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BACKGROUND 

Equid herpes viruses 1 and 4 are two of the most important viruses affecting horses of all 

ages and other members of Equidae family (donkeys and mules). EHV is a spherical, enveloped 

double stranded DNA virion of the family Herpesviridae, subfamily   Alphaherpesvirinae, genus 

Varicellovirus (Bernard et al., 1996). 

Infection by  either  EHV-1 or  EHV-4 is characterized  by  a primary respiratory  tract 

disease   of varying  severity   that is   related to    age  and   immunological   status of  the  

infected animals. Primary    infection is followed   by virus latency in response to naturally 

encountered stresses (weaning, transport, social disruption etc.)The viruses may be reactivated in 

latently infected animals and   transmitted to other susceptible horses (Matsumura et al., 1992). 

Infections  by   EHVs   causing    four  forms   : a- Respiratory   (Rhinopneumonitis) mainly in 

young animals (Palif,1978) ,  b-Abortion  in    pregnant mares  occurred at late  stage of gestation 

(8-11months )without  any  illness on dam and  the  aborted  fetus enclosed in its membranes 
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(Doll and Bryns, 1962b ), c- Neonatal  foal  disease ,foal  was birth  live  and   then  dead  within 

few  hours    or   days  suffering   from     

respiratory manifestation (Campbell and studdert, 1983), d- Paresis or paralysis which appeared 

in aged horses (  Jackson and  Kendri, 1971). 

The first cases of abortion in mares attributed to an EHV-1 were documented at the 

university of Kentucky Agricultural Experimental Station in Lexington in 1932 (Dimock and 

Edwards,1933).Then the disease was recorded  in the world as in Yugoslavia, South Africa, 

Australia, Canada, Argentina, Brazil, Bulgaria, England, France, Germany, India, Italy, Japan ,  

Russia ,  Spain, Taiwan and Turkey (Bagust ,J.T.1971). In the last   15 years ,  the outbreaks of   

EHV-1  was   recorded in Australia (Carrigan et al. 1991), Nigeria (Adyefa,1992), Israel in 1995 

(Perl et al.,1997),  Poland 1993-1994 (Rola,1997) and  in  India in 1996  (Rattan et al.,1999).   

Abortion is one of the major complications of EHV-1 infection in mares and is a major 

cause of loss to the pure breed and industry (Allen and Bryans, 1986). 

Control of EHV-1 disease in enzootic countries was achieved by annual vaccination with 

different types of   formalin   inactivated vaccines given for horses and ponies more than 

5months of age. The inactivated vaccine given in two doses with a four to   six weeks   intervals , 

and   booster   dose given after six months ,  then annual vaccination every six or twelve months 

according to  type of vaccine used .Pregnant mares were  given three doses of inactivated 

vaccine at 5 ,7 and  9th months   of gestation period (OIE,1990). 

Serology still remains an important tool for diagnostic purposes, and epidemiological 

investigations of both EHV-1 and EHV-4   infections in equine populations.  EHV-1, EHV-4 

have been diagnosed by serological test (Crabb, B.S.; MacPherson, C.M.; Reubel, G.H.; 

Browning, G.F.; Studdert, M.J. and Drummer, H.E. (1995). 

Indirect fluorescent antibody technique ( IFAT) proved to be helpful for EHV-1 and EHV-4 

diagnosis ,this technique had been compared to viral isolation using cell cultures in more than 

100 cases of equine abortion showing that both techniques are similar in terms of diagnostic 

reliability (OIE, 2013b). 

The nested multiplex PCR method was applied for detection and   direct differentiation of 

equine herpes virus type 1(EHV-1) and type 4 (EHV-4). The advantage of the nested   PCR are 

two fold; Firstly it is most sensitive100 times in case of EHV-1 and 1000 times in case of EHV-4 

than standard PCR which indicate a detection limit of 1-0.1 fg of DNA (3-1 genome equivalent), 

Secondly it allows the direct differentiation of EHV-1 and 4 without the need to resort to further 

analytical techniques (Brochers and Slater, 1993). 

