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Abstract: Respiratory diseases cause significant economic losses (especially in the horse racing
industry). The present study describes the detection and genetic characteristics of equine
herpesvirus (EHV) from a total of 1497 samples from clinically healthy horses in Korea, including
926 blood samples, 187 lung tissues, and 384 nasal swabs. EHV-2 and EHV-5 were detected in 386
(41.7%; 95% CI: 38.5-44.9) and 201 (21.7%; 95% CI: 19.1-24.4) blood samples, respectively, and in 25
(13.4%; 95% CI: 8.5-18.2) and 35 (18.7%; 95% CI: 13.1-24.3) lung tissues, respectively. EHV-1 and
EHV-4 were not detected in either blood or lung tissues. EHV-1, EHV-2, and EHV-5 were detected
in 46 (12.0%; 95% CI: 8.7-15.2), 21 (5.5%; 95% CI: 3.2-7.7), and 43 (11.2%; 95% CI: 8.0-14.4) nasal
swabs, respectively. EHV-4 was not detected in nasal swabs. Co-infection with EHV-2 and EHV-5
was detected in 11.6% (107/926) of the blood samples and 6.4% (12/187) of lung tissues. In nasal
swabs, co-infection with EHV-1, EHV-2, and EHV-5 was detected in 0.8% (3/384) of samples.
Phylogenetic analysis of the glycoprotein B gene showed that EHV-1, EHV-2, and EHV-5 strains
demonstrated significant genetic diversity in Korea, with a nucleotide sequence identity among
them that ranged from 95.7% to 100% for EHV-1, 96.2%-100% for EHV-2, and 93.8%-99.3% for EHV-
5. These results are the first phylogenetic analyses of EHV-1 in Korea in nasal swabs from a
nationwide population of clinically healthy horses. Both EHV-2 and EHV-5 from blood, lung tissues,
and nasal swabs were also detected.
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1. Introduction

In the horse racing industry, infectious respiratory disease caused by viruses is one of the chief
factors influencing racing results, causing large economic losses [1]. Equine herpesvirus (EHV)-1 and
EHV-4 are Alphaherpesviruses [2] that cause disease in equine populations across the world. EHV-1
infects immune cells; the virus spreads quickly through respiratory mucosal epithelial cells’ basement
membrane and causes systemic infection that can result in chronic respiratory disease, abortion,
neonatal foal death, chorioretinopathy, and equine herpesvirus myeloencephalopathy [3-5]. EHV-4
principally infects epithelial cells and is considered the predominant viral cause of equine acute
respiratory disease [6].
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Equine Gammaherpesviruses EHV-2 and EHV-5 are associated with enlarged lymph nodes,
respiratory pathologies, pharyngitis, fever, lack of appetite, and poor performance in horses [7]. Their
true pathogenic importance remains uncertain because of their frequent isolation from healthy horse
populations and high seroprevalence globally [8]. However, some reports have linked these EHV
strains with respiratory diseases [9,10].

To date, EHV has been detected in Korea: a case of EHV-1 was substantiated by
immunohistochemistry and reported in an aborted fetus in 1979 [11]; among horses suffering from
respiratory diseases, the presence of EHV-1 and EHV-4 by real-time PCR and EHV-5 by conventional
PCR were identified in nasal swab samples in 2008 [12]; and among healthy breeding horses, EHV-2
and EHV-5 were identified in genital swab samples by conventional PCR [13]. The total number of
horses in Korea was reported to be 27,829 in 2017, and the horse industry continues to grow annually
[14]. Although EHYV is important economically, studies on the occurrence and epidemiology of these
viruses in Korea remain scarce. The present study sought to discover the epidemiologic parameters
of EHV using molecular techniques.

