and rotential for human error 

(Batten e/ 01., 2011). 

The generation of a standard RT -P R product is, howe er, nece ar in order to rerform 

sequence analysis and subsequent phylogenetic characteriLation of n el iru isolate 

(Banyard e/ at.. 2010). The equence of the P R product ha pro ed er useful in 

tracking the movement of the viru . There are no erot pe f PPR but. as mentioned. 

there are clear lineages ba ed on ph logenetic anal is of "iru ' equence. The utilit of 

lineage identification lie in the information it pro ide on the likel origin of the lru 

cau ing a new outbreak. Diagno i of acute ample' in reference laboratorie !' n w 

based almost entirel on either gel-ba ed or real-time P R (Bar n. e/ 01. 20 I I). 
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2.6. Progre' and obstacle, in vaccinc dCHlopmcnt 

The mo t effective way to c ntrol PPR is mass immuni/ation of small ruminants as on 'n, 

farmer in area where th virus is endemic arc unahl ' to afford and implcm 'nt the strict 

sanitary control mea ures, including the stamping out p )Iic , required to c( ntain the 

virus. Therefore, the ontrols of PPR require an cfTective accine and for this purpose 

everal vaccines in luding both homologous and recombinant vaccines have heen 

developed (Abubakar e/ al., 20 II a). 

The first homologou , attenuated liv cell culture accine was deve! >ped h attenuating 

the PPRV Nigeria 75/1 isolate by Diallo e/ a/., (1989), which b 'Ion's to lineage I and 

ha been u ed exten ively in Africa and the Middle East to tr to suppress outbreaks; the 

vacc1l1c gives protection for at lea t thrce years (OlE, 20(1) . Ilowe er, it has a low 

thermal tability: half-life of 2 6 h at 7°' after reconstitution (Diallo, 2004). '10 

overcome this, the vaccine strain has been mixed with cryo-protectant mixture containing 

trehalose. Thu , pre ervation of sufficient irus titer could be e tended to 5 14 days at 

45°C in the lyophilized ~ rm, and 21 h at 37° after recon ,titution (Worrall e/ al. 2000: 

ilva e/ al .. 2011). The e thermostabilizing additive are compatible with the 'hipment of 

the vaccine to remote areas without the need for a cold chain. Two thenno table accine ' 

were developed and their thermo-stability when checked at both 37° and 40° , 

demonstrated a shelf life of 7.62 and 3.68 days, respecti el (. en e/ al., 20 I 0). J lea J 

water has been reported to enhance the thenno-stabi lit or PPR accine . 

At lea t three similar PPRV vaccine candidate have been developed in India and 

licen ed for use: ungri 96, ra ur 87 and imbatore 97 (. aravanan e( al . 20 I 0). or his 

vaccine, however, aloha certain limitation, including requirement Ii r c Id-chain 

maintenance, and inabilit to differentiate infected from va cinated animal (01 ). 
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As with all member of the Param xo iridae ( ~lInily, PPR IS 11(.:at sensiti\l!: this is a 

seri u. drawback Ii r the eITicient u 'e of the live attenuated vaccim: in the end mic areas, 

which have hot climatic environments. [n addition th se n:gions usuall have poor 

infra tructur , being dirficult to sustain a old chain to ensure the maintenance 0/ 

vaccine potency. Lyophilization in the presence of suitable e\cipients is a prevailing 

approach to tabilize such type of bioi gieal products (.'il a el 01 . 20 II) . 

Alternative thermot lerant PPR-recombinant po. virus vaccines ha e been engineered in 

the pa t (Jones el al., 1993; [)iallo el a/. , 2002, 2007; Ikrhe 'I (II .. 2003 ; 'hen el 01 , 

20 I 0), which hould provide simultaneou ' protection a .ainst both diseases, althou,h 

none of them have yet been launched in the market and used in th' field . n of th 'se 

vaccine would have the additional ad antage 0 er the attenuated PPR va cine of being 

Ie s heat labile, although the experience gained durin' the rind'rpest eradi 'ati, n 

campaign showed that good freeze-drying techniques c uld pro ide highl stable vaccim: 

preparations, essentially eliminating the necd for a cold chain /'or vaccine deliver (Jlollse 

and Mariner, 1996). 

To improve the control of PPR in the field , it might be intere ting to de clop a DIY 

vaccine (differentiating infected from vaccinated animal) that could pr ide a practical 

and useful mean to control the disease, especiall in tropical countric. llch a D[Y 

vaccine as ociated to a performing DIY A diagno i may only be important when PPR 

become close to elimination, to re eal a low-noi e PPR transmi ion and trigger the 

reinforcement of vaccination campaign and disea e ur eillancc ba cd for in tance on a 

te t-and removal trategy (elimination of animal tested v ith infection antib die) to 

peed up the eradication (Albina el al., 2013). It could al ' be a worthv hile tool in cae 

of re-emerging outbreak in a free-zone ince an emergency va cination plan and a 

parallel te t-and-remo al contr I trateg could rapidl bl()\J out a nevv cpi/ooti s. 

1 Iowever, the DIYA accine i n t an urgent i 'sue b 'cau, e the e ·i. ting va ine. po . ibly 

impro ed for better therm tolerance, arc full efficient /)r th ' carl sta Ie. I' PPR 
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control. Recombinant po iruses are theoretically 1)1 va cines sincl: thl: anti' ns not 

included in the ac ine ' can 'er e in the Sl:rol ) .ical tl:sts ( Ihina "I al .. 20 I. ). 

Another interesting option is to modif thl: l: isting and v"itkl uSl:d attenuated accine. 

Several re. carch group are working on this possihilit h using reverSl: genetics (Minet 

el (JI., 2009; I lu el al., 2012), /\gain. the time bcf')re a cOlT1lT1acial \ accine will h come 

available may cover several years. Several frican <Ind iddlc 1', <Ist lah mltorics have th' 

capacity to PI' ducc and deliver tens of millions of PPR ac 'in' dos's within months. like 

it was the case in Morocco al1.cr PPR cmcrgence in 2008. major point is the n 'cessit 

of reliable quality controls before vaccine batch relcas '. With this respect. th ' P 

laboratory ba ed in Debr Zeit is an outstanding tool to ensur the qualit of PPR 

vaccines used in the vaccination campaigns. The numher 01 vaccine doses per ial \\-ill 

also need to be adapted to field situations. For instance. vials of 100 doses should b' 

avoided in area where sheep and goat nocks arc tin . ;iven adequate manufacturin • 

proce s, most of the eradication program can be achieved using the current vaccines 

(/\1 bina el aI., 2013). 

2.7. Re earch needs 

Key research area that include rapid pen- ide diagnostic test and a Dl vacci nc (wi th 

as ociated laboratory te ts to di criminate accination from infection) w uld bc useful 

tool in improving the efficiency of control mea ure . In particular. a DI vaccine 

would facilitate surveillance for actual di ea e during an ongoing vaccination campaign. 

Furthermore, development and technology tran fcr of an erficacious themlo-stable 

accine again t PPR (and heep and goat pox) in thehort lerm remains an area for 

further re earch (FA ,2013). 

~ pidemi logical re earch hich will include anlib dy /\iru dynami S In P pulation . . 

timation of the basic repr du tive rale and \ irus \ irulcn e dl:tl:nlllnanL arl: aL 
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needed. A major out tanding requirement is to impr )ve our 'pldemiological knowkdge 

I' the di tribution of PPR and particular! to impron: our kn()\\kdge or thc rok pia) cd 

by wildlife and camel in the transmission of PPR . Rindcrp 'st was regularl ob'icl\cd in 

many different pecie of wildlife, includin' buff~ll), girarrc and several 'ipecie'i of 

antelope; however, va cination of Ii e. t k herds against rinderpest led to the 

disappearance of the di case from wildlife populations, showing that the wildlife were 

not acting a re ervoir of infection, but were being infected b the virus circulating in 

the domestic live tock. It i. essential to fully understand the rok or wildlife in the spread 

and pot ntial maintenan e of PPRV in the environm 'nt in order to be able to initiate 

successful control strategies (Baron 'I 01.,20 II). 

Though a good PPR vaccine is available, the definition and impl'mcntation of a rek ant 

vaccination trategy and vaccination monitoring might be trick. mong others, the 

questions of the quick turnover in sheep and goat populations. accessi bi lit 0 I' these 

populations for vaccination and monitoring, inten it of small ruminant trade and 

transhumance , have to be considered. In addition, spatial and temporal heterogeneities in 

sheep and goat population density and dynamics. as well as differences in breed 

receptivity and sensitivity to PPR virus, make it difficult to define a prIon the most 

efficient vaccination strategy (AI bi na el 01., 2013). 

Another major gap for the success of PPR control i the lack of economical asse. ment of 

control strategies, and even of PPR co t. uch information would be u eful to h Ip 

veterinary ervice in con incing go emment and international organilations to support 

and fund PPR control (Albina el 01. , 2013 . 
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3. MATERI S 

3.1. Study area 

The tudy area was purposively targ ted th rill alk es 'arpments ( r I'astern mhara 

region which en omra ses th lowlands I' <>rth .'h( a/one, ( romia /one in mhara 

region, outh Wollo and orth Wollo /ones or the region. It III ' llI tk dl strlch 

immediatel) adjacent to the pastoral areas III ,\1(11 ' le"ioll 01' the COlllllr) and 

epidemiologically closely linked to these areas throu L! h seasollal ad1l1i tlllL' Ill' the herds 

during gnl/ing and marketing. The study was carried out in I H illages selected from Ii e 

districts: Kobo and Ilabru di ·tricts from orth Wollo, erehaho district from South 

Wollo, Bati district from Oromia special/one and Kewct district from onh Shoa (l-ig, 4-

and Table 3). 

Kewet District 

Kewet District is about 225 km to the north of ddis haba along Desie road. It is 

located at 11 0 55' N latitude and 70 20' E longitude at an altitude of 1 80 m.a. ', I. r he 

area has an average annual rainfall of 1007 mm, with short rain between arch and pril 

and long rain between June and eptember and annual mean minimum and ma, imum 

temperature of 16.5 and 31 0 ,re pecti el (Bo . 2000). 

Bati District 

Bati di trict is one of the food in ecure di tricts in the mhara ati nal Regional ,' tatc 

and i ituated 420 km orth l:a t from the capital city of th ' country. Addi ' Abaha. "I he 

geographical location of the di trict i IOn -, and 11 °. 0, latitude. and . 9
0
-0' and 

400 15'E longitude (B .2007). It ha ' an altitude rang' of' 1001-_ -00 m.a ... 1. 1 he di triet 

31 



hare boundarie with Afar ational Regional Statl.: In thl: '.1st. ~alll district ( outh 

Woll Zone) in w t, Werebabu (,' uth 0110 lone and [.n"a 'hda di..,tnct ( mimi)a 

Zone) in the outh. The study area is agr l.:cologicall classifil.:d as mid aitillld ' (11'1.'\11(/ 

dega) 19% and lowland (Kola) 81 %. Rainfall is hi-modal and the ..,hl rt rain Sl.:aS)J1 

(BeIge) tart in January and e tends to pri!. I hl.: long rain) Sl.:ason (\/el1('1') starts in 

June and extend to eptember. The rainfall distrihution in th' stud area is erratic in 

nature and from 500 to 1000 mm annuall) while thl.: tl.:mpcratur ranges from I R to 16"(, 

annually (BoA, 2007). 

The district is characterized by mixed farming s)stl.:m, \ hl.:r' th' rural peopl' of th' 

di trict arc dependent on both crop and livesto k production for th ir livin ' . ccording to 

Bati district land u e data (2007), the district has a total of 124,696 ha; or this total R.96% 

is cultivated, 15.16% is grazing land, 0.5% is forcst, 49.180
/ 0 is hush land, 6.W),o is lI" 'd 

for settlement, and over 19% i marginal land or waste land. I he land,'cap , of thi., district 

classified as rugged terrain (42%), mountainous (20%), gorge (28%) and plan' (lo<l/o) . 

Type of oil found are black, red, sandy and gra soils and make lip are about 21%. 12%. 

