
ADDIS ABABA UNIVERSITY 

SCHOOL OF VETERINARY MEDICINE 

OUTBREAK INVESTIGATION AND MOLECULAR EPIDEMIOLOGY OF 

AFRICAN HORSE SICKNESS VIRUS CIRCULATING IN CENTRAL, EASTERN 

AND SOUTHERN PARTS OF ETHIOPIA 

By 

NIGATU AKLILU ATLAW 

A thesis suhmitted to the school of Graduate Studies of Addis Ahaba University in 

partial fullillment of the reqnirements for the degree of Master of Science in 

Tropical Veterinary Epidemiology in Clinical Studies Department 

JUNE, 2011 

DEBRE ZEIT, ETHIOPIA 



OUTBREAK INVESTIGATION AND MOLECULAR EPIDEMIOLOGY OF 

AFRICAN HORSE SICKNESS VIRUS CIRCULATING IN CENTRAL, EASTERN 

AND SOUTHERN PARTS OF ETHIOPIA 

By 

NIGATU AKLILU ATLAW 

BOARD OF EXAMINERS 

Signature 

1. Dr. Nigussie Dugassa 

School of Public Health, Collegc of Health Sciences 

2. Dr. Azage Tegegne 

International Livestock Research Institute (ILRI) 

3. Professor Getacbew Tilabun 

Aklilu Lemma Institute ofPathobiology, College of Health Sciences 

4. Dr. Genene Tefera 

Institute of Biodiversity Conservation and Research 

Academic Advisors 

Yilkal Asfaw (DVM, MSc, Associate Professor) 

Esayas Gelaye (DVM, MSc) 

Gelagay Ayelet (DVM, MSc) 

II 



ACKNOWLEDGEMENTS 

I wou ld like to extend my heartfe lt thanks to my principal advisor, Dr. Yilkal Asfaw for his 

va luable comments and devotion of his prec ious time in rectifyi ng this thesis. I am very 

indebted to his help in encouraging me for completion of the investi gation to this end. My 

special grateful ness also goes to my co-advisors; Dr. Esayas Gelaye and Dr. Gelagay Ayelet 

who primarily designed and brought this va luable study into rea li ty through National 

Agricultural Research Fund (NARF) sponsorship . They have devoted their precious time and 

energy in every aspect of the project including recti fyi ng this thesis. 1 am also very much 

thankfu l to Dr. Shiferaw Jemberie and Dr. Haileleul Nigussie for their support and helpful 

suggestions. I also thank Ato Alebachew for providing excellent hospita li ty and technical 

support in the NVI laboratories. 

I am grateful to the government of Ethiopia for funding this research throu gh NARF. I thank 

the National Veterinary Institute (NV!) and the Non-vesicular reference laboratories, Insti tute 

for Animal Health (IAH), Pirbright, UK for providing their fac ilities. I am very much thankful 

to Drs. Kasia Bankowska, Sushila Maan, Carrie Batten, Chris Oura and Peter Meltens at the 

lAB, Pirbright, UK for thci r hclp. 

My special thanks also goes to SPANA HQ and SVM, AAU for allowi ng me to use part of 

my time for pursuing this study. I than k Prof. Paul Lunn for providing me reference materials 

and library access in Colorado State University, Fort Collins, Colorado. I also thank Dr. 

Fernando Malalana for kind ly donating an AI-ISV Universa l Primer from Liverpool 

University, UK. 

Finally, I express my deepest thanks and appreciation to my colleagues in SPANA Ethiopia 

for helping me in many aspects at the time of investigation and of course, to all equ ine owners 

in the outbreak areas who devoted their time and allowed sampling of their equids. 

III 



TABLE OF CONTENTS 

Pages 

ACKNOWLEDGEMENTS ................................ .. ........... ... .................................................... III 

LIST OF FIGURES .............................. ... ....... ...... ....... ... ...... ..... ...... ... .. .... ...................... .... .. VII 

LIST OF AI'PENDICES .............................................. .. ............ ..... ...... .. .. .. ...... .... ............... vln 
ABBREVIA TIONS ........ .......................................................................... .... ....... .... ........... ... .. IX 

ABSTRACT .......................................................................... ............... ............. ... ............ ...... .. X! 

1 INTRODUCTION ............................... .... .................. .. ..... .. ....... .... ............. ..................... 1 

2 LITERATURE REVIEW ..................................................................................... ... ........ 4 

2.1 The disease ........ ..... .... ....... .. .... ... ..... ......... .. .. ..... .. ..... .. .. ..... .. .. ......................................... 4 

2.2 Etio logy ........................................................................... ................................ .. .. .. .. .... ... 4 

2.2.1 The AHSV virus .................. ........... .. ... .. .... .... ............................. .... ....................... 4 

2.2.2 AHSV structura l proteins ....................................... .. ................... .. .. ....................... 5 

2.2.3 AHSV non structural proteins ................................. .. ............................................. 6 

2.2.4 AHSV life cycle ...................................................... .. .................... ........ ................. 6 

2.2.5 Serotypes of AHSV ............................................................................................ .... 7 

2.2.6 Physio-chemical charactcristics ............... ... ........................................ .... ................ 8 

2.3 Epidemiology ........... ..... ........... .... ......... .......... .. ............................................................. 8 

2.3. 1 Geographic distribution .......................... .... ................. .. ....................... ... ............... 9 

2.3.2 Susceptible host range ...... ..... ......... .. .................................... .. .............................. 10 

2.3.3 The role of reservoirs in the epidemiology of AHS ........ .. ....................... .. .... .. ...... I I 

2.3.4 Mode of transmission .................... ..... ............................. .... ............ ..................... 12 

2.3.5 Molecular epidemiology ........................................................................... ....... .... 13 

2.3.6 AHSV sero("ypes identified in Ethiopia ................................. .. .............................. 13 

2.4 AHS pathogenesis ............... ............................ .. .................................................. ......... 14 

2.5 AHS clinical forms .... ............................... .. ... ...... ...... .................. .. .......... .. .... ..... ....... ... 15 

2.5.1 The pulmonary fOlm or peracute form ........................................................ .. ....... IS 

2.5.2 The cardiac or subacute edematous fOl1n ............ .. .. ................ ... ........................... 16 

2.5.3 The acute or mi xed fom1 .............................. .. ...... ................... .. ........................... 16 

2.5.4 Horsesickness fever or mild forlll ......... .. ................... .... ............ .................... .. ..... 16 

2.6 Diagnosis .... ... .. ... .. ....... ............................... .. .. ..... ....... ..... .. ...... ... ....... .... ... .. ... .. .. .... .. ... .. 17 

2.6. 1 Clinica l diagnosis ....................................... .. ................................. .. .................. 17 

IV 



2.6.2 Specimen for laboratory diagnosi s .......... ................. ...... .............. .......... .. ........ ... 17 

2.6 .3 Agent detection tests .................................. ........ .. .... ...................... .. .. ....... .. ......... 18 

2.6.4 Antibody detection tests .............. ......................... ................. .. ................ ............. 20 

2.7 Differential diagnosis ...... .... .... ... ....... ... .......... ................... ................ .. ..... .. .................. 22 

2.8 Socio-economic impact of AHS .. .... ......... ............... .......... .... ... .. .................. .. .............. 22 

2.9 Coutrol of AHS ......... ... .... .......... .. ..... .. .................................... ..................................... 23 

3 MATERIALS AND METHODS ......................... .. .... ........ ...... ........... .................. ........ . 25 

3.1 Study area ............. .... ........... ... ..... ............................ .................................................... 25 

3.2 Target population ...... ........... ........................ ..... ....... ...... ... .. ......... ... ... ................ .... ..... 26 

3.3 Stndy methodology .. ...................................... ..... ..... .. ...................... .... ................... ..... 27 

3.3. 1 Study design ... ... .... .. ........ ........................... ..... ...... ...... ........... .. .... ..... ... ...... .. ....... 27 

3.3.2 Retrospective data analysis ....... .. .............. ........................................................... 27 

3.3.3 Questionnaire survey ..... .. ........................... .. .... .................... ... ....... .... ..... .. ..... ...... 27 

3.3.4 Clinica l examination .......................................................... .. ... .................... ......... 27 

3.3.5 Sample collection ...................... .. .. .................... ...... ...... .. ..... .... ... .. ...... ... ..... ...... ... 28 

3.3.6 Seropositivity detelmination ..... .. ...... .................. .... ...... ... ... ... ..... ................ .... ... . 29 

3.3.7 Virus isolation on Vero cells .................................. .................... ............. ... ...... ... 29 

3.3.8 Serotype identification by RT-PCR ........... .... ...... .. ... ... ... ..... .... .... ......................... 30 

3.3.9 Sequencing and phylogenetic tree analysis .............. ....... ........ .. ...... ...... ... .... ......... 30 

3.4 Data management and analysis ... ... ... ... .. .... ...... .... ... .. ..... .. .. ........ ... .... ... ... ... ...... .. .. .. ..... 31 

4 RESULTS ..... ..... .. ............. .............................................................................................. 32 

4.1 Retrospective data analysis ...................................... ........ .. ........... ... ....... .... ... ............. 32 

4.2 Questionnaire survey ..... ..... ...... ..... ..... ............ ... .... ................ .................... ........ .... ...... 33 

4.3 Data from the outbreak investigation .......... .. ...... ... .. .................. ... .. .... ... .. ..... .. .. ... ...... 34 

4.4 Seropositivity and risk factors for AHS ............... .... ................................... ................ 36 

4.5 Virus isolation ... .. ....... .... ... ......................................... ..... ... ... ..... .. ... ... ... ... .. ... ............ ... 37 

4.6 Detection of AHSV genomic RNA by RT-PCR .. ...... ..... ........... .. .. .. ... .. .......... ... .... ...... 37 

4.7 Phylogenetic analysis .... .. .. ... ............. ........... .............. .. ....... ...... .. .... ............... ........ .... .. 40 

5 DISCUSSION ......... ............. .... .. .. .. ........ ............ ...... ... ....... ... .... .. ...... ... ........ ......... ... .. .. ... 43 

6 CONCLUSION AND RECOMMENDA TIONS .. .......... ..... ....... ... ....... .. ................ .. ..... 47 

7 REFERENCES .... .... .. .. ... .......... ............ ......... ..... .. ....... ....... .. ....... ........ .... ... ....... ...... ...... 48 

8 ANNEXES .. .............. ... .... .. ....... .............. .. ............................... ... .... ............................. ... 58 

9 SIGNED STATEMENT OF DECLARA TION ..................... ..... ..... ...... ............. ... .. ..... 70 

V 



LIST OF TABLES 

Pages 

Table 1. Numbers of horses, mules and donkeys in outbreak areas ....................................... 26 

Table 2. Months of the index case and number of equids that demonstrated signs of AHS per 

outbreak sites ....... ............................................................................................. ... ... ........... 28 

Table 3. Occurrence of AHS outbreaks in the different regions from 2007-2009 .................. 32 

Table 4. Summary of questionnaire survey administered in Cheta and Tikur Inchini di stricts33 

Table 5. Clinical form of AHS cases observed versus serotypes identified ............................ 35 

Table 6. Seropositivity of equids for and ri sk factors for AHSV infection ............................. 36 

Table 7. Summary of samples submitted to IAH, Pirbright, UK and obtained results ............ 39 

Table 8. Comparison of most related viruses for Seg-2 of AHSV reference strains .......... .... .4 J 

VI 



LIST OF FIGURES 

Pages 

Figure I. Diagram of an orbivirus structure ... ...... .................................................................. 6 

Figure 2. Homology trees compiled of the VP2 genes of all nine serotypes of AHSV ............. 7 

Figure 3. Map to show the spatial distribution of Al-lS outbreaks in Africa in 2008 ............. 10 

Figure 4. Map indicating outbreak sites in Ethiopia .............................................................. 25 

Figure 5. Occurrence and seasonality of AI-IS outbreaks from 2007-2009 ... .... .. ...... ....... ...... 32 

Figure 6. Number of horses died of AI-IS in the outbreak sites .. .... .... .............................. . .... 34 

Figure 7. Vero cell line with and without CPE .............................................................. .... ... 37 

Figure 8. E lectrophores is of the PCR products o'om various sa mples obtained by conventional 

ge l-based RT-PCR in a 1.5% agarose gel ............................................................................. 38 

Figure 9. Number of eq uids which demonstrated the different forms of AI-IS versus serotypes 

identified ........................ .. .............. ... .................................................................................. 39 

Figure 10. Compari son of AHSV -2, 4, 6, 8 and 9 identified from Ethiopia to respective lAB 

AHSV reference stra ins and IAI-I AHSV -I reference slmin .................................................. 42 

VII 



LIST OF APPENDICES 

Pages 

Annex I. Test procedure used for blocking ELISA ......... ... ............... ........ ................. .... ....... 58 

Annex 2. Test procedure used for virus isolation ................................................................. 58 

Annex 3. Test procedure for RT-PCR .......................... .................... ... ..................... ... .. ....... 59 

Annex 4. Outbreak investigation and questionnaire format. ............ .. .. ............................. .... 61 

Annex 5. Result of identified AHSV serotypes Ii'om whole blood samples submitted to IAH, 

Pirbright, UK ....... ................................................................................... ............................ 63 

Annex 6. AHSV serotype identification result of tissue and ce ll cu lture samples submitted to 

IAH, Pirbright, UK ............................................................................................. .. ................ 66 

Annex 7. Pictures of exemplary clinica l cases observed during outbreaks and postmOltem 

findings .. .. ............................................................................................................................ 67 

V III 



ABBREVIATIONS 

AGID 

AHS 

AHSV 

AHSv-I , 2, 3, """,7 

ALV 

APHRD 

AU-lEAR 

BHK 

BP 

eDNA 

C-ELISA 

CF 

CI 

CPE 

CSA 

ct 

Defra 

DNA 

dNTP 

dsRNA 

EDTA 

EEv 

ELISA 

ENSO 

ETH 

EVA 

FLAC 

GMEM 

IAR 

I-ELI SA 

IFA 

KC 

Agar Gel Immunodiffusion 

A frican horse sickness 

A fr ican horse sickness virus 

African horse sickness virus serotype 1, 2,3 , """ ,7 

Attenuated Live Virus 

Animal and Plant Health Regulatory Di rectorate 

African Union - Interafrican Bureau for Ani mal Resources 

Baby Hamster Kidney 

Blocking Percentage 

Complementary DNA 

Competitive enzyme linked immunosorbent assay 

Complement Fixation 

Confidence Interval 

Cytopathic effect 

Central Stati stica l Agency 

Cycle threshold 

Development for Environment, Food and Rural Affairs 

Deoxyribonucleic acid 

Deoxyribonuc leotide tTiphosphate 

Double stranded Ribonucleic acid 

Ethylene Oiamine TetTa-acetic Acid 

Equ ine encephalosis Virus 

Enzyme linked immunosorbent assay 

EI Nino/Southem Oscillation 

Ethiopi a 

Equine vira l alteritis 

Fu ll-Len gth Amplification of cDNAs 

Glasgow Minimum Essential Medium 

Institute of Animal Hea lth 

Indirect Enzyme Linked Immunosorbent Assay 

Indirect fluo rescent antibody assay 

C ulicoides cell line 

IX 



Mab 

MoA 

MS 

MVA 

NS 

NS-I , 2, 3, 3a 

Nt. 

NY] 

00 

OlE 

. PA 

PBS 

PCR 

Ref 

RNA 

RSArrah 

RT-PCR 

SIO 

Seg. 

SNNPRS 

SPANA 

TAE 

UK 

UV 

VN 

VP 

VP- I , 2, 3, .. 

WAHfD 

Monoclonal Antibodies 

Ministry of Agriculture 

Monkey Stable 

Modified Vaccinia Ankara 

Non Structural 

Non structural protein- I, 2, 3, 3a 

nucleotide 

Na ti ona l Veterinmy Institute 

Optical Density 

World Organi zation for Ani ma l H ea lth 

Peasant Association 

Phosphate Buffered Saline 

Polymerase Chain Reaction 

reference 

R ibonucleic acid 

IAH dsRNA virus collection number 

Reverse transcriptase - Polymerase Chain React ion 

Segment 10 

Segment 

Southe lll Nation Nationa lities and People's Regional State 

Society for the Protection of An imals Abroad 

Tris base, glac ial acetic ac id, EDTA 

United K ingdom 

Ultra Violet 

Virus Neutralization 

Viral Protein 

Vira l Protein I , 2, 3, ... 

