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A B S T R A C T 
 

The growth kinetics of neuropathogenic and non-neuropathogenic equine herpesvirus type 1 (EHV-1) 
strains in fetal horse kidney (FHK) and mouse cerebral cortex cell line were compared. The relevance 
of the aspartic acid/asparagnic (D/N) amino acid change at position 752 of open reading fram (ORF) 
30 was examined in Japanese isolates. Neuropathogenic strains 01c1 exhibited similar growth kinetics 
to nonneuropathogenic strain 90c16 in FHK and cultured neurons. Open reading fram (ORF30) (DNA 
polymerase) mRNA expression levels by real-time RT-PCR were the same among the FHK cells 
infected by both virus -strains. The amino acid encoded at 752 of ORF30 in 01c1 was aspartic acid; 
while asparagine was encoded in 90c16 strains isolates. The D/N752 difference in ORF30 may not be 
related to replication ability in FHK and neurons cell line.  
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1. INTRODUCTION 

quine herpesvirus 1 (EHV-1) is a 
ubiquitous respiratory viral pathogen 
that causes serious economic losses 

in the horse industry worldwide (Allen and 
Bryans, 1986; Bryans and Allen, 1989; 
Brosnahan and Osterrieder, 2009).  EHV-1 
exerts its impact by causing respiratory 
tract disease, but it can also cause abortion, 
neonatal foal death and nervous system 
disorders (Patel and Heldens, 2005; Lunn 
et al., 2009). The mucosa of the upper 
airway tract is the first line of defence 
against respiratory diseases (Timoney, 
2004). It is also the primary replication site 
of EHV-1, as it is for most 
alphaherpesviruses (Kydd et al., 1994a; 
Van Maanen, 2002; Van Maanen and 
Cullinane, 2002; Gryspeerdt et al., 2010). 
Subsequently, the virus disseminates via a 

leukocyte-associated viraemia, which 
enables EHV-1 to reach end-vessel 
endothelia in the uterus and central 
nervous system (Allen and Bryans, 1986; 
Kydd et al., 1994b). Allen and Breathnach 
(2006) reported that the mutation of 
ORF30 in EHV-1 may be related to the 
high intensity and long duration of 
leukocyte-associated viremia, which leads 
to a higher risk for development of 
neurological signs in horses infected with 
neuropathogenic EHV-1. A single 
nucleotide polymorphism (SNP) in the 
catalytic subunit of the viral DNA 
polymerase, encoded by open reading 
frame (ORF) 30, causing a substitution of 
asparagine (N) by aspartic acid (D) at 
amino acid 752, is significantly associated 
with the neurovirulent potential of 
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naturally occurring strains. They reported 
that 78 out of 82 (95%) nonneurological 
isolates investigated encoded amino acid 
N752 (asparagine), whereas 42 out of 49 
(86%) neurological isolates investigated 
amino acid D752 (asparagic acid) (Allen 
and Breathnach, 2006). To compare 
neurovirulent and non-neurovirulent EHV-
1 isolates the murine model of EHV-1 
infection is a valuable model to study 
EHV-1 in vivo (Awan et al., 1990; Van 
Woensel et al., 1995; Galosi et al., 2004).  

In the present study, the infectivity and 
growth kinetics of neuropathogenic and 
nonneuropathogenic EHV-1 strains 
previously investigated in our lab using 
cells from the mouse cerebral cortex (CX 
(M)) as an in vitro model (Yamada et al., 
2008) completed using FHK cell line and 
the growth activities of examined strains 
were evaluated through estimating ORF30 
(DNA polymerase) mRNA expression by 
real-time RT-PCR. In addition, to 
determine the relevance of the D/N752 
coding changes to neuropathogenicity, we 
compared two EHV-1 isolates from Japan. 
The 01c1 (D752) strains isolated from a 
mare and was the cause of neurological 
disorder on a ranch with a population of 
horses affected by abortions and 
neurological disorders and a 
nonneuropathological strain 90c16 (N752) 
isolated from horses with only respiratory 
tract manifistation.  

2. MATERIAL AND METHODS 

2.1  Virus strains. 

EHV-1 Ab4p strain, which was kindly 
provided by Dr. A. J. Davison, Glasgow 
University, Scotland, was used as a 
reference strain, The 01c1 (D752) 
neuropathgenic strains and a 
nonneuropathological strain 90c16 (N752).   

