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ABSTRACT

Objective: Equine herpes viruses (EHVs) are considered one of the most important respiratory
pathogens in equids, resulting in serious outcomes for equine health worldwide. The objectives
of the current research were the detection, molecular characterization, and isolation of EHV-1 and
EHV-4 circulating within different equine populations in Egypt, either clinically or in apparently
healthy horses.

Material and Methods: A total of 120 field samples were collected, and DNA was extracted.
Screening and typing of extracted DNA were done by consensus and conventional PCR assays
for detection of EHV-1 and EHV-4, followed by sequencing and phylogenetic analysis to confirm
the virus identity. Selected positive samples for both EHV-1 and EHV-4 were subjected to Madin-
Darby bovine kidney (MDBK) cell lines for virus isolation.

Results: The obtained results revealed that 58/120 (48%) samples were positive for EHVs. Typing
of positive samples showed that EHV-1 was detected in (48/120) 40% of samples and EHV-4 was
detected in (15/120) 12% of samples, while dual infection by both EHV-1 and 4 was detected in
five samples.

Conclusion: The current study revealed new data on the continuous circulation of EHV-1 and
EHV-4 within equine populations in Egypt, and individual horses could be infected by multiple
EHVs. In addition, latently infected horses are acting as potential reservoirs for frequent virus

ARTICLE HISTORY

Received July 07, 2023
Revised July 27, 2023
Accepted July 31, 2023
Published December 31, 2023

KEYWORDS

EHV-1; EHV-4; equine herpesviruses;
equine industry; respiratory disease;
virus identity

© The authors. This is an Open Access
article distributed under the terms of
the Creative Commons Attribution 4.0
License (http://creativecommons.org/
licenses/by/4.0)

reactivation.

Introduction

Equine herpesviruses (EHVs) are considered one of
the most devastating threats to equine health globally,
resulting in great economic losses and welfare conse-
quences for the equine industry [1]. Infection by EHVs
in horses takes several forms, including abortion in
pregnant mares, neonatal fetal mortality, acute upper
respiratory tract disease, and ocular and neurological
disorders [2].

EHV-1 and EHV-4 are the most important EHVs respon-
sible for the infection in most horses worldwide, resulting
in respiratory manifestations [3]. Infection by EHV1 causes
abortion in pregnant mares, perinatal mortality, and mye-
lencephalopathy [4,5], while EHV-4 infections cause respi-
ratory disorders and occasionally abortion [6].

EHVs are a group of viruses within the family
Herpesviridae, including nine EHVs from EHV1 to EHV9.
Until now, six of them (EHV-1, EHV-3, EHV-4, EHV-6, EHV-8,
and EHV-9) belong to the subfamilies Alphaherpesvirinae,
while the other three viruses (EHV-2, EHV-5, and EHV-7)
belong to Gammaherpesvirinae. Horses have been infected
by five subtypes of equine herpesviruses (from EHV1 to
EHVS5), while donkeys are the natural hosts of EHV6, EHV-
7, and EHV8 (also referred to as asinine herpesviruses
AHV1, AHV-2, and AHV3, respectively). Equine herpes-
virus EHV9 (gazelle herpesvirus) has been detected in
Thomson'’s gazelles, giraffes, and zebras [7-9].

One particular aspect of EHVs is the establishment of
life-long latent infection, which is considered a challenge
to controlling virus transmission as clinical manifestations
are difficult to identify during the process of reactivation,
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and latently infected horses are considered a source of
infection [10,11].

Definitive laboratory diagnostic techniques for the
detection of EHVs have been developed involving viral iso-
lation and serological assays, including virus neutralization
tests and enzyme-linked immunosorbent assay (ELISA)
[3]. Recently, different assays of PCR have been developed
for molecular detection and typing of EHVs through the
use of specific primers and probes [12-14].

In Egypt, monitoring of EHVs is sporadic, and different
EHVs have been detected from clinical samples collected
from horses, but the available studies about EHVs (includ-
ing sequence and phylogenetic analysis) are not enough to
describe the epidemiological state of EHVs as documented
by different authors in previous studies, and most of these
studies focused on the prevalence and isolation of EHVs.
In addition, scanty studies are available concerning EHV-4
and its role during abortion outbreaks [15-22].

Therefore, the objectives of the current study were mon-
itoring, sequencing, phylogenetic analysis, and isolation of
EHV-1 and EHV-4 circulating in Egypt within different equine
populations (either diseases or apparently healthy horses)
using the most recent molecular diagnostic techniques.