World Animal Hea lth Inform atio n Database 

x 



ABSTRACT 

This study was conducted from September 2009 to December 20 lOin central , eastem and 

western patts of Ethiopia to investigate and identify circulating serotypes of African horse 

sickness virus (AHSV). A total of ten outbreaks were investigated in the study period. 

Samples collected for virus isolation and identification were whole blood in ethylene diamine 

tetra-acetic acid (EDTA) from diseased horses and mules, and tissues from freshly dead 

horses. AHSV isolation on Vero ce ll line and detection of AHSV genomes using conventional 

RT-PCR were archived in the National Veterinary Institute (NY!) molecular laboratory, 

Debre Zeit, Ethiopia. Samples were sent for further viral isolation, identification, sequencing 

and phylogenetic analyses in the Non-vesicular Laboratories of Institute of Animal Health 

(!AH), Pirbright, United Kingdom (UK). A total of 336 sera were collected fro m apparently 

healthy equids that were either unvacc inated or have vaccination history of before three years 

in Cheta and Tikur Inchini districts and subjected to a serological test using a commercialized 

blocking enzyme linked immunosorbent assay (ELISA) kit. A questionnaire survey was 

administered to 178 equine owners and retrospective data of outbreaks for three years 

obtained from Animal and Plant Health Regulatory Directorate (APHRD) in the Ministry of 

Agriculture (MoA) were analysed to see the national picture and seasonality of outbreaks. A 

total of 48 horses died of African horse sickness (AHS) during the outbreaks. Ada'a district 

was the major outbreak site where the outbreak involved a number of towns and villages. A 

total of 81 horses and 3 mules were affected and 46 (54.8%) of them demonstrated cardiac 

form of the disease while the rest 30 (35.7%), 6 (7. 1%), 2 (2.4%) were affected by horse 

sickness, pulmonary and mixed forms of AHS, respectively. Multiple serotypes of AHSVs 

were identified from the submi tted samples by quantitative real-time RT-PCR and 

sequencing. AHSV-4, AHSV-6, AHSV-8 and AHSV-9 serotypes were identified. 

Identification of A HSV -4, AHSV -6 and AJ-ISV -8 are reported for the first time in Ethiopia. 

AJ-ISV -9 was the dominant serotype circulating in the outbreak areas. Serotypes identified 

from the outbreaks were phylogenetically compared with the reference stmins in IAH, 

Pirbright, UK. A total of 147 (43.8%) of the sampled equids were found seropositive for 

antibodies against AHSV. The respective seropositivity of equids in Cheta and Tikur [nchini 

di stricts were 49.4% and 37.8% (p = 0.032). Statistically significant difference was not 

observed between risk factors of spec ies, age and sex (p > 0.05). From the total 178 

respondents 71 (40%) of them indicated that their indigenous knowledge on the disease, its 
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transmission and control measures is unsatisfactory while the rest (60%) were aware of the 

disease. Local names used for AJ-IS were 'Derbetu ' or 'Dibe Ferda ' in Tikur Inchini and 

' Horyo ' in Cheta. Loca lly known equi ne flies were 'Bombisa ' in Tikur lnchini and ' Gemo ' 

and ' Yubo' in Cheta. A total of 482 outbreaks were recorded retrospectively from Oromia 

(80.1 %), Amhara (10.6%), Southern Nati on Nationalities and People 's Regional State 

(SNNPRS) (7.7%) and the rest from Tigray, Dire Dawa and Afar regional states. AHS 

outbreaks were more frequently observed fi·OI11 September to December and the highest 

number of outbreaks was reported in 2008. Generally, the identification of multiple serotypes 

in the ClllTent study indicated increased ri sk and devastating outbreaks of AHS is a possibility. 

The production of polyvalent vaccine which confers protection aga inst the identified 

serotypes and prophylactic vaccination of horses and mu les are recommended. 

Key words: African horse sickness virus, equine, Ethiopia, outbreak, RT-PCR, serotype. 
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1 INTRODUCTION 

Ethiopia is believed to have the largest livestock population in Africa (CSA, 201 1). Livestock 

contribute about 30- 35% of agricultural gross domestic product of the country and more than 

85% of falm cash income (Degefe and Nega, 2000). Equines are of great signifi cance in the 

agricultural deve lopment particularly in the farming and transport systems of the counhy and 

are unlikely to be replaced in the foreseeab le fuhlre (Fielding and Pearson, 1991 ; Demelash 

and Moges, 2006). They provide both economica l and socia l benefits to the live lihoods of 

equine owning communities of the country (Admasu and Shiferaw, 20 II - unpublished). As 

per results from the livestock survey in the rural sedentary areas of Ethiopia, there are about 

2.03 million horses, 6.21 million donkeys and 0.38 million mules (CSA, 2011) . Despite their 

importance, equids are the most neglected and affected animals by a series of health and 

welfare problems (Biffa and Woldemeskel, 2006; Shelima et al., 2007). Among infectious 

di seases wh ich cause severe socioeconomic losses to the equine owning population and the 

national economy in genera l are African horse sickness (AHS) and epizootic lymphangitis 

(Leforban et aI., 1983; Zeleke et al., 2005; Aklilu and Abebaw, 20 10; Admasu and Shiferaw, 

20 II). 

AI-IS is an insect-borne, infectious vira l disease with extremely high mortality in horses and 

mu les. The disease is manifested by pyrexia, inappetence and edema of subcutaneous, 

intennuscular and lung tissues; transudation into body cavities and haemorrhages, particu larly 

of the serosa l surfaces (Kazeem et aI., 2008; OlE, 2008). The disease is caused by African 

horse virus (AHSV) , an Orbivirus in the Reoviridae famil y. AHSV has nine serologically 

di stinct serotypes (Radostitis et at., 2007). AHSV affects all species of Equidae fami ly 

(horses, mules, donkeys and zebras) and primarily transmitted by a biting midges belonging 

to the Culicoides gen us (Mellor, 1994a). Horses are the most susceptible to AI-IS with a 

mortali ty rate of 50- 95% fo ll owed by mules with mortali ty around 50%. In enzootic regions 

of Africa, donkeys are very resistant to AHS and experience only subclinical infections 

(Guthri e, 2008; OlE, 2008) . 

AHS is confined to sub-Saharan Afhca, although periodic epizootics have caused severe 

outbreaks of the disease outside enzootic regions. Serum neutralizing antibod ies to all nine 

strains of AHSV we re found in Kenya (B inepa l et aI., 1992; Davies et aI., 1993). The 



circulation of these multiple serotypes in neighboring countries has a big risk in transmission 

of new serotypes into Ethiopia. Increase in the number of serotypes identified from endemic 

areas was reported (MacLachlan and Guthrie, 20 I 0). AHSV serotype 2 (AHSV -2) was 

isolated for the first time in the northern hemisphere from a widespread epidemic of AHS in 

Nigeria (Fasina el ai., 2008). 

Eth iopian equids have long been affected by MIS and many outbreaks of AHS reported 

previously (Leforban et ai., 1983; Zeleke et ai., 2005). An epidemiological survey conducted 

between 1977 and 198 1 indicated that majority of the previous outbreaks were due to serotype 

9. However, serotype 7 has also been reported from one site (Leforban et ai., 1983). National 

Veterinary Institute (NVI), Debre Ziet, Ethiopia has been producing attenuated monovalent 

freeze dried AHS vacc ine against this dominant circulating serotype of the virus (AHSV-9). 

The vaccine has been successful and confers equids protection from outbreaks until recentl y 

where reports indicated that some vaccinated horses got infected and died of the disease. 

Zeleke and co-authors reported that they identified AHSV-9 and AHSV-6 from outbreak 

which occurred between 2002 and 2003 in southern , western and central Ethiopia. Samples 

were sent to and viruses identified at the OlE's reference laboratory, Onderstpoort Veterinary 

Institute, South Africa. They stated that identification of AHSV -6 was a first report to the 

country (Zeleke et ai., 2005). However, the report on AHSV -6 was found to be a mistake as 

the submitted sample was a known serotype of laboratory vaccine stra in isolate of AHSV-6 

which was submitted for fill1her confirmation and it was not an outbreak collected sample 

(Personal communication with Dr. Esayas Gelaye). 

An outbreak repOlt to the 01 E in 2008 indicated that a total of 15 outbreaks occUlTed in 

Keficho Shekicho and Bench Maji zones of SNNPRS and lIIubabor zone of Oromia and 

killed 2 185 equids (Sabirovic et ai., 2008; WAHID Interface, 2008). Samples fi'om these 

outbreaks were submitted to the same laboratory, Onderstpoolt Veterinary Institute, South 

Africa and AHSV serotype 2 was identified for the fi rst time in the counuy. This repOlt has 

also indicated that equ ids vaccinated against serotype 9 were affected by the outbreak. 

Another report to the AU-IBAR in 2008 indicated that Ethiopia had the highest number of 

cases (1636) in 319 outbreaks and lost 748 horses due to AHS. The country has vaccinated 

306,454 horses to stop the progress of the disease outbreaks and as prophylactic vacc ination. 

However, the majority of these (90.2%) were vaccinations following outbreaks of the disease 

(Pan African Animal Hea lth Yearbook, 2008). 
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A sero-epidemiological survey conducted using competitive ELISA (C-ELISA) in different 

agIO-ecological zones of central Ethiopia indicated a preva lence rate of 10.4%, 29.7% and 

10.3% from horses, donkeys and mules, respecti vely (Kassa, 2006). Seropositivity of34% has 

been reported previously from a country wide survey using compliment fixation test and sero­

neutralization technique on Vero cell line (Leforban et al., 1983). The same report revealed 

that antibodies were found against all immunological serotypes of AHSV in the country. A 

recent seroprevalence study in Jimma zone indicated 51.1 % in donkeys, 30.2% in mules and 

28.3% in horses and an overall reported seroprevalence of32.5% (Bitew et aI., 2011). 

The wide spread occurrence of outbreaks and identification of new serotypes necessitated 

further investigation of outbreaks for possible isolation and identification of other serotypes of 

AHSV. For the NY! to shift into bi/polyvalent vacc ine production as it is practiced in 1110st 

countri es where the disease is enzootic and multiple serotypes circulate, isolation and 

identification of dominant serotypes is essential. 

Therefore, thi s study was conducted with the following major objectives: 

~ To investigate occurrence and nature of active outbreaks of AHS in central, eastern 

and southern parts of Ethiopia, 

~ To isolate and identify circulating serotypes of AHSV from clinically sick equines. 
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2 LITERATURE REVIEW 

2.1 The disease 

AHS is an infectious but non-contagious arthopodborne viral disease of Equidae. The clinical 

signs and lesions result from selective increased vascular pe1l11eability and are characterized 

by an impainnent of the respiratOlY and circulatOlY systems (Brown and Torres, 2008; OlE, 

2008) 

AHS is an OlE li sted disease and has been classified as a notifiable disease worldwide due to 

its socio-economic consequence and ability to expand rapidly and without apparent wall1ing 

out of its endemic areas (Mellor and Hamblin, 2004; OlE, 2008; von Teichman and Smit, 

2008). 

2.2 Etiology 

2.2.1 The AHSV virus 

AHS is caused by African horse sickness virus (AHSV) which is a member of the genus 

Orbivirlls in the family Reoviridae (Radostiti s et al., 2007). The genus Orbivirus includes 19 

species established principally on antigenic (serologic) grounds but many of these placements 

have been supported by molecular analysis. The genus possesses 149 serotypes and 9 

tentative or unassigned isolates (Clashier and Meltens, 1998) . AHSV is morphologically 

similar to other orbiviruses such as bluetongue virus, epizootic haemOlThagic di sease virus 

and equ ine encephalosis vi rus (EEV) which have similar morphological and biochemical 

properties with distinctive pathological and antigenic properties as well as host ranges (Roy 

and Sutton, 1998; OlE, 2008). 

AHSV is an unenveloped palticle of about 70 nm in diameter and is made up of a two layered 

icosahedral capsid, which is composed of 32 capsomeres (Coetzer and Erasmus, 1994; OlE, 

2008). 
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2.2.2 AHSV structural proteins 

AHSV has a genome consisting of 10 segments of double-stranded RNA, which encode seven 

structural proteins (VPI- VP7) and four nonstructural proteins (NSI, NS2, NS3 and NS3a) 

(Grubman and Lewis, 1992). Most of the structural proteins have been completely sequenced 

for AHSV serotypes 4, 6 and 9 (Williams et aI., 1998; OlE, 2008). Most of the genome 

segments coded for only one protein (Grubman and Lewis, 1992). The structural outer coat 

proteins VP2 and VP5 are encoded by genome segments 2 and 5, respectively. Proteins VP3 

and VP7 are the major inner capsid proteins which are highly conserved among the nine 

AHSV serotypes (Martin et al., 1998). VP7 (encoded by genome segment 7) palticularly is 

the major serogroup specifi c antigen common to all nine AHSV serotypes (Zientara et al., 

1998b). 

Complete set of fu ll-length VP2 gene clones and sequence data for all the mne AHSV 

serotypes have been generated (Vreede and Huismans, 1998; Williams et aI., 1998; Potgieter 

et aI., 2003). Multiple ali gnments of the VP2 protein sequences showed homology between 

all nine AHSV serotypes varied between 47.6% and 71.4%, indicating that VP2 is the most 

va riable AHSV protein and is the principal responsible for AHSV serotypes and together with 

VP5 for virus neutralization (VN) activity (Martinez-Torrecuadrada et ai., 1999; Potgieter, 

2003). The SIO gene of AHSV is also a variable gene and well suited for use in characterizing 

AHSV strains (Quan et al., 2010). 

The remaining proteins (VPI, VP3 , VP4 and VP6) are components of the virus subcore and 

appear to be largely concerned with the fu ndamental orga nization, transcription, capping 

rep lication and packaging of the vira l RNAs (W il son et al., 2009). Proteins VPI, VP4 and 

VP6 constitute minor inner capsid proteins (Meltens et al., 2005) (Figure l) . 
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Figure 1. Diagram of an orbivirus structure 

Source: Mertens et al., (2005). 
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The AHSV nonstructural proteins can be detected in the cytoplasm and membranes of 

infected cells (Stoltz et al. , 1996). NS 1 forms tubular structures within the cell cytoplasm, 

while NS2 is a major component of the granular viral inclusion bodies that form within the 

cytoplasm of infected cells (Wilson el al. , 2009). AHSV genome segment 10 encodes the 

non structural proteins NS3 and NS3a. NS3 was found to vary as much as 36.3% across 

serotypes and 27.6% within serotypes indicating that it is the second most variable AHSV 

protein (van Niekerk et al., 2001; Meiring el al., 2009). It has been suggested that sequencing 

of the comparatively small NS3 gene in outbreaks of AHS may provide significant 

epidemiological information as to the origin of a virus involved in an outbreak. These NS 

proteins are believed to facilitate the processes of virus replication and cell exit through 

modifying membrane permeability. NS3 bas many of the characteristics of lytic viral proteins 

that playa central role in viral pathogenesis (van Niekerk el al., 2001). 

2.2.4 AHSV life cycle 

Variations in VPI , VP2, VP5, VP7 and nonstructural proteins NS I and NS3 determine the 

range of host cell types which the virus is able to infect, thereby influencing the sites of virus 

replication, tissues in which the virus is concentrated, environmental conditions required for 
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repl ication and transmission, the degree of pathogenesis resulting from infection, and the 

identity of the virus from the perspective of the vertebrate immune system. Adaptation of the 

virus for vectorial transmission is likely to be largely restricted to the genome segments 

coding for these proteins (Wil son et al., 2009). A recent finding indicated that A I-I SV VP5 is 

a membrane-destabilizing protein (Stassen et al. , 2011 ). NS3 acts in the AHSV life cycle as a 

viroporin by altering membrane pelmeabi lity and fa cilitating virus release from infected cell s. 

VP5 and NS3 are not the sole determinant of the cytopathic properties of the virus, it is likely 

that a number of viral and host fa ctors play a role (Meiring et aI. , 2009; Tracy et al., 2009). 

VP2 plays a role in mediation of cell attachment and penetration during the early stages of 

infection (Mmtinez-ToITecuadrada el aI. , 1999; Potgieter, 2003). 

2.2.5 Serotypes of AI-ISV 

Nine antigenically di stinct serotypes of AHSV (AHSV-I , -2, -3, -4, -5, -6 , -7, -8 and -9) with 

di ffe ring virulence have been identified the last being in 1960 (Coetzer and Erasmus, 1994). 

