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ABSTRACT  

E 
quine herpes virus types 1 and 4 (EHV-1, EHV-4), Equine arteritis 
virus (EAV) and Equine infectious anemia virus (EIA) are viral caus-
es responsible for significant economic losses in Equine due to abor-

tion and neonatal mortality. In this study, 600 serum samples were collected 
from horses and donkeys in 6 Egyptian Governorates (Cairo, Alexandria, 
Giza, Minya, Monufia, and Qalyubia) between 2018 and 2021.Indirect 
ELISA kits were used for the detection of antibodies against EHV-1, EHV-
4, EAV and EIA. Our results revealed  that 173 samples out of 600 tested 
positive for EHV-1 and EHV-4 (28.83%) and 16 samples out of 600 tested 
positive for EAV (2.67%). However, none of the samples tested positive for 
EIA. In conclusion, Our study revealed that EHV-1and EHV-4 are one of  
the most important causes of abortion in Equine and the results of se-
rosurveillance indicated the circulation of  EHV-1, EHV-4    in horses 
and donkeys due to their latency and reactivation from time to time, or due 
to the horses movement and contacts with other potentially infected horses. 
Antibodies against EAV due to that percentage of infected horses become 

persistent infected carriers.  

INTRODUCTION 
  EHV-1, EHV-4 cause economic losses in 

equine, particularly Arabian horses due to 
abortion and neonatal mortality (Lunn et al. 
2009). EHV-1, EHV-4  have a significant eco-
nomic impact on the whole equine industry 
worldwide.EHV-1, EHV-4 cause a variety of 
diseases, including respiratory problems and 
abortion (Slater, 2007). EHV-1, EHV-4 are lin-

ear double-stranded DNA viruses belong to the 
family Herpesviridae, subfamily Alphaherpes-
virinae and genus Varicellovirus (Davison et 
al. 2009). Direct contact with EHV-1 infected 
aborted fetuses, placental tissues, or fomites 
contaminated by respiratory secretions can 
cause infection (Reed et al. 2004). EHV-1 and 
EHV-4 are the most important types (Pavulraj 
et al. 2021), due to  latency, EHV-1, EHV-4 
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enter into a latent state in cells of the lympho-
reticular system and neurons in the trigeminal 
ganglia (Slater et al. 1994). The establishment 
of lifelong latency in a large proportion of in-
fected animals ensures the survival of herpes-
viruses in Equine populations and enables the 
virus to shed sporadically throughout the life-
time of the horse (Gilkerson et al. 2015) the 
resistance of mares to abortion could be exhib-
ited if the infection occurred early in pregnan-
cy (Ali et al. 2020). 

 
 Standard diagnostic serological  methods  

still remain important tools for EHV-1, EHV-4 
diagnosis  like type-specific ELISA (Singh et 
al. 2001; lang et al. 2013). In Egypt, ELISA 
based serological study conducted for detect-
ing antibodies against EHV-1 and EHV-4,

.  another study  conducted in 
Egypt, the  
(El Sayyad et al. 2015) .    

  
EAV is the causative agent of equine viral 

arteritis (EVA), a respiratory and reproductive 
disease of horses (Timoney and McCollum, 
1993). EAV is a small enveloped virus with a 
positive-sense, single-stranded RNA and be-
longs to the fami-
ly Arteriviridae (genus Arterivirus) in the or-
der Nidovirales (Cavanagh, 1997). Signs in-
clude influenza-like sickness in adult horses, 
abortion in pregnant mares, and interstitial 
pneumonia in young foals.The virus can 
spread in many different ways;the respiratory 
route is the most common.The virus can poten-
tially spread by artificial insemination via the 
venereal route (McCollum et al. 1999). Fol-
lowing natural breeding or artificial insemina-
tion, carrier stallions transfer EAV venereally 
to susceptible mares (Timoney et al. 1997). A 
variable percentage of stallions (from <10 to 
70 %) acutely infected with EAV can become 
persistently infected carriers, shedding the vi-
rus  constantly in semen (Timoney and 
McCollum, 1993). The seroprevalence of 
EAV infection can vary  among horses of dif-
ferent breeds (Timoney and McCollum, 
1993). Serological studies indicated that EAV 
is widely distributed in Equine population 
around the world (Balasuriya, 2014). Current-

ly, the OIE recommends that ELISAs are only 
used for conducting serological surveillance 
studies. Recently, a new commercial competi-
tive ELISA (EAV antibody test kit, cELI-
SA;VMRD Inc., Pullman, Washington, USA) 
has become commercially available (Chung et 
al. 2013b), which has been evaluated and 
validated for the detection of EAV antibodies 
in equine sera (Chung et al. 2013a). 