Materials and Methods
Ethical statement

All sampling and examination procedures were per-
formed with the permission of the Faculty of Veterinary
Medicine, Mansoura University, Egypt, which complies
with all legal requirements in Egypt with approval number
Ph.D./45/2019.

Samples collection

A total of 120 samples were collected from different equine
populations, including studs and equine clinics, in different
localities in Egypt (Cairo, Giza, Dakahlia, Sharkia, and Gharbia
Governorates) (Table 1). Nasal swabs (n = 62) were taken from
horses suffering from respiratory manifestations using ster-
ile cotton swabs. Uterine swabs (n = 20) and tissue samples
(n = 10) (from aborted fetuses and placenta) were obtained
from aborted mares. Whole blood samples (n = 28) were col-
lected from apparently healthy mares with a previous history
of abortion. Samples were placed directly in transport media
and transported immediately in coolers to the laboratory for
sample preparation and further examination.

Viral DNA extraction

DNA was extracted from prepared field samples using the
commercial kit QIAamp® DNA Mini Kit (Cat. No. 51304) or
QIAamp® DNA Blood Mini Kit (Cat. No. 51104, purchased
from Qiagen GmbH, Hilden, Germany) according to the
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Table 1. Details of collected samples from different equine farms

and clinics.

Type and no. of

Stud, clinicID  History Location
samples
Respiratory signs Nasal swabs/15
. Uterine swabs/5
Stud A Abortion Tissue/10
Cairo
No obvious clinical signs  Whole blood/28
Clinic A Respiratory signs Nasal swabs/10
Respiratory signs Nasal swabs/6
Stud B Giza
Abortion uterine swabs/4
Clinic B Respiratory signs Nasal swabs/10 Dakahlia
Respiratory signs Nasal swabs/12
Stud C Sharkia
Abortion uterine swabs/6
Respiratory signs Nasal swabs/9
Stud D Gharbia

Abortion

uterine swabs/5

kit's instructions using QlAamp Mini Spin Columns for
DNA extraction and finally eluted in 50 pl elution buffer.

Consensus herpesvirus PCR

Screening of EHVs in the extracted DNA was done by con-
sensus PCR using a pan-EHV primer targeting the DNA poly-
merase gene, which amplifies 250 bp fragments. The first
round includes two forward primers (DFA, 5'-GAY TTY GCN
AGY YTN TAY CC-3'; and ILK, 5'-TCC TGG ACA AGC AGC ARN
YSG CNM TNA A-3") and a single reverse primer (KG1, 5'-GTC
TTG CTC ACC AGN TCN ACN CCY TT-3"). The second round
of PCR was done on 5 ml of the first PCR mixture in a 50
ml volume with forward primer TGV (5'-TGT AAC TCG GTG
TAY GGN TTY CAN GGN GT-3") and reverse primer IYG (5'-
CAC AGA GTC CGT RTC NCC RTA DAT-3"). The reactions were
done for 45 cycles of denaturation for 30 sec at 94°C, anneal-
ing for 60 sec at 46°C, and extension for 60 sec at 72°C. The
final extension was conducted for 7 min at 72°C [23].

Conventional PCR assay

Typing of positive samples for detection of EHV-1 or EHV-4
was performed by conventional PCR using primers target-
ing glycoprotein B (gB) (Table 2). A total of 25 pl of the
mixture was prepared: 12.5 pl of 2x Emerald Amp GT PCR
Master Mix (TAKARA-BIO, Japan), 1 pl of forward primer, 1
ul of reverse primer, and 5 pl of extracted DNA. The reac-
tion was completed in 25 pl using nuclease-free water.
The amplification was done in a thermocycler (Biometra,
Germany). The thermal profile for EHV-1 was performed
as follows: 35 cycles (denaturation for 45 sec at 95°C,
annealing for 45 sec at 55°C, extension for 60 sec at 72°C),
and final extension for 10 min at 72°C. While PCR reactions
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Table 2. List of Primers used in conventional PCR.

Product

Target gene  Primer Primer sequence (5-3’) size Ref.
For CACTTCCATGTCAACGCACT

EHV-1(gB) oy TCGACTTTCTTCTCGGTCCA 869bp  [20]

EHV-4(gB) For TATTGTTTCCGCCACTCTTGACG 508 bp (24]

Rev GTAGAATCGGAGGGCGTGAAGC

for EHV-4 were done as follows: 35 cycles (denaturation
for 60 sec at 94°C, annealing for 60 sec at 66°C, extension
for 60 sec at 72°C, and final extension for 10 min at 72°C).