II % and 54%, respectively (BoA, 2007). 

Habru District 

Habru i one of the districts in orth Wollo Lone. It is hordered on the outh b the ille 

River which separates it from the outh Wollo Zone. on the \\lest b uba 1 ano. on the 

north by the Logiya Ri er which eparate it fr m Kobo. and on the cast by the far 

Region. The main Town of the Di trict Mer a is located at 491 km orth of ddis 

Ababa. The altitude of this di trict range from 700 meters above ea level \\herc the 

Mille enter the Afar R gion, to 1900 meter at it · \\c. ternmo. t p int.I hc tud area IS 

agro ecologically cla ified a highland (Dega) I 'Yo. mid altitude (W ' 'l1a dl.'ga) _4% and 

I wland (Kola) 75% (B A, 2013). 
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Wcrcbabo District 

Wercbabo i one f th di ,tricts in the mhara Rl.!gi( n of' I ~ thi( pia Part ( r the SOllth 

Wollo Z ne, Werebabu i b rd red n th s uth b Kalu, on thl.! \"est b I dlllkder , on 

the north by the Mille River which separate. it f'rom the orth olle lonl.!. on thl.! I.!ast b} 

the Afar Region, and on the southea. t b the io Ri er \"hich s parates it li'om the 

romia Zone. 

The we tern part of Werebabu lies in the I ~ thiopian hi dllands. with the 'astern part 

stretching down t th lowlands of the Afar Region; el' at ions ran 'e from 700 met rs 

above ea I vel wh re the Mille Ica es the di strict to 2700 Il1 tl.!t's at it<; southern most 

point The tudyar a i agro ccologicall classified as highland (I)' 'a) 4%. mid altitude 

(Weyna dega) 40% and lowland (Kola) 56% (Bo ,2011). 

Kobo District 

Kobo district is found along the orthem boundar of the mhara ational Regional 

tate in Northern Ethiopia. In term of geographic coordinates. the tud area i located 

within the Gobu watershed described b 12°10' and 12° I ' orth Latitude and 9 22' 

and 39° 33' East Longitude. The highest long term mean monthly rainfall i 197 mm in 

Augu t while the lowest mean monthl rainfall is 10 mm in December. ean rna. imum 

temperature of 34°c and mean minimum of 12°c for June and Decem er re pecti\C\y 

ba ed on records of the nearb meteorological lations at Kobo tati n. The rainfall 

pattern i bimodal, i.e. the hOlt rain (8elg- pril and ay) and long rain ' ( iremt-July 

and August). The hotte t and colde t month ' f the stud arl.!a are 1ay-Junc and 

N vember-December re pe ti el (80 . 20 I ). 
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Fig. 4: Map of Ethiopia howing Amhara region, study di ·trict . and sampling area. 

3.2. Study population, sampling cherne and 'ample ize 

The study population wa mall ruminant that are apparently health a \\ell a' th e 

showing clinical ign that re emble ofPPR ign . 

Multi tage ampling (Doho el a/., 200 ), \\ith ~ ur hierarchical ·ta Ie. \\as u. ed a 

ampling trategy. The lone and di trict b rdering Afar regi naltat wcr' ampl d 

purpo ively to addre the percei ed ri k duc t citha conta t \\ ith trade r n madl 

animal through hared graLing and \\at >ring p inL. T he fir t Ic\el f Ie tl n wa th 
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zone, within each of the elected / nC$, spc i fie districts \\cn: al so s II.: tcd . PC,I ant 

Association (PAs)/viliage and indi idual animal \\en:: sclc 'tcd by random samplin ' . 

Ilcrd within the amc village that . hare gra/ing arcas and \\<Hering points \\Cre 

con idered a single-level clust r. and sampling units, \ ith \'cr) littk within flo 'k 

variation. A village wa , therefore, considered to constitutc a 110 ' k. 

The sample ize was comput d a uggested b arct-. ' /kuta (II (II , (200H) and I oho) el 

al. (2003): The ample iz rcquired for the seropn.: alcnee study wa'i dcll::rmined 

according to Thrusfield (2005). 

n = Z2 X IPcxp (I-I\xp)/ d2 1. 

Where: z 1.96, P cxp 0.5 and d 0.05 (the desired I 'vel or pn::ci'iion )r accurac ). 'I he 

required ample size was acc rdingly calculated as /1 H4. 

I [owever, PPR is a highly contagious disease. To obtain a similar accurac to that with 

simple random sampling, the sample ize had t be recalculated. I he aim was to sample 

at least 54 animals from each village. and ba ed n pre ious stud n anal si ' of national 

serological data by Waret- zkuta ef al .. 2008, the median rate of PPR hOI11 geneit rho 

(p) wa estimated to be 0.029. Therefore, the ample i/e was sub 'cquentl rccalculated 

as: 

N = n x [1 +p x (m - I)J, 

Where n = 384, P = 0.029 and m - 54, representing the average number of animal to be 

sampled from each village (Oohoo el af. 2003). Therefore, the nc\\ ample i/c was equal 

to 974.208 animal which accommodate the lack of independence between small 

ruminant belonging to a given kebelle ( areh /kuta el al .. 200 ) and 18 \ illages \H:re 

included in thi tudy. The design effect (D) wa alculated as 2. ~ 7 a c rding to : 

D = I + (m 1) I< P 

The tandard error (. wa calculated a ' 0.0 I a cording t 

'px (I-p) On 
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The ampling frame from which the 18 stud villagl.: \\l!r' randoml) dl.: t d \\as 

btained from respective di, trict agriculture ortiee. 

Table 3: tudyarea, zonal sheep and goat p )pulatiol1 and r 'spl.:cti\e numher or sample 

Zonal Population Oi tricL o. of J> and illa~ • ~ 'Icct d 

Zone hee Goat selected sampl' 
North 862,546 501,259 Kob 222 ddl'> Kl.: '11, 

Wello )odll 

North 862,546 862,546 Ilabru 2 10 I is Keyc. Jawla. 'V1 'hal mba. 

Wello Dlle Rnl-.a 

, outh \ , 720,700 Wer babo 98 ('hIlHl. I"l.:bal 

Wello 948,943 
Oromia 86780 164,891 Bati 223 'hekortl. I cialla. ('hachatll. 

~alcll1cl1c 

North 1,644,88 1 732,433 Kcwct 2 16 KUl"e Ikrel. )di Ikrel. edina. 

Shewa Yclcn 

969 

3.3. tudy design and data collection 

A cross-sectional study de ign wa employed bet ween 0 ember 20 \ and pri I 2014 to 

collect epidemiological data and samples. 

3.3.1. Retrospective allalysis of epidemiological data Oil PPR outbreak 

Fin! years retrospective data on PPR outbreak \\as u,>eo in the pre. ent SlUo~ . 1 he ottrl.:e 

of the data on the outbreaks and epidemiolog r PPR infection In \ al'iolls region or th~' 

country \\as the I'cderal Ministr) or Agriculturl!. l.pldel1110log) unit. hhinpia . 1 hl! data 

\\ere transmitted from the local field \derinarians to the l11 illl tl') thrnll ' h Ihl.: (Ificl.:r 0 1 

the di'itricts concl.:rned. 
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Retrospective description of epidell1iolouical data on numher of PPR outl r ak . i 'k .t ilt! 

deaths, animals at risk and species ir1\'ohed \\en.: conducte I ror thl: pl:rilld Januar) 2 {)()() 

to December 2013. Monthl, reports at di'itrict b d \\ ere ohtained f'r OJll thl: n:ginn. 

3.3.2. Active field investigatioll alld Que. tioller survey 

A em i-structured que tionnaire was de loped and pre- teste I. '1 he ques\ronnain.: was 

admin i tered to tho e small ruminant owners showed their willingn ss to particil ate in 

the study in the elected villages. I ~ach inter i took ahout 20 . 0 minutes. 1 rom ea'h 

di tricts about 12 to 15 people in ach PAs were selected for the sun e . 1 n ea 'h "i lIa I '. 

!lock owner were interviewed to reveal information I' garding flo·J.. si/e. a I • and s', , 

health tatues, grazing management, raising type, introduction of ne\ animals, access to 

veterinary ervice, clinical signs of disease encounter 'd. numh'r )f diseased and dead 

animals . 

Age was approximated and classified as young (6 months to I. car) and adults (> I. 

years). Health statu data wa collected b recording occurrence of cnteritis- tomatitis 

syndrome and re piratory di tre S, 0 erall number of sick animal ' (u ed to compute 

morbidity) as well as overall and specific deaths a' 'ociated with ob 'crvcd clinical cases 

(used to compute crude and case fatality of PPR). 'lose-ended quctions wcrc coded and 

entered in a excel spread heet. Open-ended questions were collected and imilar answers 

were grouped. 

In addition an observational tud on clinical ca es \\a conducted durin 1 the 0 currence , 

of an outbreak and photographed u ing digital camera. :ampl '5 for \ iral culture. i:olatI< n 

and identification were collected from animal that' hihited linical sign :uspe ted I 

be PPR. 
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3.3.3. Serological study 

A total of 969 erum ample, wer' collected rrom shel:p and goals in thl: study distri 'Is. 

The aim wa to determine the Ie el of antibod in the s rum hl:rd immunil in '.: .. H;cinat\.:d 

area a well a the ero-pr alence in high risk areas of infection in IlOIl-\a' 'inat\.:d 

area. Initially, blo d ample were collected b jugular.'.: in punc(url: wilh plaIn 

vacutainer tube from each animal lathered at the immedial' \ 't\.:rinar cltnic or 

re pective PA/Kebele. upplemcntary information on potential risk f'actors (su'h as 

animal age and sex, health statues, grai'ing mana' 'men I, raising I p . inlrodu 'lion of' 

new animal, acce to veterinary services) was record\.: I during hl( od samplin', I h ' 

sample were labeled ae ordingly to allow identification of each animal. fll ck sampkd 

and tudied village and kept in a lanted POsili )11 ( verni 'hI to allov" serum sl'paration ia 

clotting blood amples. erum wa decanted and aliquot'd into . 1111. er 0 ials h 'for' 

being transported and temporally stored in cold boxes. Finall . th' serum sampks wen: 

transported in an ice box chilled on ice packs to th' alional nimal Ileallh I iagnostic 

and Inve tigation Center Laboratory, ebeta, where serological anal sis was carried )ut 

u ing cELl A. Upon arrival, the erum wa centrifuged to remove the remaining red 

blood cells before being tran (erred to new cr ovial and stored at - 20 until proce'l'lcd. 

A monoclonal antibody (MAb) based competiti e l:n/yme Linked Iml11unosorbent ssa 

(cEll A) (OiaJlo ef af. 1995; 01 , 201 ) \ a u 'ed for the dete ti n of antihodie' 

directed against the nucleoprotein of the PPR iru u 'i ng appro\ed competitive 1 1 I.' 

kit a de cribed by Libeau ef af. (1995). 

Briefly, the Ll A wells were oated with purified recombinant PPR nu leoprotein ( P). 

the samples to be te ted and the contr 1 \\\.:re added l< the l11i ro\\ells. Anti- P 

antibodie , if pre ent, form an antib d -antigen comrie:.; \\.hich ma k th\.: P erltOP' . 

An anti- P-peroxida e (lIRP) conjugate \\.as added to thl! mi r \ l:ll and in uhated. It 

fi e to the remaining fr e P epitop' . I' nning an antigen- onju ldte-IIRI> (mph.: . 

fter wa hing (to eliminat th' e Cl!', C Iljugat' . th\.: uhtrate (Iutl( n (I 1B \\a 

38 



added and the re ulting col rati n depend ' on the quantity or spe 'ific antihodies pn.:sent 

in the ample. top solution (ulfuri acid \ as added to each \\-ell 111 order to stop the 

reaction. The microplate were r ad with IL, 800 bsorbance i'roplate Reader 

(Biotek Instruments, Inc. U A) with an inference filler of 4 0 nm and connected to a 

computer loaded with en 5 I M software for automated readin I and cakulati( n or the 

competition percentage ( IN %) valu . 

