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Equine infectious anemia (EIA) is a fatal and relapsing infectious disease of equines 
caused by the lentivirus of Retroviridae family which occurs world-wide. It tends to 
become an inapparent infection if death does not result from the acute clinical 
attack. The virus persists in infected animals for life and can be detected by 
serological tests like enzyme-linked immunosorbent assay (ELISA) and agar gel 
immunodiffusion (AGID) tests. Keeping in view the importance of EIA, a sero-
survey and passive surveillance was designed to establish the status of EIA in 
Oman. For the current study, ELISA was carried out on 331 random horse serum 
samples collected from all over Oman and 262 serum samples submitted from race 
horses. Four (0.67%) out of total 593 serum samples were found positive on ELISA. 
These samples were further tested by agar gel immunodiffusion (AGID) test for the 
confirmation and were found negative. Based on the analysis of the samples, it can 
be assumed that the horse population in the Sultanate was free of the disease during 
the study period (2007-2009). 
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INTRODUCTION 

 
The equine infectious anemia (EIA) is a potentially 

fatal and relapsing blood borne ailment of family Equidae 
(Higgins and Wright, 1998; Radostits et al., 2007). It is 
caused by EIA virus of subfamily Lentiviridae of 
Retroviridae family which is a close relative of Human 
Immunodeficiency Virus (HIV) (Montaginer et al., 1984; 
Nakajima and Sugiura, 1994). EIA in equines may present 
itself in three clinical entities viz., acute, chronic and 
inapparent infection. Acute form is usually fatal and 
affected animal may dies within 2-3 weeks. In recovered 
animals, EIA virus persists for rest of the life and affected 
equine may suffer from chronic relapsing disease 
(swamper) or become an in-apparent carrier (Clabough et 
al., 1991). The in-apparent carriers are major cause of 
spread and maintenance of EIA and are usually detected 
by the serological testing through ELISA and AGID (Issel 
et al., 1990). In nature the spread of virus is most likely 
via interrupted feeding of blood sucking horse flies. 
However, accidental transmission through transfer of 
blood from an infected horse and use of contaminated 
needles may spread the disease to healthy equines (Cordes 
and Issel, 1996). To date, no effective treatment or 

vaccine is available concerning EIA and stringent 
implementation of ‘test and destroy’ policy is the most 
recommended control method (OIE, 2004).  

The serological diagnosis of EIA remained a 
challenge until AGID test was developed by Coggins and 
co workers (1972). Although, positive AGID test results 
are reliable and verifies the presence of EIA, it has its own 
limitations. It has been reported that horses acquiring the 
EIA for the first time and in early stage of the disease and 
foals born to AGID test positive dams can test negative 
for EIA when tested though AGID (Issel and Cook, 1993). 
Since late 1980s, ELISA test has been employed for faster 
and sensitive serological diagnosis of EIA. Moreover, in 
recent years more sensitive and reliable ELISA to detect 
antibodies against core p26 antigen has been developed 
and tested by various workers for the screening of EIA 
(Soutullo et al., 2001; Paré and Simard, 2004; Piza et al., 
2007; Gill et al., 2008; Albayrak and Ozan, 2010). 
Though ELISA test is more rapid and easier to interpret, 
the chances of getting false positive results are more 
(Cullinane et al., 2007; Piza et al., 2007) because it’s less 
specific than AGID. Because of this, OIE recommends 
that all ELISA positive samples should be confirmed by 
the AGID before declaring the equines positive for EIA. 
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A previous study regarding the some viral disease of 
animals concluded that Oman was free from EIA (Hedger 
et al., 1980). From 2005 to December 2010, the disease 
has not been reported in the Middle East region 
(Anonymous, 2011). However, during 2010 the varying 
incidence of disease has been reported from 30 countries 
of Asia, Europe and Americas (Anonymous, 2011). Such 
is the importance of disease that according to OIE 
regulations the EIA positive horses can’t compete in 
international events and export of test positive equines is 
prohibited. Moreover, to acquire the EIA free status, 
countries are required by OIE to conduct active as well as 
passive internal and external surveillance to achieve 
desired confidence in disease freedom (OIE, 2009). 
Keeping in view the importance of the disease, present 
survey was undertaken to investigate the serological status 
of the horses concerning EIA in the Sultanate. 