DNA sequencing and phylogenetic analysis

The sharpest bands of conventional PCR products (gB
genes) were selected for DNA sequencing. Selected bands
were excised from the gel, purified using the QiAquick gel
extraction kit (Qiagen, Germany), and sequenced by Applied
Biosystems (ABI, Foster City, CA). Geneious software ver-
sion 2020.1 was used for trimming vector contamination
and low-quality reads. The obtained sequences were sub-
mitted to GenBank and compared to other EHV isolates
published in the Genbank database by using the basic
local alignment search tool (BLAST) of the National Center
for Biotechnology Information (NCBI) for detection of
sequence similarity. The obtained sequences were aligned
through clustal W alignment, and a neighbor-joining tree
with statistical analysis of 1000 replicates was constructed
using MEGA 11 software. Nucleotide and deduced amino
acid sequences were analyzed using BioEdit software [25].

Isolation of Madin-Darby bovine kidney (MDBK) cells

MDBK cell lines were examined for the quality of the cells,
trypsinized with 0.25% trypsin supplemented with 2.5
pumol-L* '™ and then growth media (minimal essential
media (MEM containing 10% new-born calf serum and
twice the standard concentrations of antibiotics (200 U
ml ™ penicillin and 200 pg ml?! streptomycin) was added to
the cell suspension. The suspension was distributed into
disposable plastic prescription flasks (T 25) and incubated
at 37°C with 5% CO, till the cells formed a 60%-80%
monolayer confluent sheet. Molecularly identified positive
samples representing EHV-1 and EHV-4 were selected, and
100 pl from each sample was inoculated.

Results
Molecular screening and typing of EHV

Screening of EHV in the extracted DNA by consensus PCR
revealed that 58/120 (48%) samples were positive for
EHVs. Typing of positive samples by conventional PCR
showed that EHV-1 was detected in (48/120) 40% of sam-
ples and EHV-4 was detected in (15/120) 12% of samples
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Table 3. Presence of EHVs in samples detected by both consensus
and conventional PCR.

No. of positive

Sample type  No. of samples samples EHV-1 EHV-4
Nasal swabs 62 25 21 7
Uterine swabs 20 10 8 2
Tissue 10 5 4 1
Whole blood 28 18 15 5
Total (%) 120(100%) 58(48%) 48(40%) 15(12%)

(Table 3), while dual infection by both EHV-1 and 4 was
detected in five samples.

Sequencing and phylogenetic analysis

Sequenced samples were analyzed, the sequences were
submitted to GenBank, and the accession numbers were
obtained as follows: OM362230 for the obtained EHV-1
sequence (strain Zyat-EH1) and OM362233 for the
obtained EHV-4 sequence (strain Zyat-EH4). Phylogenetic
analysis of the obtained sequence of EHV-1 (strain
Zyat-EH1) with other reference EHV-1 sequences from
GenBank revealed that the phylogenetic tree was divided
into two clusters. All Egyptian EHV-1 strains (including
the Zyat-EH1 strain) were aligned in the first cluster, while
the second cluster included EHV-1 strains from nonequine
hosts: T616 (Zebra), T-529 (Onager), and strain 94-137
(Gazelle) (Fig. 1). The Zyat-EH1-EHlain showed 100%
identity with all other Egyptian strains, while the Zyat-EH1
strain showed 98.26%-100% identity with other refer-
ence EHV-1 strains from other countries.

The obtained EHV-4 (Zyat-EHV4) sequence was
aligned with previously identified EHV-4 Egyptian strains
and other foreign strains from GenBank, and the phylo-
genetic tree was divided into two clusters (Fig. 2). Zyat-
EHV4 was aligned in the first cluster along with Egyptian
EHV-4 strains (with identity percent 99.6%-100%) except
for the Fawzy_2016 and strain isolate_2_2019 Egyptian
strains, which formed a distinct cluster with identity per-
cent 75.38% and 75.45%, respectively. Zyat-EHV4 was
identical to the Egyptian strains (Alaa-2022, VRLCU-412,
and strain 1_2019) and similar to the Egyptian strains
EgyeqH4-19A, AHRI_RV22, RL362, and AHRI_RV18 with
99.76% identity.