The 00 (optical density) value f ca h ample were con erted to , '/ <I/ o h using tl1\; 

following formula: 

SIN % = I 00 sample I 0 [) NC) j X I 00 

The samples with IN Ie than r qual 50 % were considered as positi e. 

The same procedure wa u ed in thi study to convert th (I valu 'S to p'r 'nta 'e 

inhibition for PPR detection by u ing the following formula: 

PI= [100-(00 sample /00 NC)J X 100 

An inhibition of more than 50 perccnt was con idered p sitive. 

3.3.4. Antigenic detection using Imnulllo-capture ELI 'A (Ir-ELl ) 

A total of 32 samples, comprising 18 wab amples (nasal. ral. and ocular and gum 

debris) and 14 heparinized whole blood am pIes were collected from the uspected 

animals for the presence of PPR viral antigen. The s\\.-ab ample ' were c lIected using 

sterile swabs which were placed in a viral tran p rt media (f ) containing PBS. 

antibiotic and antifungals. Ic- LI A wa also u ed to detect PPR viral antigen in 

harvested inoculated CH -20 cells. 

Immuno-capture LISA for the detection of PPR \iru \\a, ' arried ut at the atiol1al 

Animal Health Oiagno tic and In e tigati n enter l.ab rat )r). , ebcta. using If) 

creen andwich ELI A kit a de crib d b I ibcau ct al. (1994), I he kit \\a imp med 

from FAOIOf ~ Reference Laboratory for PPR. ' IR \D. 1onlpellicr. r·ranc . It u cd n 

39 



anti-nucleoprotein (N) capture antib d and an anti- mono'ional IIRP antih) I, to 

demonstrate the pre ence or ab ence I' PPR iral parti 'ks in th' sp ' iml.:ll . II \\as 

applied according to the manufactur r' in tructions (II . et . .'ampks to h kstl.:d and 

controls were added to the micr w li s. If PPR present, forms an antihody-anti 'en 

complex. After wa hing, an anti-PPRV- Mab-IIR!, conjugatl.: was aided. formin l an 

antibody-antigen-Mab-lIRP complex. Arter washing (to eliminate the e CI.:SS 'onju 'at ), 

the substrate solution (TMB) wa added. The resulting co loration depends Oil the quantity 

of PPRV present in the ample to be te ted . In the pr 'sen 'e of PPR . a blu' 'oloralion 

appears which becomes yellow after addition of the stop so lution (sulfuli ' a 'ld) . In the 

absence of PPRV, no coloration appear. 'I he microplates well.: r 'ad wit h I-I ,ROO 

Absorbance Microplate Reader (8iotck(R Instruments, Inc. lJS ) at 4 Onm. I he read'r 

was connected to computer loaded with en SIM software, which was lIsed to automat' 

the reading and calculation of percent p sili it} (SIP 0;0) allies. I h' OJ) (optical densit ) 

values of each sample were converted to percentage positivit b lIsin' th' follo\ in' 

formula: 

SIP % = [00 sall1plc - 00 NciOD PC 00 NC 1 100 

The samples with SIP greater than or equal 20 % were considered as positive. 

3.3.5. Molecular detection of the virus nucleic acid 

RT-PCR for the amplification of part of the gene 

28 samples including the previou 18 swab ample" additional 10 na al , v,ab samples 

and those inoculated to eII -20 cell and harve ted vvere examined for the presen e of 

PPRV RNA by one step reverse tran cription- polymerase chain reacti n (R /-1' R) 

assays (OlE, 2013). 

Primarily, the R A extraction from ample v,:a. done using mmer'ial R "I.: tra tic n 

. K' b f' I ran' ,) a r'r the manu fa 'tur r' kit (Qiagen RNea y Mint It, courta 'U, • . e 
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in tructions. Rever e Tran cription- PoIYI11l:rasl: 'hain Rl.:action (R 1-1' R) \\:\ 

performed for the N-gene of PPRV u ing il one st p In - I> R kit as pl.:r thl.: 

manufacturer's instructions. Th rever e transcription and I> ' R \"ell.: 'arrkd out 

sequentially in the same tube. The R A obtained was cOl1\erted t ) cl \ using a I \l.:lse 

transcriptase enzyme. The cD A wa amplified usin' PPlh spl.:cific 1'1 and 1'4 

primers as previously de cribed by 'ouac - lI}mann elal (_002). 

The master mix contained the followin g reagen ts: 7. ~d ( I R as ·-frl.:e \ 'uter, 5 pi of 5 

PCR buffer, 1).1.1 ofdNTP mix (IOmM each), 1.5 ~d orca h priml:J'; 1'1: ( , (;IC 

T AA ATC G C T A A A T - ') and 1'4: (5' " I CC'I ' I (j /I " I 

C A AA TCT 3 ') at final c nc ntration of 6 ~lIn, ~d 01 solution and I pi of Qta ' '11 

enzyme mix. 

The amplification was carried out with the linal reaction vo lume of _ ~d containin ' 2_. ') 

).1.1 of the prepared master mix and 2.5).1.1 ofR A template. I his mi ture was suhmitted to 

a thermal cycling profile of initial reverse tran cription at 0" for 10 min. P ' R 

activation at 95°C for 15 min, followed by 40 cycles of denaturation at 94 ' lor 10 s, 

annealing at 60°C for 30 s, exten ion at noc for I min and final c. tcnsion at n"c lor -

min in an Applied Biosystem 2700/2nO Thermal c cle P 'R machine. 

10 ).1.1 of each peR product (amplicon) were anal 'ed by gel electr phoresis at 

120v/80mA for 60 min on 1.5% of agarose gel in Tris-borate-[' ro \ buffer. I he gel \\-as 

stained with ethidium bromide and the 0 hand. \\-ere \ i ualil'ed hy l 

transi lluminator and the image wa transferred to c mputer. 

3.3.6. Cell culture and virus isolation 

Anti-mortem ample (oral, ocular, na al wah. and gum dehri \\cr )111.: 'ted fr m 

active ca es in a terile uni er al tube c ntaining \ iru . tran p< rt m'dium V T 1 \\ ith th > 
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aim of virus isolation. ample were kept 11 icebox containin I ice pa 'k durin I nile 'lion 

procedures and until shipment to the lab rator} . I he w.abs "\l:n: ma't.:l'Ited \\cll in Iht.: 

transport medium itself u ed for collection. The resulting suspcnsions wei' tl,lllsll:rlcd to 

a centrifuge tube and centrifuged at 3000-5000 rpm fc r _0 min. 'I hc SUI 'rnatant ,,\ IC 

collected and samples taken from on utbreak area or distlict "" 'n.: p )okd IOldhel 

assuming that the same viru c uld cau e the outbreak in the population. c 'ordin ti). 4 

pooled samples were proce sed in ell culture fn m 4 resp' ·ti» ' different dislril.:ts for 

virus isolation. 

The cell culture inoculation wa carricd ut accordin ' to til' m th( d of dOl11hi ,'I (/1 . 

(20 11) in a cell line of II -20 (App ndex V). Monola er 1.:<.:1 1 I.:ultu les ""CI' Inoculal 'd 

with the suspect pooled ample (swab material) and e. amined dail for e,id 'n 'e of 

cytopathic cffect (CP ). Po itive cultures were retested with I '· I I IS , I I P 'R and 

IFAT. 

3.4, Data management and analysis 

Districts, PAs, villages, vaccination status of the illage and indi idual animal data '''ere 

stored in Microsoft Excel 2007. De cripti e stati tics of the e planator} ariahlcs 

examined in the study for the animal and Dock Ie el were computed using l~ pi Info 

software. The prevalence was determined b di iding the total numher of po iIi e 

samples by the total number of ample (Dohoo el at. 200 ). Prop rtions were calculated 

for seroprevalence visa-vis fixed factor that included animal species. se:\ and a 'c. 

districts and village. Univariable analy i for the proportions ""a· carried out using hi­

square analysis in Epi Info software ersion 3.5. 1 ('entre for [isease (ntrol and 

Prevention) to assess association with the Dock si/e. age ande . health statues. grazin ' 

management, raising type, introduction of ne'" animal·, access to "ekrlnar) w~i cs. A 

confidence limit of Ie s than 5% wa u ed t indicate a si mifi ant Ie\c!. All \ariahl' 

wi th P < 0.05 (two- ided) in the uni ariable anal}sis \"er' further II: I'd h) multi\ariahk 

logi tic regression model to a e their effect on PPR . cr pili, il) Iud., ilia IC map 
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were created using ArcGIS version 3.2. hi ropl th maps Wl!n.: also prmJu '\.:<.I to show 

the distributions of outbreak report by weredu. 
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4. RE L " 

4.1. Temporal and spatial di tribution of PPR using 5 ear'l r -tro pecti\,' data 

4.1.1. Temporal distribution of PPR 

Between 2009 and 2013, a total of 832 PPR outbreaks wen.; reported li- )1l1 difli:relll 

re Jions and districts of the country. The highe t numb(;r of outbn.:aks d\.:spitl.! thl.! 10\: l.!sl 

case fatality rate was reported in 20 I O. The monthly ov\.:rall oulbrl.!ak palll.!rt1 or Ih . 

die ase is shown in Fig. 5. The incidence f PPR outbrl.!aks incr\.:<Ised graduall durin I 

S ptember and October and with a peak in 0 emb'r. 'I he 10\ l.!st l1umbl.!1 01 outbrl.!aks 

\\r' seen in the month of June. The tudy howed cll.!arl) that thl.! Irl.!atl.!st numl L'r or 
outbreaks was observed after the main rainy ea n. 
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4.1.2. Spatial distribution of PPR 

Region wise, Oromia reported the highest number f utbreak follcmed by mhuru and 

the least was recorded in Diredawa followed by ambcla \i ith in the Ii\(; I..:ars p -riod 

(Fig. 6). A map showing overall picture of the fiv year outbreak rep )rt in thl..: country is 

produced (Fig. 7). 
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Fig. 6: Region wise number of outbreak during 2009-2013 
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2009 2010 

2011 2012 

2013 

Number of oubreak report 
No disea e t port {Unknown t ttl ) 

Zero PPR outbreak report 
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3.5 PPR outbreak repol1 
> 6 PPR outbt a report 

Fig. 7: Maps showing PPR outbreak report tatu of bthi pia (_0 -
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4.2. PPR clinical disease investigation throu h participator approach 

The clinical disease observations and outbreak inve tigati n were d( m: in 18 P \ 1\ ilia 'e 

of five districts (Raya kobo, Werebabo, Habru, Bati and Kewet). B th \t\ccinatl.: I and 

unvaccinated flocks were investigated for the pre encc of the clinical disease (pPR \:irlls) 

and PPR antibody. 

4.2.1. Community perception of PPR based on questiollllaire illterview 

During- the current participatory epidemiological tudy, different clinical s mptollls weI" 

reported by livestock keepers in su peeted PPR ca cs. 'I he signs in 'Juded nasal 

discharges, diarrhea, respiratory distress, oral ulcer and nodules. la rimation an I 

abortion (Fig. 8). 
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Fig.8: Suspected clinical symptoms of PPR as reported b 
re:p ndent ( I' 4 
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4.2.2. Observation on clinical signs of PPR and quantifying it5 magnitude 

Clinical signs of PPR were observed in both heep and goats, in b Hh s' and all a 't.: 

groups, in the all study districts. The clinical signs included high fever, ocular and nasal 

discharge, few abortions, respiratory distress and diarrhoea was also present in a f~w 

incidences in young animals. Besides the above clini al igns, erosive and ne ,!"Otic 

stomatitis was also seen exceptionally in Habru district (Fig. 9). 

48 



A) B) 

C) D) 

E) 
F) 

Fig. 9: Various clinical signs of PPR: A) Erosi e and necrotic ,t matiti and B) thl! 

upper dental pad completely obscured by a thick chee material Ict:rati n on th' 

upper surface of tounge D) serious nasal discharge, dead ell n the urfa I! r t( un II! 

and lesion on lower lip E) Muco-purulent nasal di charge and \.) la nmatl n 

49 



The di sease outbreak was severe in Habru di triet and 0\ crt clin ica l I 'n \\ 'r' .11 { 

observed. 