 
MATERIALS AND METHODS 

 
Total horse population in Oman is 2393 heads 

(Anonymous, 2005). A total of 331 serum samples were 
randomly selected through Survey Toolbox Software™ 
(ACIAR, Australia) from the serum bank (n=2200) of the 
Veterinary Research Center (Cameron, 1999). These 
samples were randomly collected from horses of various 
regions and governorates during 2007-2008 in Oman for 
the surveillance of equine diseases. Samples size (n=331) 
for random selection was calculated at 95% confidence 
interval (CI) and 5% desired absolute precision (DOP) for 
an expected diseases prevalence of 50% (unknown status) 
(Thrusfield, 2005). Final sample size was adjusted for 
finite population and proportional allocation was 
performed according to the horse population of each area 
(Table 1). Furthermore, 262 serum samples presented to 
the center from race horses during the game season 2008-
2009 were also used in the current study for EIA 
screening (Table 2).  
 
Table 1: Population of horses and sampling frame adopted for 
the survey of equine infectious anemia during 2007-2008 in the 
Sultanate of Oman  
Region Horse  

Population 
 

Sample Size & 
Proportional 
Allocation 

Adjusted Final Sample 
Size & Proportional 

Allocation 
Muscat 997 (41.66) 160 138 
Dofar 548 (22.90) 89 72 
Al-Batinah 315 (13.16) 50 46 
Al-Sharqiyah 226 (9.44) 37 32 
Ad-Dhahira 187 (7.81) 31 26 
Al-Dakhaliyah 93 (4.01) 16 13 
Musandum 24 (1.00) 2 4 
Total 2393 385 331 
Figures in parenthesis indicate percentage. 
 
Table 2: Distribution of serum samples (n = 262) utilized for 
surveillance of equine infectious anemia (EIA) during 2008-2009 
game season in the Sultanate of Oman 

Region/Governorate Horse serum samples submitted to 
VRC during game season 2008-2009 

Al-Batinah 86 
Al-Sharqiyah 76 
Muscat 74 
Al-Dakhaliyah 24 
Ad-Dhahira 2 
Total 262 

Commercial indirect ELISA (ID Screen® Equine 
Infectious Anemia Indirect, IDVET, France) was used for 
screening of serum samples. Testing was performed as per 
recommendations of the manufacturer. Briefly, samples 
and wash solution were prepared and 90 µl of dilution 
buffer was added to each microwell. Pre-designated wells 
were added 10 µl each of positive, negative and test sera 
and incubation was performed at room temperature 
(25°C) for 45 minutes. Afterwards, washing was 
performed and 100 µl of conjugate was added to each 
well. Further incubation was performed for 30 minutes at 
room temperature and washing was performed. Then 100 
µl of substrate solution was added to each well and 15 
minutes incubation was performed at room temperature in 
dark. Immediately after incubation, 100 µl of stop solution 
was added to each well and plates were then read at 450 
nm to record the OD values. Interpretation was performed 
by calculating the S/P percentage as recommended by the 
manufacturer. 

Samples found positive in ELISA test were further 
confirmed on the commercial Equine Infectious Anemia 
Virus Antibody Test Kit, AGID (VMRD, Inc., USA). Test 
was performed as per the recommendations of the 
manufacturer. Briefly, gel was prepared and 6 circular and 
1 central (2.4 mm apart and 5.3 mm in diameter) wells 
were cut in the agar. EIA p26 antigen (50 µl) was placed 
in the Central well. Fifty microliters of positive control 
serum was placed on each side of the samples for the 
formation of positive control line to facilitate accurate 
recognition of lines of identity. Remaining wells were 
filled with 50 µl of test sera and plate was incubated at 
22°C for 24 hours. Interpretation was performed as 
recommended by the manufacturer.  

 
RESULTS 

 
Only 4 (0.67%) out of 593 tested horse serum 

samples were found positive for EIA virus antibodies 
upon ELISA. The OD value of the positive sample was 
1.52 when read at 450 nm and all the 4 ELISA positive 
samples yielded higher OD values: 1.68 (Muscat), 1.58 
(Muscat), 1.61 (Al-Batinah) and 1.59 (Dofar).  As per 
recommendations of the World Animal Health 
Organization (OIE) these samples were further tested by 
AGID and failed to give positive results. Therefore, the 
ELISA positive sera were marked as false positive.  