 

MATERIALS AND METHODS 

Serum Samples for serological studies: 
Three hundred serum samples collected from 6 Egyptian governorates (Kafr El-Sheikh, 

Giza, Gharbia, Beni Suef, Menofia and Cairo) from horses, donkeys and mules. 

The serological technique used for the analysis of sera sample for specific antibodies against 

EHV-1&4 was indirect ELISA commercial kit   known as:    

(IngezimRhinopneumonitis14.HVE.K1®, Ingenasa, Spain) as described by the manufacturer. 

 

Multiplex Nested PCR: 

PCR was performed according to the method described by (Wang et al., 2007) on 30 

(Nasal, vaginal and tissue samples of aborted fetuses (liver, kidney, lung, spleen, heart and brain) 

.First and second round primers were designed using sequence data from a conserved region of  
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the  glycoprotein B (gB) gene. The sequence data was obtained from the GenBank. The primers 

used are shown in Table (1). 

Table (1): Sequence of the utilized primers for Nested Multiplex PCR 

 Orientation Primers Sequence (5`–3`) 

 

Predicted amplicons size 

(bp) 

References 
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Reverse RC GGGTATAGAGCTTTCATGGG 1175 

S
ec

o
n

d
 

ro
u

n
d

 

p
ri

m
er

s Forward FC3 ATACGATCACATCCAATCCC 188 

Reverse R1 GCGTTATAGCTATCACGTCC  

677 Reverse R4 CCTGCATAATGACAGCAGTG 

 

All primers were 20 mers and had G + C contents of less than or equal to 50%. The primers 

were designed to ensure that the final reaction products could be easily differentiated from each 

through the size of amplified DNA fragment. The predicted size was 188 bp for EHV-1and 677 

bp for EHV-4 Table (2). 

 

EHV-1/-4 multiplex nested PCR was performed on extracted DNA from total 30 samples. 

PCR was performed according to the method described by (Wang et al., 2007 ). *In 50 ul 

reaction tube a mixture containing 27ul of Taq polymerase, 5 ul PCR buffer, 0.2 Mmol 

deoxinucleotide, 0.1 Pmol from each primer and 5 ul of extracted DNA was prepared. *The PCR 

mixture was subjected to 30 cycles of amplification in a thermal cycler. The cycling conditions 

were as follows, initial denaturation 5 minute at 94 C° followed by 30 cycles consisting of 

denaturation 1 minute at 94°C ,primer annealing 1 minute at 60 C° and extension 1 minute at 72 

C°*Final extension cycle for 7 minutes at 72C° was applied to promote the completion of partial 

extension product and to complete the annealing of single stranded product. For the second 

round of amplification, 3 ul of the first round amplification product was transferred to 27 ul of a 

new PCR reaction mixture containing the  same components as above but using the second round 

primers. *A negative and positive control reactions were included and treated as above. 

 

DNA Sequencing: 
The nested multiplex PCR products  of  selected  EHV-1  and  4 positive  samples   was  

done in Animal  Health   Research  Institute  Gene Analysis Unit. The nucleotide sequence of the 

purified fragments was determined using 3500 Genetic Analyzer (Applied Biosystem, USA). 

Sequencing of the viral genomic DNA template of the positive samples were performed 

according to Sanger dideoxynucleotide-sequencing technology. 25 uL 5ng/uL second n-PCR 

products were used in presence of 10pmol n-PCR primer sets for amplifying and sequencing.                                                                  

Following the Laboratory Information Management System (LIMS), data were obtained 48h 

later and analyzed according to NCBI/BLAST. Based on BLAST result, the highly similar 

sequences were downloaded as FASTA sequences. Multiple sequences alignment editing, 

correcting, frame and amino acid adjusting were performed using Windows XP/7/vista/8 and 

8.1BioEdit-supported software. The adjusted sequence file was exported to FASTA files, 

imported into MEGA 6.06 DNA alignment tool and converted into MEGA format 6 for 



Mohamed et al., J. of Virol. Sci., Vol. 2: 1-9, 2017   

 

phylogenic analysis using the neighbor joining method (Tamura et al., 2013). Finally, utilizing a 

statistical support of one thousand bootstrap replicates, the phylogenetic trees topology was 

obtained and saved as PDF. All sequence data were submitted to the GenBank to obtain a Gene 

Bank accession number. 