The flock consisted of 121 sheep and 390 goats and c uld b regarded a. h< l1logcncous 

with respect to the risk of transmission of an infectious di ea e. mon' thi s group undc! 

observation, there were 48 affected sheep and 64 affected goat gi ing morbidity rat 's of 

39.7 and 16.4%, respectively. Nine sheep and 34 goat died or the discas \ ith thl: 

mortality rates of 7.4 and 8.7%, respectively (Table 4). The case ratalitj ratc was IH .H" " 

for sheep and 53.1% for goats. The clinical signs and m()rtalit~ ratc \\ crc IllIllC SC\\.:n: III 

goats than in sheep. The course of the disease wa rep rt d to be between 4 and 10 tla s. 

In affected cases of the disease there was satisfactory re ponse to injectable antibiotics as 

seen by treating animals during the outbreak. 

Interestingly, the outbreak in Habru District was reported to be a ociated with the entr 

of newly purchased animals from a common 'Mersa' market. A complete histor (f the 

origin or the source of the animals to the market, whether from an area endemic lor PPR 

di sease, was not available. 

Table 4: The mortality, morbidity and CFR during PPR outbreak in Ilabru di trict in 

2014 

~P=-a-r-a-m-e-t-e-rs------S-h-e-e------:G~oa---:t:------ Total 

P 1 390 5) I opulation investigated 12 
Morbidity 48 (39.7%) 64 (16.4%) 11 2 (21.9°'0) 
Mortality 9 (7.4%) 34 (8.7%) -+ ( .4%) 
CFR 18.8% 53 .1 % .40/0 __ _ 
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4.2.3. Pen-side test/Lateral flow device 

Though not validated for field use there was promi i g It " I . , n ' rc u uSing t 1l: P 'nsld' tl:~t 

(lateral flow device) on the spot in Habru district for the c nfirmati n ofthl: disl:HSl: (/ ' i I . 

10). 

Fig. 10: PPR pen-side test! Lateral flow device showed that the upper ·trip is stron I 

positive and the lower one showed weak positive result 

4.3. Serological studies 

A total of 969 serum samples collected from the five di tricts were creened ~ r 'pccific 

antibodies against PPRV using c-ELISA kit. Of these sample, 612 (63.2%), 196 (20._%) 

and 161 (16.61%) shoats were declared vaccinated, non- accinated and f unknown 

vaccination history, respectively by their owners and local veterinary per nnel (1 ahle ). 
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4.3.1. Seroprevalence of PPR and associated risk/actor ill ullva ciliated poplllaliol1 

Prevalences 

The overall seroprevalence of PPR virus antibody in unvaccinated small ruminants was 

28.1% (95% CI = 21.9 - 34.9%) with highest (51.1%) and lowe t (16.1 %) serorn:\akncc 

in Bati and Habru districts respectively (Table 5), the difTerencc which ~as also 

statistically significant (p = 0.000). 

Table 5: Magnitude of seroprevalence levels among variou vaccination statuses in small 

ruminants as compared among five Districts 

Vaccinated lin"3ccinated I II~'HI"II 

Districts N Pos 95% X
2 p- N Pos 95% X2 1'- '\ 1'0\ (~o) ')~ .\' 

(%) CI Value (%) CI "alue ( I 

Kobo 104 81 68.7- 47.59 0.000 118 26 149- 16.63 o ()()02 

(779) 85.4 (22) 30.6 

Wcrebabu 98 73 64.7-
(745) 82.8 

Habru 179 88 41.6- 31 5.5-

(49.2) 56.7 (16.1) 33.7 

Bati 176 104 51.4- 47 24 36.1-

(591 ) 66.4 (51.1 ) 65.9 
161 91(5fl ~) ~X ~. 

Kewct 55 49 77.8- (,.\ 1 
(89.1) 95.9 

161 91(5( •. 5) 
Overall 612 395 196 55 

(64.5) (28.1) 

Table 6: Prevalence of PPR antibodies in sera of small ruminant u ing c Li. 

Goat 0,- rail 
SheeE 

Positive 0 Po iti\\; 
DistrictlP A Vaccination No. Positive o. 

ampl (%) 
sampled (%) sampled (%) 

status cd 

Raya Kobo 7 - ( 100) 
9 (100) 48 -1 (100) 

Addis Vaccinated 9 
Alem 
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Sodu Vaccinated 47 
Addis Unvaccinated 33 

24 (51.1) 47 
7 (21.2) 30 7 (2 . ) 6 

Kegn 
Dibi Unvaccinated 5 I (20) 50 II (22) 55 
Overall Vaccinated 9 9 (100) 95 72 (75.8) 104 
Overall Unvaccinated 38 8 (21.1) 80 18 (22.5) 118 

Werebabo 
China Vaccinated 16 13(81.3) 31 16(51.6) 47 
Arebat Vaccinated 19 18 (94.7) 32 26 (81.3) 51 
Overall Vaccinated 35 31 (88.6) 63 42 (66.7 98 

Habru 
Tis Keye Vaccinated 6 2 (33.3) 57 27 (47.4) 6 
Jarota Vaccinated 12 8 (66.7) 41 17(41.5) 51 
Mehal Vaccinated 21 13 (61.9) 42 21 (50) 6 
Amba 
Dire Unvaccinated 14 I (7.1) 17 4 (2 .5) 11 
Roka 
Overall Vaccinated 39 23 (59) 140 65 (46.4) 179 

Bati 
Chekorti Vaccinated 14 8(57.1) 44 30 (68.2) 58 
Felana Vaccinated 33 21 (63.6) 26 21 (80.8) 59 
Chachatu Vaccinated 27 13 (48.1) 32 II (34.4) 59 
Salemene Unvaccinated 11 8(72.6) 36 16 (44.4) 47 
Overall Vaccinated 74 42 (56.8) 102 62 (60.8) 176 

Kewet 
Kure Vaccinated 20 19 (95) 35 30(85.7) 55 

Beret 
Sefi Unknown 16 10(62.5) 39 23 (59) 55 

Beret 
Medina Unknown 14 7 (50) 35 20(57.1) 49 

Yelen Unknown 57 31 (54.4) - 57 

Overall Unknown 87 48 (55.2) 74 43{58.1} 161 

Overall Vaccinated 177 124 435 271 612 

(70.1 ) (62.3) 

Unvaccinated 63 17 (26.9) 133 38 (28.6) 196 

Unknown 87 48 (55.2) 74 43 (58.1) 161 

Risk factors 

D . bl d study and the re ult escnptive statistics for the varia es un er 

comparisons are presented in Table 7. The proportion f er p 
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significantly differ between districts, sex, age groups, grazing management. v.hcthcr thl:) 

introduce new animal or not and status of veterinary service. 

There was no statistical difference in the seroprevalence recorded in goats (28,60 0) 

compared to that in sheep (27%). The PPR seroprevalence record d in femal (2 .1 % ) is 

significantly lower than the male (38.7%) animals sampled in thi stud}. gC-\\ISC, 

34.7% of the adults and 9.6% of the young were seropositive, which was 'ignificantl ' 

differing at p < 0.05. Prevalences of PPRV infection was al 0 eem varied ame ng 11< e~ 

size, ranging from 27% to 44.4%, though it is not significant; however, these figures may 

not be accurate because ofthe small sample sizes in the Large nock Crable 7). 

Those variables which significantly differ with Chi-square univariable anal sis at P 

0.05 were further analyzed using the multivariable logistic regre ion model f{)r risk 

factor analysis. The model revealed residing in Rayakobo district, adult age, coml11unal 

grazing and recent introduction of new animals as risk factors for PPR seropositi it} in 

sheep and goats (Table 8). 

Table 7: Association of assumed exposure variables with seropo itivi ty of PPR 

Variables Catagories/Levels N Sero(!ositives {%} 95% CI Q-valuc 

District Raya Kobo 118 26 (22) 14.9-30.6 0.0002 

Habru 31 5 (16.1) 5.5-33.7 

Bati 47 24(51.1) 36.1-65.9 

Species 63 17 (27) 16.6-39.7 0.81 7 
Sheep 21.1-37 
Goat 133 38 (28.6) 

Age 52 5 (9.6) 3.2-21 0.0005 
Young 27-43 .1 
Adult 144 50(34.7) 

26.6-51.9 0.024 
Sex Male 62 24 (38.7) 

16.3- 1.2 
Female 134 31 (23 .1) 

19.4- 5.8 0 
Flock size Small 122 33 (27) 

17.3-40.2 
Medium 65 18 (27.7) 

13 .7-7 .8 
Large 9 4(44.4) 

30.4-61 .2 0.0019 
Recent Yes 44 20(45.5) 

introduction of 
new animals 

54 



No 139 30 (21.6) 15. 1-29.4 
Grazing Private 57 10(17.5) 8.7-29.9 0002 
management 

Communal 96 40 (41.7) 1.7-52.2 
Raising type Sheep and goat 49 14 (28.6) 16.6-4 .3 0.1527-

together 
Sheep and goat 44 II (25) 13.2-40.3 
separately 
Mixed with other 60 25 (41.7) 29.1-55. 1 
LS 

Feed shortage Yes 76 26 (34.2) 23.7-46 0.688 
No 77 24 (31 .2) 21.1 -42.7 

Shortage of Vet. Yes 65 28 (43.1) 30.8-56 0.034 
Service 

No 83 22 (26.5) 17.4- 7. 

Table 8: Multivariable Logistic regression analysis of variable as ociatcd with sero-

positivity to PPR in non-vaccinated sheep and goats 

Term Odds Ratio 95% C.I. Coefficient S. E. p- aluc 

District (HabrulBati) 0.0000 0.0000-> I.OE 12 -17.41 58 29 .0887 0.9')26 

District (RayakobolBati) 0.1554 0.0439-0.5503 -1.8617 0.645 1 0.0019 

Age (old/young) 10.4924 2.3882-46.0978 2.3507 0.7552 0.00 19 

Grazing management 16.4103 4.5085-59.7317 2.7979 0.6592 0.0000 
(communal/private) 

Introduction of new animals 17.1226 4.2963-68.2410 2.8404 0.7054 0.000 1 
(yes/no) 

Sex (male/female) 0.5085 0.1747-1.4796 -0.6764 0.5450 0.2146 

Shortage of Vet Service 1.9858 0.6725-5 .8643 0.6860 0.5525 0.214 
(yes/no) 

CONSTANT * * -8.0261 2.0842 0.0001 

4.3.2. Seroprevalence and its assumed determinants in vaccinated populatioll 

O . h II opre alen c of antibod\ \\J 
ut of the 612 vaccinated small rummants, t e overa er . 

64.5% (95% CI = 60.6% _ 68.3%) indicating the level of er com er ion in thc li\ 

districts. There was statistically significant (p== 0.000) difference in eroprc\ akn e 
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among the vaccinated districts (Table 9). Kewet district recorded the hi ghc ·t pn!\alcn ' I.: 

(89.1%) and Habru district with lowest prevalence (49.2%) in vaccinated area. t ehdl.: 

level, Addis Alem kebele turned 100% seroprevalence in Raya kob di trict omparcd to 

the lowest seroprevalence (40.7%) in Chachatu Kebele in Bati di trict CI able 6). 'I here 

was no difference in vaccine response of different age group, sex, and p cics invoh ed 

(Table 9). 