This suggests that, despite its segmented genome, the virus can be regarded as geneticall y 

stable and new serotypes do not readily develop. Some cross-reaction has been observed 

between AHSV serotypes I and 2; 3 and 7; 5 and 8; and 6 and 9, although there were no 

intTatypic variations and cross-reactions with other known orbi viruses (OrE, 2008; von 

Teichman et al., 20 I 0). Phy logenetic analysis of the nine AHSV VP2s grouped together VP2s 

of serotypes that show serologica l cross reaction (Potgieter et aI. , 2003) (F igure 2) . 
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Figure 2. 1-I0l1101ogy trees compiled of the VP2 genes of all nine seroty pes o f AHSV 

Bootstrap values are indicated. Source : Potgieter e l al. (2003). 
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2.2.6 Physio-chemica l characteristics 

The physio-chemica l characteri stics of AHSV are typical for the genus Orbivirus. The virus is 

ac id sensiti ve, being readily inacti vated at pH va lues below 6.0 but remains relati vely stable at 

more alkaline pH values (7.0-8.S) (Mellor and Hamblin, 2004). Due to pH fluctuations, the 

virus is rapidly destroyed in carcasses that have undergone rigor mortis but putrid blood may 

remain infective for more than 2 years (Defra , 2008; OlE, 2009). It is resistant to lipid 

so lvents and relati ve ly heat res istant, particularly in the presence of protein. Infectivity is 

remarkably stable at 4°C, particularly in the presence of stabilizers such as serum and OCG (S 

g sod ium oxalate, S g carboli c, SOO ml glycerine and SOO ml di still ed water) in which it can 

remain infective for more than 20 years (Erasmus, 1998). The virus can be stored for more 

than 6 months at 4°C in sa line with 10% serum but it is labile between -20°C and - 30°C 

(Coetzer and Erasmus, 1994; OIE, 2009). Vaccine strains survive well in Iyophili sed state at 

4°C. It is sensitive to different kinds of disinfectants at minimal concentrations (Shirai et ai., 

2000; Brown and Torres, 2008; OIE, 2009). 

2.3 Epidemiology 

Epidemiology of AHS is highly dependent on the interaction between the infected host, a 

competent vector and susceptible non-infected equidae under favorab le environmental 

conditions (Mellor, 1994a; Venter et al., 2006; Defra, 2008). Epidemics of AHS tend to occur 

at cyclic intervals and are often seasonal because of the seasonal vari ations in the number of 

Culicoides spp. present. Epidemics are usually associated with drou ght fo llowed by heavy 

rain . These weather patterns are more common during the warm phase of the EI Nillo 

Southern Osc illation (ENSO). Authors suggested that during such times, breeding sites of the 

insect vector may be altered or during drought, the virus reservoir (zebra) may congregate 

near the few remaining sou rces of water where they are in contact with and infect more 

vectors (Baylis et al., 1999; OlE, 2009). 

Midges are most active just after sunset and at abo ut sunrise and their activity is favored by 

temperatures between 12.SoC and 29°C (Coetzer and Erasmus, 1994; WittrnarUl and Baylis, 

2000; van der Rijt ef ai., 2008). It was suggested that several cool and cold episodes are 

necessary to kill all or most vectors (Mellor, I 994a). Loca l factors including topography 
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influence the distribution of midges within their overall range and therefore the disease has a 

geograph ical distribution. Areas most severely affected are low lying and swampy (Bayli s el 

aI., 1997; Venter et aI., 2006). Some authors specu late that globa l warming cou ld increase the 

ri sk for spread of AHS as Culicoides illlicoia has made incursions into North Africa and 

southern Europe (Wittmann and Baylis, 2000; Zeli" et al., 2008). 

2.3.1 Geographic distribution 

AHS is an ancient African disease. It is enzootic in tropical and sub-tropica l areas of Africa 

south of the Sahara occupying between eastern and central Africa and spreads regularly to 

northern South Africa (Coetzer and Erasmus, 1994; Guthrie, 2008) . The Sahara desert is 

supposed to provide a geographical barrier which has prevented the virus from establishing 

itself permanently in northern Africa or beyond (Mellor and Hamblin, 2004; Brown and 

Tones, 2008). 

Occasional outbreaks of the disease were seen in n0l1hern African countries. In 1965, AHS 

appeared first in Morocco then spreading into Algeria and Tunisia. The disease has also 

occurred outside Africa on a few occasions, the most notable of which were outbreaks in 

Saudi Arabia, Syria, Lebanon, Jordan, Iraq, Turkey, Cyprus, Iran, Afghanistan, Pakistan, 

India and the Yemen (Coetzer and Erasmus, 1994; Mellor and Hamblin, 2004). The disease 

was reported to end in Asia after massive vaccination campaign and the death of over 300,000 

equids. AHS also occurred in Spain in 1966 and recurred in 1987 and in Portugal in 1989. 

The di sease had spread throughout Spain and Portugal in 1990 but was eliminated a year later 

(Mellor, 1994a; Mellor and Hamblin, 2004). Reports from member African countries to AU­

!BAR indicated the main foci of AHS are western, eastern and southern parts of Africa (Pan 

African Animal Health Yearbook, 2008) (Figure 3). 
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Figure 3. Map to show the spatial distribution of AHS outbreaks in Africa in 2008. 

Source: Pan African Animal Health Yearbook (2008) 

2.3.2 Susceptible host range 

AHS causes clinical disease in horses, donkeys, mules and dogs and only infection to zebras. 

From equidae family, the more severe disease occurs in horses, with mules and donkeys and 

zebras showing lesser degrees of susceptibility in that order. Other hosts species including 

elephants, camels, cattle, sheep, goats and predatory carnivores may demonstrate antibodies 

to infection (Binepal et aI. , 1992; Clashier and Mertens, 1998). 

Mortality rate in horses ranges from 50 to 95%, followed by mules with mortality around 50% 

(OlE, 2008). In enzootic regions of Africa, donkeys are very resistant to AHS and experience 

only subclinical infections. In European and Asian countries, however, donkeys are 

moderately susceptible and have a mortality rate of 10%. African donkeys (£quus asinus 

africanus) are reported to be resistant to experimental infections and showed no signs of AHS 

even when imrnunosupppressed (Fassi-Fihri et aI. , 1998). Zebras are markedly resistant with 

no clinical signs, except fever. Dogs may die from peracute infection after eating infected 

horse meat (Salama et aI. , 1981; OIE, 2009). 
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Equids that are vaccinated or recovered from the disease develop a solid humoral immunity 

against the homologous serotype and a parti al immunity aga inst heterologous serotypes at 

least fo r a yea r (Burrage and Laegreid, 1994). However, previous exposure of one serotype 

may not prevent initiation of infection with a second but the presence of suffic iently high 

levels of antibodies to the first unrelated serotype may prevent or reduce the level of viremia 

with the second ty pe thereby precluding the animal from playing any further part in the 

epidemiology of the disease (Hamblin et at. , 1998). Foals from immune dams derive passive 

immunity from the colostru m and are immune for 3 to 6 months of age (Radosti ts et at., 2007; 

Brown and Torres, 2008). 

2.3.3 The role of rese rvoirs in the epidemiology of AHS 

AI-ISV is maintained in endemic areas as a resul t of a continuous cycle between insect vectors 

and wi ld or domestic equines or other wild reservoi r hosts. Zebras, which are often 

asymptomatic, are thought to be the natural reservoir hosts in most regions of Africa (Defra, 

2008). The first cases of AHS occurred in the horses of hunters who entered zebra territory in 

South Africa. Nowadays, most of the free- li ving zebras have been confined to the 

northeastem part of South Africa which are now the only areas in the country where AHS is 

endemic. The preva lence of AHSV antibodies in Zebra and of AHS in unprotected horses is 

similar. The minimum size of zebra population necessary to maintain a foc us of AHSV is 

unknown (Bemard, 1998). It was suggested that dogs do not playa sign ificant role in the 

maintenance or spread of AHSV as viraemia is thought to be low leve l and transient and 

vectors are rarely attracted to them (Braverman and Chizov-Ginzburg, 1996). Antibody to 

AHSV has been found in sera collected from camels, African elephants and black and white 

rhinoceros, but their role in epizootiology is unlikely to be signi fica nt (Mellor and Hamblin, 

2004; Brown and Torres, 2008). Similarly, complement fixing anti bodies were fo und in 

sheep, goats, dogs, camels, buffaloes and cattle in an Egyptian survey but they have no 

repOlted reservoir activity (Awad e/ aI., 1981). 

Because of the hi gh morta li ty rate frequently recorded in horses and occasionally in mules, 

they are regarded as acc idental or indicator hosts (Erasmus, 1998; Me ll or and Hamblin, 2004; 

Deli·a, 2008). In addition, fa ilure of AHSV to become establi shed outside tropica l and sub­

tropica l regions of Afri ca, where zebra principall y reside, indicated that horses, mules and 

donkeys are not long-tem1 reservoi rs of AI-I SV and they do not remain as ca lTie rs after 
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recovery (Hambl in et al., 1998). Therefore, they are not involved in the pennanent persistence 

of the virus. However, AHSV-9 survives perfectly well in West Africa where zebra no longer 

ex ist (Wilson et a/., 2009). 

2.3.4 Mode of transmission 

AI-lSV is transmitted by the bite of blood-sucking insects including midges (Culicoides spp.), 

ticks (Hyalomma dromedarii alld the brown dog tick, Rhipicephalus sallguilleus) , mosquitoes 

and large biting flie s in the genera Stollloxys and Taballus (Mellor, 1994a; Radostits et al., 

2007; Wilson et a/., 2009). Midges are by fa r the most important vector in the spread of the 

spontaneous disease. C. illlicoia is the princ ipal vector responsible for the transmiss ion of 

AHSV within its enzootic area and possibly during epizootics (Cetre-Sossah et al., 2004). 

Other species of Culicoides including C. bolitillOS, C. varipellis, C. pulicaris, and C. obsoletus 

are probably competent vectors. The role of other vectors in the epizootiology of the disease 

is regarded as absolutely minimal compared with that played by the Culicoides species 

(Erasmus, 1998; Meiswinkel and Paweska, 2003). 

In areas in which AHS is enzootic, the virus persists by cycl ing between mammalian host and 

vectors year round. Midges are infected with AHSV but transovarian transmission of 

infection between generations of midges does not occur (Radostits et aI., 2007). Mosquitoes 

have also been implicated as biologica l vectors. Transmission by other vectors is thought to 

be mechanical (Brown and Torres, 2008). Analysis of fi eld observations on the progression of 

outbreaks indicates that midges di sperse only a few kilometers from their breeding sites, but it 

has been postulated that they can be borne for longer distances up to 700 km on air currents 

over water and 150 km overland. Movement of infected equidae was reported to be a means 

for farther long-distance jumps of infection (Radostits et al., 2007; OlE, 2009). The outbreak 

in Spain in 1987 was apparently caused by the introd uction of a number of sub-clinica lly 

infected zebra from Namibia into a safari park (Sanchez-Vizcaino, 2006). 

Equidae in the febrile phase of the di sease are most likely to serve as a source of the virus for 

transmission to other susceptible equidae. The virus is commonly found in viscera and blood 

of infected equ ids. It can also be found in semen, urine and nearly all secretions and body 

fluids during viraemia, but no studies have documented transmission. Viraemia usually lasts 

4- 8 days in horses but may extend up to 21 days and in zebras it may last up to 40 days (OlE, 
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2009). In an experimental inoculation of AHSV to donkeys and mules, viral RNA was 

detec ted consistently up to day 47 and intermittently thereafter (el Hasnaoui et aI. , 1998b) . 

However, recovered animals do not remain carriers of the virus (OlE, 2009). Mechanical 

transmission of the virus on contaminated surgical instruments and needles should be 

considered a possibi li ty (Radostits et ai., 2007). 

2.3.5 Molecular epidemiology 

All 9 serotypes of AHSV occur in eastern and southern Africa; however there recently has 

been an increase in the number of serotypes present within the northern limits of the virus 

range in sub-Saharan Africa (MacLachlan and Guthrie, 20 I 0). The distribution of AHSV 

serotypes varies with regions (OlE, 2009; Sanchez-Vizcaino, 2006). Serotypes I to 8 are 

typica lly found only in restricted areas of sub-Saharan Africa except for occasional excursions 

into NOIth Africa or the Arabian Peninsula . Only AHS serotype 9 and 4 have been found in 

West Africa from where they occasionally spread into countries surrounding the 

Med iterranean (Sanchez-Vizcaino, 2006). However, type 9 is more widespread and has been 

responsible for virtually all epidemics outside Afri ca the only exception being outbreak of 

AHS in Spa in, Portugal, and Morocco due to AHSV -4. Serotype 2 has recently been reported 

from Ethiopia, Nigeria and Senegal (Kazeem et ai., 2008). In outbreaks whi~h occurred 

between 2006 and 2008 in Namibia, serotypes of AHSV-I , AI-ISV-2, AHSV-4 and AHSV-9 

were identified (Scacchia et ai., 2009). All nine serotypes were identified from submitted fi eld 

samples in South Africa with a range of 3- 60 isolates per serotype which were detec ted using 

AHSV S I 0 (Quan et ai., 20 I 0). 

2.3.6 AI-ISV serotypes identified in Ethiopia 

Extensive studies have not been conducted in Ethiopia and the so far isolated and identified 

serotypes may not represent the actual situation. Serotype 9 was found as the dominant 

seroty pe circulating in Tigray, Dire Dawa, Hawassa, Jimma, Addis Ababa and Debre Zeit. 

AHSV-7 has also been reported in Jimma (Leforba n et ai., 1983). Recently AHSV-2 was 

identified from outbreaks in Oromia (Bench Maji and Illubabor) and SNNPRS (Kefi cho 

Shekicho) (WAHID Interface, 2008). In another investigation, AHSV -9 was identified from 

outbreaks in the southem, western and central Ethiopia (Ze leke et al., 2005). 
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2.4 AHS pathogenesis 

AHSV is the most pathogenic of all equine viruses (Venter ef al., 2006). AHSV types 1-8 are 

considered to be highly pathogenic for horses and infection results in high mortality while 

type 9 AHS virus appears to be less pathogenic and infection may result in lower mOliality 

(Coetzer and Erasmus, 1994). Another repO!i from recent outbreaks demonstrated that 

AHSV -9 is capable of causing severe signs and death to unvacc inated horses (Scacchia et af., 

2009). 

The primary sites of replication follo wing vector inoculation are not known but they arc 

thought to be lymph nodes, lungs and spleen and other lymphoid tissues and certa in 

endothelial cell s of small blood vessels, particularly cap illaries and in large mononuclear cells 

resembling macrophages or reticular cell s of lymphatic vessels (Burrage and Laegreid, 1994; 

Wohlsein et af., 1998). Foll owing primary repl ication, viremia is responsible for 

dissemination of AHSV throughout the body of the animal. Viral infection was commonest in 

the endothelial cells of myocardial vessels, fo llowed by those in the lung, whereas in the 

spleen and liver, endothelial cell infection was rare and, in the case of the liver, limited to the 

interstitial capillaries. Viral replication in endothelial cells results in vascular damage and an 

increase in vascular pel111eability leading to hemorrhage and edema (Gomez-Villamandos et 

al. , 1999). Activation of pulmonary intravascular macrophages was also found to contribu te 

to vascu lar changes by releasing chemica l inflammatory mediators (Carrasco et al., 1999). 

Virus multiplication in other body tissues and organs gives rise to a secondalY viraemia, 

which is of variable duration and titre dependent upon a number of factors including host 

spec ies (Burrage and Laegreid, 1994). 

In experimentally infected horses, highest AHSV titers rapid ly accumulated in the spleen, 

lungs, caecum, pharynx, choroid plexus and most lymph nodes with positive titers preceding 

detectable viremia which suggests that lymphoid organs and lung represent possible sites of 

primalY replication. In the blood, the virus is associated with the cellular fraction of both red 

blood cells and the buffy coat, while velY little is present in the plasma (Mellor and Hamblin, 

2004). 
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2.S AHS clinical forms 

AHS exist in four different fom1s: the peracute (pulmonary) fom1, the subacute edematous 

(ca rdiac) form, the acute (mi xed) form and horsesickness fever (mild) fom1. Symptomatic 

infections occur most often in horses and mu les. However, symptoms are less likely in mules 

than horses. The pulmonary and mixed fonns usually predominate in susceptible populations 

of horses. The pulmonary form is also the most common fO l1n in dogs. The mi ldest form, 

horses ickness fever, tends to be seen in horses with partial immunity, mules and donkeys in 

areas outside endemic areas. AfTican donkeys and zebras are unlikely to show clinical signs of 

the di sease (Coetzer and Erasmus, 1994). The primary determinant of the form of disease 

expressed by naIve horse is the virulence and tissue tropism of the in fecting AHSV serotype 

(BuITage and Laegreid, 1994). Recent studies indicated that subclinical cases of AJ-IS occur in 

naturally infected horses in endemic areas (Weyer et at., 20 I 0). This was defined by detection 

of AHSV using rea l-time RT-PCR in the absence of clinical signs. 