2.2  cell lines 

The viruses were propagated in fetal horse 
kidney (FHK) cells and Madin-Darby 
bovine kidney (MDBK) cells. All of these 
cells were cultivated with Eagle's 

minimum essential medium (MEM) 
(Nissui, Tokyo, Japan) supplemented with 
5-10% fetal bovine serum (FBS) and 100 
units/ml penicillin and 100 g /ml 
streptomycin. Cultured murine neuronal 
cells CX (M) cells (Sumitomo Bakelite, 
Tokyo, Japan) derived from mouse 
cerebral cortexes and FHK cells were used 
for investigating the infectivity of EHV-
1cultivated in neuron culture medium 
(Sumitomo Bakelite). 

2.3  Sequence analysis 

To confirm the D/N752 coding changes. 
The EHV-1 Ab4p strain (GenBank 
accession number AY665713), the 01c1 
neuropathgenic strains (DDBJ, National 
Institute of Genetics, Japan; accession 
numbers: AB363612) and a 
nonneuropathological strain 90c16 (DDBJ, 
National Institute of Genetics, Japan; 
accession numbers: AB363636) sequences 
were used to compared a 471-bp region of 
ORF30 to confirm amino acid position 752 
of ORF30 using CLUSTAL O (1.2.0) 
multiple sequence alignment softwear. 

2.4  Viruses infectivity and kinetics in 
FHK cell line and mouse neurons 

Monolayers of FHK cells prepared in 24-
well plates were inoculated with 01c1 
(D752) neuropathgenic strains and a 
nonneuropathological strain 90c16 (N752) 
at a multiplicity of infection (m.o.i.) of 0.1 
plaque forming unit (PFU)/cell. After 1.5 h 
adsorption time, cells were washed three 
times with MEM and incubated at 37°C in 
a 5% CO2 atmosphere in 0.5 ml/well of 
MEM with 5% FBS. At 0, 12, 24, 36, 48 
and 60 hrs intervals after inoculation, 
culture fluids with scraped cells were 
centrifuged to sediment the infected cells. 
The supernatants were used as the 
extracellular (cell free) samples. Following 
two washes with EMEM, the cell pellets 
were resuspended in 0.5 ml of MEM and 
subjected to three freeze–thaw cycles. 
After centrifugation, the resulting 
supernatants were used as the intracellular 
(cell associated)   samples. Both 
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extracellular and intracellular samples 
were titrated for viral infectivity-by-
infectivity titerations. Also the infectivity 
and growth kinetics of EHV-1 including 
neuropathogenic strains (01c1) and 
nonneuropathogenic strain 90c16 along 
with Ab4p as a refrence strain were 
investigated using cultured murine 
neuronal cells as described by Yamada et 
al., (2008). 

 

2.5  Evaluation of growth activity by real-
time PCR 

The growth activities of the viruses and β-
actin gene in FHK cells which were 
infected with 01c1 (D752) neuropathgenic 
strains and a nonneuropathological strain 
90c16 (N752), were evaluated by real time 
PCR. Total RNA was extracted from the 
infected and uninfected FHK cells 
harvested at 0, 2, 4 and 8 h post infection. 
The growth activities of all viruses were 
evaluated through estimating a copy 
number of ORF30 (DNA polymerase). 
Real-time PCR assay were carried out by 
using 12.5 l of SYBR Premix Ex Taq 
(TAKARA), 10 M of specific primers 
and 10 ng of cDNA in the Thermal Cycler 
Dice Real Time System (TAKARA). 
Primers sequences are for ORF30 (DNA 
polymerase) primers (ORF30A 5’- GTC 
AGG CCC ACA AAC TTG AT-3’ and 
ORF30B 5’- ACT CGG TTT ACG GAT 
TCA CG-3’). Relative quantities were 
measured by the Ct Method (Livak and 
Schmittgen, 2001).    

3. RESULTS 

3.1  Sequence analysis 

We compared a 471-bp region of ORF30 
among the 01c1 neuropathgenic strains 
(DDBJ, National Institute of Genetics, 
Japan; accession numbers: AB363612) and 
a nonneuropathogenic strain 90c16 (DDBJ, 
National Institute of Genetics, Japan; 
accession numbers: AB363636) in order to 

reveal the relationship between 
neuropathogenesis and the amino acid 
changes at amino acid position 752 of 
ORF30 in the two Japanese EHV-1 
isolates. The genomic sequence of EHV-1 
strain Ab4p (GenBank accession number 
AY665713) was used for comparison. The 
results showed the 01c1 strain 
(neuropathogenic strain) encoded D752, 
while the other strain encoded N752 (Fig. 
1).  