Nucleotide and deduced amino acid sequence analysis

Nucleotide analysis of the obtained EHV-1 sequence
with horse-derived EHV-1 strains showed none or few
nucleotide substitutions (1-3 nucleotides), while the
obtained EHV-1 sequence was differentiated from EHV-1
strains isolated from different hosts other than horses
(Zebra, Onager, and Gazelle) by 14-15 nucleotides that led
to only a single amino acid substitution.
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KU206419.1 UK strain Hampshire/77 2015
X85374 1 Germany Racl11 strain 1996
NC 001491.2 USA strain=Ab4 2004
KU206410.1 UK strain Essex/199/2005 2015
—L KU206423 1 UK strain Leicestershire/58/1996 2015
KT324732 1 Australia isolate 970-90 2015
- MF375655 1 USAisolate KyA 2017
KU206435.1 UK strain Kent/177/1991 2015
KI593996 1 USA strain T953 2014
KP975078.1 USAstrain T953 P15 2015
— M36298 1 UK strain Ab1 1990
A 0OP546060.1 Egypt strain Alaal 2022 2022
KU206477.1 UK strain Army 183 2015
[~ X95377.1 Germany RacH strain 1996
AB992258 1 Japan strain: HH1 2014
KU208479.1 UK strain Suffolk/81/94 2015
MF975656.1 USA isolate RacL11 2017
KU206454.1 UK strain Oxfordshire/27/2011 2015
;‘ KU206461.1 UK strain Aberdeenshire/84/2013 2015
AB279609.1 Japan strain: Kentucky D 2006
OKB51229 1 Russia isolate CMIN1/Rus/2021 2021
MZ357402 1 Switzerland strain H3 Allg 82 21/CH/2021 2021
WMVW855958.1 Spain strain BE/21P40/2021 2021
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Figure 1. Phylogenetic tree of EHV-1.
A Represents the obtained EHV-1 sequence in the current
study (Zyat-EH1).

Represent previously detected EHV-1 Egyptians strains
available on GenBank.

Analysis of the obtained EHV-4 sequence revealed 0-2
nucleotide substitutions (that led to none or single amino
acid substitution) with other EHV-4 foreign and Egyptian
strains except strains Egypt_strain_Fawzy 2016 and
Egypt_isolate_2_2019. The nucleotide substitutions were
112 and 108, respectively, which led to only a single amino
acid substitution in both strains.

Isolation in MDBK

Propagation of molecularly identified samples on MDBK
cell culture for three successive blind passages. Control
prescriptions show confluent monolayer cells (Fig. 3A).
The cytopathic effect (CPE) appeared after 3 days from
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Figure 2. Phylogenetic tree of EHV-4.

A Represent the obtained EHV-4 sequence in the current study
(Zyat-EH4).

A Represent previously detected EHV-4 Egyptians strains
available on GenBank

inoculation and was recorded for each sample as an aggre-
gation of cells, focal rounding, and finally cells detached
(Figs. 3B-D). After 5 days, freezing and thawing were done
three times for the harvesting of the propagated virion.

Discussion

In Egypt, monitoring of EHVs is sporadic, but infections
by different types of EHVs have been detected in differ-
ent horse populations, causing great economic losses that
have reached millions of Egyptian pounds, as the Arabian
horse breed is highly valuable among equine breeds used
for export, showcasing, and semen collection [15,16,20].
The current research was conducted for the detection,
molecular characterization, and isolation of EHV-1 and
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Figure 3. Cytopathic effect in MDBK cells. (A) Negative control (confluent monolayer cells). (B-D) CPE in
MDBK cells.

EHV-4 circulating within different horse populations, includ-
ing studs or clinics in different localities in Egypt, using the
most recent molecular diagnostic techniques to achieve a
better understanding of the epidemiological status of EHVs
and the application of a robust control program.

A total of 120 samples were obtained from either
apparently healthy or clinically diseased horses suffering
from respiratory manifestations or abortions suspected to
be infected by EHVs. EHV-1 and EHV-4 are still circulating
within different equine populations. EHV-1 was detected
in 40% of the collected samples, revealing that EHV-1 is
still the predominant EHV responsible for respiratory
manifestation and abortion in horses, resulting in great
health consequences and economic losses as described by
[26,27]. Screening and typing of uterine swabs and tissue
samples collected from aborted mares revealed that EHV-1
was responsible for most abortion cases in mares that
mostly occurred at 6-9 months of gestation, which coin-
cided with previous reports [2,28].
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EHV-4 was detected in 12% of the collected samples,
resulting in an increase in the susceptibility threshold to
infection by EHV-4 owing to the fact that the current local
vaccine used in Egypt contains only the EHV-1 strain. EHV-4
was identified in the abortion cases, confirming that EHV-4
contributed to the abortion outbreaks in pregnant women,
which coincides with previous studies [16,19,29,30]. EHV-4
was detected individually in two uterine swabs and one
tissue sample, which confirmed that EHV-4 is still incrim-
inated as a primary cause of abortions, which is in har-
mony with previous studies by Al-Shammari et al. [29] and
Khattab et al. [31]. In addition, EHV-4 was detected in nasal
swabs, the primary known samples, that agreed with EHV-4
pathogenesis as described by previous studies [16,19].