Duration of incubation period depends on virulence of the virus and dose of virus received 

(Guthrie, 2008) but infective dose in natural conditions is not known. Experimentally it has 

been shown to vary between 2 and 21 days (Mellor, 1994b). In horses viraemia usually lasts 

for only four to eight days and has not been detected beyond 21 days. In donkeys and zebra 

the levels of viraemia are lower but may extend for up to four weeks. The longest recorded 

viraemia is about 40 days in the case of zebras (OlE, 2008). 

2.5.1 The pulmonary form or peracute fOm1 

The pulmonary form is peracute and may develop so rapidly (3- 5 days) that an animal can die 

without previous indication of illness. Usually there wi ll be marked depression and fever (39-

41 °C) followed by onset of respiratory distress and severe dyspnoea . Respiratory rate may 

increase to 60 or even 75 breaths/minute (OlE, 2008). The animal may be observed to stand 

with its fore legs spread apart, its head extended and its nostTil s fully dilated. Profuse sweating 

is common and spasmodic coughing may be observed telmina lly, with frothy serofibrinous 

fluid exud ing from the nostri ls. The prognosis for horses suffering from this form of AHS is 

extremely grave and mortal ity rates commonly exceed 95%. Death usually occurs within a 

few hours after the first clinical signs are observed. This fonn is usually observed 111 

completely suscepti ble animals, animals infected with a highly virulent strain of virus, or 
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anima ls that are worked during the febrile stage of the disease (Mellor, 1994b; Radostits et 

al.,2007). 

2.5.2 The cardiac or subacute edematous form 

The cardiac fonn of AHS usually begins with a feve r that lasts for 3 to 6 days. It has an 

incubation period of 7 to 14 days (OlE, 2008). The main clinical finding is subcutaneous 

oedema, particularly of the head, neck and chest but also of the supraorbital fossae eyelids. 

These swellings later spread to involve the cheeks, lips, tongue, intermandibular space, 

laryngeal region, and sometimes the neck, shou lders and chest but not to the lower legs. Other 

clinica l signs, usually seen in the terminal stages of the disease, can include severe 

depression, colic, ecchymoses on the ventral surface of the tongue and petech iae in the 

conjunctivae. Difficul ty in swallowing due to paralysis of the oesophagus is also seen. Death 

often occurs from cardiac failure and mortality rate is 50 to 60 %. If the animal recovers, the 

swell ings gradually subside over the next 3 to 8 days. This clinica l fonn of AHS is usually 

associated with infection by virus strains of low virulence or is encountered in immune 

an ima ls infected by heterologous virus strains or may be a function of biological variation in 

the infected animal (Mellor, 1994b; Radostits et ai., 2007; OlE, 2008). 

2.5.3 The acute or mixed fo rm 

The mixed foml is often the most common form of AHS and is a combination of the cardiac 

and pulmonary fonns of disease. It has an incubation period of 5 to 7 days. The mOltality rate 

is approximately 70% and death usually occurs within 3 to 6 days after onset of fever. In most 

cases, the cardiac fonn is subclinica l and is followed by severe respiratOlY distress. 

Occasionally, mild respiratOlY signs may be fo llowed by edema and death from ca rdiac 

fa ilure. The mixed fonn of AHS is rarely diagnosed clinically, but is often seen at necropsy in 

horses and mules. The mortali ty rate is around 70% (Mellor, 1994b; Radostits et al., 2007; 

OlE, 2008). 

2.5.4 Horsesickness fever or mild form 

Horse sickness fever is invariably mild usually involving only mild to moderate fever (39-

40°C) of the remittent type, with the lowest temperatures in the morning rising to a high peak 
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in the afternoon, lasting for 3- 8 days. The incubation period varies from 5 to 14 days. Apart 

rrom thi s, other clin ical signs are rare and are freq uently overlooked in natural outbreaks. The 

conjunctivae may be slightly congested, the pu lse rate may be increased, and a certain degree 

of anorexia, depression and oedema of supraorbital fossae may be present. There is no 

mortal ity. This fonn of the disease is usually observed in partially immune animals or in 

resistant species, such as the donkey and zebra and following infection with less vi rulent 

stra ins of virus (Mellor, 1994b; Radostits et aI., 2007; OlE, 2008). 

2.6 Diagnosis 

2.6.1 Clinical diagnosis 

A wide variety of emerging techniques have been applied for the improved detection of 

transboundalY anima l diseases that cause huge economic losses worldwide and are constantly 

spreading and affecting new geographic areas including AI-IS (Rodriguez-Sanchez et at. 

2008b). Clinical signs combined with an appropriate history and epidemiological infOlmation 

may be sufficient for a presumptive diagnosis (Kazeem et al., 2008; OlE, 2008). Some 

clinical signs and lesions are characteristic but in the horsesickness form and during the early 

febrile phase of other forms of AHS, a field diagnosis may be virtually impossible and 

laboratory diagnosis is essential to establish a correct and confirmatory diagnosis. This is of 

pmticular importance whenever outbreaks occur outside the enzootic regions (Laegreid, 1994; 

Brown and Torres, 2008). 

2.6.2 Spec imen for laboratory diagnosis 

The most important aspect of the diagnosis of AHS is the selection of samples and their 

transportation to the laboratory. In li ve animals, AHS virus may be isolated from blood of 

affected equidae during the early febrile stage (OlE, 2008). Blood samples for virus isolation 

should be collected into tubes containing anticoagulant (heparin or EDT A) . From animals that 

have died , necropsy samples for virus isolation should include small pieces (2--4 g) of the 

spleen, lung and lymph nodes. The samples for virus isolation shou ld be kept at 4°C duri ng 

transportation and storage and not frozen (Ozawa and Bahrami , 1968; Mellor, 1994b; OlE, 

2008). 
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Serum is required for serological examination of antibodies and serum neutralization test. 

Horses that survive in fection deve lop specific antibodies within 10-14 days after infection that 

reach a pea k about 10 days later. Paired serum (acute and convalescent phase) samples are 

recommended and are particularly impOltant in areas where the di sease is endemic (Mellor, 

1994b). Serological tests can demonstrate AHS antibodies for I to 4 years after infection 

(Erasmus, 1998). 

2.6.3 Agent detection tests 

AHS can be diagnosed by isolating the virus or detecting its nucleic acids or antigens. Several 

techniques are already ava ilable for AHS viral identification such as cell culture, inoculation 

of newborn mice, sandwich ELlSA and polymerase chain reaction (PCR) tests. Jt is 

recommended to use more than one test to diagnose an outbreak of AHS, espec ially the index 

case (OlE, 2008). 

Successful direct isolation of AHSV has been performed on baby hamster kidney (BHK-21), 

monkey stable (MS) and African green monkey kidney (Vero) mammalian cell lines and on 

Culicoides and mosquito insect cell lines (Aedes albopictus) C6/36 cell s and Culicoides (Ke) 

cell s (Hazrati and O zawa, 1965; Mell or and Hamblin, 1994). The virus can also adapt and 

grow in embryonated hens eggs following intravenous inoculat ion (OlE, 2008). A cytopathic 

effect (CPE) may appear between 2 and 10 days post-infection with mammalian cells. Three 

blind passages should be perfomled before considering the samples to be negative. However, 

the insect cell lines do not show CPE and are usually used only as a sensitive inteffiledialY to 

ampli fy virus as a prelude to virus isolation in mammalian cells (OlE, 2008). 

Intracerebra l inoculation of 2 to 4 day old suckling mice is another preferred method for 

primary iso lat ion of AHSV. In positive cases, anima ls develop nervous signs between 3 and 

15 days post-inocu lation. The brains fro m sick animals may be collected, homogeni zed and 

re-inoculated intracerebrally into at least six 1- 3-day-old mice. Thi s second passage should 

present a shortened incubation period (2- 5 days) and 100% infecti vity. Virus may be typed 

directly from mouse bra in by conventi onal VN test or by RNA extraction and sequenc ing 

(OlE, 2008). 
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The indirect sandwich ELISA is also usefu l for the rapid identification of AHSV antigen in 

solid tissues taken from animals that have di ed following an acute infection. Two serogroup­

specific sandwich ELlS As have been developed. One technique uses polyclonal antibodies to 

the AHSV and the other uses monoclonal antibodies aga inst VP7. Both methods have been 

demonstrated to be adequate for the diagnosis of AHS, due to their high sensitivity and 

specificity and the availability of results in only 2-4 hours (Laviada et aI., 1992). This method 

can also be used for detection of the virus in insect vectors (Hamblin et aI. , 1991). 

AHSV can be identified directly in whole blood and other tissues using molecular probes and 

RT-PCR using group specific primers for segment 3 and VP7. An RT-PCR assay for the 

spec ific detection of AHSV genome in blood, homogenized equ id or mouse ti ssue or cell 

culture fluids has been developed. Primers correspond to the 5' end (nucleotides 1- 21) and 3' 

end (nuc leotides 1160- 1179) of RNA segment 7, amplitying the complete segment 7 of the 

genome (Aradaib et at., 2006) . 

Western immunoblotting assay has been used to identify at least four distinct AHSV proteins, 

including VP5, NS I , NS2 and NS3INS3a. By using AHSV non-structural proteins as 

'markers' , this test can be used to discriminate between animals vacci nated with a purified, 

inactivated AHSV and those either naturally infected or vaccinated with a live attenuated 

vaccine (Bougrine et at., 1998). 

Experiments on cases of AHS revealed that RT-PCR testes detected AHS in horses prior to 

the onset of clinical signs (Weyer et at., 20 I 0). The recent development of a type-spec ific RT­

PCR for identification and differentiation of the nine AHSV serotypes provided a method of 

confirnl ing the identity of AHSV in tissue samples within a few hours which provides a 

perfect agreement with the VN test. Nine pairs of primers were des igned in the virus genome 

segment 2 for each spec ific serotype (Sailleau et at., 2000) . A new conventional technique 

and a real-time RT-PCR technique have been developed using primers from a highly 

conserved region of AHSV segment 7, to achieve better sensiti vity and rapidity in the 

diagnosis of AHS (Monacco et at., 2011). 

Typing of the nine AHS serotypes has al so been carried out with probes developed from a set 

of cloned full length VP2 genes and can be an alternative to amplifica tion of genome segment 

2. The recent development of a type-specific RT-PCR has now provided a method of 
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confirmi ng the identity of AHSV in tissue samples within 24 hours. A significant advantage 

of this method is that it can be used to type very low levels of AHSV antigen in samples that 

do not contain live virus (Sailleau el aI., 2000). 

There are many other recentl y developed effecti ve molecular tools that can be used to detect 

of all the nine serotypes of AHSVs. These include conventional gel-based RT-PCR and real­

time PCR (Rodriguez-Sanchez et a/., 2008a), TaqMan-MGB RT-PCR (Femandez-Pinero et 

a/., 2009), nested RT-PCR (Aradaib, 2009), duplex real-time RT-PCR (Quan and Guthrie, 

2009) and tluorogenic real-time RT-PCR (Aguero et ai, 2008). More recently a rapid, 

analytica lly sensitive and spec ific duplex real-time RT-PCR assay targeting the VP7 and NS2 

genes of AHSV was developed and optimized. The assay is quantitative and suitable for 

mathematical modelling and pathogenes is studies which will allow for a greater 

understanding of AHS (Quan el a/. , 20 I 0). 

2.6.4 Antibody detection tests 

In non-enzootic regions, at the stalt of an outbreak and when the AHSV serotype is unknown, 

the group spec ific ELISA can provide a rapid and reliable confirmation of clinical diagnos is 

(Rubio el af., 1998). Group specific antibody aga inst AHSV can be detected using several 

diagnostic assays that are directed primarily towards the recombinant VP7, including 

complement fixation, agar gel immunodiffusion (AGID), immunofluorescence and ELISA. 

VP7 is the most stable protein and has been used as antigen for AHSV antibody determination 

with a high degree of sensitivity and spec ificity (Roy el aI. , 1994). The indirect ELISA and 

complement fixation tests are the prescribed tests for international trade (OlE, 2008). The 

earliest serologic markers conespond mainly to VP5, VP6, and NS2 and to a lesser extent to 

VP3, NSI and NS3 . VP7 specific antibodies are not detectabl e for about two weeks and not 

appropriate for early detection of the virus (Martinez-Tonecuadrada el al., 1997). A group­

spec ific recombinant protein VP7 of AHSV-3 was obtained by using purified baculovirus­

expressed VP7 clystals from infected insect cell s and an I-ELISA for the detection of IgG­

antibodies to VP7 in horse sera was validated (Mareea and Paweska, 2005). 

Indirect and competitive ELISAs using ei ther soluble AHSV antigen or a recombinant protein 

VP7 have proved to be good methods for large-scale investigations and can be used for 

detection of all the nine different AHSV serotypes. I-ELISA is reported as a more sensiti ve 
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test in detection of earliest immunologica l response in infected equids and declining level of 

maternal immunity in foals and recommended as a highly accurate diagnostic tool for disease 

surveillance and control programs (Maree and Paweska, 2005). I-ELISA that uses the AHSV 

serotype 4 nonstJuctural protein NS3 as antigen is ava il able and can be used to distinguish 

between naturally infected animals or vaccinated with the live vacc ine and those vacc inated 

with purified virions, inactivated vaccine (Lavida et at., 1995; el Hasnaoui et at., 1998b). This 

test is also a prefen ed test to distinguish between antibodies to other Orbiviruses affecting 

equids (Williams et at. , 1993). C-ELISA for detecti on of AHSV in tissues and cell culture 

supem atants by the use of 2 monoclonal antibodies (Mab) directed against VP7 is a sensitive 

and specifi c test and can also be used for testing wildlife as species specifi c anti-globulin is 

not required with this method (Hamblin et aI., 1990; OlE, 2008). 

VN, CF, and AGID tests are not suitable for extensive epidemiological studies . The VN test is 

used to detect serotype-specific antibody using type spec ific anti sera and has been the method 

of choice for serotyping AHSV isolated from the fi eld mainly in endemic areas where 

multiple serotypes are likely to be present. This technique takes five or more days before 

results are obtained and it is extremely laborious and requires standardized stocks ofreference 

viruses, serotype-spec ific antisera and tissue cul tures (Hamblin et aI., 199 1; Maree and 

Paweska, 2005). 1t is also sensitive to serum toxicity which inhibits cell growth and would 

require 9 separate tests to ascertain the negativity of one sample (House et aI., 1990). 

The CF test has been used extensively and is an OlE designated test method. However, due to 

the anti-complementary effect of sera from donkeys and mules and shorter duration of 

complement fixing antibodies as well as the good results obtained with the ELISA, its use is 

decreasing (Williams et aI., 1993; el Hasnaoui et at., 1998b) . The CF test is frequently used 

for the demonstration of group-specific antibodies against AHSV. 

Indirect fluorescent antibody assay (I FA) can be used and is rapid and sensitive . It detects 

antibodies as early as 7-10 days after primary exposure to live virus; however, all positive 

results should be confinned by other techniques (House et at., 1990; el Hasnaoui et at., 

1998a) . 
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2.7 Differential d iagnosis 

AHS must be differentiated fi Oln other di seases causing sudden death, respiratory distress or 

oedema (Anonymous, 2006). The clinica l signs of AHS, particularly when not full y 

developed, may be confused with those caused by a close ly related Orbivirlls, equine 

encephalosis virus (OlE, 2009). They have a simi lar geographica l di stribution and veltebrate 

host range and the same vector species of Culicoides. As a result both can occur 

simultaneously in the same locations and even in the same animal (Mellor and Hamblin, 

2004). 