 
EIA is caused by Equine Infectious Ane-

mia Virus (EIAV), a lentivirus classified with-
in the Retroviridae family, genus Orthoretro-
virinae ((ICTV), 2017),  which infects Equine. 
EIA has a worldwide distribution (OIE, 
2013a), being one of the eleven Equine diseas-
es requiring compulsory notification to the 
World Organization for Animal Health (OIE, 
2018). Based on experimental infection of 
horses with EIAV, EIA can be characterized 
by fever, diarrhea, lethargy, anemia and throm-
bocytopenia, associated with a high-level vire-
mia in plasma and abortion.Over time the fre-
quency of disease episodes and the severity of 
clinical signals typically decrease;thus, persis-
tently infected horses become clinically 
asymptomatic for EIA indefinitely, reaching 
the asymptomatic carrier stage and remaining 
infected for life (Craigo and Montelaro, 
2013). EIAV is primarily transmitted mechani-
cally through infected blood via  arthropod 
vector, most commonly the bite of blood suck-
ing insects of the Diptera order, or by contami-
nated fomites, which can be transmitted 
through blood-contaminated instruments like 
syringes, needles, surgical instruments, and 
equine accessories (Mealey, 2007). Trans-
placental transmission has also been reported 
(Gregg and Polejaeva 2009). ELISA has been 
approved  for diagnosis of EIA, four ELISA 
kits were approved by the United States De-
partment of Agriculture (USDA) (Issel and 
Cook, 1993), but OIE states that positive re-
sults should be retested using agar gel immu-
nodiffusion assay (AGID) to confirm diagnosis 
(OIE, 2013a). 

 
The current study aims to investigate the 

circulation of viral causes of abortion, particu-
larly EHV-1, EHV-4, EAV and EIA in equine 
in Egypt. 

https://bvajournals.onlinelibrary.wiley.com/doi/full/10.1136/vr.103362#vetrbf16121-bib-0018
https://bvajournals.onlinelibrary.wiley.com/doi/full/10.1136/vr.103362#vetrbf16121-bib-0017
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2.MATERIALS and METHODS 

2.1. Animals 

In  this study, 600 serum samples were ob-
tained from horses and donkeys in 6 Egyptian 
Governorates (Cairo, Alexandria, Giza, Minya, 
Monufia, and Qalyubia) for serosurveillance 
between 2018 and 2021.   
 
2.2. Collection and  handling of serum sam-

ples for serological studies   
 Samples were collected in sterile vacutainer 

tubes by jugular vein puncture, which then   
subsequently labelled. These samples were 
transferred in a clean and dry ice box to the 
Virology Department at the Animal Health Re-
search Institute (AHRI), El-Dokki, Giza, 
Egypt. The samples were kept at room temper-
ature for one hour before being stored at 4°C 
overnight. For serum separation, the tubes 
were centrifuged at 1500 rpm for  ten minutes. 
Clear non-hemolyzed serum was obtained and 
stored in sterile screw-capped vials  at -20 °C. 
 
2.3.Serodiagnosis of EHV-1, EHV-4, EAV 

and EIA antibodies by indirect ELISA 
technique 

2.3.1. Detection of EHV-1 and EHV-4 anti-
bodies by indirect ELISA  

Indirect ELISA commercial kit 
(IngezimRhinopneumonitis14.HVE.K1®,  In-
genasa, Spain) was used for the analysis of  
600 serum samples for detection of specific 
antibodies against EHV-1, EHV-4 as described 
by the manufacturer. Specific antibodies 
against the virus in serum samples bound the 
antigen adsorbed on a solid polystyrene plate. 
After washing to remove any non-fixed materi-
al, immunoglobulins then were detected using 
a particular anti-equine IgG–peroxidase conju-
gate. When the substrate solution was intro-
duced to the wells, colorimetric reaction ap-
peared then measured using an ELISA reader 
(Sanz et al. 1985).   
 