2. Results

2.1. PCR Detection

The incidences of different EHV strain infections were evaluated from a total of 1497 samples
from clinically healthy horses, including 926 blood draws, 187 lung tissues, and 384 nasal swabs. We
detected EHV-2 and EHV-5 in blood samples at 41.7% (386; 95% confidence interval: 38.5-44.9) and
21.7% (201; 95% CI: 19.1-24.4), respectively, and in lung tissues at 13.4% (25; 95% CI: 8.5-18.2) and
18.7% (35; 95% CI: 13.1-24.3), respectively (Table 1). EHV-1 and EHV-4 were not detected in either
blood or lung tissues. EHV-1, -2, and -5 were detected in nasal swabs at 12.0% (46; 95% CI: 8.7-15.2),
5.5% (21; 95% CI: 3.2-7.7), and 11.2% (43; 95% CI: 8.0-14.4), respectively (Table 2). EHV-4 was not
detected in any nasal swabs. Representative photographic images of the results of PCR are described
in Supplementary Figure S1.



Pathogens 2020, 9, 110 3 of 12

Table 1. Prevalence of equine herpesvirus (EHV) in Korea, as demonstrated by glycoprotein B gene
detection in horse blood and lung tissue samples, 2017-2018.

EHV-2 EHV-5
Sample Category No. N,O,' N.o..
tested  positive RR 95% CI p-value positive RR 95% CI p-value
(%) (%)
Sex
Female 547 234 (42.8) 1.1 0.9-1.2 0.456 129 (23.6) 1.2 1.0-1.6 0.1051
Male 119 49 (41.2) 1.0 0.8-1.2 0.921 25 (21.0) 1.0 0.7-1.4 0.9056
Castrated 260 103 (39.6) 0.9 0.8-1.1 0.4585 47 (18.1) 0.8 0.6-1.1 0.1101
Age (years)
<5 223 97 (345 11  09-13 05339 35(157) 07 05-09 0.0119
5-10 349 152 (43.6) 1.1 09-1.3 0.3723 81 (23.2) 1.1 0.9-14 04111
>10 354 137(387) 09  08-1.0 01505 85(40) 12 09-1.5 0.1899
Region
Northern 248 103(415) 1.0 0812 1 54(218) 10 0813 1
Central 114 31(27.2) 0.6 0.5-0.8 0.0008" 11 (9.6) 0.4 0.2-0.7 0.0006
Southern 168 78 (46.4) 1.1 1.0-1.4 0.1945 37 (22.0) 1.0 0.7-1.4 0.9178
Blood Jeju Island 396 174 (43.9) 1.1 0.9-1.3 0.2522 99 (22.7) 1.3 1.0-1.7 0.0366
Breed
Thoroughbred 612 256 (41.8) 1.0  09-12 09439 125(204) 08 0.7-1.1 0.2066
Warmblood 61 26 (42.6) 1.0 0.8-1.4 0.8937 13 (21.3) 1.0 0.6-1.6 1
I:::y"e Korean g, 41(488) 12  09-15 01661 31(369) 18 13-25 0.0008"
Mixed 169 63 (37.3) 0.9 0.7-1.1 0.227 32 (18.9) 0.8 0.6-1.2 0.3549
Activity
Race 10 4 (40.0) 1.0 04-21 1 2 (20.0) 0.9 0.3-32 1
Leisure 613 245 (40.0) 0.9 0.8-1.0 0.1398 122(19.9) 0.8 0.6-1.0 0.0643
Breeding 303 137 (45.2) 1.1 1.0-1.3 0.1361 77 (25.4) 1.3 1.0-1.6 0.0617
38.5- 19.1-
Sub-total 926 386 (41.7) 44.9 201 (21.7) 244
Lung 13.1-
tissue 187 25(13.4) 8.5-18.2 35(18.7) 243

RR, relative risk; 95% CI, 95% confidence interval. *Results were statistically significant for the
following Bonferroni adjusted p-values: Sex (< 0.0167), Age (< 0.0167), Region (< 0.0125), Breed (<
0.0125), and Activity (< 0.0167).
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Table 2. Prevalence of equine herpesvirus (EHV) in Korea, as demonstrated by glycoprotein B gene

detection in horse nasal swab samples, 2017-2018.