Dual infection by both EHV-1 and EHV-4 was recorded,
which confirmed that individual horses could be infected
by multiple EHVs, which agreed with prior reports [20,24]
revealing that it is highly recommended to develop pre-
liminary molecular assays for screening of EHV-1 and
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4, particularly during abortion outbreaks since the two
viruses have been detected within the same sample.

Screening results of whole blood samples collected from
apparently healthy mares with a previous history of EHV
infection confirmed the highly advanced immune evasion
strategies of EHVs that remain latent in infected horses for
a long time. Virus reactivation from latently infected horses
under stress conditions is considered a continuous threat
for equine populations, revealing that stress factors are cru-
cial during the outbreak of the disease [32]. It is worth men-
tioning that different EHVs could be detected from blood
samples collected from apparently healthy horses [20,24].

A PCR assay targeting a highly conserved region of
gB plays a valuable role in the typing of EHVs in the col-
lected samples since it is highly sensitive and specific for
the detection of EHV nucleic acid to clarify the circulation
and epidemiological investigation of EHVs within different
equine populations, as previously documented [16,20-29].
Moreover, the sensitivity of PCR assays overcomes the neg-
ative results obtained by serological methods in either
latently or recently infected horses.

The phylogenetic analysis of the EHV-1 sequence in the
current study was homogenous with the previously detected
Egyptian EHV-1 strains and aligned in one cluster, showing
complete identity, while the obtained EHV-1 sequence was
similar to other reference EHV-1 strains from other coun-
tries, indicating that there is very little nucleotide substitu-
tion, very stable genomic DNA of EHVs, and no diversity in
the gB gene as reported by previous studies [33,34,35].

While the phylogenetic analysis of the EHV-4 sequence
was similar to the previously detected Egyptian strains avail-
able on GenBank except for strains Egypt fawzy_2016 and
Egypt isolate_2_2019, despite the fact that there were many
nucleotide substitutions in both sequences, only a single
amino acid substitution was found. Therefore, it is advised to
conduct further in-depth analysis by EHV-4 whole genome
sequencing during outbreaks of abortion to reveal any
amino acid substitutions that could modify the viral patho-
genesis and result in a change in the behavior of the virus.

Furthermore, the findings of phylogenetic analysis of
the obtained EHV-1 and EHV-4 sequences in the current
research showed that they were similar to foreign strains,
which may be due to the continuous crossing of borders
to participate in global races or showcases that increase
the incidence of infections by foreign EHVs. Therefore,
it is highly recommended to examine all horses, either
imported horses or horses that participated in races upon
return against EHVs.

Tissue culture is still the gold standard technique for
virus isolation, so the molecularly identified field samples
were selected and successfully propagated on MDBK cell
lines for three blind passages and displayed positive cyto-
pathological changes such as aggregation of cells, focal
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rounding, and finally, cells detached. These findings coin-
cide with those described by the OIE [36].

Conclusion

In conclusion, it is highly recommended to establish reli-
able monitoring procedures for the detection of different
EHVs and preventive measures to control the disease in
Egypt, and it is also necessary to update the current local
vaccine for developing efficient EHV vaccines that protect
the equine population against EHVs. In addition, further
molecular and epidemiological investigation is required,
especially for EHV-4, to reveal any alteration in the known
viral pathogenesis, as EHV-4 was previously known as a
respiratory pathogen, but recently it has a significant role
in abortions that needs more investigation.

List of abbreviations

DNA, deoxy ribose nucleic acid; PCR, polymerase chain
reaction; EHVs, Equine herpesviruses; MDBK, Madin-
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assay; gB, glycoprotein B.

Acknowledgment

Special appreciation to Dr. Azza Salah El-Demerdash,
Associate Professor of Microbiology and Head of the
Biotechnology Unit, Animal Health Research Institute,
Zagazig, Egypt for her efforts in the submission and critical
revision of the manuscript.

Conflict of interest

The authors manifested that they have no conflicts of
interest.

Author contributions

Mohamed El-Zayat, Sahar Abd El Rahman, and Omayma
A. Shemies have substantially contributed to selecting the
research topics and design of the study. Mohamed El-Zayat
performed the practical work and wrote the manuscript.
Following the practical work, the writing and revision of
the publication were done by Sahar Abd El Rahman and
Omayma A. Shemies. Samah Mosad participated in the
phylogenetic analysis of the obtained sequences and the
interpretation of the data. The submitted article has been
reviewed and approved by all authors.