3.2  Characterization of in-vitro growth 
properties of 01c1 and 90c16 strains in 
FHK cell line and mouse neurons 

The extracellular 01c1 and 90c16 strains 
titers in FHK cells by infectivity titerations 
were nearly similar in all examined post 
infection times  (Fig. 2). The infectivity of 
EHV-1 in neuronal cells investigated 
(previously in our lab) was evaluated by 
inoculating CX (M) cells with EHV-1 
including 01c1 neuropathogenic strains 
and 90c16 nonneuropathogenic strain 
EHV-1 antigens were detected in the 
neurons for all strains examined 7 days 
postinfection. The virus antigens were 
mainly recognized in the neuronal cell 
bodies. In vitro growth properties of 
neuropathogenic strain 01c1 were 
comparable to those of the 
nonneuropathogenic strain 90c16 in 
cultured mouse neurons. 

3.3  Analysis of transcription kinetics of 
ORF 30 of 01c1 and 90c16 by real-
time PCR 

The FHK cells were infected with 01c1 
and 90c16. The growth activities of two 
viruses were evaluated through estimating 
ORF30 (DNA polymerase) mRNA 
expression by real-time RT-PCR with 
using β-actin gene expression as a control. 
β-actin gene expression levels were the 
same among the FHK cells infected by 
each viruses. The expression of ORF30 of 
01c1 and 90c16 was nearly the same at all 
examined times (Fig. 3).  
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Fig. 1: Multiple alignment of predicted amino acid sequences of ORF30 in Ab4p, 01c1 and 
90c16 strains. The predicted amino acid sequences from residues 672 to 829 in ORF30 are 
shown. The dot (*) indicates an identical amino acid residue related to that of Ab4p. 

 

 

 

  

Fig. 2: Comparison of growth curves of 01c1 and 90c16 viruses on FHK Cell at MOI of 0.01. 
Extracellular and Intracellular viruses were titrated by plaque formation on MDBK cells. The 
experiments were performed in duplicate. 
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Fig. 3:  Analysis of transcription activity of kinetics of ORF 30 of 01c1 (A) and 90c16 (B) by 
real–time RT-PCR. 

4. DISCUSSION 

EHV-1 harbours a 150 kb double-stranded 
DNA genome that is highly conserved 
among strains, with a nucleotide 
divergence of only 0.1%. However, 
virulence of different strains can differ 
significantly, especially with respect to 
neuropathogenicity (Nugent et al., 2006). 
It was found that only minorities of EHV-1 
strains are capable of inducing 
neurological disorders, although all strains 
can cause respiratory disease and abortion 
(Wilson, 1997). Recently, epidemiological 
as well as reverse-genetic studies have 
shown that a single-nucleotide 
polymorphism at position 2254 (G/A2254) 
of open reading frame 30 (ORF30), 
encoding viral DNA polymerase (Pol), will 

lead to a variation at amino acid position 
752 (D/N752), which is not only necessary 
but also sufficient for the virus’s 
neuropathogenic potential (Nugent et al., 
2006; Goodman et al., 2007; Van de Walle 
et al., 2009). The D752 genotype, in 
contrast to N752, can induce higher levels 
of viraemia in horses in vivo. 

In the present study, to determine the 
relevance of the D/N752 coding changes in 
the neuropathogenicity of EHV-1, we 
compared a 471- bp region of ORF30 for 
two EHV-1 isolates from Japan with the 
corresponding regions in EHV-1 Ab4p 
strains as a reference strain. The 01c1 
(D752) strains as a neuropathogenic strain 
and a nonneuropathological strain 90c16 
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(N752). Infectivity and growth kinetics of 
both strains were investigated using FHK 
cell line and cells from the mouse cerebral 
cortex (CX (M)) as an in vitro model.  

For FHK extracellular and 
intracellular virus titers were nearly the 
same titers at 6 hr, at12 hr, 24 hr, 36 hr and 
48 hr of 01c1 and 90c16 viruses. In vitro 
growth properties of neuropathogenic 
strain 01c1 were comparable to those of 
the nonneuropathogenic strain 90c16 in 
cultured mouse neurons. The EHV-1 
strains examined were able to propagate in 
FHK cell line and neurons regardless of 
whether they were neuropathogenic or 
nonneuropathogenic or whether ORF30 
encoded N752 or D752. In addition the 
expression of ORF30 of 01c1 and 90c16 
was nearly the same at all examined times 
when comparing the growth activities of 
the two viruses evaluated through 
estimating ORF30 (DNA polymerase) 
mRNA expression by real-time RT-PCR. 