No. EHV-1 EHV-2 EHV-5
Category teste ) No. No.
Positive RR 95% CI p-value Positive RR 95% CI p-value Positive RR 95% CI p-value
d
(%) (%) (%)
Sex
Female 130 20(154) 15 09-26 0.1832 10(7.7) 1.8 0.85-4.1 0.2343 19(146) 1.7 0.9-3.0 0.0821
Male 128 10(7.8) 0.6 03-1.1 0.0949 3(23) 03 01-1.1 0.0602 539 03 0.1-0.7 0.0024"
Castrated 126 16(12.7) 1.1 0.6-19 07411 8(6.3) 13 05-3.0 0.6354 17(135) 15 0.8-2.6 0.2214
Age (years)
<5 192 14(73) 04 0.2-0.8 0.00~ 4(22.1) 02 0.1-07 0.0058 7(36) 02 01-04 <0.0001
5-10 127 16(12.6) 1.1 0.6-19 08675 7(55 1.0 04-25 1 15(11.8) 1.1 0.6-2.0 0.8636
>10 65 16(246) 26 1545 0.0014" 10(154) 45 2.0-101 0.0008" 21(32.3) 47 2.7-8.0 <0.0001"
Region
Northern 207 1(0.5) 0.01 0-0.1 <0.0001" 10(4.8) 0.8 0.3-1.8 06542 15(72) 05 0.3-0.8 0.0092
Central 31 8(258) 24 1247 00212 2(65 12 0349 06825 5(6.1) 15 0.6-35 0.3706
Southern 86 27(31.4) 49 29-84 <0.0001" 6(70) 14 06-35 05893 15(174) 19 1.0-33 0.0507
Jejulsland 60 10(16.7) 1.5 0.8-29 02766 3(5.0) 09 0.3-3.0 1 8(13.3) 12 0.6-25 05122
Activity
Race 262 15(5.7) 0.2 0.1-04 <0.0001" 3(1.1) 01 0.02-0.3 <0.0001" 4(1.5) 0.05 0.02-0.1 <0.0001"
Leisure 98 21(214) 25 1442 0.0018 14(143) 5.8 24-14.0 <0.0001" 30(30.6) 6.7 3.7-12.4 <0.0001"
Breeding 24 10(41.7) 42 24-73 0.0001" 4(16.7) 35 13-97 0.0343 9(375) 40 22-73 0.0004"
Total 384 46 (12.0) 8.7-15.2 21 (5.5) 3.2-7.7 43 (11.2) 8.0-14.4

RR, relative risk; 95% CI, 95% confidence interval. *Results were statistically significant for the
following Bonferroni adjusted p-values: Sex (< 0.0167), Age (< 0.0167), Region (< 0.0125), and Activity
(<0.0167).

Unique detection of EHV-2 or EHV-5 in blood samples was identified at 30.1% (279) and 10.2%
(94), respectively. Unique detection of EHV-2 and EHV-5 in lung tissues was observed at 7.0% (13)
and 12.3% (23), respectively. Co-infections of EHV-2 and EHV-5 were identified at 11.6% (107/926) of
the blood samples and 6.4% (12/187) of the lung tissues (Table 3).
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Table 3. Prevalence of equine herpesvirus (EHV) in Korea as indicated by the glycoprotein B gene and
classified by the number of pathogens detected, 2017-2018.