References

[1] Giannetto C, Giudice E, Piccione G, Castronovo C, Arfuso F. Immune
and inflammatory response in horse vaccinated against equine
herpesviruses 1 (EHV-1) and 4 (EHV-4) assessed by serum protein

El-Zayat et al. / J. Adv. Vet. Anim. Res., 10(4): 639-646, December 2023 644



(2]

[3]

(4]

[5]

(6]

[7]

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

http://bdvets.org/javar/

electrophoretic pattern and leukocyte population. ] Equine Vet Sci
2022; 116:104051; https://doi.org/10.1016/j.jevs.2022.104051
Oladunni FS, Horohov DW, Chambers TM. EHV-1: a constant threat
to the horse industry. Front Microbiol 2019; 10:2668; https://doi.
org/10.3389/fmicb.2019.02668

OIE. Equine rhinopneumonitis (infection with equid herpesvirus-1
and -4). In: manual of diagnositc tests and vaccines for terrestial
animals 2019: OIE World Organization for Animal Health.

Laval K, Poelaert KC, Van Cleemput ], Zhao ], Vandekerckhove
AP, Gryspeerdt AC, et al. The pathogenesis and immune evasive
mechanisms of equine herpesvirus type 1. Front Microbiol 2021;
12:662686; https://doi.org/10.3389/fmicb.2021.662686
Zarski LM, Giessler KS, Jacob SI, Weber PS, McCauley AG, Lee Y, et
al. Identification of host factors associated with the development of
equine herpesvirus myeloencephalopathy by transcriptomic anal-
ysis of peripheral blood mononuclear cells from horses. Viruses
2021; 13(3):356; https://doi.org/10.3390/v13030356

Carvalho R, Passos LM, Martins AS. Development of a differ-
ential multiplex PCR assay for equine herpesvirus 1 and 4 as
a diagnostic tool. ] Vet Med 2000; 47(5):351-9; https://doi.
org/10.1046/j.1439-0450.2000.00361.x

Davison A], Eberle R, Ehlers B, Hayward GS, McGeoch D], Minson
AC, et al. The order herpesvirales. Arch Virol 2009; 154:171-7;
https://doi.org/10.1007/s00705-008-0278-4

Bryant NA, Wilkie GS, Russell CA, Compston L, Gratham D, Clissold
L, et al. Genetic diversity of equine herpesvirus 1 isolated from neu-
rological, abortigenic and respiratory disease outbreaks. Transb
Emerg Dis 2018; 65:817-32; https://doi.org/10.1111/tbed.12809
Schoch CL, Ciufo S, Domrachev M, Hotton CL, Kannan S,
Khovanskaya R, et al. NCBI taxonomy: a comprehensive update
on curation, resources and tools. Database 2020; 2020:baaa062;
https://doi.org/10.1093 /database/baaa062

El-Hage C, Mekuria Z, Dynon K, Hartley C, McBride K, Gilkerson
J. Association of equine herpesvirus 5 with mild respiratory
disease in a Survey of EHV1,-2,-4 and-5 in 407 Australian
Horses. Animals 2021; 11(12):3418; https://doi.org/10.3390/
anil1123418

Saklou N, Pleasant S, Lahmers K, Funk R. Prevalence of latent
equid herpesvirus type 1 in submandibular lymph nodes of horses
in Virginia. Pathogens 2023; 12(6):813; ttps://doi.org/10.3390/
pathogens12060813

Allen GP, Breathnach CC. Quantification by real-time PCR of the
magnitude and duration of leucocyte-associated viraemia in
horses infected with neuropathogenic vs. non-neuropathogenic
strains of EHV-1. Equine Vet ] 2006; 38(3):252-7; https://doi.
org/10.2746/042516406776866453

Hussey SB, Clark R, Lunn KF, Breathnach C, Soboll G, Whalley
JM et al. Detection and quantification of equine herpesvirus-1
viremia and nasal shedding by real-time polymerase chain
reaction. ] Vet Diag Invest 2006; 18(4):335-42; https://doi.
org/10.1177/104063870601800403

Nicola P, Hussey SB, Mapes S, Leutenegger CM, Madigan JE,
Ferraro GL et al. Comparison of four methods to quantify equid
herpesvirus 1 load by real-time polymerase chain reaction
in nasal secretions of experimentally and naturally infected
horses. ] Vet Diagn Invest 2009; 21(6):836-40; https://doi.
org/10.1177/104063870902100611

Abd El-Hafeiz YG, Abu Maaty A, Darwish S. Isolation of equine
herpesvirus-1 (EHV-1) as a cause of reproductive disorders with
emphasis on antigenic and genetic identifications. Int ] Microbiol
Res 2010; 1:26-32.