Table 9: Association of assumed determinants/ fixed variables with ero-con crsion or 
PPR antibody in vaccinated population 

Variables CatagorieslLevels N Serol!ositives {%} 95% I -value 

District Raya Kobo 104 81 (77.9) 68.7-85.4 0.000 

Habru 179 88 (49.2) 41.6-56.7 

Werebabo 98 73 (74.5) 64.7-82.8 

Bati 176 104(59.1) 51.4-66.4 

kewet 55 49(89.1) 77.8-95 .9 

Species Sheep 177 124(70.1) 62 .7-76.7 0.0 89 

Goat 435 271 (62.3) 57.5-66.8 

Age Young 136 85 (62.5) 53.8-70.6 0.5 39 

Adult 471 308 (65.4) 60.9-69.7 

Sex Male 154 99 (64.3) 56.2-71 .8 0.9 8 

Female 458 296 (64.6) 60-69 

4.3.3, Determining the cut-off Percent of Inhibition (PI) values oftlte cELL It 

The PIs pattern 

'd d indirect mea ure of antibody 
The percent colour inhibition using cELlSA provi e an 

I . d ed negati e for PPR (PI 
levels in the test serum samples. Among the samp es conSI er 

b tween 14 and 18 Itemati\ely . 
50%) the greatest number of samples had a PI of e . .' . 

. . > 50% a eak frequenc) dl 'tnbutlon 
among the samples considered POSitive for PPRV PI - P 

of between 90% and 94% PI was observed (Fig. 11). 
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Fig. 11: Distribution of % of colour inhibition for PPR antibody po itive and negative samples h 

cELISA, the arrow indicates the cut-off value for positive test sera (PI = 50%). 

Comparative frequencies of the PIs between the vaccinated and unvaccinated 

groups 

Considerable differences were observed between the vaccinated and un accinatcd 

populations when the results of the cELISAs were plotted as a frequency of the percent of 

colour inhibition (Fig. 12). 
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Fig. 12: Distribution of % of colour inhibition for vaccinated ver u unvaccinated mall 

ruminants along with cut-off value for detection of positive (PI ~ 50%) and iral challenge 

protective (PI ~ 76%) anitibody titer in the test sera using cELlSA, 

In unvaccinated population around 28.1 % and only 24.5% were with PI ~ 50% and 76%. 

respectively, whereas in vaccinated population around 64.5% and 58.8% of animal v.ere 

with PI :::: 50% and 76%, respectively (Fig 13). 
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Fig. 13: Prevalence ofPPR antibody for positivity and protection in vaccinated ver u 

unvaccinated PAs 

The median value of PI is 26 and 83 for unvaccinated and vaccinated population. 

respectively indicating the success of the vaccine administered as additi onal 57% of the 

population has gained protection due to vaccination (Fig. 14). 
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protective antibody titer for viral challenge (PI :::76%) using cELl A in the accinatcd 

versus unvaccinated population. 
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4.4. Virus detection by Ie-ELISA, isolation on CHS-20 cell line and confirmation 

using RT -peR, and IF A T assay 

4.4.1. Virus detection using IcELISA 

Out of a total of 32 suspected samples (whole blood, nasal swab, ocular wab, buccal 

debris) examined with Ic-ELISA, 10 (31.3%) samples were positive for PPR iral antigen 

(Table 10). Highest presence of PPR virus was recorded in Raya k bo district, 6/6 

(100%) followed by Habru district where it was found in 2/6 (33.3%) sample. 

The species-wise disease outbreaks were more severe in goats than sheep as the ineidenc . 

of viral antigen was 13.3 % in sheep as compared to 47.1 % in goats which i statisticall 

significant (Table 12). 

Table 10: Results of Ie-ELISA for detection ofPPR antigen in suspected field sampks 

Districts 

Raya kobo 
Habru 
Bati 
Over all 

Type of samples 

Whole blood 
Whole blood, nasal and ocular swab, buccal debris 

Whole blood, nasal swab 

4.4.2. Virus detection and confirmation using RT-PCR 

Ic-ELISA 

N Po iti e %, 
6 6(100) 
6 2 (3 .3) 

20 2( 10) 
32 10 (31.32 _ 

F . peR C . al nucleic acid, 13 (46.4%) 
rom a total of 28 samples examined with RT- lor vir 

h h t 'aph of the gel 
samples were positive (Table 11). Figure 15 shows t e P 0 ogl 

I I d The fragment ile of the 
e ectrophoresis of the peR products that was ana yze . 
a l'fi C Hymann et at. (2002). mp I led products was 351 bp as reported by ouacy-
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351 bp 

Fig. 15: Agarose gel electrophoresis of peR products (351 bp) amplified with P3 and 

NP4, PPR specific primers. Lane M: 100bp DNA molecular weight marker; Lane P: 

Positive control; Lane N: Negative control; Lane 1-11: Field sample. 

Highest presence of PPR virus was recorded in Raya kobo district, 4/4 (100%) followed 

by Habru district where it was found in 3/5 (60%) samples examined with RT-P R. The 

share of samples taken from each district is given in Table 11. 

Similarlly with Ic-ELISA, the species-wise disease outbreaks were more evere in goat· 

than sheep as the viral nucleic acid was detected 21.4 % in sheep as compared to 71.4 % 

in goat. Statistically, there is significant difference in detection of PPR in sheep and goat 

at p < 0.05 (Table 12). 



Table 11: Results of RT-PCR for detection of PPR vi ' I I ' " samples la nuc elC aC1(11ll Sl1spl:cled lidd 

RT-P R 
Districts Type of samples 

N 
Raya kobo Nasal swab 4 

Positi c (% 

Habru Nasal and ocular swab, buccal debris 
4 (100) 

5 3 (60) 
Bati Nasal swab 13 6 (46.2) 
Kewet Nasal swab 6 0 

Over all 28 13 (46.4 

Table 12: Species-wise detection of viral antigen and nucleic acid 

Animal RT-PCR Ie-ELI A 

species N Positive (%) 95%CI p-value N Positive (%) 95% p-valuc 

Sheep 14 3 (21.4) 4.7-50.8 0.0229 15 2 (13.3) 1.7-40.5 0.045' 

Goat 14 10(71.4) 41.9-91.6 17 8 (47.1) 23-72.2 

Total 28 13(46.4) 32 10 (31.3) 

*Fisher exact test 

4.4.3. Virus detection, isolation on CHS-20 cell lines and confirmation on IFAT aj aJ' 

For this evaluation, the 18 samples from small ruminant in which PPRV R A had been 

detected by classical RT -PCR were used. Out of the four pooled field amples. the PPR 

virus were successfully isolated on CHS-20 cell lines only from pool 4 collected from 

Habru district (Table 13). The CPE was detected on day 1 after infection and without an) 

subsequent blind passage in CHS-20 cell culture. It was characterized by the appearance 

of vacuolated syncytia (Fig. 16) in the cell monolayer while no CPE was ob erved in the 

Control cells. The syncytia increased in size in the second day to form large cell clump. 

that detached from the cell layer. The flask was frozen when the CP covered about 70
0

0 

of the cell layer. The presence of the virus in the medium was confi rmed by olk ling 

and testing of the cell culture supernatant by RT-PCR, Ie-ELlS and IF T (Fi g. 17 . 
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Four subsequent blind passages were under taken for the remaining three pooled amplcs. 

An aliquot of the cells was also collected at the time of the blind passage and te 'ted for 

the presence of the PPRV RNA. While the release ofthe virus in the infected cell culture 

supernatant was effectively demonstrated for the pool 4 sample which had de eloped 

syncytia in the CHS-20 cells, virus could not be detected in the cell culture upcrnatant 

medium for the 3 remaining pools that did not develop CPE. The results obtained for all 

the samples that were tested are summarized in Table 13. 

(a) (b) 

. . fth CHS 20 cells' a) non infected Fig. 16: Photographs of the microscopIC observatIOn 0 e - '. . 
. d' g aggregatIOn ync) tla 

cells, b) cells infected with pool 4 field samples showmg roun III , , 

/ . t d by the arrow (1 day po t 
formation and destruction of the cell monolayer pom e 
infection). 



(a) (b) 

Fig. 17: Detection of the PPRV H protein by immunofluorescence staining, a) Po itivc 

culture b) Negative control, they were stained for indirect immunofluore cencc with a 

PPRV-specific anti-H monoclonal antibody as previously described (Berhe e/ ai. , 2003). 

4.5. Test agreement of RT -peR and Ie-ELISA and cell culture result of pool d 

samples 

Eventhough 32 by Ic-ELISA and 28 clinical samples by RT-PCR had been examined: 

only 18 samples were commonly tested for PPRV by both Ie-ELISA and RT-P R. ut of 

the 18 samples, 9 and 4 samples were positive by Ic-ELISA and RT-PCR, re pectivel} . 

Six samples negative in Ic- ELISA yielded positive amplification in RT-PCR. Onl one 

sample positive with Ic-ELISA found negative with RT-PCR. Thus overall agreement 

between Ie-ELISA and RT-PCR was 0.22 as shown in table 13. 
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Table 13: Test agreement of RT-PCR and Ie-ELISA and cell culture re ult f p Db! 

samples 

District Village Lab. Species RT- Ic- Pooled II. '-20 
code peR ELISA samEle 

Raya Addis 33200 Caprine + ND 1 -vc 

kobo Alem 
Raya Addis 33201 Caprine + ND 
kobo Alem 
Raya Addis 33202 Caprine + ND 
kobo Alem 
Raya Addis 33203 Caprine + ND 
kobo Alem 
Bati Felana 5141 Ovine + 2 -vc 

Bati Felana 5142 Caprine + 
Bati Felana 5144 Caprine + 
Bati Chachatu 5148 Ovine + 3 -vc 

Bati Chachatu 5149 Caprine + 
Bati Chachatu 5150 Ovine + 
Habru Tis keye 5154 Caprine + + 4 +vc 

Habru Tis keye 5155 Caprine + + 
Habru Tis keye 5156 Caprine + + 
Bati Felana 5143 Ovine 0 

Bati Felana 5145 Ovine 
Bati Felana 5146 Ovine 
Bati Felana 5147 Ovine 
Bati Chachatu 5151 Ovine 
Bati Chekorti 5152 Caprine + 
Bati Chekorti 5153 Caprine 
Habru Tis keye 5157 Caprine 
Habru Tis keye 5158 Caprine - d 
K CR d I ELlSA' ND - Not one appa value = 0.22, showing low test agreement between RT-P an c- , 
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5. DISCUSSION 

After the first confirmed cases of PPR in Ethiopia the disease is cont'ln 'I ff' . , u us > a cctlll I 

small ruminant production and thus contributing to food insecurity, particularl), in 

vulnerable regions of the country (Waret-Szkuta et aI. , 2008). Ba ed on the reporteu 

morbidity and mortality of the infection and the flock size and tructurc of the small 

ruminant, it is likely that PPR became one of the most economically important l i\csloc~ 

diseases in Ethiopia (Abraham, 2005). 

Hence, an epidemiologically based targeting of endemic populations and high-risk lones 

is essential. The present study confirmed PPRV has been more recently circulatin' In 

village flocks of sheep and goats in the three of five studied district ex isting in the I()\\ 

land highland interface (Ray a kobo, Werebabu, Habru, Bati and Kcwct) of Amhara 

region bordering Afar. 

5.1. Spatio- temporal retrospective data analysis 

Given that the weakness and inadequacy of the prevail ing disease-reporting and 

survei llance systems in the country, the outbreak data documented in thi tud provide 

information about the endemicity of the disease that can help to formulate an effecti\e 

strategy for a PPR-control programme in the country. 

. . / 1994) ea onal 
After the first confirmed cases of PPR in goats in EthIOpia (Roeder el a ., . 

b (Ab hand Berhan. 200 I). r hl 
out reaks were reported in many parts of the country ra am 

. b ' k ,,\as obsened after Ih 
cun'ent data shows clearly that the greatest number of out lea s . 

, . d' I . h indic 'lle \ Cf\ t '\\ 
maIn rainy season. This is in agreement with the study In In Ja V\ llC '" 
Ol tb. . · '1 0 celllbcr (Hegd el (// , _00 ). 

I leaks m August and slowly increases from then unt! e 
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The climatic factors may contribute to the survival and sp d f h . rea 0 t e vlru for the 
seasonal occurrence of PPR outbreaks (Abubakar et aZ. 2011b) W·th h '. , . I t e start of rams, 

the movement of animals is restricted due to the easy availabill·ty of I I r dd . oca 10 er. I hiS 

may reduce disease transmission after the start of rains and durl·ng th . d f' e peno 0 easy 

availability of fodder (Abraham, 2005). Similar observations were also recorded in 

tropical humid zone of Southern Nigeria during a period of 5 years of ob ervations 

(Taylor, 1984). 