Sample type Classified infection Virus No. detected (%)
Total number positive EHV-2 386 (41.7)
EHV-5 201 (21.7)
Blood Unique detection EHV-2 only 279 (30.1)
EHV-5 only 94 (10.2)
Double detection EHV-2, EHV-5 107 (11.6)
Total number positive EHV-2 25 (13.4)
EHV-5 35(18.7)
Lung Unique detection EHV-2 only 13 (7.0)
EHV-5 only 23 (12.3)
Double detection EHV-2, EHV-5 12 (6.4)
Total number positive EHV-1 46 (12.0)
EHV-2 21 (5.5)
EHV-5 43 (11.2)
Unique detection EHV-1 only 28 (7.3)
EHV-2 only 3(0.8)
Nasal swab EHV-5 only 14 (37)
Double detection EHV-1, EHV-2 5(1.3)
EHV-1, EHV-5 16 (4.2)
EHV-2, EHV-5 13 (3.4)
Triple detection EHV-1, EHV-2, EHV-5 3(0.8)

Unique detection of EHV-1, -2, or -5 in nasal swabs was observed in 7.3% (28), 0.8% (3), and 3.7%
(14), of samples, respectively. Five (1.3%) horses were co-infected with EHV-1 and -2, 16 (4.2%) horses
with EHV-1 and -5, and 13 (3.4%) horses with EHV-2 and -5, while three (0.8%) were co-infected with
EHV-1, -2, and -5 (Table 3).

The proportion of horses positive for EHV-2 and EHV-5 in blood samples varied for each group
(Table 1). Horses under five years old (p = 0.0119) were less likely than other age groups to be positive
for EHV-5. Central region horses were less likely than horses from other regions to be positive for
EHV-2 (p = 0.0008) and EHV-5 (p = 0.0006). The native Korean ponies (p = 0.0008) were more likely
than other breeds to be positive for EHV-5.

The proportion of horses positive for EHV-1, EHV-2, and EHV-5 in nasal swabs varied for the
different groups (Table 2). Female horses (p = 0.0119) were less likely to be positive for EHV-5 than
other sex status groups. Horses less than five years of age were less likely than other age groups to
be positive for EHV-1 (p = 0.007), EHV-2 (p = 0.0058), and EHV-5 (p < 0.0001). Horses over 10 years
old were more likely to be positive for EHV-1 (p =0.0014), EHV-2 (p = 0.0008), and EHV-5 (p < 0.0001)
than other age groups. Northern region horses were less likely than horses from other regions to be
positive for EHV-1 (p <0.0001) and EHV-5 (p =0.0092). Southern region horses were more likely to be
positive for EHV-2 (p < 0.0001) than those from other regions. Racehorses were less likely than other
activity groups to be positive for EHV-1 (p < 0.0001), EHV-2 (p < 0.0001), and EHV-5 (p < 0.0001).
Breeding horses were more likely than other activity groups to be positive for EHV-1 (p = 0.0001) and
EHV-5 (p = 0.0004).

2.2. Molecular and Phylogenetic Analysis

EHV-1, -2, and -5 nucleotide sequences reported in the present study were submitted to
GenBank under the accession numbers MH567111-MH567253, and MK077526-MK077635.
Representative samples selected from the different sample types and rearing regions were used for
phylogenetic analysis. The Korean EHV strains demonstrated genetic diversity, with the nucleotide
sequence identity among 11 EHV-1 genes, 14 EHV-2 genes, and 18 EHV-5 genes at 95.7%-100%,
96.2%-100%, and 93.8%-99.3%, respectively. Partial nucleotides in the glycoprotein B gene of EHV-1,
-2, and -5 strains were compared with each other and with previous studies’ sequences of strains
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(Figures 1 and 2). The gene in EHV-1 shared 97.3%-100% identity with those isolated from Egypt, the
USA, the UK, Japan, Germany, Australia, and Hong Kong. The gene from EHV-2 shared 91.9%-99.8%
identity with isolates from Australia, Switzerland, Iceland, and the UK. The gene from EHV-5 shared
95.5%-100% identity with genes isolated from Australia, the USA, Iceland, and Italy.