Allen and Breathnach, (2006) 
suggested a relationship between the 
magnitude and duration of EHV-1 cell-
associated viremia and the risk for 
subsequent development of clinical EHV-1 
myeloencephalopathy and indicated that 
prolonged viremia may be related to the 
unique viral phenotype of enhanced 
replicative vigor by a mutation of the DNA 
polymerase gene. The differences in amino 
acid 752 (D or N) of ORF30 may be 
related to the ability to replicate not only in 
neurons but also in other cells, such as 
leukocytes, endothelial cells and eoithelial 
cell (Allen and Breathnach, 2006; 
Goodman et al., 2007; Van de Walle et al., 
2009; Allen, 2008; Annelies et al., 2010). 
However, this mutated DNA polymerase 
model cannot explain the 
neuropathogenicity of 89c25, which 
exhibited similar growth properties to 01c1 
in cultured neurons and possessed ORF30 
encoding N752 (Yamada et al., 2008).  

On the other hand, Guanggang et al., 
(2010) constructed EHV-1 strain RacL11 
mutant with a deletion of ORF30 residue 

752 and repaired the deletion virus again to 
encode D752 or N752, respectively. The 
D752 deleted mutant virus replicated with 
kinetics indistinguishable from those of 
D752 and N752 viruses. In equine 
peripheral blood mononuclear cells, no 
significant difference was detected 
between the mutants with respect to 
cellular tropism or virus replication. The 
results demonstrated that amino acid 
residue 752 in EHV-1 ORF30 is not 
required for virus growth. Annelies et al., 
(2010) indicates that other virus 
characteristics beyond ORF30 are 
important for virus replication in the upper 
respiratory tract. This is in line with what 
has been observed in many other studies 
(Lunn et al., 2009). 

In conclusion, we have shown The 
single mutation of EHV-1 DNA 
Polymerase Gene (ORF30) alone did not 
lead to altered virus replication in FHK 
and mouse neuron cultured cells, that 
residue 752 in the essential DNA 
Polymerase of EHV-1 is not required for 
virus growth suggesting the involvement 
of other viral factors in the 
neuropathogenicity of EHV-1. 
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نمو فیروس الھیربس  على) لا یؤثر ORF30حامض النووى (للجین بولیمیریز D/N752  تغییر معدل ترمیز 
  ل معملیافى الخیو 1

محمد جودة  ,1 3 سامي قاسم , 2 نایلابو العز محمد   ,1جلیلةسید مصطفي ال ,1 حسنین عبید محمد ،4 ,1رانیا ابوسقایھ 
  4ھیدیتو فیكوشي ,  ,1فیصل خلیل ارناؤط ,1عبد المنعم محمد مصطفي ,1عبدالوھاب

 –الطب البیطري  كلیة-قسم طب الحیوان والامراض المعدیة 2ر. مص –جامعة بنھا  –الطب البیطري  كلیة –قسم طب الحیوان 1
  مصر –جامعة كفر الشیخ –الطب البیطري  كلیة-قسم الفیرولوجیا . 3. مصر –جامعة مدینة السادات 

  الیابان جیفو،جامعة  –كلیة العلوم البیطریة المتحدة  –قسم العلوم البیطریة التطبیقیة 4
       

 الملخص العربي
  

الممرضة وغیر الممرضة عصبǽا في الخیول فى Ȟل من خلاǽـا Ȟلǽـة  1قارنة حرǽȞة النمو لعترات فیروس الهیرȃس تم م     
فـى  ORF30لجـین  752عند موضع  D/Nجنین الحصان وخلاǽا قشرة مخ الفئران لتوضǽح علاقة تغیر الحامض الامینى 

تشــابهت فــى حرǽȞــة النمــو مــع العتــرة الغیــر  ǽ01c1ا العــزلات الǽاǼانǽــة. لقــد أوضــحت الدراســة أن العتــرات الممرضــة عصــب
فى خلاǽا Ȟلǽة جنـین الحصـان والاعصـاب المزروعـة معملǽـا. Ȟمـا تبـین أن معـدل تعبیـر الحـامض  90c16ممرضة عصبǽا 

 Ȑبوسومى لجین  الرسولي النووȄالرORF30) قى الوقتǽبواسطة تفاعل البلمرة المتسلسل حق (RT-PCR  ـان متشـابها بـینȞ
لجـین  Ȟ752لǽة جنین الحصان المعدǽة ȞǼلا الفیروسین. أوضحت الدراسة أن الحـامض الأمینـى المشـفر عنـد موضـع خلاǽا 

ORF30  01فــى عتــراتc1  اراجین هــو المشــفر فــى عــزلات عتــرةǼك بینمــا الأســǽارتǼ90هــو حــامض الأســc16 ــونȞǽ قــد .
التكاثر فى خلاǽا Ȟلǽة جنـین الحصـان والخلاǽـا  لǽس له علاقة Ǽقدرة النسخ المتماثل أو ORF30لجین   D/N752إختلاف 
    العصبǽة.
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