 
DISCUSSION 

 
Sampled horse population in Oman was mainly 

comprised of animals kept by the Royal Court, Royal 
Oman Police (mainly in Muscat and Dofar Governorates) 
and private owners (rest of the country). However, during 
the game season these animals are regularly transferred 
from one region / governorate to other for participation in 
equestrian events and annual celebrations. This frequent 
travelling during hot climatic conditions may result in 
development of environmental as well as thermal stress in 
some animals that may influence reproductive hormones, 
metabolism and immune responses to various diseases 
(Stull, 1997). Therefore, active as well as passive 
surveillance was employed in the current study to 
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maximize the chances of getting valid results (Cameron, 
1999; Thrusfield, 2005).  

For the current study, serum samples were first quick 
screened through ELISA and then the positive samples 
were confirmed by the OIE recommended AGID test. 
Though ELISA is comparatively quick and easy to 
perform its tendency to yield false positive results requires 
the confirmation through recommended AGID test (OIE, 
2004; Paré and Simard, 2004; Cullinane et al., 2007; Piza 
et al., 2007). However, when testing on a larger scale for 
screening purposes is required within a short period of 
time, ELISA becomes the test of choice (Issel and Cook, 
1993; Paré and Simard, 2004; Piza et al., 2007). 
Importance of EIA and risk of its introduction in disease 
free countries requires the continuous surveillance to 
maintain the OIE certified disease free status regarding 
this devastating disease. Based upon the results of the 
samples, it can be safely assumed that horses in the 
Sultanate were free from EIA during 2007-2009.  These 
results are in accord with a previous study performed by 
Hedger et al. (1980) in Oman and studies conducted 
elsewhere in the other countries (Ataseven and Arslan, 
2005; Gill et al., 2008; Kirmizig�l et al., 2009; Albayrak 
and Ozan, 2010; Mashhadi et al., 2010) with the claims of 
disease free status and warrants the continuous 
surveillance to acquire the possible EIA free status for 
Oman. 

  
Acknowledgement 

Authors are thankful to the Ministry of Agriculture, 
Sultanate of Oman, Director General of Agriculture and 
Livestock Research, veterinary officers and staff of the 
Veterinary Research Center for their help, cooperation 
and support extended during the period of this study. 

 
REFERENCES 

 
Albayrak H and E Ozan, 2010. Serosurveillance of equine 

infectious anemia in the Ardahan province of Turkey. 
Trop Anim Health Prod, 42: 1593-1595.  

Anonymous, 2005. Agricultural Census 2004/2005. 
Ministry of Agriculture and Fisheries, The Sultanate 
of Oman. 

Anonymous, 2011. World Animal Health Information 
Database. Disease information: equine infectious 
anemia. http://web.oie.int/wahis/public.php?page= 
home. Accessed on January 24, 2011. 

Ataseven VS and HH Arslan, 2005. Equine infectious 
anemia in mules, donkeys, and horses: epidemiologic 
studies in the different geographic regions of Turkey. 
J Equine Vet Sci, 25: 439-441 

Cameron A, 1999. Survey Toolbox: A Practical Manual 
and Software Package for Active Surveillance of 
Livestock Diseases in Developing Countries. 
Australian Center for International Agricultural 
Research (ACIAR), Australia.  

Clabough DL, D Gebhard and MT Flaherty, 1991. 
Immune-mediated thrombocytopenia in horses 
infected with equine infectious anemia virus. J Virol, 
65: 6242-6251. 

Coggins L, NL Norcross and SR Nusbauma, 1972. 
Diagnosis of equine infectious anemia virus by 
immunodiffusion test. Am J Vet Res, 33: 11-18. 

Cordes T and CJ Issel, 1996. Equine Infectious Anemia: a 
status report on its control. United States Department 
of Agriculture (USDA). 