Other differential diagnosis includes equine viral arteritis (EVA) , equine infectious anemia, 

Hendra virus infection, purpura hemolThagica, trypanosomosis (surra) and the early stages of 

equine piroplasmosis (Theiieria equi and Babesia caballi) particularly when the parasites are 

difficul t to demonstrate in blood smears. The haemOlThages and oedema reported in cases of 

purpura haemolThagica and equine viral artr itis may be similar to those seen in the pulmonary 

fo rm of AHS, although with AHS the oedema tends to be less extensive and the haemorrhages 

are less numerous and widespread. Chemical and plant poisonings, toxins, anthrax and other 

causes of sudden death, as well as diseases that result in severe respiratory distress, should 

a lso be considered (OlE, 2009). 

2.8 Socio-economic impact of AHS 

Despite the huge direct losses due to mOltality of equids which is common in several African 

countri es, there could be losses from suspension on the export of equids to Europe and other 

non endemic countTies of the world (Venter el ai., 2006). There is no ev idence that humans 

can become infected with any fie ld strain of AHSV but certain neurotropic vaccine s trains 

may cause encephalitis and renititis in humans following transnasal infections (Erasmus, 

1998; Radosti ts el al., 2007). 
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2.9 Control of AHS 

There is no spec ific treatment fo r AHS. Affected animals should be provided with suppOlti ve 

therapy, nursed and rested as the s lightest exertion may result in death. Animals that survive 

shou ld be rested for at least 4 weeks following recovery before being retumed to li ght work 

(Guthrie, 2008). 

In enzootic regions of Africa, vaccination has been used essentially as a method of preventing 

animal losses and infection of vector insects be ing a secondary consideration while in non­

enzootic regions the officia l policy has been to eradicate the virus as qu ickly as possible 

(House, 1998). At present, there is a minimum 60-day quaranti ne period for horses. If AHS is 

detected in naive country, a strict quarantine zone and movement control s should be 

establ ished. Euthanasia of infected and exposed anima ls may be considered. Whenever 

possible, a ll Equidae should be stabled in insect-proof housing particularl y fro m dusk to 

dawn, the period when Culicoides are most active. Vector control measures such as 

modifications of Culicoides breeding areas, insect repellents and targeted applications of 

insecticides or larvicides may also be useful. Some countries used combination of methods to 

eradicate AI-IS. Average annua l vaccination coverage of 92% was carried out as one of the 

strategies in eradicating AHS in Morocco (Henazzou et aI., 2006). 

[n endemic areas, the use of prophylacti c vaccination with polyvalent attenuated live virus 

(A HS-ALV) vaccine will remain the main preventati ve and control measure against AHS 

(von Teichman et aI., 2008; von Teichman et aI., 20 10). In South Africa, it is compulsory to 

vaccinate a ll horses, except those in the currently declared free and surveillance zones in the 

Westem Cape Province with the AHS-AL V vacc ine (von Teichman and Smit, 2008). 

However, there are reports o f some concerns assoc iated with mod ified li ve virus AHS 

vacci nes which includes OCCUlTence of vaccine reactions, including death; variable response 

to vaccination; difficulty in immunizing young horses because of interfe rence from matemal 

immunity and the potential for reversion to vi rulence (infectivity) of vaccine virus (Oke, 

20 10). 

A fOlma lin-inactivated vacc ine was developed commercia ll y during the outbreak in Spain, 

Portugal and Morocco. Such inactivated vaccines have the advantage that they do not conta in 

a li ve and potentiall y dangerous agent which prevents infection of insects. However, they may 
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be expensive to produce and multiple inoculations may be required to elicit and maintain high 

levels of protecti ve immunity. It may also be di fficult to ensure complete vaccine inactivation. 

However, vaccination with AH SV-4 inacti vated viral vacc ine given as 2 separate doses 

provided full protection against subsequent homologous challenge (House, 1998). Although 

this vacc ine proved to be reasonably effi cacious, it was withdrawn shortly after the 

eradication of AHSV from Europe and is no longer avai lable. A high level of protection was 

generated against a heterologous virus serotype using purified VP7 as a subunit vaccine 

(Wade-Evans et aI., 1998). Baculovirus expressed AHSV outer capsid proteins, VP2 and VP5 

ha ve been reported to protect aga inst death caused by AHSV challenge (Roy and Sutton, 

1998). 

Extensive work is presently under way to develop potent recombinant vaccines. A recent 

report indicated that a new safe and effecti ve recombinant canarypox vectored vacc ine has 

been developed and preliminarily tested as effective vaccine against serotype 4 of AHSV 

(Guthrie et al., 2009). In another study recombinant modified vacc inia Ankara (MVA) 

vacc1l1es expressing VP2, VP7 or NS3 genes of AHSV were used to stimulate immune 

responses against AHSV antigens in the horse. Results of the study indicated that vaccination 

with MV AVP2 induced a strong AHSV neutralizing antibody response and MVA VP7 also 

induced AHSV antigen-specitlc responses, detected by western blotting. NS3 specific 

antibody responses were not detected (Chiam et al., 2009) . 
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3 MATERIALS AND METHODS 

3.1 Study area 

Outbreaks of AHS were investigated in central , eastern and southern parts of Ethiopia. In 

central Ethiopia, outbreaks in East Shewa (Ada'aa, Adama, Wonji, Awash Melkassa districts) 

and West Shewa (Tikur Inchini) zones and Addis Ababa (Akaki sub-city) were investigated. 

Outbreaks in eastern Ethiopia in zone 3 of Afar region (Awash Fentale district) and in Kaffa 

zone (Cheta district) of the Southern Nation Nationalities and People's Regional State 

(SNNPRS) were investigated (Figure4). 

Akaki _. 
Tikur Inchini • 

-- -
-

Chela --
Ada'a, Adama, Awash Melassa, Wonji 

Figure 4. Map indicating outbreak sites in Ethiopia 
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In East Shewa zone, Ada ' a was the main outbreak district. Among the peasant associations 

(PAs) and towns involved in Ada'a di str ict, Debre Zeit is the biggest town and located 45km 

from Addi s Ababa with an altitude o f 1,850 meters above sea level. It has warm and humid 

weather. Several other towns and PAs were involved in the outbreaks of Ada 'a di strict within 

a radius of about 20km from Debre Zeit. These were Dalota, Dembi, Erobe, Filtino, Gichi , 

Godino, Gote, Hidie, Koftu, Kurkura and Yerer. The other outbreak sites in East Shewa were 

Adama, Wonji and Awash Melkassa. Adama is located at 99 km southeast of the capital and 

has an altitude of 1,566 meters above sea leve l. Another outbreak site in Oromia was Tikur 

[nchini which is located in West Shewa and has an altitude of 2,480 meters above sea level. 

Akaki is a subcity of Addi s Ababa located at 25km to the southeast direction. Its altitude is 

2, 120 meters above sea level. Awash Fentale is located in zone 3 of Afar region and has an 

a ltitude of 916 meters above sea level. Other study area was Cheta di strict located in Kaffa 

zone of SNNPRS. Cheta has an altitude of 1,650 meters above sea level. 

3.2 Target population 

The target population was equids in the outbreak areas. East Shewa possesses 14,86 1 horses, 

255,548 donkeys and 5,338 mules. West Shewa possesses 163 ,650 horses, 175, I 26 donkeys 

and 9,454 mules. Kaffa zone of SNNPRS possesses 81,050 horses and 12,646 mules. Zone 3 

of Afar region possesses 22,264 donkeys (CSA, 20 II ). Number of horses, mules and donkeys 

in study sites are indicated below (Personal communication with the respective MoA offices) 

(Table I). 

Table 1. Numbers of horses, mules and donkeys in outbreak areas 

Region Zone Distri ct No. of No. of No. of Total no. 
horses mules donkeys of equids 

Addis Ababa Aleaki sub city Akaki area 6,414 2,061 23,7 12 32, 187 
Afar Zone 3 Awash Fentale 150 0 500 650 
Oromia East Shewa Ada'a 3,120 994 28,044 32,758 

Adama 2,890 11 2 32,517 35,519 
Wonji 1,200 80 6,000 7,280 
Awash Melkassa 300 108 3,000 3,408 

West Shewa Tikur Inchini 18,801 1,3 13 11 ,978 32,092 
SNNPRS Kaffa Cheta 1600 280 16 1,896 
Tota l 35,075 4,948 105,767 145,790 
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3.3 Study methodology 

3.3.1 Study design 

When an active outbreak of AHS was encountered or reported, a field investigation was 

conducted at the specific si te and epidemiological information was gathered by interviewing 

equme owners, district animal health workers and development agents. Clinical and 

epidemiological data were recorded and samples were collected for serological test, virus 

isolation and serotyping. 

3.3.2 RetTOspective data analysis 

A three-year retrospective data of previous outbreaks of AHS reported to the Animal and 

Plant Health Regulatory Directorate (APHRD) office from all over the country were obtained 

from the office and analyzed to see the national picture of AHS outbreaks and months of the 

year when the disease more commonly occurred. 

3.3.3 Questionnaire survey 

A structured questionnaire was used to gather information from respondents in Cheta district 

in the SNNPRS region and Tikur Inchini district in Oromia (Annex 4). Information on 

indigenous knowledge of equine owners on the disease and its ways of transmission was 

gathered from 178 respondents. 

3.3.4 Clinical examination 

Eq uids were clinically categorized as AHS suspected when they manifested a ll or 

combinations of the following signs: pyrexia, oedema, hyperaem ia of serosal surfaces and 

dyspnoea. The febril e state was determined whenever the rectal temperature exceeded 38.SoC 

accompanied by in-appetence or anorexia. Epidemiological information was gathered from 

veterinarians, animal health assistants and equine owners from each outbreak sites inc luding 

date of onset of AHS outbreaks, number of affected and dead animals and vacc ination status 

of equids in the area while collecting samples. Information on history of vaccination, date of 
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commencement of the disease, clini ca l signs and whenever possible postmortem findings 

associated with AHS were recorded for each sampled equid. 

3.3.5 Sample collection 

For virus isolation, about 5 ml of whole blood in EDTA vacc utainer tube were collected from 

the jugular ve in of equines suspected of AHS. Identification number was given to each 

sample and labeling included di strict, PA, species of anima ls, sex and age of the sampled 

animal. The blood was then gently mixed with the anticoagulant and kept in ice until deli very 

to the NY! laboratory. Once the samples arrived at NVI, they were stored at +4oC until 

processed. Samples for virus isolation were co llected from 8 1 horses and 3 mules (Tab le 2). 

About 10 grams of tissue samples (lung and spleen) were collected from three horses freshly 

died of AHS in the SPANA clinic in the compound of the School of Veteri nary Medicine of 

Addis Ababa University. At postmortem examination in the SPANA clinic , pathologica l 

lesions were recorded and tissue samples were collected from the lung and spleen. 

Table 2. Months of the index case and number of equids that demonstrated signs of AHS per 

outbreak sites 

Month/year of index Di, tricts Horses Mules Total sample 

case collected 

Septl2009 Cheta 12 2 14 

Octl2009 Adama 0 

Octl2009 Tikur lnchini 9 0 9 

Nov/2009 Awash Fenta le 6 0 6 

Apr/2010 Cheta - 0 

Jun/20 10 Adama- 2 0 2 

Jun/2010 Awash Melkassa 2 0 2 

Jun/ 2010 Ada'a-- 31 32 

Jun120 I 0 Wonji 9 0 9 

Jun/2010 Akaki sub-c ity 8 0 8 

Total 81 3 84 

• Second outbreak .. Several villages and towns involved 
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A total of 336 sera samples were collected from apparently healthy horses, mules and 

donkeys in two loca liti es (Cheta and Tikur Inchini) for determination of ri sk factors. Equids 

with history of vaccination within the last three years were not included. About 5ml of blood 

sample was collected from the jugular vein of each animal using plain vaccutainer tube and 

kept protected from direct sun light in slant position until the blood clots and then the serum 

was separated and transferred to a labeled sterile cryovials. The serum was then kept in ice 

and transp011ed to NYI laboratory and stored at -20°C until assayed. 

3.3.6 Seropositivity detel111ination 

AHSV -specific antibodies were detected using a blocking ELISA according to manufacturer's 

instructions. The ELISA kit used was Ingezim Compac Plus 14.AHS.K3, Spain. The kit uses 

VP7 recombinant protein from the AHSV serotype 4 obtained using baculovirus expression 

system. Washing solution, conjugate and substrate were reconstituted in the laboratory 

following manufacturer's instruction. 

Seropositi vity of samples collected was determined follo wing the manufacturer's instructions. 

The test procedures are indicated on Annex 1. Validation of the test resu lt was done when the 

optical density (00) value of the positive conh·ol was lower than 0.2 and that of the negative 

conh·ol was higher than 1.0. Determination of the Blocking Percentage (BP) of each sample 

was done by the following fonnula: 