EHV-1 Cairo-12L, Egypt (MH289755)

EHV-1 CP4_b, Germany (KX101090)

EHV-1 Hertfordshire/150/2016, UK (K'Y852346)
EHV-1 RacL11, USA (MF975656)
EHV-1T953_P210, USA (KR047045)

EHV-1 Hong Kong/57/1984 (KU206467)

EHV-1 Ab4p attB_delta VP22, Japan (LC193725)
EHV-1 V592, UK (AY464052)

EHV-1 RacH, Germany (KU206478)

— 342 _EHV-IN (MK077561) «—

43345 _EHV-1IN (MK077563) —

EHV-1 Suffolk/123/2005, UK (KU206480)
EHV-1 438-77, Australia (KT324734)

EHV-1 Army 183, USA (KU206477)

284 EHV-IN (MKO077528) «—

340 EHV-IN (MKO077559) «—

— 301 EHV-IN (MKO077534) —

—319_EHV-IN (MKO077545) D a—
‘|' 309_EHV-IN (MK077538) -
2

O

21349 EHV-1N (MK077566) «—

286 EHV-IN (MK077529) <+—

288 _EHV-IN (MKO077530) +——

350_EHV-IN (MK077567) -

Saimiriine herpesvirus 1 (NC_014567)

—
0.05

Figure 1. This shows the equine herpesvirus 1 (EHV-1) phylogenetic tree (constructed using the
maximum-likelihood method) based on sequences of the glycoprotein B gene. Numbers above/beneath
branches indicate bootstrap support levels (1000 replicates), and the scale bar shows phylogenetic
distance. Black arrows represent the sequences detected in this study, and GenBank accession
numbers of other sequences are shown in brackets.
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EHV-5, Australia (AF050671)
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170825-45_EHV5_B (MH567236) -—
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H-171219-40_EHV35-L (MK077597) 44—

-—
-—

Saimiriine herpesvirus 2 (NC_001350)

Figure 2. Equine herpesviruses EHV-2 and EHV-5 phylogenic tree (constructed using the maximum-

likelihood method) based on glycoprotein B gene sequences. Black arrows represent sequences

detected in this study, and GenBank accession numbers of other sequences are shown in brackets.

The scale bar shows phylogenetic distance, and numbers above/beneath branches show bootstrap

support levels (1000 replicates).
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3. Discussion

Respiratory pathogens cause serious disease in equine populations worldwide. EHVs are chief
viral agents related to equine respiratory problems with varying severity [3,15]. In the present study,
EHV-1, -2, and -5 were detected in clinically healthy horses. In accordance with previous
observations, Gammaherpesviruses were regularly detected from nasal swabs from horses lacking
evident clinical signs [8]. However, at this time, few reports have been published on EHV-2, -5, or
other airway diseases of horses [16-18].

More recently in other countries, prevalence observed in nasal swab samples from Poland were
EHV-2 (77.2%, 417/540), EHV-4 (0.4%, 2/540), and EHV-5 (47%, 254/540) in horses [19], and in nasal
swab and blood samples from Ethiopia they were EHV-1 (3.4%, 4/119), EHV-2 (25.2%, 30/119), EHV-
4 (7.6%, 9/119), and EHV-5 (28.6%, 34/119) in horses with respiratory disease or EHV-2 (7.9%, 8/101)
and EHV-5 (17.8%, 18/101) in healthy horses [20]. In a previous Korean study, EHV-1 (5.6%, 5/89) and
-4 (7.9%, 7/89) by real-time PCR and EHV-5 (39%, 35/89) by conventional PCR were detected only
from nasal swabs from horses suffering from respiratory diseases in 2008 [12], and EHV-2 (2.3%,
10/430) and -5 (2.6%, 11/430) by conventional PCR only were detected in genital swabs from healthy
horses recently [13]. We provide the first phylogenetic analysis of EHV-1 in nasal swab samples from
a nationwide (in Korea) population of horses lacking clinical signs of disease, and both EHV-2 and
EHV-5 were also first discovered in blood and lung tissue samples.