The spatial distribution also indicate that Oromia reported the highest number of outbreak 

followed by Amhara which may be attributed to the high population of mall ruminants 

in these region in addition to the disease burden. 

5.2. Epidemiological observations and disease investigation 

This study reports PPRV has been more recently circulating in three districts of Amhara 

region bordering Afar. Previously, it is reported that infection with PPR virus is common 

in Ethiopia (Roeder et ai. , 1994; Abraham and Berhan, 2001 ; Abraham el aI., 200 ~: 

Waret-Szkuta et ai. , 2008; Megersa et aZ., 2011 ; Delil, et az' , 201 2). 

The clinical findings, diagnostic investigation on samples collected from su peeled 
. I .. I fth disease to be PPR . In allima s as well as virus isolation consolidated the etIo ogy 0 e 

. d d· t . t are not different from 
general, the clinical features of PPR observed III the stu y IS flC s 
th d I 2002· EI Rahim el aI. , 2005. 

Ose reported by others (Roeder et al. , 1994; Dhan et a ., , -

J. d Kh I I 2007" Rita el a/ .. 
III al et aZ., 2005; Sharma et al. , 2007; Kul et aZ. , 2007; an ea., , 

2008; Abubakar et al., 2009; OIE, 2013). 

I . .. h hi her than the other 
t seems that the severity of PPR outbreak in Habru dlstnct IS muc g .' 
. d In plte 01 the: dlst . t . ., . f PPR were observe . 

fie s smce exceptionally an overt cllmcal sIgns 0 
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~ ct that the village flocks had been vaccinated against PPR th d' la , e I ea e appear to be 

transmitted to few newly introduced animals. The outbreak involved of I h new y pure ased 
sheep and goat from different market owned by recently returned youth from different 

Arab regions. The villagers testify that they did not experience any morbidity r mortality 

in their vaccinated flock. Only few the non vaccinated animals experienced the di . easc. 

The overall morbidity, mortality and case fatality rate in sheep and goat in Ilabru were 

lower than the outbreak report in Egypt in kalubia province with 26.1 %, 10.5% and 

40.2%, respectively (Abd EI-Rahim et aI., 2010). The highest overall mortality rate of 

60% was estimated in a PPR outbreak in Ethiopian goats, while no mortality \"as 

observed in contact sheep. Similarly, Tibbo et aI., (2001) reported a higher morbidity oj' 

76% and case fatality of 18% from a respiratory disease outbreak in sheep in central 

Ethiopia. 

Mortality in susceptible flocks varies from 10 to 100% and morbidity ranges from 50 to 

100%. However, this scenario is likely to change drastically once intensive vaccination 

programs are implemented for the target species (Balamurugan et aI. , 2012). 

5.3. Seroprevalence of PPR virus antibodies and associated risk factor in 

unvaccinated population 

A d· . . 'fi d sensitive is preferred for lagnostIc technique, which is simple, rapid, spec! IC an . 
. . . h test for creening of 
intensive surveillance of a disease. c-ELISA test IS one suc 
anfb d' . , I 1993' Libeau e/ aI., 1995; bd I·I-

I 0 les to various morbilliviruses (Sahkl et a. , , 

R . the specificit\ and 
ahim et al., 2010; OlE, 2013). There was no informatIOn on . 

fI e timate b\ other 
sensitivity of the PPR C-ELISA in the kit manual. There ore, -

(body were acct:pted. 
laboratories that employed similar anti-N protein monoclonal an I _ ht: 
Th d (Choi e/ at.. 200 ). 1 

e sensitivity of 93.4% and specificity 98.5% was reporte , 
s . ts in the study area. 11\ t:n 
tudy showed that PPR was widely prevalent in small rumman 
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the sensitivity and specificity of the test the results are likely to 0 . . . . . verestlmate, lIghtly. thc 
true proportion of seroposItIve ammals (Singh et aI., 2004b; Choi et aI. , 2005). 

The overall seroprevalence (28.1 %) in unvaccinated small ruminants wa lightly lo\\cr 

than the finding in previous studies carried out in the country' 30 5°1 by Me / , • 10 gersa el a .. 

(2011) but much higher than 6.8% by Abraham et al. (2005) and 6.4% by Waret-, Ikuta 

et al. (2008). Comparable findings have been documented in other countrie with the 

overall antibody responses to PPRV, 22.4% in Turkey by Ozkul et aI. , (2002): 33% in 

India by Singh et al. (2004a); 26% in Bangladish by Banik et ai. , (2008); 32.8% in India 

by Balamurugan et al. (2012); 22.1 % in Tanzania by Kivaria el al. (2013) and 34.2% in 

Pakistan by Munir et al. (2012a). 

These results indicate that a certain percentage of small ruminants in the di trict have 

natural positive level of antibody titre against PPR. This could have probably resulted 

from field infection with PPR virus, which might protect against natural PPR challenge, 

as the humoral antibodies have shown to have a protective value in PPR (Bidjeh el a/., 

1999, Islam et al. , 2003) . 

The inconsistency in the seroprevalence of antibodies to PPRV in different areas of the 

country is attributed to variations in a number of factors including the husbandry practice 
. h' . . . d' l' test ampling WIt In dIfferent geographical regions, levels of Immumty, lagnos IC , 

S· h I 2004b' Waret-
procedures used and technical know-how of the researchers ( 109 et a. . 

Szkuta e{ al. 2008). 

Th . . thO study indicate a imilar 
e seroprevalence of 28.6% in goats and 27% In sheep In IS . . 

P 
fil . PPR 'rus exposure which IS In 

ro I e of serological status of the two specIes after VI . . 
. Similarl . KI\ana cl 

agreement with another study done by Taylor (1984) In the country. . . . 
I ( . I ecies and erop . IU\ II~ . 

a. 2013) recorded no association (p = 1.000) between amma sp - 0 

M b tween the heep (_9. 0 

egersa et al. (2011) also reported comparable prevalence e 
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and goats (31 .3 %). This could be due to the fact that sheep and goat s are equally exped 

to the PPR risk factors such as movement and nutritional stresses o't Id b , r 1 cou that the 

circulating field strain has overcome the natural resistance of shee . d' fl": . p, 1 lerent types of 

breed might affect the outcome ofPPRV infection (Kivaria et at., 2013). 

Some authors (Gelagay, 1996; Ozkul et at. , 2002, AI- Majali et al., 2008; War t- Ikuta 

el at. , 2008; Swai et ai. , 2009; Abubakar et al. , 2011c; Delil et at. , 2012) reported a 

higher seroprevalence in goats than in sheep and this is linked it to higher fecundity in 

goats compared to sheep. It was suggested that new born kids account for a large 

proportion of the goat flock each year, which increase the size of susceptible population. 

To the contrary, others reported higher seroprevalence in sheep than goats (Abraham (If 

at., 2005; Khan et at. , 2008; Saeed et at. , 2010). This was either related to a relati vel 

lower number of sheep sampled in some of these studies or due to the fact that goat arc 

often affected more severely by peracute and acute form of the disease, and mi ght die 

prior to sampling. 

A significant difference observed in seropreva1ence of PPRV among study district could 

be due to the variation in small ruminant population, animal health services. the 

movement of sheep and goat flocks for market as well as seasonal grazing and 

management system. Prior study by Waret-Szkuta et al. (2008) pointed out that there i 

large variation between regions and woredas of the country. 

Kh f . . ases were ob ened 
an et al. (2008) also reported that the higher numbers 0 positive c . 

in h . . mpared to other part of the 
sout em and western districts of Punjab provInce, co 

. I . I small sheep and goat 
provJnce. The northeastern parts of the province have got re atIve y . . , 
o . orted in this regIOn follo\\lllg 

p pulahon, and, although previous outbreaks have been rep 
the t . (Athar et at.. 1995 ). 

ransport of goats from endemic zones of the provInce 

71 



The differences observed in PPR seroprevalence between fI I ema es and male· wa 
significant in this study whereby males were more affected compa d t r .. . re 0 lemale . 1 hiS IS 
in agreement with Swai et af. (2009). This could be attributed to th r h . e lact t at the high 

demands of male animals for meat purpose driven them to the market d 'b an eontn ute to 

the higher infection rate than in females which are relatively maintained at home for 

breeding purpose. 

In contrast, Waret-Szkuta et al. (2008) and Khan et al. (2008) observed a significantly 

higher seroprevalence of PPR in females compared to males. This could be relat d to the 

physiological differences where females reveal some degree of predominance infection as 

a result of production and reproduction related stresses (Megersa el aI. , 20 II ). 

With respect to age category, the highest prevalence of PPR was observed in adults 

compared to young age. These findings are in agreement with previous reports frol11 

Ethiopia (Waret-Szkuta et af. 2008); Pakistan (Abubakar et ai. , 2011); Turkey (O/kul e/ 

ai. , 2002) and India (Singh et af. 2004a); where they reported high prevalence in adult. It 

has been documented that sheep and goats exposed to natural infection to PPRV at a very 

young age may carry antibodies for 1-2 year following exposure and remains po itive for 

a long time (Dhar el ai., 2002; Ozkul et ai. , 2002; Singh et ai., 2004a). 

J dd" . ' 'th the spread or PPR \ iru n a Itlon. communal grazing has significant associatIOn WI 
i C t' . t in the tud\ di'>trict . 
[hee Ion among sheep and goats than pri vate grazmg managemen . 

Zahul" el 01. (2008) also reported an outbreak of PPR usually follows the introtluction of 
. f h d' duc to communal 

new al11 mals into the Hock and the subsequent spread 0 t e [sease 
) . 009) rted continued \car 
grazl11g. In agreement with this study, Abubakar el aI., (2 repo ' . 

. . . I contact . Likev\'1 ·C. 

rOund circulation of the virus enhanced by frequent alllmal-to-amma . 

f 1 flock size and mr\cd 
a study by AI-Majali et al. (2008) showed an association 0 arg

e 

f: . 
arming with PPR seropositivity in Jordan. 
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Furthermore, shortage of appropriate veterinary services in the d' t . h 
IS net a ' al () 

'gnificant association with the higher seroprevalence of the PPR h' h Id . 
51 w IC cou c ntn bUIl: 
to the wide prevalence and endemic establishment of the disease. 

Few studies had addressed constant risk factors associated with seropositivity to PPR in 

Ethiopia. In this study, district, older age, communal grazing management and 

introduction of new animals appears to be a risk factor for seropositive tatus in the 

logistic regression analysis. This is in consistent with the findings of Abubaker et al. 

(2009), who reported a progressive increase of seroprevalence with incrca'ing age. 

Similarly, introduction of new animals purchased from live animal market ha e been 

implicated as a source of the disease in India (Singh el al., 2004a; Muhammad el al .. 

2009). 

In Jordan, large herd size was identified as a risk factor for PPR seropositivity in heep 

and goat flocks and mixed (sheep and goats) farming was identified as a risk factor only 

in sheep (AI-Majali et al. 2008). Raising sheep along with goats was also found to be a 

risk factor for PPR seropositivity by other investigators (Anderson and McKay, 1994). 

Whereas visiting the live animal market was identified as a risk factor in India 

(Martrenchar et aI. , 1995; Shankar el aI. , 1988). 

T . I a key role in limiting the 
argetmg these factors in disease control programme may p ay 

transmission of PPR infection and augmenting effective disease control programme. 

5 4 S 
. d . nity in vaccinated 

" eroprevalence of PPR virus antibodies Iher Immu 

animals 

In . . -ELISA and the antib d) 
thiS study, herd immunity has been assessed by usmg c . h 

. t PPR wa lo\', 111 t l: 

seroprevalence result indicated that herd immunity level agams 
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vaccinated area (64.5%) compared to a study done by Zahur et I 2009' . a " In Pakistan 
'ndicated that the herd immunity threshold (HIT) for the flock d ' 
I ' we nee to achlc\c more 

than 85.4% vaccination coverage for control of PPR infection in sh I ' eep popu atlOn, In 

Tanzania Kivaria et af. (2013) determines that 63.8% of small rumina t ' I , n s In a popu atlOn 

in agropastoral and 84.6% in pastoral farming system would have to be vaccinated , ... ith a 

100 % efficient vaccine to reduce an effective reproductive number (Rt) value of 4 to less 

than 1, with the overall threshold level of vaccination necessary to eradicate thc disease 

in small ruminants was 74.9%. 