2.3.2.Detection of  EAV  antibodies by indi-

rect ELISA    
      Indirect ELISA commercial kit (INGEZIM 
ARTERITIS, Spain) was   used for the analysis 
of serum samples for detection of specific anti-
bodies against EAV as described by the manu-

facturer. Positive and negative antigen were 
fixed on a solid polystyrene plate, specific anti-
bodies against the virus in serum samples  
bound the antigen adsorbed on. After washing 
to remove any non-fixed material, immuno-
globulins then were detected using a particular  
peroxidase conjugate. When the substrate solu-
tion was introduced to the wells, colorimetric 
reaction appeared then measured using an ELI-
SA reader (    
 
2.3.3.Detection of  EIA  antibodies by indi-

rect ELISA    
      Indirect ELISA commercial kit (EIAED 
vet 1114 GB IDvet, France) was  used for the 
analysis of serum samples for  detection of 
specific antibodies against EIA  as described 
by the manufacturer,  wells were coated with 
p26(Gene GAG) recombinant antigen  that was 
fixed on a solid  polystyrene plate, specific an-
tibodies against the virus in serum samples 
bound the antigen adsorbed on forming anti-
body – antigen complex. After washing  to re-
move any non-fixed material, immunoglobu-
lins  then  were detected using  two Fab (on 
IgG) or ten Fab (on IgM), the first one  bound 
the immunoglobulins to the microplate and the 
other bound a peroxidase antigen that used as 
conjugate. When the substrate solution was 
introduced to the wells, colorimetric reaction 
appeared then measured using an ELISA read-
er. This method is suitable for detection of IgM 
and IgG antibodies, allow earlier testing of ani-
mals and long- term disease surveillance (Piza  
et al. 2007).   
 
3. RESULTS 

By using ELISA test for detection of anti-
bodies against EHV-1, EHV-4 , EAV and EIA 
of 600 horse and donkey in Egypt, our results 
revealed  that  173 samples out of 600 tested 
positive for EHV-1 and EHV-4 (28.83%) and 
16 samples out of 600 tested positive for EAV 
(2.67%). However, none of the samples tested 
positive for EIA as was shown in Tab.(1).  
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Table (1) Percentages of  EHV-1, EHV-4, EAV, and EIA specific antibodies detected among horses and don-
keys and the total number of positive serum samples in 6 Egyptian governorates by ELISA test 

Governo
rate 

Total EHV-1&4 EAV EIA 

Positive 
(No.) 

  

Positive 
 (%) 

Positive 
 (No.) 

  

Positive 
 (%) 

Positive 
(No.) 

 Positive 
(%) 

Cairo 60 30 50% 6   10% 0 0% 

Alex. 102 30 29.41% 2 1.96% 0 0% 

Giza 222 50  22.52% 6  2.7% 0 0% 

Minya 150 60 40% 1  0.67% 0 0% 

Monufia 51 3 5.8% 0 0% 0 0% 

Qalyubia 15 0 0% 1  6.67% 0 0% 

Total 600 173 28.83% 16 2.67% 0 0% 

DISCUSSION 

     Based on the findings of this study, it was 
concluded that EHV-1, EHV-4 are wide 
spread and one of the most common causes of 
reproductive disease in horses, causing abor-
tion with a high likelihood of fetal mortality 
(Allen and Murray 2004;Patel and Heldens 
2005). EHV-1, EHV-4 are highly contagious 
and is normally spread through direct contact 
between infected animals, primarily by infect-
ed nasal discharge, uterine discharge, and in-
fected aborted fetuses

object (Reed et al. 2004).       
 

EAV, being one of the most important re-
productive viruses, have a significant econom-
ic impact on the equine industry (Timoney 
and McCollum, 1993). Following natural 
breeding or artificial insemination, carrier stal-
lions transfer EAV venereally to susceptible  
mares. Infected mares can then spread the vi-
rus to other susceptible groups with whom 
they come into contact (Timoney et al. 1997).   
EIA has a worldwide distribution (OIE, 
2013a),  being one of the eleven Equine dis-

eases requiring compulsory notification to the 
World Organization for Animal Health (OIE, 
2018). EIAV is primarily transmitted mechani-
cally through infected blood via arthropod 
vector, most commonly the bite of blood-
sucking insects of the Diptera order, or by con-
taminated fomites, which can be transmitted 
through blood-contaminated instruments like 
syringes, needles, surgical instruments, and 
equine accessories (Mealey, 2007). Trans-
placental transmission has also been reported 
(Gregg and Polejaeva 2009).    
 