 

Virus Isolation  

Virus isolation was demonstrated using tissue samples of aborted fetuses including 

(liver,lung, kidney, spleen,  heart and brain) then the selected positive isolate identified  by 

indirect fluorescent antibody technique  . 

Sample was propagated for three passages on MDBK cells for virus isolation. Approximately 2 

gm of collected tissues were mixed with equal volume of HBSS and ground in sterile mortar 

with sterile sand. Enough amounts of HBSS was added to make 10 % suspension, then 

centrifuged at 3000 rpm for 30 minutes at 4C°, the supernatant fluid was collected in sterile 

screw capped vials then injected on MDBK cells. 

 

Indirect Fluorescent antibody technique (IFAT): 
It was carried out on infected MDBK cells  using reference antisera for EHV-1 and rabbit 

anti-equine conjugated with florescence isothiocyanate (FITC) obtained from (Animal and Plant 

Health Inspection services, National Veterinary Service Laboratory, Ames ,IA, USA) were 

carried on coverslip as described by (De Simone and Lodetti 1971) then examined using 

florescence microscope. 

RESULTS 

Serological studies on the presence of EHV-1 and 4 antibodies in   sera of equines ( horses, 

donkeys and  mules )by indirect ELISA technique  :- 

In this study 234 samples were positive out of 300 serum samples as shown in Table  

(2). Total percentage (78%). 

 

Table (2): Presence of EHV specific antibodies among equidae  in different localities by ELISA 

test . 
Governorates Horses Donkeys Mules 

 

 1: Kafr El-Sheikh 

Total NO.  NO. of +VE  Total NO.  NO. of +VE  Total NO.  NO. of +VE  

30 27 5 3 5 -- 

 2: Giza 25 25 5 -- --- -- 

 3: Gharbia 30 26 5 3 5 3 

 4: Beni Suef 20 10 10 5 --- -- 

 5:Menofia 25 12 10 5 5 3 

 6: Cairo      120 112 --- -- ---  ---- 

 Total 250 212 35 16 15 6 

 

Nested multiplex PCR result:  

The amplification of an EHV-1 specific 188 bp fragment and an EHV-4 specific 677 bp 

fragment from extracted template DNA indicated a positive PCR reaction. One sample out of 30 

was positive for EHV-1, and 3 were positive for EHV-4. The results of nested multiplex PCR 

with full data represented in Table (3). 
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Table (3) :Results of nested multiplex polymerase chain reaction  

Result of multiplex PCR  Sample type Clinical data Location  Sample code* 

EHV-4 EHV-1 

- +  Tissues 
 

Aborted fetus  Cairo   C9 

+ -  Tissues  Aborted fetus  Cairo  C2 

 + -  Tissues  Aborted fetus  Cairo  C3 

+ -  Tissues  Aborted fetus  Cairo  C5 

 

 
Fig.1: Detection of  EHV-4  in  selected clinical samples using nested multiplex PCR assays. 

M: 100 bp Marker, -Ve: control Lane 1: Sample positive for EHV-4; Lane 2:Sample positive for  

EHV-4; Lane 3:Sample positive for  EHV-4 

 

 

Fig. 2: Detection of EHV-1 in selected clinical samples using nested multiplex PCR assays. Lane 1:  Negative 

samples for EHV-1(directly tested by PCR); Lane2: Negative for EHV-1; Lane3:  Positive for EHV-

1(directly tested by PCR); Lane 4: Negative  for EHV-1; - Ve:  control; M: 100 bp Marker +Ve: control; 

Lane 5-9: Samples negatives for both EHV- 
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Sequence Analysis: 

The identity of EHV-1 and - 4 was further verified by sequence analysis of selected 

positive samples (c9,c3  respectively ).The nucleotide sequence  data  was  submitted  to the 

GenBank  and  have  obtained the accession number:  for sample   c3 (EHV-4)  KX592535.    