Amer HM, Shaltout AK, El-Sabagh IM, El-Sanousi AA, Shalaby MA.
Prevalence of equine herpes viruses 1, 2 and 4 in Arabian horse
population in Egypt. Afr ] Microbiol Res 2011; 5(27):4805-11;
https://doi.org/10.5897 /AJMR11.421

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

El-Zayat et al. / J. Adv. Vet. Anim. Res., 10(4): 639-646, December 2023

Abd El-Hamid MI, ElZeedy AS, El-Sanousi AA, Reda IM, Nehal SS,
Abbas AM. Isolation of field isolate of equine herpes virus-1 based
on molecular detection and characterization of glycoprotein D.
Egypt] Virol 2015; 12:54-64.

Kalad SA, Hassan FM, Said F. Using indirect ELISA and PCR for the
diagnosis of equine herpes virus-1 (EHV-1) infection in Egypt. |
Vet Med Res 2016; 23(1):117-124; https://doi.org/10.21608/
jvmr.2016.43230

Afify AF, Ahmed BM, Salem SA, El-Sanousi AA, Shalaby MA. First
isolation and identification of EHV 4 during abortion outbreak
among Arabian horses in Egypt reflects an alteration in pathogenic
potentiality of EHV 4. ] Virol Sci 2017; 2:92-101.

Azab W, Bedair S, Abdelgawad A, Eschke K, Farag G, Abdel-Raheim
A, et al. Detection of equid herpesviruses among different Arabian
horse populations in Egypt. Vet Med Sci 2019; 5(3):361-71;
https://doi.org/10.1002/vms3.176

Ali AA, Refat NA, Algabri NA, Sobh MS. Fetal lesions of EHV-1
in equine. Acad Bras Cienc 2020; 92:1-11; https://doi.
org/10.1590/0001-3765202020180837

Mohammed S, Bazid A, Shahein M, Abo-Elkhair M. Isolation and
identification of some viruses causing abortion in equine in Egypt.
] Curr Vet Res 2022; 4(2):68-79; https://doi.org/10.21608/
jevr.2022.267515

VanDevanter DR, Warrener P, Bennett L, Schultz ER, Coulter S,
Garber RL, et al. Detection and analysis of diverse herpesviral spe-
cies by consensus primer PCR. ] Clin Microbiol 1996; 34(7):1666;
https://doi.org/10.1128/jcm.34.7.1666-1671.1996

Taktaz Hafshejani T, Nekoei S, Vazirian B, Doosti A, Khamesipour F,
Anyanwu MU. Molecular detection of equine herpesvirus types 1
and 4 infection in healthy horses in Isfahan central and Shahrekord
southwest regions, Iran. BioMed Res Int 2015; 2015; https://doi.
org/10.1155/2015/917854

Garvey M, Lyons R, Hector RD, Walsh C, Arkins S, Cullinane A.
Molecular characterisation of equine herpesvirus 1 isolates from
cases of abortion, respiratory and neurological disease in Ireland
between 1990 and 2017. Pathogens 2019; 8(1):7; https://doi.
org/10.3390/pathogens8010007

Reed SM, Toribio RE. Equine herpesvirus 1 and 4. Vet Clin North
Am Equine Pract 2004; 20(3):631-42; https://doi.org/10.1016/j.
cveq.2004.09.001

Allen G. Respiratory infections by equine herpesvirus types1 and 4.
International Veterinary Information Service (IVIS), Ithaca, NY, 2002.
Ma G, Azab W, Osterrieder N. Equine herpesviruses type 1 (EHV-
1) and 4 (EHV-4)—masters of co-evolution and a constant threat
to equids and beyond. Vet Microbiol 2013; 167(1-2):123-34;
https://doi.org/10.1016/j.vetmic.2013.06.018

Al-Shammari Z, Ahmed B, Haroun M, Afify A, Elsanousi AA, Shalaby
M. A first molecular phylogeny of an Egyptian equine herpesvi-
rus-4 strain derived from a fetal Arabian horse. ] Vet Sci Med Diag
2016; 5(1):2-4; https://doi.org/10.4172/2325-9590.1000186
Mohamed SI, Mohamed AS, Ayman HD, Sayed AS. Prevalence of
equine herpes viruses 1 and 4 in Arabian horses’ population. Egypt
] Virol Sci 2017; 2:1-9.