BP= 
Abs (Control-) - Abs(sample) 
~~~ __ ~~~~ __ ~~ __ x 100 

Abs (Control-) - Abs(control+) 

Samples which gave BP va lue lower than 45% were considered negative for antibodies to 

AHSV and samples showing BP value higher than 50% were considered positive for 

antibodies to AHSV. Values between these two ranges were considered doubtful and needed 

to be retested. 

3.3 .7 Virus isolation on Vero cell s 

Virus isolation was conducted in virology diagnostic laboratory of the NY!, Oebre Zeit, 

Ethiopia. The co llected samples were kept at +4oC until processed. The washed and lysed 
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blood cells and tissue lysates were cultured on confluent monolayers of Vero cells grown in 

25cm2 plastic tissue culture flasks (Annex 2). When CPE was not observed in three blind 

passages, then the sample was considered negative for virus isolation and results recorded. 

3.3 .S Serotype identification by RT-PCR 

About 2 ml from each of the samples which demonstrated CPE was taken from the cu ltures 

after three consecutive freezing and thawing. This was then transfelTed to the RNA extraction 

unit in the NV! molecular diagnostic laboratory (Annex 3). Viral double-stranded RNA 

extraction procedure was done using the commercial RNeasy Mini Kit (Qiagen) and one Step 

RT-PCR kit (Qiagen) was used for AHSV nucleic acid amplification using the extracted RNA 

sample as a starting template. 

All samples were first tested with RT-PCR using uni versal primer obtained from Eurofins 

MWG Operon, Uni versity of Liverpool. Sequences of the primers (5'-3') were: forward 

primer (GGCTCCAACACTCACAAGATG-2 l) and the reverse primer (GGCGGATTA­

ATAGGCTGCATA-2 l) designed to identify the serogroup of AHSV (OlE, 200S); positi ve 

isolates were serotyped by nine pairs of sequence specific primers designed for RT -PCR 

amplification of the serotype-specific genome segment 2, forward and reverse for each 

serotype of AHSV as described by Sailleau el aI., (2000). 

However, optimized result couldn 't be obtained and therefore the samples were sent to a Non­

ves icular reference laboratory, Institute for Animal Health, Pirbright, UK for further virus 

isolation and identification, sequencing and phylogenetic analysis. 

3.3.9 Sequencing and phylogenetic tree analysis 

In the Institute for Animal Health, the serotype(s) present in each of the samples were initially 

investigated using recently developed real-time RT-PCR assays for serotype-specific 

detection of AHSV segment 2. The results generated were confirmed by FLAC amplification 

(Maan el aI., 2007) of Seg-2 and sequencing using conserved ' temlinal primers' . If these 

methods fa iled (due to mixed serotypes or amplicons), Seg-2 was amplifi ed by conventional 

RT-PCR, using AHSV type-specifi c primers, fo ll owed by sequencing of the resulting specific 
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amplicons. In each case the sequence data was compared to data for Seg-2 of AHSV reference 

strains. Phylogenetic tree analyses were made by comparing the isolated serotypes with 

respecti ve reference strains and IAH AHSV- I reference strain . The level of sequence 

relatedness is expressed as percentage identity. The sequence of Al-ISV- l reference stTa in was 

used as an out-group in the analyses. 

3.4 Data management and analysis 

Records from seropositivity test, virus isolation and retrospective data were first coded into 

Microsoft Excel and analyzed using Stati stical Package for Social Sciences (SPSS) software 

version 15. Chi-square test and descriptive statistics was used to analyze the data with 

determined confidence level of 95% and p < 0.05 fo r significance. 

The molecular sequences generated in this study were done at IAH, Pirbright, UK. Phylogenic 

tree analys is was made to see the relationship among identified serotypes. The nucleotide data 

was analyzed by phylogeny reconstruction. For the tree inference Neighbor-Joining method 

was used. It was implemented with pairwise deletion for gaps and/or missing data. 

Substitution model used was nucleotide: p-distance and substitutions to include were done by 

d: tra nsitions and transversions. Pattern among lineages were homogeneous and uni fo rm rates 

were used among sites. 
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4 RESULTS 

4.1 Retrospective data analysis 

The retrospective data analysis for the past three years between January 2007 and December 

2009 indicated that a total of 482 outbreaks were reported to APHRD in the MoA, Ethiopia. 

The results indicated that AHS was reported from six regions of the country, namely Afar, 

Amhara, Dire Dawa, Oromia, SNNPRS and Tigray. Higher frequency of outbreaks were 

recorded from Oromia (386) followed by Amhara (5 1) and SNNPRS (37) during the specified 

period (Table 3). The highest number of outbreaks were recorded in 2008 (178) followed by 

2007 (166) and 2009 (138). The overall highest frequency of outbreaks was observed from 

August to December in all the three years (Figure 5). 

Table 3. Occurrence of AHS outbreaks in the different regions from 2007-2009 

Number of outbreaks in the three years 

Regions 2007 2008 2009 Total 

Afar 

Amhara 

Dire Dawa 

Oromia 

SNNPRS 

Tigray 
Total 

120 
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Figure 5. Occurrence and seasonality of AHS outbreaks from 2007-2009 
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4,2 Questiounaire survey 

Results from interviewing 178 equine owners revealed that 59 (63.4%) of respondent owners 

in Tikur Inchini and 12(14. 1 %) in Cheta di stricts did not recognize AHS by its name as well 

as its clini ca l signs. Moreover, 76 (8 1.7%) and 15 (17.6%) were not aware of modes of 

transmission of AHS in Tikur [nchini and Cheta, respecti vely (Table 4). Zebras were not 

known to be present in both areas. Vaccination was practiced in both sites and 54.8% of the 

total respondents mentioned that thei r horses and mules were vacci nated at least once within 

the past two year 's time and all vacc inations followed the occurrence of outbreaks but none of 

them vaccinated their donkeys. 

Table 4. SumnJalY of questionnaire survey admi ni stered in Cheta and Tikur Inchini districts 

Districts 

Gathered infomlation Cheta % Tikur Inchini % Total (%) 

Number of respondents 85 47.8 93 52.2 178(100) 

AHS • Do not know 12 14.1 59 63.4 71 (39.9) 

• Local name 'Horyo' 'Derbetu' , Dibe Ferda' 

• Months when AHS 

was more prevalent May to September September to November 

Transmission 

• Do not know 15 17.6 76 81.7 91 (51.1) 

• Contact and smell 10 11.8 3 3.2 13 (7.3) 

• Biting insects 60 70.6 14 15. 1 74(4 1.6) 

• Local name of 

equine biting insects 'Gemo' , Yuba ' 'Bombi sa' 

Local name of AHS was different in different areas. It is named as ' Derbetu' and 'Dibe Ferda ' 

in Tikur Inchini (Oromia region) and ' J-I oryo' in Cheta (SNNPRS). Similarly, equine biting 

insects were known to be abunda nt in these areas and the suspected vectors according to the 

respondents are named ' Bombisa' in Tikur lnchini region and 'Gemo' and 'Yubo' in Cheta. 

10 (11.8%) respondents in Cheta and 3 (3.2%) in Tikur Inchini mentioned contact and smell 

as means of transmission of AHS. None of the respondents used fl y proof stables. The 

respondents also stated that AHS commonly occu rred as an epidemic during the months of 
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September to November in Tikur Inchini and May to September in Cheta districts. Equids in 

both localities were used primarily for transportation of goods and people from place to place. 

4.3 Data from the outbreak investigation 

A total of ten outbreaks were investigated in two durations. Four of them occurred between 

September and November 2009 in Cheta, Adama, Tikur Inchini and Awash Fentale. The rest 

six outbreaks occurred between April and June 2010 in Cheta, Adama, Awash Melkassa, 

Ada'a, Wonji and Akaki. Cheta and Adama experienced two outbreaks. 7 out of the 10 

outbreaks occurred in Oromia region whi le the rest outbreaks were occurred in Afar (1), (I) 

regions. 

Based on the information gathered from equine owners, veterinarians and animal health 

assistants working in the outbreak sites, a total of 48 horses died of the disease. Contribution 

of each outbreak sites in the recorded death in decreasing order were 21 (43.8%) in Ada'a, 7 

(14.6 %) in Awash Fentale, 6 (12.5%) in Awash Melkassa, 4 (8.3%) in each of Cheta and 

Wonji districts, 3 (6.3%) in Akaki, 2 (4.2%) in Tikur Inchini and 1 (2.1%) in Adama (Figure 

6). 
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Figure 6. Number of horses died of AHS in the outbreak sites 

Akaki TIkur 
inchini 

Adam. 

A total of 84 equids have manifested clinical signs suggestive of AHS and 81 (96.4%) of 

them were horses while the remaining 3 (3 .6%) were mules. All the four forms of AHS were 

observed in the outbreaks. 46 (54.8%) equids showed signs of cardiac form, 6 (7. 1 %) showed 
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signs of pulmonary fo rm, 2 (2.4%) showed signs of mixed form and the rest 30 (35.7%) 

showed only pyrexia and mild edema suggesting horse s ickness fever f0I111 of AHS (Table 5). 

Most commonly observed signs of AHS on clinica lly ill eq uids were oedema, ecchymoses of 

serosal surfaces, dyspnoea, pyrexia and inappetence. Recta l body temperatures were ranging 

from 38.50C to 41.5°C. AHSV was not isolated from 49 (58.3%) equids showing clinica l 

sIgns. 

Cardiac fOI111 of the disease revea led a common finding of oedema of the head regIon 

including bil atera l swelling of supraorbital fo ssae, ecchymoses of the ventral side of the 

tongue and depression. The pulmona ry f0I111 was observed with evident respiratory distress, 

tachypnoea and ex udation of slightly yellowish foam y di scharge from both nostrils at close to 

the death of affected horses. All the three mules were affected by cardiac fOI111 of the di sease. 

Three horses died (two with cardiac form and one with pulmonary form) were exa mined for 

postmortem find ings in the SPANA c linic. 

Tab le 5. Clinical form of AHS cases observed versus serotypes identified 

Identi fied AHSV serotypes 

Fon11s of AHS 2 4 6 8 9 -yes Total 

Cardiac 

Count 2 0 2 20 2 1 46 

% of total 1.2% 2.4% 0 2.4% 23 .8% 25.0% 54.8% 

Pulmonary 

Count 0 0 0 3 2 6 

% of total 0 0 1.2% 0 3.6% 2.4% 7. 1% 

Mixed 

Count 0 0 0 0 2 

% of total 0 1.2% 0 0 1.2% 0 2.4% 

Mild 

Count 0 2 0 0 2 26 30 

% of total 0 2.4% 0 0 2.4% 31.0% 35.7% 

Total 

Count 5 2 26 49 84 

% of tota l 1.2% 6.0% 1.2%) 2.4% 31.0% 58.3% 100.0% 
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Three horses died from full course of the disease were opened for postmortem examination. 

Postmortem findings fi'om horses died of the ca rdiac form revea led hydroperi cardium and 

ecchymoses of serosal surface of the tongue and the heart. Observed postmortem findings 

from the pulmonary form were hydrothorax, edema of the lung, yellowish frothy di scharges 

along the respiratory tract parti cularly in the trachea, bronchi and bronchioles (Annex 7). 

Other horses died of AHS were inaccessible and very much delayed to get the actual necropsy 

findings. Death of equids from horse sickness fever fonn was not reported or observed in the 

ou tbreaks. 

4.4 Seropositivity and risk factors for AHS 

Blocking ELISA test was used to determine seropositivi ty of equids in Cheta and Tikur 

Inchini. From a total of336 sera samples co llected fro m Cheta and Tikur Inchini districts, 147 

(43.8%) equids were found seropositive for antibodies against AHSV. Seropositivity of 

equids in Cheta was 49.4% and that of Tikur Inchini was 37.8%. The seropositivity of equids 

in the two districts showed statistica lly significant difference (p=O.032). As depicted in Table 

6, statistically significant difference was not observed for species, sex and age groups of 

equids in the two di stricts. 

Table 6. Seropositivity of equids for and risk factors for AHSV infection 

Number of AHSV Seropositivty 

Risk factors samples +ve (%) 95%CI x' p-value 

Site 336 147 43.8 0.38 - 0.49 4.60 0.032 

Chela 172 85 49.4 0.42-0.57 

Tikuf Inchini 164 62 37.8 0.30-0.46 

Species 336 147 43.8 0.38-0.49 0.44 0.801 

Horse 218 94 43.1 0.36 - 0.50 

Donkey 39 19 48.7 0.32 - 0.65 

Mule 79 34 43.0 0.32 - 0.55 

Sex 336 147 43.8 0.38 - 0.49 1.36 0.244 

Male 250 114 45.6 0.39 - 0.52 

Female 86 33 38.4 0.28 - 0.50 

Age 336 147 43.8 0.38 - 0.49 0.61 0.436 

Adult 209 88 42.1 0.35 - 0.49 

Young 127 59 46.5 0.37 - 0.56 
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4.5 Vir us isolation 

Thirteen out of the total 84 samples were cultured on confluent monolayer Vero cells. In most 

of the cultw·es CPE was observed in 3 to 7 days post inoculation. Few cultures required two to 

three blind passages to develop obvious CPE (Figure 7B). CPE was also observed on cultures 

of lung and spleen tissue samples collected from dead horses. Both cultures with obvious CPE 

and whole blood samples were used for identification of virus serotypes using molecular 

techniques. 

Figure 7. Vero cell line with and without CPE 

(A) Confluent monolayer Vero cells (control) and (B) Vero cells with CPE from AHSV on 

day 3 of post-inoculation 

4.6 Detection of AHSV genomic RNA by RT-PCR 

Detection of AHSV genomic RNA was achieved using conventional RT-PCR (Figure 8) in 

the NYI virology and molecular laboratory. However, for various reasons optimization of the 

techniques for exact serotyping of AHSV could not be achieved. Therefore, the samples were 

submitted to IAH, Pirbright, UK for serotyping and further sequencing and phylogenetic tree 

analysis. 
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Figure 8. Electrophoresis of the PCR products from various samples obtained by 

conventiona l gel-based RT-PCR in a 1.5% aga rose gel 

(A) PCR amplified RNA using Uni versal primer for AHSV. Lanes 1-8 show lhe band 

belonging to the amplified 210 bp fragment of NS I gene from AHSV serotypes. Lane 9 is 

contro l. (B) PCR ampli fied RNA using Primer for serotype 9. Lane I is NVl vaccine strain 

(AHSV -9) and Lane 12 is control. 

Samples co llected from the first outbreaks in Awash Fenta le (6), Chela (14), Adama ( I) and 

Tikur lnchini (9) were not fo und to have li ve AHSV although we detected viral RNA with the 

conventional RT-PCR. Therefore, they were not included in the analyses and considered as 

AHSV negative. 54 whole blood samples, 6 tissue samples and 5 cultures on Vero cells which 

showed CPE were submitted after the occurrence of other outbreaks in different areas and in 

Cheta and Adama. Deta ils of the samples and results are indicated on (Annex 5 and 6). 

The Non-vesicular reference laboratories of IAH, Pirbright has identified the serolypes of 

viruses circulating in the outbreak areas (Table 7 and Figure 9). Serotype 9 was the dominant 

serotype identified from submi tted samples of the outbreaks. It was identified from 26 

(74.3%) of 35 positive samples (Figure 9). It was isolated from horses which were di ed from 

both cardiac and pulmonary forms. The other identified serotypes were serotype 2, 4, 6, and 8 

and they were identified from I (2.9%) , 5 (14.3%), I (2 .9%) and 2 (5.7%) of the 35 positive 

samples, respectively. The AHSV positi ve samples had ct-value of between 19.7 1 and 37.46 

(Annex 5 and 6). 

Identification of serotypes AHSV-4 , AI-ISV-6 and AHSV-8 is the first report fo r the country. 

Culture samples fro m Cheta district in SNNPRS region ' ETH20 I 0117 isolate' and Godino in 

Ada 'a district of Oromia 'ETH2010/ 14' were identified as AHSV-9. Other culture samples 
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were found negative for AHSV isolation. Including the first submitted 30 samples, a total of 

49 (58.33%) of the total submitted samples were detected negative. 

Table 7. Summary of samples submitted to IAH, Pirbright, UK and obtained results 

Sampling site From First Result From second No. of Results 

outbreaks outbreaks +ves 

Adama -ve 2 0 All -ve 

Tikur lnchini 9 AII - ve 0 

Cheta 14 AII - ve AHSV-9 

Awash Fentale 6 All -ve 0 

Ada'a 0 32 25 AHSV -2, 4, 6, 8, 9 

Wonji i 0 9 3 AHSV-4, 9 

Awash 0 2 2 AHSV-4,9 

Melkassa 

Akaki 0 8 4 AHSV-9 

Total 30 54 35 AHSV-2, 4, 6, 8, 9 

30 - Total - Cardiac - Pulmonary - Mixed - Mild 
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4.7 J'hylogenetic analysis 

Sequencing and phylogenetic analyses indicated mUltiple serotypes circulating in the 

outbreaks Cfable 8). AHSV serotypes 2, 4, 6, 8 and 9 were detected in virus isolates from 

outbreak sites of Eth iopia. Most of the serotype identifications were done after isolation on 