Multiple sequence alignment of each EHV1 & 4 with the respective international strains 

available at the GenBank, using blast utility, showed a high degree of sequence homology that 

ranged from 95% to 99% for EHV-1 and from 95% to 96% for EHV-4.   

 

Virus Isolation: 

Virus isolation was conducted using tissue samples (including liver, lung, spleen, kidney, 

brain and lymph nodes from aborted fetuses) from horses suffering from signs of respiratory 

disease, abortion, and neonatal foal death then the selected positive isolates identified by indirect 

fluorescent antibody technique.   

 

 

 
Fig. 3: Control non infected complete sheet of MDBK cells (Mag. 10X) 

 

 

 

Fig. 4: Cytopathic effect of EHV-1 isolate on MDBK cells after 24 hours of    inoculation 

showed rounding and cell detachment (Mag. 10X). 
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Fig. 5: Characteristic CPE of EHV-1 isolate after 72 hours of inoculation on MDBK cells in the 

form of grape –like appearance , rounding and cell detachment (Mag.40X). 

 

Indirect Florescent antibody technique (IFAT):  

Selected positive isolate of EHV-1 was identified by IFAT; the result showed apple green 

fluorescent granules Figure (6). 

 
Fig. 6: MDBK cells infected by EHV-1 isolate and stained by fluorescein isothiocynate 24 hour 

post inoculation showed clear specific perinuclear granules (Mag.40X). 

 

DISCUSSION 

In this study we found that 234out of 300 serum samples were positive collected from six 

Egyptian governorates. The percentage of presence EHV-1 and EHV-4 antibodies was (78%) . 

In this study, the nested multiplex PCR gave positive results for one sample (EHV-1) and three 

samples for ( EHV-4),  this is in agreement with the result obtained by Amer et al. (2011)who 

detected both of them in Egypt using semi-nested PCR assays. Their study rendered prevalence 

of EHV-4 alongside with EHV-1 and EHV-2 incriminating the isolates causal viral agents of 

abortion among equine species. 

The polymerase chain reaction was confirmed by sequencing of representative samples 

for each type of EHVs (EHV-1, EHV-4) using reverse primers. Sequencing of gel illuted band 

resulted in a nucleotide sequence of the expected length. conserved sequence were identified 

from alignment using Blast program in case of type 1 and 4 with homology percentage of EHV-1 

ranged from 95%- 99% and homology percentage of EHV-4 ranged from 95% - 96%.  Also the 

results in this study is in agreement with the result obtained by AL- Shammari et al.,( 2015 ) that 
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had covered the molecular detection ,characterization and finally phylogenic analysis of VRLCU 

412-2015 genome as an EHV-4 subtype among Egyptian horses the revelation of 99 % 

nucleotides identity and 99% amino acid homology.  

Then the positive sample of EHV-1was  inoculated in tissue culture (MDBK cells)for 

trails of virus isolation .The CPE in MDBK after 24- 72 hours was characterized by  formation of 

scattered grape – like    clusters of cells ,   cell rounding and detachments  (Fig. 4&5) and theses 

result agreed with the isolation  of EHV-1 on BHK cell line (Warda et al., 2003). 

Then this EHV-1isolate was identified by indirect   fluorescent    antibody technique 

using standard EHV-1   antiserum.   Specific EHV-1 antigen was detected in the virus isolate that 

was inoculated on MDBK cells showed clear specific grey like perinuclear granules (Fig.  6). 

The results of IFAT in this study give agreement with that obtained by Abdel-Hafez  et al. (2010) 

who isolated EHV-1 samples of fetal fluids of aborted foreign breeds mares at 5-7
th

 months of 

gestation and semen from native breeds stallions in horse farms having suggestive EHV1 

infection, He confirmed the isolates by FA test in inoculated Vero cells confirming his work . 
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