Khattab OM, AbdelmegeedHK MM, HamdyME HN, Hamed A,
Fahmy HA, Ibrahim E, et al. Equine herpes virus 4 (EHV4) inves-
tigation in aborted Egyptian Mares; molecular detection, iso-
lation, and phylogeny for viral glycoprotein B. Adv Anim Vet
Sci  2022; 10(9):1907-15; https://doi.org/10.17582 /journal.
aavs/2022/10.9.1907.1915

Vargas-Bermudez D, Corredor FA, Ramirez-Nieto G, Vera AV, Jaime
CJ. Detection of equine herpesvirus 1 and 4 and its association
with latency-associated transcripts in naturally infected horses
in Colombia. ] Re MVZ Cérdoba 2018; 23:6826-37; https://doi.
org/10.21897 /rmvz.1371

645


https://doi.org/10.1016/j.jevs.2022.104051
https://doi.org/10.3389/fmicb.2019.02668
https://doi.org/10.3389/fmicb.2019.02668
https://doi.org/10.3389/fmicb.2021.662686
https://doi.org/10.3390/v13030356
https://doi.org/10.1046/j.1439-0450.2000.00361.x
https://doi.org/10.1046/j.1439-0450.2000.00361.x
https://doi.org/10.1007/s00705-008-0278-4
https://doi.org/10.1111/tbed.12809
https://doi.org/10.1093/database/baaa062
https://doi.org/10.3390/ani11123418
https://doi.org/10.3390/ani11123418
ttps://doi.org/10.3390/pathogens12060813
ttps://doi.org/10.3390/pathogens12060813
https://doi.org/10.2746/042516406776866453
https://doi.org/10.2746/042516406776866453
https://doi.org/10.1177/104063870601800403
https://doi.org/10.1177/104063870601800403
https://doi.org/10.1177/104063870902100611
https://doi.org/10.1177/104063870902100611
https://doi.org/10.5897/AJMR11.421
https://doi.org/10.21608/jvmr.2016.43230
https://doi.org/10.21608/jvmr.2016.43230
https://doi.org/10.1002/vms3.176
https://doi.org/10.1590/0001-3765202020180837
https://doi.org/10.1590/0001-3765202020180837
https://doi.org/10.21608/jcvr.2022.267515
https://doi.org/10.21608/jcvr.2022.267515
https://doi.org/10.1128/jcm.34.7.1666-1671.1996
https://doi.org/10.1155/2015/917854
https://doi.org/10.1155/2015/917854
https://doi.org/10.3390/pathogens8010007
https://doi.org/10.3390/pathogens8010007
https://doi.org/10.1016/j.cveq.2004.09.001
https://doi.org/10.1016/j.cveq.2004.09.001
https://doi.org/10.1016/j.vetmic.2013.06.018
https://doi.org/10.4172/2325-9590.1000186
https://doi.org/10.17582/journal.aavs/2022/10.9.1907.1915
https://doi.org/10.17582/journal.aavs/2022/10.9.1907.1915
https://doi.org/10.21897/rmvz.1371
https://doi.org/10.21897/rmvz.1371

[33]

(34]

http://bdvets.org/javar/

Thiry E, Meurens F, Muylkens B, McVoy M, Gogev S, Thiry ], et
al. Recombination in alphaherpesviruses. Rev Med Virol 2005;
15(2):89-103; https://doi.org/10.1002/rmv.451

Nicola P, Mapes S, David W. Comparison of the diagnostic sensitiv-
ity of nasopharyngeal and nasal swabs and use of viral loads for
the molecular diagnosis of equine herpesvirus-1 infection. Med
Infect Dis 2007; 53: 220-24.

[35]

(36]

El-Zayat et al. / J. Adv. Vet. Anim. Res., 10(4): 639-646, December 2023

Nicola P, Hussey SB, Mapes S, Leutenegger CM, Madigan JE,
Ferraro GL et al. Comparison of four methods to quantify equid
herpesvirus 1 load by real-time polymerase chain reaction
in nasal secretions of experimentally and naturally infected
horses. ] Vet Diagn Invest 2009; 21(6):836-40; https://doi.
org/10.1177/104063870902100611

OIE. Equine rhinotracheitis. Manual of Standards Diagnostic Tests
and Vaccines 4th edition. Part 2 Chapter 2.5.7, 2000.

646


https://doi.org/10.1002/rmv.451
https://doi.org/10.1177/104063870902100611
https://doi.org/10.1177/104063870902100611