 Because of their sensitivity and specifici-
ty, ELISA assays are highly recommended and 
gold standard serological assays for success-
fully examining the existence of specific anti-
bodies against EHV-1, EHV-4, EAV, and EIA 
in a large horse population (lang et al. 2013; 
Issel and Cook, 1993). ELISA test was used 
for  the serological evidence of silent cycle of 
EHV-1, EHV-4 infection in mares (Foote et al. 
2006). The type specific ELISA is thought to 
be beneficial for sero-diagnosis and sero-
epizootiological studies on EHV-1, EHV-4 
infections in both unvaccinated and vaccinated 
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horses (Yasunaga et al. 2000). So, we used 
ELISA in our study by collecting  600 serum 
samples from horses and donkeys from 6 
Egyptian governorates for detecting antibod-
ies against EHV-1, EHV-4, our results re-
vealed that 173 horse and donkey out of 600 
were positive, the overall percentage 28.83% 
(173/600) Tab1 while in a recent ELISA 
based serological study conducted in Egypt 
during 2016, it was cleared that the overall 
apparent prevalence rate was 64% (173/270

). Also , ELISA based sero-
logical study was conducted in Egypt during 
2015, for detecting antibodies against EHV-
1,4 founding overall percentage 62,5% 
(75/120) ( . The results 
of seroepidemiological investigation revealed 
the presence of antibody in  Arabian horse and 
donkeys which means that circulation of EHV
-1 and 4  is due to that the horses and donkeys 
having the virus in latent state and it reactivat-
ing from time to time, or due to that the horses 
moving in and out of the premises and having 
contact with other potentially infected horses 
and donkeys (Allen, 2002).  

 
In Egypt, there was a little significant in-

formation regarding the prevalent EAV in 
Egyptian horse population. Serological studies 
indicate that EAV is widely distributed in eq-
uine populations around the world (Balasuriya 
et al. 2013 Balasuriya, 2014).  

 
The seroprevalence of EAV infection can 

vary among horses of different breeds 
(Timoney and McCollum, 1993). The OIE 
recommended that ELISA was used only for 
serological surveillance studies for EAV, alt-
hough the VNT is currently the most highly 
sensitive and specific serodiagnostic test for 
this virus but it is expensive, labor-intensive, 
and time-consuming to perform (OIE, 2013c), 
so we used commercial ELISA  in our study 
for detection of EAV antibodies from 600 
horse and donkey, our results revealed that 16 
out of 600 were positive, the overall percent-
age (2.67%)(16/600) Tab1. and this result 
was as was found  by (Chung et al. 2013b), 
but the National Animal Health Monitoring 
System's Equine survey recorded that only 0.6 
percent of the Quarter Horse population was 
EAV seropositive (NAHMS 2000), and this 

may due to that neutralising antibodies are 
discovered one to two weeks after exposure to 
the virus, peak between two and four months, 
and last for three years or longer. (Balasuriya 
et al. 1999; Balasuriya et al. 2002 Balasuri-
ya et al. 2007), it was discovered that sero-
positive stallions had developed clinically in-
apparent equine viral arteritis (EVA). Appear-
ance of neutralising antibodies coincides with 
the disappearance of virus from the circulation 
of acutely infected horses (Fukunaga  et al. 
1981). However, virus can persist in the re-
productive tract of the stallion for a variable 
period despite the presence of high titres of 
serum neutralising antibodies (Timoney and 
McCollum, 1993). 

 
Also,  in Egypt, there was a little signifi-

cant information regarding the prevalent EIA 
in Egyptian horse population. So, we made 
this serosurveillance by using ELISA test for 
diagnosis of 600 serum samples from horses 
and donkeys. In addition, serology involving 
enzyme-linked immunosorbent assays 
(ELISA) has also been approved for EIA di-
agnosis. Four ELISA kits were approved by 
the United States Department of Agriculture 
(USDA) and are internationally available for 
EIA diagnosis. However, the OIE states that a 
positive result by ELISA should be retested 
using the AGID to confirm diagnosis since 
some false-positive results can occur with 
ELISA (OIE, 2013a). However , in our 
study, all samples tested by ELISA were neg-
ative, Tab1.   

                     
 CONCULSION 

B 
ased on the data reviewed of this 
study, it was concluded that EHV-1 
and EHV-4 are one of  the most 

important causes of abortion in horses and 
the results of serosurveillance indicated 
that circulation of  EHV-1 and EHV-4  is 
due to that the horses and donkeys having the 
virus in latent state and it reactivating from 
time to time, or due to that the horses moving 
in and out of the premises and having contact 
with other potentially infected horses and don-
keys. In Egypt, there was a little significant 
information regarding the prevalent EAV in 
Egyptian horse population. Antibodies against 

file:///D:/مجلة%202021/2023/soha%20virology%20.docx#_ENREF_7#_ENREF_7
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EAV due to that percentage of infected horses 
become persistent infected carriers. ELISA is 
highly recommended to successfully exam-
ine the presence of specific antibodies 
against EHV-1, EHV-4, EAV and EIA vi-
rus in a large horse population. 
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