For rinderpest, HIT has been estimated as 75-80% (Rossiter and James, 1989), 1 he herd 

immunity reported in Afar cattle vaccinated by CAHWs against Rinderpe twas 81% 

(Mariner, 1996), which was greater than the current value for PPR. Similarly the post 

vaccination seroconversion study in small ruminant population of Awash Fentale Di:-;trict. 

Afar, Ethiopia conducted by Delil et at. , (2011) also recorded 61.13%, indicatil1 1 

relatively weak herd immunity. Luka et ai" (2011b) also noted an overall PPRV specilic 

antibody sero-conversion of 55.3% among vaccinated small ruminants in Karamoja 

region, Uganda. 

Comparison of Districts in terms of vaccination success showed that Kewet animals were 

more protected followed by Raya kobo, Werebabo, Bati district and Habru with the least 
. . I If' ation coverage in the 

sero-posltivity. The sero-status suggests dIfferent eve 0 vaccm 

districts which has implication on the control of the disease. 

Th . d ' Is found in thi tud) 
e CUrrent low level of PPRV sero-positivity of vaccmate amma 

d £ r protection for up to 
Was unexpected since the PPR vaccine has been reporte to con e , 
thr . d t weak herd immunll) 

ee years (Diallo ef al. 2007). Possible reason for this mo erate 0 , , that 
could b . d' vaccination campaign 

e poor announcement and awareness creatIOn UrIng . 
'bly f:aulty vacclIlatlOn 

results' . I t' or pOSSI In Incomplete coverage of the popu a lOn, , . 'h I 0 IIltcrlc r 
proc d PPR infection mig t a 

e ures. The antibodies due to natural exposure to 
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with the efficacy of vaccines. However, this scenario is likely t h ' , , o c ange If we include 
booster vaccination in the intensive vaccination programs to ind h'h ' . . uce Ig er Immunologic 
response for the target species. 

5.5. Comparative protective antibody level of the vaccinated and unvaccinat d 

population based on the PIs 

The percence of colour inhibition indicated using a cELISA provided an indirect measure 

of antibody levels in the serum samples (Singh et aI. , 2004) and it is highly correlated 

with VNT for end-point titration of PPR virus antibody (Libeau et aI., 1995), Findings 

suggest that the c-ELISA test developed can easily replace VNT for end-point titration of 

PPR virus antibodies (Singh ef al., 2004). In this study, thus, cELlSA is used, 

Only 24.5% of unvaccinated animals compared to 58.8% of vaccinated animal appearcd 

to have protective PPRV specific antibody response (i.e, PI 2: 76%), This indicates nearly 

a quarter of unvaccinated population and 60% of the vaccinated population have 

protective antibody. In other study, such antibody titers are completely protecti ve from 

infection upon virulent PPRV challenge (Balamurugan et aI., 2012). 

These findings suggest that only those animals capable of mounting a strong humoral 

antibody response to PPRV (high percent colour inhibition) were capable of urvi\ing 
, , f 'b d' s to PPR 
I11fectlOn. This should not be confused with the higher prevalence 0 anti 0 Ie 

(p , . .., th 50%) observed in 
roportlOn of sera samples with a % colour InhibitIOn of greater an 

the ' . I' (Singh et aI., 2004a). 
vacCInated population versus the unvaccinated popu atlOn 

If th '. . ELISA titre in the vaccinated 'mall 
ese prehmInary findings on protective antibody , 

rum' ' . lications in evaluating the 
lnants are substantiated, they may have far reachmg Imp 
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'mmune status of national herd, which in tum tell about the I If' 
1 . " eve 0 vaCCIne coverage to 
better control the disease targetmg wide vaccination coverage. 

5.6. Detection of PPR virus in small ruminants 

Detection ofPPRV antibodies can confirm the diagnosis ofPPR, however, in arca where 

specific vaccination against PPR is practiced, detection of PPRV antibodie may yield 

false picture of the prevalence of infection. Presence of maternal antibodies may further 

contribute to this problem. Thus, in such cases, detection of PPR virus in clinical amplcs 

becomes essential. Monoclonal antibodies have often been used to develop ic-ELIS 

which is rapid and highly sensitive (Saliki et aI., 1994; Libeau el aI., 1995). 

To confirm the presumptive diagnosis. immunocapture ELISA was lIscd in this stud) I'lll 

the detection of PPR viral antigen in 32 suspected samples. The results sho\.\'cd that 

31.3% of samples were positive for PPRV antigen. This indicates that PPR \ irus \\as the 

causative agent of the outbreak and that endemic PPR virus is circulating \\ ilhin and 

between the small ruminant nocks. This can be compared to the lindings of -W.9X"u h) 

Abubakar ef al. (2008); 21.4% by Munir et al. (2009); 34.3% by Abubakar e/ al. (20 J I) : 

25.7% by Munir et al. (2012) and 75% by Abd EI-Rahim e/ al. (2010) who utilized the 

same Ie-ELISA technique. 

Ho . . d a total of 464% (I ~ 1 ) 
wever, screening with RT- peR appeared more sensitive an . 

sam I I 2013 also found 25% (8
1
31) 

pes were detected positive. Recently, Anees et a., 
po . . . N di el at 2012 and Luka. 

SIt\ve by the amplification of the nucleoprotem (N) gene. ar·, .. 
el I ) d512%(17/33)chlllcal 

a., 2011a confirmed the presence ofPPRV in 33.3% (7/21 an . 
sam I . 'fi fI r the F gene of the PPR 

p es tested, respectively, using a set of pnmers speci IC 0 
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The current study also revealed a significant higher rate of i :tI f ' n ec Ion In goat than sh~~p 
amples with both Ic-ELISA and RT-PCR. Abraham (2005) ob d s serve apparent ab.ene~ 

of pathogenicity in sheep and explained this could result from a part' I ' . ICU ar re I stanc~ of 

the local species and/or a loss of virulence of the Ethiopian PPRV t ' r S raIn lor sh~ep. 

Similarly, Abubakar et al. (2008) reported that outbreaks of PPR in Pakl'sta n were more 

severe in goats than in sheep. Mahajan et al. (2013) also noted a higher incidence of!'!'R 

infection in goats than sheep. 

It is interesting to note that some of animals showing mild clinical sign were P 'R 

positive however they were ELISA negative. The reason might be that the animals wer~ 

in the early phase of the infection. For Rinderpest the severity of the clinical signs IS 

correlated with the abundance of viral antigen in lymphatic organs and the muco ae along 

the digestive tract. It is likely that the same is true for PPRV (Diop el aI. , 2005), lienee. 

the test agreement between the two tests was low. Previous study on a single PPR 

outbreak in Senegal revealed that for the West African long legged goat population. a 

peak of excretion could be detected at 1 week post infection, before the ri se of antibodies 

at 14 days. It is also suggested that during the recovery period the infected animal arc 

unlikely to be detected by antigen detection procedures (Diop ef aI., 2005), It i obsencd 

that RT-PCR was able to detect virus secretion in ocular swabs at four days po t infection 

(PI) in experimentally infected goats, as compared to eight days PI by Ic" LI 

(Abubakar et ai" 2012). 

Th co • th d of antigen and nucleIc 
erelore, the rapid detection by suitable and appropnate me 0 s 
'd . I d' 's of infection and 

aCI detection of PPRV in infected animals will help In ear Y lagnosl 

Subsequently control of the PPR disease in Ethiopia, 
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5.7. Virus isolation and confirmation 

PPR virus should be isolated from field samples in cell culture for l'uI11 .'.1 'f' . 
1 1el luelltl 1(,HlIln 

even when the detection of PPR viral antigen has been carried out h~ r,lpld 

imtTIunocapture ELISA (Lefevre and Diallo, 1990; OlE. 2013). The currcnt tud) 

revealed that the inoculation, isolation and propagation of PPR virus in CllS-20 cdb \\,1 

successful from the first passage in one of the four pool samples. \\ith the CPl' 

characteristic in concordance with that described by the World Organisation for Allllllal 

llealth (Adombi el al.. 2011; OlE. 2013). 

The presence of the virus in the CHS-20 medium was confirmed by collecting and tcstin ' 

of the cell culture supernatant by RT-PCR, Ic-ELISA and IFAT. Durojai)c el (// (I()X I) 

detected PPR viral antigen in tissue using F AT. Similarly, the virus \\a~ isolated in 

primary lamb kidney cells and identified by agar gel diffusion testing and il11mUlllleaptlln: 

ELISA by Saeed el al.. (200-1-). 
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6. CONCLUSION AND RECOMMENDATIONS 

Ethiopia developed a strategy for the progressive control of PPR tl t l 'Id 1a )Ul s upon tit· 

lessons learnt from rinderpest eradication. A progressive control campa' b d Ign ase on 

repeated inoculation of all susceptible small ruminants is unaffordablc to bl: 

implemented. Hence, an epidemiologically based targeting of endemic populations and 

high-risk zones wi ll be essential. 

Although there are few reports about the seroprevalence of PPR antibodies in different 

areas of the country, the clinical and molecular findings of this study confirmed th~ 

circulation of PPR virus among populations of sheep and goats in the stud) areas and 

prevalence in actual outbreaks situation , which should be kept in mind v.hil~ deciding th l: 

vaccination strategy for the control of the disease. 

This study showed varying antibody levels in the affected districts reflecting the infection 

and vaccination profi les of the herds. There was serological evidence of seroconver ion 

to the vaccine and seroprevalence to the circulating virus suggesting the level of vaccine 

coverage which is not enough to achieve herd immunity should the disease strike again in 

the population. 

Th . h sonal variation and 
e present study also has provided valuable informatIOn on t e sea . 

. outbreak data In 
geography of PPRV in sheep and goats from the past five years passIve 
th I t through ScptCl11hef and 

e country. PPR occur throLl !2:hout the year but is most preva en . 
Oct b .' ~ . . t time to vaccinatc flock I . 

o er. leachmg a peak in ovember. The most applOpna e 
th . d relea e from ~dOII [) 

erefore, 111 the months of August and September. thus bu get 

should be appropriated. 
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[n addition, the rapid detection by suitable and appropriate methods of . antIgen and 

nucleic acid detection of PPRV in infected animals will help i I d' . near y lagnosls of 

infection and subsequently control of the PPR disease in Ethiopia. 

[n addition, the study has identified the source of introduction of PPR to be newl) 

purchased animals and communal grazing, therefore, the first level of control is the 

restriction of movement of animals from endemic areas, with rigorous quarantinc and 

surveillance procedures if a total ban is not practical to prevent the spread or the disca \.' 

and the transmission of the virus to different localities. 