KC ce lls at IAH. Serotypes were then identified by Seg-2 type specific rea l time RT-J'CR. For 

AHSV-6, identification as AHSV was first made by group-spec ific rea l time RT-PCR and 

then identified as AHSV-6 by sequencing Seg-2. 

The sequence data indicated that the isolate of AHSV -2, IAH ref co llection number 

ETH2010/01, is directly derived from a vaccine strain (represented by ETH20 I 0102). Nt 

1038/32 18 ofSeg-2 from this iso late was sequenced and compared, identifying it as AHSV-2. 

Nt 1038/32 18 of Seg-2 from ETH20 10/0 I was sequenced and compared showing 96% 

identity to Seg-2 ofthe reference strain of AHSV-2, identifyi ng it as thi s serotype. Seg-2 of 

ETH20 I % I also shows 100% identity to one of the two sequences that was derived from the 

Ethiopian vaccine strain (ETH20 I 0/02), indicating a very recent ' common origin ' to the 

AHSV -2 component of this vacc ine (Table 8). 

Nt 1967 onwards of Seg-2, were sequenced fro m the Ethiopian AHSV sample, IAH ref 

collection No. ETH20 I 0/05 , has revealed a close relationship to the AHSV -4 reference strain, 

identifying it as AHSV-4. It also has a very close relationship with fi eld iso late ETH2010/07 

consistent with being derived from the same lineage/outbrea k. However, it shows a more 

di stant re lationship with the Ethiopian AHSV-4 vaccine (ET1-I20 I 0/08), indicating that it was 

not derived from the vacc ine stra in (Table 8). 

A sample from Yerer PA in Ada 'a district, IAH ref collection number ETH20101l9, was 

identified as AHSV-6. Nt 3202/3202 of Seg-2, were sequenced from this ETH20 I 011 9, 

showing 91.5% sequence identity with Seg-2 fro m the reference strain of AHSV-6, 

identifying it as thi s serotype (Table 8). 

A sample from Filtino village in Ada 'a region, lAB ref collection number ETH20 I 011 0) was 

identified as AI-I SV-8. NT 3217/3 217 of Seg-2 were sequenced from thi s isolate, showing 

velY hi gh levels of identity to Seg-2 of another field isolate ETH20101l 1, consistent with 

being deri ved from the same lineage/outbreak. ETH20 I 011 0 a lso shows hi gh levels of 
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similari ty in Seg-2 (97.5%) to the reference strains of Af-JSV-S, identify ing it as thi s serotype 

(Table 8). 

A cu lture of sample collected from Cheta di strict, [AI-[ ref collection number ETH20 1 0117, 

was identified as A HSV -9. NT 1266/3202 of Seg-2 , were sequenced from this isolate, 

showing high levels of simi larity in Seg-2 to the reference strains of AHSV-9 (96 .6%) 

identi fy ing it as thi s serotype. The level of identity between the two fie ld stra ins ETH20 1 0117 

and ETH2010116 (95.4%) indicates that the strains originated fro m d ifferent lineages and may 

represent different outbreaks (Table 8). 

Table 8. Compari son of most related viruses for Seg-2 of AHSV reference strains 

Reference No. nt compared! % 

Virus type 1 name collection No. segment length Identity 

AHSV -2 Ethiopia 20 10 fi eld ETH2010101 103 S/segment length 100% 

stra in not detennined 

AHSV -2 Ethiopia 20 I 0 vaccine ETH20 1 0102 1 038/segment length 100% 

strain not determined 

AHSV -2 reference strain RSArrahl02 1038/3221 96% 

AHSV -4 Ethiopia 20 I 0 fi eld ETH2010107 1967 1 Seg-2 length 99.6% 
strain not detennined 
AHSV -4 reference strain RSArrah/04 1967 /3229 97.9% 

AHSV-4 Ethiopia 2010 vaccine ETH20 1010S 1967 / 3229 91.4% 

stra in 

AHSV -6 Ethiopia 20 I 0 field ETH2010/ 19 

strain 
AHSV -6 reference strain RSArrahl06 320313203 91.5% 

AHSV -8 Ethiopian 2010 ETH201011 1 3217/3217 99. 8% 

field isolate 
AHSV-8 reference strain RSArrah/08 3217/3217 97.5% 

AHSV -9 Ethiopian 20 I 0 ETH2010/ 16 1266/3202 95.4% 

fi eld isolate 

AHSV -9 reference stra in PAKrrah/09 1266/3202 96.6% 
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Figure 10_ Comparison of AHSV-2, 4, 6, 8 and 9 identified fr0111 Ethiopia to respective IAH 

AHSV reference strains and IAH AHSV -\ reference strain 
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5 DISCUSSION 

Outbreak investigation was carried out on 10 outbreaks which occurred in two periods. Four 

of them occulTed between September and November and the rest six outbreaks occurred 

between April and June 2010. This is in agreement with the fact that outbreaks of AHS occurs 

after the rainy seasons (Nawathe et af., 1981; Leforban et af., 1983; Baylis et af., 1999). 

The study indicated the existence of all forms of AHS in the outbreaks which primarily 

affected horses. Majority (7/10) of the outbreaks investigated occurred in Oromia region. A 

previous repOlt indicated that the di sease ex ists in all regions of low and medium altitudes of 

the country (Leforban et ai., 1983). The cardiac form was the most common (54.8%) fOlTll 

foll owed by the horse sickness fever (35.7%), pulmonary (7. 1%) and mixed f0I111s (2.4%). 

This finding is in agreement with the work of Kazeem et al. (2008) in Nigeria. In all cases, 

typical cl inical and postmortem findings were obtained as described elsewhere (OlE, 2008; 

Radostits et af., 2007). The cardiac f0I111 demonstrated oedema of the head region and 

hyperaemia of serosal surfaces whi le the pulmonalY form showed dyspnea, yellowish foamy 

nasal discharge and tachypnoea. Postmortem lesions from this form included 

hydropericardium and pettechial hemorrhages on serosa l surfaces of the tongue and the healt. 

In the pulmonary form hydrothorax , edema of the lung, yellowish frothy discharges along the 

respiratory tract were observed. In the affected mules there was no death and only the cardiac 

and horse sickness f0l111S were seen suggesting that they are more resistant species (Radostits 

et ai., 2007). 

An attempt made to identifY the AHSY serotype responsible for causing the outbreaks using 

RT-PCR method in the NYI was unsuccessfu l and only detected the presence of AHS viral 

genome in the samples. This could be due to failure in optimization of the test. Thus, the 

outbreak samples submitted to the lAH were examined for virus isolation, identifi cation of 

serotypes, sequencing and phylogenetic ana lyses. A total of 49 (58.33%) of the tota l 

submitted samples were detected negative. Similar outcomes happened in an experimental 

infection stating that a viraemic horse after 6 to 14 days post infection remained consistently 

negative by RT-PCR and AHSY vira l RNA was detected by RT-PCR in the blood of 4 

donkeys and 4 mules up to 55 days after their infection despite the absence of any detectable 
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infectious virus (Zientara et al., 1998a). The same scenario could have resulted in negative 

results of equids with suggestive clinica l signs of AHS. 

Five serotypes of AHSV have been identified. These are AHSV-2, 4, 6, 8 and 9. The 

identification of AHS-4, AHSV-6 and AHSV-8 are the first report to the country . Leforban et 

al. (1983) has reported the existence and abundance of serotype 9. Their work al so included a 

report of AHSV-7 in Jimma di strict. AHSV-9 (74.3%) was the dominant serotype identified 

in the current study as we ll. However, AHSV -7 was not identified at the current investigation. 

AHSV-9 was iso lated from horses which were died of both cardiac and pulmonary forms 

ind icating its fatal consequences as a pathogenic organism . A study in Namibia al so indicated 

that the virus has a capacity to kill unvaccinated horses (Scacchia et al., 2009). A recent report 

to OlE has revea led the identification of AHSV-2 hom SNNPRS and west Oromia in 2008 

after killing 2,185 equidae (WAl-lID Interface, 2008). 

[n most outbreak areas multiple serotypes were isolated and identified. Ada'a district had all 

the isolated serotypes while equids in Wonji and Awash Melkassa both were affected by 

AHSV-4 and AHSV-9. [n Cheta, the only involved site from SNNPRS, AHSV-9 was 

identified. This site was also involved in the outbreak of AHS by AHSV-2 in 2008 (WAHlD 

Interface, 2008). [n Akak i sub city AHSV-9 was identifi ed. Previous sero logical studies 

demonstrated serogroup-antibodies against AHSV in thi s and other sites (Kassa, 2006). 

Sequencing and phylogenetic analyses indicated multiple serotypes circulating in the 

outbreaks. The ex istence of 100% identity between the iso late of AHSV-2 from Ada'a (Hidie) 

of collection number ETH20 I % I and a submitted NYI vacc ine strain (ETH20 1 0/02) may be 

due to accidental laboratory contamination of the sample with the vaccinal strain . Since it was 

only identified from one sample, it was imposs ible to compare with other fi eld isolates and 

hence, its existence in the outbreak sites may necessitate further investigation and it is 

excluded from the current report. 

Al-ISV-4 was identified from fi ve horses (ETH3311 0, ETH3411 0, ET]-[35110). This is a first 

report of Al-IS-4 in Ethiopia. Three of the isolates were identified from neighboring towns in 

Ada'a district while the other two were also rel ative ly close to each other. It was interesting to 

note the close identity between samples collected from Debre Zeit (ETH34110) and Awash 

Melkassa (ETH5011 0) with a di stance of over 70 kilometers. However, it had been reported 
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that Culicoides spp. can travel a distance of 700 km at temperatures ranging from 12 to 3SoC 

(Mellor et al., 2000) . AHSV -6 was identified from a relatively further local ity in the Ada 'a 

district (Yerer). It showed 91.5% sequence identity with Seg-2 from the reference strain of 

AI-ISV-6 (ETH08110). AHSV-6 is identified for the first time in Ethiopia tiom a fi eld sample 

as the previous repOlt was made mistakenly from a laboratory isolate sent from confillllation 

(Persona l communication with Dr. Esayas). The identification of AHSV-8 (ETI-I37110) from 

Debre Zeit and ETH3 I I I 0 from Filtino in Ethiop ian horses is also a first report. Both iso lates 

were identified from horses in Ada 'a district. The two field isolates showed very hi gh identity 

indicating that they originated from one outbreak. 

The most abundant serotype occurring in all positive outbreaks was AHSV-9. The level of 

identity between the two field strains of ETI-I5611 0 and ETH70/ 10 (95.4%) indicates that 

these two strains originated Ii'om different lineages and may represent different outbreaks. 

That could be due to geographical reasonable distance as Cheta is located in the SNNPRS and 

Dembie is located in Ada 'a di strict of Oromia. Moreover, the occurrence of outbreaks had a 

minimum of two months difference. 

Seropositivity of equids in Cheta and Tikur Inchini ditricts was determ ined using blocking 

ELISA. The test result indicated that there was statistica lly significant difference in 

seropositivity of the two districts (p=0.032). Equids in Cheta district (49.4%) had a higher 

seropositi vity than Tikur Inchini (37.8%). Th is can be justified as Cheta had higher incidence 

rate of infection every yea r. Kassa (2006) has reported agro-ecological based variation of 

seropositivity with the highest seropevalence in lowlands followed by midland and highland 

areas. Bitew et al. (20 11) recently reported a completely reversed rank of seropositivity. In 

the current study, Tikur Inchini was found to have a higher altitude than Cheta. However, 

statistically significant difference was not observed between seropositi vity of equids and risk 

fac tors of species (p=0.801), sex (p=0.244) and age (p=0.436 ). The recorded seropositivity in 

horses, mules and donkeys were 43.1 %, 48.7% and 43.0%, respectively. Kassa (2006) 

reported a stati sticall y significant difference in seropositivity among the three species of 

equids with the highest seropositivity in donkeys (29.7%) followed by horses (10.4%) and 

mules (10.3%). Bitew e/ al. (2011) has reported the highest seropos itivity in donkeys (51.1%) 

follo wed by mules (30.2%) and horses (28.3%). These inconsistent fi ndings among studies 

were probably due to lack of re liable hi story on vaccination status of equids andlor 

differences in vector acti viti es among the geographically di stinct study sites. This may 
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question the use of the seropositivity tests as a means of detection of infection in such 

endemi c areas as the tests does not disc riminate between infection and vaccination with the 

ava ilab le li ve attenuated vacc ine. The finding of high seropositivity on horses is not 

surprising. A previous seroepidemiologica l study in the Gambia detected seropos iti vity as 

high as 8 1 % on horses (Staeuber et al., 1993). A recent report also indicated a subclinical 

condition of AHS on naturall y infected cases (Weyer et al., 20 I 0). Lack of stati sticall y 

significant difference in seropositivity of age and sex groups was a consistent finding among 

the current and previous studies. 

The data obta ined from the 178 respondent equine owners revea led that the di sease was not 

considerably identified. There was also lack of sufficient information on the transmission of 

the disease. Respondents fro m Cheta district provided higher level of information indicating 

that the disease was more common in the di strict. The known reservo ir of the disease, zebra, 

was not known to be present in both areas. Few respondents considered AHS as a contagious 

di sease whi le other did not know how it transmits among the equine population. Loca l name 

of AHS was different in different areas. It is named as ' Derbetu' and ' Dibe Ferda ' in Tikur 

Inchini (Oromia region) and ' Horyo' in Cheta (SNNPRS). Equine biting insects were known 

to be abundant in these areas and the suspected vectors according to the respondents are 

named as ' Bombisa ' in Tikur region and 'Gemo' and 'Yubo ' in Cheta . The respondents 

mentioned that AHS was commonly occuned as an epidem ic during the months of September 

to Nove mber in Tikur and May to September in Cheta districts. However, all of the equids 

were reported to be kept in free environment where there was no protection from flies. Equids 

in both loca lities were used primarily for transportation of goods and people fro m place to 

place. 

The retrospective data analysis for the past three years between January 2007 and December 

2009 indicated that a total of 482 outbreaks were reported to APHRD in the MoARD. The 

results indicated thai AHS was reported from six regions of the country, namely Afar, 

Amhara, Dire Dawa, Oromia, SNNPRS and Tigray. The overall highest freq uency of 

outbreaks was observed in the duration from August to December in all the three years. This 

seasonality is in agreement with reports e lsewhere indicating that the disease is more common 

after rainy season (Baylis ef ClI., 1999; Radostitis et ClI., 2007). 
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6 CONCLUSION AND RECOMMENDATIONS 

AHS is endemic and series problem of horses and mules in central, eastern and southern pa rts 

of Ethiopia. It causes significant economica l impact where equine owners have insuffic ient 

information on nature of the disease and its transmission and the need for regul ar vaccination 

programmes. The ca rdiac f0I111 of the disease is the most common form of AHS in outbreaks 

of centra l, eastern and southern parts of Eth iopia although all fOl1l1s of AHS observed. 

Multiple serotypes of AHSV identified, which are AHSV-4, AHSV-6, AHSV-8 and AHSV-9. 

Identification of AHSV-4, AHSV-6 and AHSV-8 is first report to the country and indicates 

increasing tendency of risk from AHS. Among the serotypes identi fied AHSV-9 is the major 

c ircul ati ng vi rus in central and southern parts of Ethiopia. The comparisons of ASHVs made 

between the identified isolates to the reference isolates of the IAH, Pirbright will help as 

benchmark for further investigations and comparison among Ethiopian AHSV isolates and 

neighboring countries. Based on these concluding remarks, the fo llowing are recommended: 

,. The identification of multiple serotypes in the current study in a limi ted area warrants 

that country should be prepared for possible occurrence of devastating outbreaks 

which might result from the existent multiple pathogenic serotypes by produci ng 

vaccines which confer protection against all identified serotypes. 

,. Extensive awareness enhancement strategies should be designed and implemented for 

regular prophylactic vaccination of horses and mules against AHSVs and early 

' detection of outbreaks. 

,. Further countrywide investigations of outbreaks and identification of other circu lating 

serotypes is recommended in order to get complete picture of circulating AHSV 

serotypes and prevent future occurrences of outbreaks through development of 