In this study, EHV-1 only was detected in nasal swab samples, whereas EHV-2 and -5 were
detected in blood, lung tissue, and nasal swab samples. The incidence of Gammaherpesviruses was
much higher than that of Alphaherpesviruses; this finding recapitulates results from a previous study
[8]. According to sample types, the prevalence was the highest in blood, followed by that in lung
tissue and nasal swab samples. Results revealed a higher prevalence of EHV-2 (41.7%) than that of
EHV-5 (21.7%) in the blood. Previous studies from Hungary, Sweden, the UK [21], New Zealand [16],
Poland [19], and Iceland [22] have also reported that EHV-2 is more frequently detected than EHV-5.
However, in this study, lung tissue and nasal swab samples presented with a higher prevalence of
EHV-5 (18.7% and 11.2%, respectively) than that of EHV-2 (13.4% and 5.5%, respectively); this finding
corresponds with reports from Australia [10], Ethiopia [20], Korea [13], and Turkey [18]. When
measured in different sample types such as peripheral blood mononuclear cells, conjunctival swabs,
nasal swabs, or blood, comparable results were discovered in other countries [8,21,23]. EHV-1 was
only detected in nasal swab samples; however, EHV-4 was not detected in any of the samples
evaluated in this study. The Alphaherpesviruses are transmitted mostly by nasal secretion and
latently infect the trigeminal ganglion [1,6]. It is assumed that the virus can be activated by physical
competition or other types of stress, and that virus shedding in nasal secretions varies depending on
the individual status of the horse [12].

In the present study, concurrent infections with EHV-2 and -5 were detected in 11.6% of blood
samples and 6.4% of lung tissues. Concurrent infections with three different EHV strains were
recorded in 0.8% of nasal swabs. Co-infection with EHV-2 and -5 was also found in other studies
[18,21,24] reporting that both viruses can concurrently infect horses [20]. Such co-detection of alpha
and gamma EHV was also found in nasal swabs in a previous Korean study [12].

Partial sequences of EHV strains’ glycoprotein B gene were used to compare their phylogenetic
relationships to one another and to reference sequences from GenBank. The phylogenetic analysis of
the glycoprotein B gene indicated that EHV strains detected in Korea display genetic diversity.

This study describes the first large-scale, nationwide explanation of EHV nucleotides detected
in blood, lung tissue, and nasal swab samples from horses without clinical respiratory signs. EHV
was geographically distributed across all tested Korean provinces. This investigation suggests that
EHYV is endemic in Korea and that the effect of viral infections on equine health should be evaluated
in more depth. This study offers a basis to further investigate the clinical significance of EHV infection
and highlights the need for broad epidemiological studies to clarify the host—pathogen relationship
and genetic divergences of EHV to develop effective prevention and control measures. Moreover,
further work is required to improve understanding of how EHV establishes pathogenesis.
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4. Materials and Methods

4.1. Ethics Statement

This study was conducted from 2017 to 2018; approval from the Institutional Animal Care and
Use Committee (IACUC) at Kyungpook National University (KNU) was not granted, as the KNU
IACUC evaluates laboratory animals maintained in indoor facilities (not research involving outdoor
animals). Practicing veterinarians at local clinics collected blood and nasal swab samples from
clinically healthy horses during regular medical check-ups after receiving verbal consent from farm
owners. Clinically healthy horses were slaughtered for horse meat in the local abattoir, and lung
tissue samples were collected at that time.

4.2. Sample Size Determination and Sample Collection

The statistical sample size was determined using a formula with a confidence level of 95%, an
accepted absolute error of 5%, and an expected disease prevalence of 10% with a simple random
sampling design [25].

According to the formula, a minimum of 138 samples was needed. In present study, we
randomly collected 1497 samples (926 whole blood samples from farms, 187 lung tissue samples from
the local abattoir, and 384 nasal swab samples from farms) from clinically healthy horses from across
the country during 2017 and 2018 (Figure 3). Data on sex, age, breed, activity, and region were
recorded for blood and nasal swab samples, whereas the lung tissue samples represented individual
horses with no additional data recorded.