Cullinane A, M Quinlivan, M Nelly, H Patterson, R 
Kenna, M Garvey, S Gildea, P Layons, M Flynn, P 
Galvin, M Neylon and K Jankowska, 2007. Diagnosis 
of equine infectious anemia during the 2006 outbreak 
in Ireland. Vet Rec, 161: 647-652 

Gill FR, MH Hussain, G Muhammad, MK Mansoor, MA 
Hafeez, MQ Bilal and U Tahir, 2008. Enzyme linked 
immunosorbant assay (ELISA) based seronegative 
findings on the investigations of equine infectious 
anemia in Faisalabad Metropolis (Pakistan). Proc 29th 
World Veterinary Congress, Vancouver, Canada, 27-
31 July, 2008, pp: 1411. 

Hedger RS, ITR Barnett and DF Gray, 1980. Some virus 
disease of domestic animals in the Sultanate of 
Oman. Trop Anim Health Prod, 12: 107-114. 

Higgins AJ and IM Wright, 1998. The Equine Manual. 
WB Saunders, Co., London, pp: 77–79. 

Issel CJ and RF Cook, 1993. A review of techniques for 
the serologic diagnosis of equine infectious anemia. J 
Vet Diag Invest, 5: 137-141. 

Issel CJ, JM MacManus and SD Hagius, 1990. Equine 
Infectious Anemia: prospects for control. Develop 
Biol Stand, 72: 49-57. 

Kirmizig�l AH, Y Yildrim, E G�kçe and VS Ataseven, 
2009. Serologic evaluation of equine infectious 
anemia in Kars and Ardahan – Turkey. Kafkas �niv 
Vet Fak Derg, 15: 77-80. 

Mashhadi GA, SM Shapoori and E Yoonesi, 2010. Survey 
on equine infectious anemia in Ahvaz. J Vet Res, 65: 
245-246. 

Montaginer L, C Dauguet and C Axler, 1984. Anew type 
of retrovirus isolated from patients presenting with 
lymphadenopathy and acquired immunodeficiency 
syndrome: Structure and antigenic relatedness with 
EIA virus. Annals Virol (Pasteur Institute), 135: 119-
134. 

Nakajima H and T Sugiura, 1994. Equine Infectious 
Anemia-Research in Japan on the virology, 
immunology, pathogenesis and control. J Equine Sci, 
5: 1-19. 

OIE, 2004. Manual of Diagnostic Tests and Vaccines for 
Terrestrial Animals (mammals, birds and bees). 5th 
Ed, Office International Des Epizootics, Paris, 
France. 

OIE, 2009. Terrestrial Animal Health Code. Paris, France 
(http://www.oie.int/fileadmin/Home/eng/Health_stan
dards/tahc/2009/en_sommaire.htm. Accessed on 
February 7, 2011 

Paré J and C Simard, 2004. Comparison of commercial 
enzyme-linked immunosorbent assays and agar gel 
immunodiffusion tests for the serodiagnosis of equine 
infectious anemia. Canad J Vet Res, 68: 254-258. 

Piza AST, AR Pereira, MT Terreran, O Mozzer, A Tanuri, 
PE Brandao and LJ Richtzenhain, 2007. 
Serodiagnosis of equine infectious anemia by agar gel 
immunodiffusion and ELISA using a recombinant 



Pak Vet J, 2011, 31(3): 235-238. 
 

238

p26 viral protein expressed in Escherichia Coli as 
antigen. Prev Vet Med, 78: 239-245. 

Radostits OM, CC Gay, KW Hinchcliff and PD 
Constable, 2007. Veterinary Medicine: A textbook of 
diseases of cattle, horses, sheep, pigs and goat. 10th 
Ed, WB Saunders Co, Philadelphia, USA.  

Soutullo A, V Verwimp, M Riveros, R Pauli and G 
Tonarelli, 2001. Design and validation of an ELISA 

for equine infectious anemia (EIA) diagnosis using 
synthetic peptides. Vet Microbiol, 79: 111-121 

Stull CL, 1997. Physiology, balance, and management of 
horses during transportation. Proc Horse Breeders 
and Owners Conference, Red Deer, Alberta, Canada, 
10-12 January, 1997. 

Thrusfield M, 2005. Veterinary Epidemiology. 2nd Ed, 
Blackwell Science Ltd, UK. 

 