polyvalent vaccines for all AHSVs. 
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8 ANNEXES 

Annex 1. Test procedure used for blocking ELISA 

This is test procedure for blocking ELISA using commercia l kit ca lled Ingezim Compac Plus 

14.AHS.K3, Spain. Washing solution, conjugate and substrate were reconstituted in the 

laboratory foll ow ing manufacturer's instruction. In a we ll of polystyrene plate, 20J.lI of each 

sera samp le was diluted in 80fd of the prov ided d iluents. Then, each diluted serum was 

homogenized with new pipette and then 100fd/we ll o f each pos itive and negative contro l 

solution was dispensed in duplicate wells. The plate was covered and incubated for I hour at 

37°C. The content was di scharged and the plate was washed fi ve times us ing 300J.lllwe ll of 

washing solu tion. Then, the plate was turned over on an abso rbent cotton towel with ge ntle 

hitting unti l a ll droplets removed. In each we ll I OOfd of the prepared conjugate was added and 

incubated for 30 minutes at 37°C. Thi s was washed five ti mes as described above and 

100J.lllwel l of the prepared substrate so lution was added us ing multi channel pipette and 

incubated for 10 minutes at room temperature. Finally, 100 J.l I/we ll of the stop so lution was 

added and the optical density (OD) va lue reading was done with a spectrophotometer at 

405 nm wave length. 

Annex 2. Test procedure used for virus isolation 

3ml of whole blood sample was mi xed with equal volume of PBS in a sterile test tube and 

centrifuged at 2500 rpm for 5 minutes and the supernatant was decanted and the blood cell s 

were washed twice with 7ml PBS and centrifuged in the same way and the supernatant 

decanted. Hemolysis of RBCs was done by diluting in 1: 10 proportion of sterile distilled 

water at PH 7.4. 

For culturing, 0.5ml of the lysate was inocul ated in to confluent monolayers o f Vero ce lls 

grown in 25 square centimeters plastic tissue culture fla sk. After incubation for 1 hour at 

37°C of adsorption time, the inoculated suspension was di sca rded. Then, the culture was 

washed with 10ml sterile PBS and the cell culture fl ask was re-fi lled wi th 10ml of min imal 

essenti al medium (GMEM) supplemented with 5% feta l calf serum and antibiotics (penic ill in 
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G 100 IU/ml and streptomycin 100 fig/ml) and incubated at 37°C. The cu lture was observed 

daily for the development of CPE. Sub-culturing was done by harvesting Iml of cell 

suspension after three consecutive freez ing and thawing of the cu lture which showed 80% or 

more CPE or at two weeks postinoculation from others. When CPE was not observed in three 

blind passages, then the sample was cons idered negative for virus isolation. 

Annex 3. Test procedure for RT-PCR 

Thi s is vira l double-stranded RNA extraction procedure using the commercia l RNeasy Mini 

Kit (Qiagen). For purification of vira l RNA using spin technology from cell culture 

supernatants, 460 fil of the sample was added into a 2 ml co llection tube. An equal volume of 

lysis buffer RL T was added and mixed by vortexing. Then, 460 ~t1 of 70% ethanol was added 

and mi xed to the homogenized lysate. At first 700 ~t1 of the sample was transferred to an 

RNeasy spin co lumn placed in a 2 ml collection tube. The lid was gently closed and 

centrifuged for 15 seconds at 10,000 rpm. The flow-through was discarded. The remaining 

680 ~t1 sample was also centrifuged in the same RNeasy spin column. The flow-through was 

discarded and the spin column was washed with 700 fil of wash buffer R W I and centrifuged 

as before. Second wash was made with 500 ~t1 of another wash buffer RPE and centrifuged as 

above for 15 seconds. The later step was repeated with centrifuging for 2 minutes to dlY the 

membrane. The RNeasy spin column was then place on a new 2 ml collection tube and the 

used one with its flow-through was disca rded . The lid of the RNeasy spin column was gently 

closed and centrifuged for I minute at 10,000 rpm. Finally, the spin column was placed on a 

new 1.5 ml co llection tube and 50 ~t1 of Rnase free water was added directly to the spin 

co lumn membrane. The lid was closed and centrifuged for 1 minute at 10000 rpm to e lute the 

RNA. Then the product was labeled and stored at -20°C until used for PCR amplification. 

The RNA was reverse transcribed into cDNA in a reverse transcription (RT) reaction. For this 

application, AHSV dsRNA was first denatured by placing the tubes in a thennal cycler at 

95°C for 5 minutes in a I 0 ~t1 mix that contained 2 ~t1 of sample RNA template, 7 fil of 

nuclease-free ster ile water, primer I , 20 pmol /fil (0.5 ~t1) and primer 2, 20 pmollfil (0.5 ~t1). 

After brief centrifugation of the tubes to remove drops from the inside of the lid, they were 

immediately chilled on ice. 
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In a sterile 1.5 ml microcentrifuge tube RT-PCR reaction mixture was prepared in bulk for the 

number of samples to be assayed allowing for one eX(Ta sample. The per reaction mixture was 

composed o f Nuclease-free steri le water (5 ~d) , PCR Buffer 5x with magnesium chloride (5 

~d), dNTP mi x 10 Mm (0.5 fl l), Q so lution 5x (5f11), Rnase inhibitor 20 U/fd (0 .25 fll) and I fli 

Enzyme Mix (Omniscript and Sensiscript Reverse Transcriptases, HotStartTaq DNA 

polymerase). To each PCR tube containing the denatured RNA template, 15 ~ll of the RT­

PCR mix was added and a posit ive react ion control (2 ~d of the AHSY serotype 9 RNA 

prepared fro m the NYI vacc ine) and a negati ve reaction control (2 ~d of d isti lled water) were 

included. 

All the tubes including the positive and negative contro ls were placed in an automated 

thelma I cycler and reverse transcription- ampli fication was carried out in one-step with the 

following incubation program: one cycle at 55°C for 30 minutes for cDNA synthesis, one 

cycle at 95°C for 15 minutes, 40 cycles at 94°C for 30 s, 58°C for 30 s, nOc for 30 sec, and 

finally one cyc le nOc at for 7 minu tes and held at +4°C. Then, 10 fli of each sample was 

mixed with 2 ~d of lOx loading buffer and loaded in 1.5% agarose ge l in TAE buffer 

containing 0.5 ~lg/m l of ethidium bromide and 6 fli of a standard 100 base-pair ladder 

(marker) was mixed with 2 ~d of the lOx load ing buffer and loaded on separate lanes on either 

side. Finally, the amplification products were analysed by electrophoresis at 120 volts for 45 

minutes (Belen e/ al., 2008) and the result from the gel was examined over a UV light source. 

In a positive sample, a discrete band was present and the size of the PCR product was 

calculated by reference to value for the standard markers used. Serotypes of the infecting 

AHSY were identi tied according to published band results for each serotype and the 

spec ificity of the primers used. 
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Annex 4. Outbreak investigation and questionnaire format 

OUTBREAK INV ESTIGATION OF AFRICAN HORSE SICIO"ESS (ETHIOPIA) 
.~~ ••• _ . _ •••••• _.H • •• • H •• •••• H •• H •••• H •• _ ........ _ _ •• ••• • H .................... __ .H •• . . ... __ .m ... ___ .............. . ... ' ... __ ' .... '... ",. __ .. H •• H._".H ••• _ •• H •••• H •• H._ • ••••• N H •• _ •• • H ••• H •••••• H ••••• _._ .......... H •• _.H ••••••••• ___ .H._ ••• _ ...................... _ ••• ___ .............. H ••••• _ .... _ •••• H •• __ ........ ___ • ___ .. __ ..... _ •• H. __ •• _ .......... H ..... _._. ___ • ___ • ______ .H •• _' 

Code: ET / / / / GENERAL INFORMATION ON THE AREA 

DATE OF REPORT TO NVI d d m m Iy y Iy y Geographical location IAltitude (m.a.s.I.): 

I I 
East South Annual Average Temp.: I 

PERSON WHO DIAGNOSED THIS OUTBREAK: Deg. Min. Sec. Deg. Min. Sec. Annual Average Rainfall: , 
I 

Name: iTel IAnnual Average Humidity: 

Farmer/owner Gov't vet Region: IWereda: 

IpNKebele: 
.~.- -

A.H.A. Private vet Zone: 
I ------ -~ 

Other NQ of equids: Horses- Mules- Donkeys-

NATURE OF DIAGNOS IS CONTACT DETAILS OF OWNER: 
-

Suspicion IClinical IPostmortem Owner' s Name: Kebele: 

Laboratory IOther Owner ' s Address: IOwner' s tel. no: 
I 

Laboratory where diagnosis was made: Diagnostic test used: , 

Sampl ing date (dd / mm / yyyy) (dd / mm / yyyy) I 

I I I I ! I I I I I 
Sample t)'pe: whole blood (in heparin) serum lung 'spleen lymph node other 

Fresh tissues 
Method of transportation: I i -'---
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,DETAILS OF O UT BR EA K: 
... ~._ .. _._._._ ... ~ ..... _. ___ . __ ..... ___ . ___ ._ .... _. __ ···_· .. _ ...... _.· .. _._. ___ .... ·.·_._._······_M .•. _· ___ ._ ... _._ .. _ .. ~ ____ . ______ .. _. _____ ._._ .. _. ___ ._. _______ ._.M.'. ___ .M __ _ 

,DESCRIPTION OF EXAMINED ANIMAL ,SUSCEPTIBLE AN IM ALS OWN ED 
... j ........................................................ _ .................. _ ........ _ ...... _ .......... _ .. _... . .. j ................... _.................. . ............ _ ............ __ .. __ ......... .1 

No. of cases: Horses- Mules- Donkeys- Species and breed: NQ of horses: 

NQ dead or killed: Horses- Mules- Donkeys- Age in years: NQ of mules: 

Date of initial detection of current outbreak : (dd I mm / yyyy) Sex: NQ of donkeys: 

I I I I I I I 
IType of work: !Dogs: 

CLI NI CA L S IGN S SHOWN: pulmonary form ca rdiac form mixed form mild form 

Descriptions: 

l~.ACC I NATlON IHiSTORY: Unknown No Yes, date of last vacci nation (dd I mm I yyyy): 

iEPIDEM IO LOGICAL COMMENTS 
___ •• _._._. __ ._._ ••• ~_ •• _ • ., •••• • _ •••• •• _ .... _ ..... _._ • ••• _. ____ •• H •• __ •• _. ______ • __ •• ____ .H •• H. ___ •• H ..... _ __ . H .... . __ . .... _ .... __ .... _ ••• _ ........... . __ ..... _. ____ •• _ ..... __ •• _._. ___ ._ ........ _. ____ •• ___ . _. ____ .... _._ ••• __ ._ . ____ •• _ •• ___ ._._._. __ • ___ •••••• __ • ____ . _ ••• _._._ .. ___ . _._. _____ • 

Do you know a disease characterized by dullness, supraorbital edema, resp iratory distress and frothy nasal discharge? No. Yes, local name? 

Have you seen the above ment ioned disease on you r equ ids with in the past two years? Yes No If yes, which species of equids? Horse Mule Donkey 

Jfyes, when was the date of commencement of the first sign? (dd I mm I yyyy) I I I I ! I I I I 
In wh ich months of the yea r the d isease occurs? Jan Feb Mar Apr May Jun Ju l Aug Sep Oct Nov Dec I 

Which species arc more affected? Rank them Horses, Mules, Donkeys I 

How long have you had this animal (sampled)? IHOW is the di sease transmitted? ! 
Iflcss than 40 days, where was the animal come from? iAre there equine biting insects in your locality? Yes No 

I ILocal name of vectors: 

f I p y' p p 

-----1 Previous outbreak in the area? No Yes Unknown rAre there zebras in the area? Yes No 

If yes, when was it last occurred (dd I mm / yyyy)? 10ther comments: 

! 

Investigated by _____________ _ Date: Signature: 
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Annex 5. Result of identified AHSV serotypes from whole blood samples submitted to IAH, Pirbright, UK 

Sample ref. no. lAB dsRNA Virus Species Date of 

collection no. Sample Collection Area collection Serotype Result Ct 

ETHIAHS 01110 EDTA blood Horse BongaiCheta 19/04/20 10 neg NoCt 

ETHIAHS 02/10 EDTA blood Horse Ada'aiGodino 10106/20 10 9 pos 27.14 

ETHIAHS 03/10 EDTA blood Horse Akaki 1110612010 9 pos 28.00 

ETHI AHS 0411 0 EDTA blood Horse Ada'alDebre zeit 1510612010 9 pas 33.27 

ETHIAHS 05/10 EDTA blood Horse Wonji 16/0612010 9 pos 27.23 

ETHI AHS 0611 0 EDTA blood Horse Ada'alDebre zeit 21 /06/20 I 0 neg No Ct 

ETHIAHS 07110 EDTAbiood Horse Ada'alDebre zeit 21 /06/2010 9 pos 37.46 

ETHIAHS 08110 ETH2010/ 19 EDTA blood Horse Ada' a!Y erer 2110612010 6 pas 29.56 

ETHIAHS 09/10 EDTA blood Horse Ada'aiFiltino 21 /0612010 9 pas 29.28 

ETHI AHS 1011 0 EDTA blood Horse Ada'a/Hidie 21 /06/20 10 9 pos 25.21 

ETHIAHS 11 /10 ETH2010101 EDTA blood Horse Ada'a/Hidie 2110612010 2 pos 19.71 

ETHIAHS 12/10 EDTA blood Horse Ada'alDebre zeit 21 /06/2010 9 pos 27.09 

ETHIAHS 13/10 EDTA blood Horse Ada'alDalota 21106/20 10 9 pas 24.76 

ETHIAHS 14110 EDTA blood Horse Akaki 21 /0612010 9 pos 26.64 

ETHIAHS 15/10 ETH20 10113 EDTA blood Horse Akaki 21106/20 I 0 9 pos 26.87 

ETHIAHS 16/10 EDTA blood Horse Akaki 21106/2010 neg No Ct 

ETHIAHS 17110 EDTA blood Horse Wonji 21106120 10 9 pos 27.14 

ETH/AHS 18/10 EDTA blood Horse Wonji 21106/2010 neg NoCt 

ETHIAHS 19110 EDTA blood Horse Wonji 21106120 I 0 neg No Ct 
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Continued 

Sample ref. no. lAH dsRNA Virus Species Date of 

collection no. Sample Collection Area collection Serotype Result C t 

ETHIAHS 2011 0 EDTA blood Horse Wonji 21 /06/20 I 0 neg No Ct 

ETHIAHS 21110 EDTA blood Horse Wonji 21106/20 I 0 neg No Ct 

ETHI AHS 2211 0 EDTA blood Horse Wonji 21 /06/2010 neg NoCt 

ETHIAHS 23/10 ETH20 I 0103 EDTA blood Horse Wonj i 21 /0612010 4 pos 29.90 

ETHI AHS 2411 0 EDTA blood Horse Wonji 21106/20 10 neg No Ct 

ETHIAHS 2511 0 EDTA blood Horse Adama 22/0612010 neg NoCt 

ETHIAHS 26/10 EDTA blood Horse Adama 22/06/2010 neg NoCt 

ET HIAHS 2711 0 EDTA blood Horse Ada'a/Debre zeit 22/06/2010 neg NoCt 

ETHIAHS 28110 EDTA blood Horse Ada'aiDebre zeit 03/07120 10 9 pos 30.08 

ETHIAHS 29/10 EDTA blood Horse Ada' aiDebre zeit 23 /06/2010 neg No Ct 

ETHI AHS 3011 0 EDTA blood Horse Ada' a/Fi ltino 24/06120 10 9 pos 33.69 

ETHIAHS 31110 ETH2010/1 0 EDTAblood Horse Ada'aiFiltino 24/06120 10 8 pos 24.13 

ETHIAHS 32/10 EDTA blood Horse Ada' alErobe 24/06/20 10 neg No Ct 

ETHIAHS 33/1 0 ETH20 1 0/04 EDTA blood Horse Ada'aiGotia 24/06120 10 4 pos 27.91 

ETHI AHS 34/1 0 ETH2010105 EDTA blood Horse Ada' a/Debre zeit 24/06/20 10 4 pos 28.30 

ET HIAHS 3511 0 ETH2010106 EDTA blood Horse Ada'aiDebre zeit 24/06120 10 4 pos 30.29 

ETHIAHS 36/10 EDTA blood Horse Ada' a/Debre zeit 24/06/2010 neg NoCt 

ETHIAHS 37/10 ETH2010/11 EDTA blood Horse Ada' aiDebre zeit 25106/2010 8 pos 31.85 

ETHIAHS 38/10 EDTA blood Horse Ada' alGotia 29/06120 10 9 pos 28.44 

ETHiAHS 39110 EDTA blood Mule Ada' aiG ichi 26/06/20 10 9 pos 27.45 
_ .. -
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Continued 

Sample ref. no. lAH dsRNA Virus Species Date of 

collection no. Sample Collection Area collection Serotype Result Ct 

ETHIAHS 40/10 EDTA blood Horse Ada'alDembie 03 /0712010 9 pos 30.52 

ETHIAHS 41110 EDTA blood Horse Ada' alDalota 01107/2010 9 pos 29.98 

ETHI AHS 42/10 EDTA blood Horse Ada'alDebre zeit 28/0612010 9 pos 29.27 

ETHIAHS 43110 EDTA blood Horse Ada'alDebre zeit 28/06120 10 9 pos 27.42 

ETHI AHS 4411 0 EDTA blood Horse Ada'alDebre zeit 28/0612010 9 pos 27.27 

ETHI AHS 4511 0 EDTA blood Horse Akaki 02/07/2010 neg No Ct 

ETHI AHS 4611 0 EDTA blood Horse Akaki 02/07/2010 neg No Ct 

ETHIAHS 47110 EDTA blood Horse Akaki 02/07/2010 neg NoCt 

ETHI AHS 4811 0 EDTA blood Horse Akaki 02/0712010 9 pos 28.92 

ETHI AHS 4911 0 ETH2010112 EDTA blood Horse Awash Melkassa 29/06120 10 9 pos 27.46 

ETHIAHS 50110 ETH2010107 EDTA blood Horse Awash Melkassa 29/0612010 4 pos 29.46 

ETHIAHS 51110 EDTA blood Horse Ada 'alDebre zeit 08/0712010 9 pos 32.38 

ETHIAHS 52110 EDTA blood Horse Ada'alDebre zeit 08/07/20 I 0 neg No Ct 

ETHIAHS 53110 EDTA blood Horse Ada'aiDebre zeit 08/07/2010 neg No Ct 

ETHIAHS 54110 EDTA blood Horse Ada'aiDebre zeit 12/0712010 9 pos 28.01 
-- - - - -_ ._-_ . . 
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Annex 7. Pictures of exemplary clinical cases observed during outbreaks and postmortem findings 

Plate I. Supraorbital fossae edema (cardiac form) Plate 2. Generalized edema of the head region(cardiac form) 

Plate 3. Colic at the terminal stage of cardiac form of AHS Plate 4. Pettechiation of serosal surface ofthe tongue (cardiac form) 
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Plates 5. Hydropericardium and pettechiation of serosal surface of the heart 

Plate 7. Bilateral yellowish and foamy discharges through nostrils (pulmonary 

form) 
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Plate 6. Hydropericardium and pettechiation of serosal surface of the heart 

Plate 8. Bilateral yellowish and foamy discharges through nostrils (pulmonary 

form) 



Plate 10. Hydrothorax and edema of the lung (pulmonary form) 

Plate 11. Mixed form of AHS. Note both edema of supraorbital fossae 

and bilateral yellowish discharge through nostrils. 
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Plate I I. Foamy discharges after incising bronchioles of the lung (pulmonary 

form) 

Plate 12. Blocking ELISA test result ready for a spectrophotometer reading. 

Al and A2 are positive controls and BiandB2 are negative controls. 
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