Therefore, based on the above conclusive remarks the following recommendations arc 

forwarded: 

It seems an opportune time to begin extensive serosurveillance for PPRV in the c(llll1lr~ 

along with measurement of clinical survey in the enzootic palis. so thai regions can he 

demarcated into endemic. infected and PPR-free zones, This wil l help in launching d 

comprehensive control programme for PPR in the country, 

Th R 'f of goat and 'heep e current ongoing government efforts to perform PP vaccma JOn 
£ d r d more striclh .1Ilt! 
or the control or the disease should be encouraged an app Ie '. 
t ' , I r PPR \awnc th.ll i 

s rateglcally to the delinated high risk zone usmg the homo ogous 

recommended by the OlE, 

I diot! 'Iher \\ ilh 
In add'f ' ' ' f PPR is recommenc c' ~ l: 

I Ion. stnct serosurveillance and momtonng 0 " r 
uninte ' " , h b 'ders bel\\CCn til. 11'11.'1 

nupted vaCCInatIon of mIgratory nocks at t e 01 

provinces or regions, for effective control of the disease. 
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F rapid diagnosis to enable a swift implementation of cont I or ro mea ure, fUr1h~r 

Il'dation of pen-side tests such as the lateral flow that can be perC' d' h va lorme Wit out th~ 

need for equipments or technical expertise are highly desirable, 

There should be further studies to identify the gene sequences and lineage of thl! PPI{ 

virus isolated in this study so that we could better understand the recent mokcular 

epidemiology of the disease, 

Further studies on disease status in the spatial and temporal trends events in the rest of' thl! 

lowland highland interface of the country are required to define the epidemiology of' PPR 

in these important areas so that to develop effective control strategies for PPR in large 

area of the country, 
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8. APENDICES 

Appendix I: Que tionnaire 

I. Study Location and Interviewee Detail 

Date of collection -----
Code No. -----

Zone - -----1. Region ------
District _________ Kebele -------

Specific 

name of place --------

Total No of Shoats in District Total No of Shoats in Kebele 

Sheep ___ Goat __ _ Sheep __ Goat, __ _ 

Total Total '--------

Exotic heep ___ Goat Exotic sheep __ Goat 

2. Geo-reference of Kebele. Long __ --Latit Altit ----

3. Owner's arne Male [ Female [ 

4. Number of Livestock owned 

Equines 
Cattle Camels Donkey Horse Sheep Goat Others Total 

II. The History of PPR Occurrence 

1. List important health problems and symptoms that cause Sheep and goat mortality in 

your area? lit could be in locallanguagel 

2. Have you had enteritis-stomatitis syndrome in shoats of your flock? yes_, 0 _ 

3. Have you had PPR (Local name??) in your shoats? Yes No, __ _ 

4. Wh d'd (K bele)? Season _ Mon_ 
en 1 the disease commence in the area e . 

year 
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5. Have you een uch outbreak in the area before this time, < Iyr_ 1-2 Yrs 2-

3Yrs_>3Year _ 

6. How frequent PPR reoccurs in the area? Don't Know _Every Iyr_ Every 2yrs_ 

>3yrs_ 

7. What mea ure ar taken to prevent the above listed health problems? 

Tradi tional tr atment [ ] Modern treatment [ ] Vaccination [ ] No treatment[ 

Other _______________________________ ___ 

8. What problem do ou face when treating or vaccinating sheep in your area (rank 

them)? 

Lack of modern er ices/clinics [ 

Transport/di tance [ ] 

Lack of drugs and vaccines [ 

Other __________ __ 

9. How many animal had got sick and died due to PPR among the flock? -----

Clinical ick Sex <3mon Young Adult 

shoats pp lamb/kid 

1. 

2. 
Died/slaughtered Sex <3mon Young Adult 

lamb/kid 

1. 

2. 

d· . t t ur village 
10. Origin of PPR outbreak in the neighboring Kebele or lstnc 0 yo ----

HI. Flock Management 

1 ft razing seasonally? Yes /No 
I. Do you move your shoats to other p ace or g 

If yes, when , where __ -' 
how long did you keep them there, __ _ 

2. Grazing and watering resource managemen:,:t:..s -------1 
Farming System 

G razing/watering mgt 
Sedentary_--

Communal_--
pastoral, __ --

Private ___ -
Transhumant_ 

Both __ 
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3. How do you raise your sheep and goat? 

Sheep and goat grazing separately [ ] Sheep and goat grazing together [ ] heep 

and goat grazing with other livestock [ ] Sheep and goat tethered feeding at 

home [ ] Other ___ _ 

4. Housing: Fenced stable _ ___ ; House bam ____ _ 

5. Have you bought new shoats or introduced new shoats since 3 months before the 

onset of the outbreak? Yes/No, If yes, origin of the shoats, number, sex and age? 

6. Name and distance (in km) of livestock market frequently used and the known 

shoats trade route around their area. _______ ___ _ 

7. Did you vaccinate your shoats for PPR? Yes __ No _ _ _ 

If yes when? Before 1 mon _ _ 1-2 mons ___ >3mons 

8. What is the common lambing/kidding season in which most of the animals born? 

June - September [ ] October - January [] February - May [ ] 

9. Did you encounter any critical season of feed shortage? Yes [ No r ] If yes 

in which season _____ _ 
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Appendix II: Procedure of Extraction of RNA from swab' '. specimens u mg Qlagen 
RNeasy Mini Kit 

1. Vortex swab specimen fluid and transfer 500111 of sample into th ' . f' 
I'" e mlcrocentn ug 

tube labeled with the specimen number. 

2. Place 500111 of Qiagen RL T with ~-ME into the microcentrifuge tube. Vortex r r J 5 

sec. when processing a large number of specimens the RLT buffer can be mixed with 

the specimen by pi petting up and down vigorously 4 to 6 times. 

3. Pulse spin to eliminate liquid specimen in the lid after vortexing. Add 500111 70% 

ETOH and vortex well. Centrifuge lysed swab specimen for 5 min. at 5, OOOxg in a 

microcentrifuge at room temperature. 

4. Transfer all of the lysed specimen supernatant to a RNeasy Qiagen column that ha 

been marked to identify the specimen. Centrifuge for IS sec. at >8,000xg at room 

temperature. Check to assure the entire specimen has flowed through the column. 

Rapeat until all of specimen has been applied to the column. 

S. Add 700).!1 of RW 1 buffer to the RNwasy column and centrifyge for IS ec. at 

>8,000xg and place the column in a collection tube (the tube with RWI fl ow through 

may be discarded) 

6. Add 500).!1 RPE buffer to the RNeasy column and centrifuge for IS sec at >8000xg. 

Discard flow through from the collection tube. 

7. Repeat for a total of 2 washes with RPE buffer discarding flow through from the 

collection tube. Following the last RPE wash, place the RNeasy column in a new 2ml 

collection tube. 
. 2 . t s at full speed and di card the 8. Centnfuge the empty RNeasy column an extra mmu e 

collection tube. 
. b 1 5 I 'cro centrifuge tube that has 9. Place the RNeasy column n an elutIon tu e or a . m m! 

d . t 50 I RNase-free H20 into the 
been marked with the specimen number an pipe 11 

column. Do not touch the silica-gel membrane with the pipettor tip. Incubate at room 

temperature for 1 minute. Elute RNA by centrifuging for I minute at > J 0000 rpm. 

'1 cimen is tested on RT-P R. R 
Discard RNeasy column. Store at 40c unt! spe . 

. d ossible before testing. If the ample 
should be stored at 40C for as short of peno as P 

cannot be tested within 24 hours, it should be stored at -20oc or colder. 
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Appendix III: Procedure of RT -PCR 

1. Thaw all reagents, except reverse transcriptase and tag polymerase and p ibl 

keep them on ice 

2. Master mix preparation: the Master Mix preparation must be carried out in i 

bath (ice flakes). Before preparing the reaction mix, it is necessary to calculate the 

correct volume of reagents to be used as in attached protocols. Alway prepare 

mix that will be enough for the number of samples to be tested including po itivc 

and negative controls plus one. The extra one will be to compensate the 10 

during pipetting. 

3. Prepare a reaction mix according to the table below. 

Conventional peR QIAGEN One Step RT-PCR kit 

Reagent/ /stock Final concentration J.11 X 1 reaction 

concentration 
RNase-free water / 7.5 J.11 

5X PCR buffer IX 5 J.11 

dNTPS mix IOmM OAmM I J.11 

Q solution SJ.11 

Primer forwarded NP3 (I 0 6 J.1m 1.5 J.11 

J.1m) 
Primer reversed NP4 (10 6J.1m 1.5 J.11 

J.1m) 
Qiagen enzyme mix I J.11 

Total Volume 
22.5 J.11 

RNA 
2.5 J.11 

Final reaction Volume 
25 J.11 

mix in to approximately labeled 
4. Aliquate 22.5 III of the prepared master 

. PCR k station for master mix o 2microcentrifuge tubes 10 wor 
. . . peR work station and traJ1 fer 

5. Add 2.5 III of RNA template in sample dlspensmg 

them to the thermocycler . 
. c cler and setup temperature accordmg to 

6. Place the reaction tubes 10 the thermal Y 

the protocol in the table below 
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Amplification cycle 

Steps I 2 3 
Cycles IX 40X lX 
Temperature 50°C 95°e 94°e 600e 172°e 

-

Time 30min 15min 
72°C 14 

30sec 30sec 11min Smin T infinity 
---' 

7. After the amplification is completed takeout the peR d . pro uct to run on agar e 

gel 10 III of thIS product is analysed by electrophoresis on 1.5% of agaro e gel 

Appendix IV: Procedure of Agarose Gel Electrophoresis 

1. Prepare an adequate volume of lxTBE-buffer to prepare the gel and to lill the 

electrophoresis tank 

2. The amount of agarose that is used depends on the size of the tray and the 

concentration required. For general purpose a 2% gel is used. Gels are typically 

between 0.5 and 1 cm thick. 

Tra lxTBE-buffer 1% a arose 

10xl0cm SOml O.Sgm 

ISxl0cm 75ml .7Sgm 

15x15cm 112.5 ml 1.12Sgm 

3. Prepare a solution of molten agar as required by adding the lxTBE-buffer to the 

appropriate amount of agarose powder in a suitable flask/bottle. Bring to boil in the 

microwave oven. Screw the cap loose in order to guarantee the pressure balance 

within the bottlelflask. After the agarose has been allowed to cool down to about 

550c, add the required amount of Ethidium bromide in chemical hood. Thi pre ent 

warping of the gel apparatus 

4. Seal the ends of the edge of gel casting tray with masking tape and pour the gel in to 

it. Insert the comb and make sure that there are no bubbles trapped underneath the 

combs and that all bubbles on the surface of the agarose are remo cd befor the gel 

sets. Stand for 45-60 min to allow the gel to solidify. 
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5. After the gel has set, remove the tape from the casting tray, place the gel ca ting tra 

containing the set gel in the electrophoresis tank. Add sufficient I xTB "-buITer t 

cover the gel to a depth of Imm (or until the wells are just submerged) and withdraw 

the gel comb, taking care not to tear the sample wells. Make sure no air pocket are 

trapped within the wells. 

6. Apply 1 ul of tracking dye to each 10ui of sample and add samples to the individual 

wells. Take care not to over load and be sure to include appropriate DNA molecular 

weight markers. 

7. Cover with the safety cover and run gel at llOmA (7xlOcm tray) or 200mA 

(15x 1 Ocm tray)- typically 1 to 10v/cm of gel. When the bromophenol blue marker i 

about two thirds from the top, the gel can be stained with Ethidium bromide ( , tBr). 

8. Tum off the power supply when the bromophenol blue has merged a distance judged 

sufficient for separation of the DNA fragments. 

9. The DNA can be visualized on a UV transilluminatorand photographed. 

Appendix V: Procedure of cell culture 

I. Sample preparation 

1. The swab is macerated well in the transport medium itself used for collection. 

2. The resulting suspensions transferred to a centrifuge tube and centrifuge at 3000 -

5000 rpm for 20 min. 

3. The supernatant is collected and ready to be inoculated in to the suitable cell line . 

II. Inoculation of A suitable monolayer cell with the collected supernatant 
. h fl f > 70% and remove the growth 

1. Select a monolayer cell culture Wit a con uence 0 

medium. 

2. Wash the culture twice with PBS. 
. h t flask and PBS with antibiotic and 

3. Inoculate the specimen suspensIOn on t e tes 
o fi 60 . to allow the virus to ab orb 

antimycotic (VTM) and incubate at 37 c or mm 
2 d 3 I for75cm 2tissue culture fla k) 

on to the cell culture.(l ml for 25cm an m 
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4. Add maintenance medium (MEM with 2% FCS) and incubate the na k at 711 ~ r 

appropriate time, 3-7 days. Keep also control flasks without any pe imcn 

inoculums. 

5. Observe for the effect of virus action. 

6. It is essential that each material be passed in cell culture at least three time bel' re 

declaring any specimen negative. The presence of viruses can be detected b 

observing cytopathic effect. 
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