N

%

50 km

([T Northern
() Central
(7777) Southem
) Jejulsland

Il

Figure 3. Map of Korea displaying the regions from which horse samples were collected for analysis
of the presence of equine herpesvirus: Northern, Central, Southern, and Jeju Island.

4.3. DNA Extraction and PCR

Genomic DNA was extracted from samples of whole blood, lung tissues, and nasal swabs using
the DNeasy Blood and Tissue Kit (Qiagen, Melbourne, Australia) following the manufacturer’s
protocol; quality and quantity were measured with a NanoDrop™ 2000 spectrophotometer (Thermo
Fisher Scientific, Wilmington, DE, USA). To identify EHV-1, -2, -4, and -5 in each specimen, we used
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sensitive one-step PCR targeting the conserved sequence of the glycoprotein B gene [20]. PCR
amplifications were conducted with a validated pair of primers as described previously, in that
individual amplicon size was 190 bp for EHV-1 [26], 444 bp for EHV-2 [10], 677 bp for EHV-4 [26],
and 293 bp for EHV-5 [27], for glycoprotein B gene detection and nucleotide sequencing. For each PCR
reaction, a sample without DNA was used as a negative control. Supplementary Table S1 describes
all primers and amplification conditions used for the detection of EHV from horses in the present
study.

4.4. Cloning

We purified amplified gene fragments using the QIAquick Gel Extraction Kit (Qiagen) and
inserted them into a pDrive vector (Promega, Madison, WI, USA) in accordance with the
manufacturer’s instructions; we used the resulting constructs to transform Escherichia coli DH5a
competent cells (Thermo Fisher Scientific). Those were incubated at 37 °C overnight, and plasmid
DNAs were extracted using a Plasmid Miniprep Kit (Qiagen) in accordance with the manufacturer’s
instructions.

4.5. Sequencing and Phylogeny

Macrogen (Seoul, Korea) sequenced recombinant plasmids and glycoprotein B gene sequences
were analyzed via the multiple sequence alignment program CLUSTAL Omega (version 1.2.1).
Results of sequence alignments were corrected using BioEdit (version 7.2.5), and phylogeny was
performed with MEGA (version 6.0) with the maximum-likelihood method on the basis of the
Kimura two-parameter distance model. Aligned sequences were analyzed with a similarity matrix.
The stability of the acquired phylogenetic tree was assessed by 1000-replicate bootstrap analysis.

4.6. Statistical Analysis

Statistical analysis was done using GraphPad Prism version 5.04 (GraphPad Software Inc., La
Jolla, CA, USA). To analyze tables with more than two variables, Pearson’s chi-square test was used;
Fisher’s exact test was used to analyze 2 x 2 tables. In order to examine increased risk of infection
with EHV within each category, each group was compared to the remaining population enrolled into
the study for the pairwise comparisons (p-values subject to Bonferroni correction). A relative ratio
calculation was also performed. A p-value < 0.05 was supposed statistically significant. A 95% CI was
also calculated for all estimates.

Supplementary Material: The following are available online at www.mdpi.com/xxx/s1, Table S1: Primers used
for the detection of equine herpesvirus from horses in the present study, Figure S1: Representative photographic
images of agarose gel electrophoresis patterns for glycoprotein B gene of equine herpesvirus (EHV).

Author Contributions: Conceptualization, M.G.S. and D.K.; data curation, O.D.K.; formal analysis, M.G.S.,
1.0.0., SKL., and J.S.L.; funding acquisition, D.K,; investigation, M.G.S.; methodology, M.G.S. and 1.0.0,;
resources, S.K.L. and J.S.L; supervision, D.K,; writing—review and editing, O.D.K. and D.K.

Funding: This research was funded by the Ministry of Education, Sejong, Korea (grant no. NRF-
2016R1D1A1B02015366).

Acknowledgments: This research was supported by a grant from the Basic Science Research Program through
the National Research Foundation of Korea (NRF).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Dynon, K; Black, W.D.; Ficorilli, N.; Hartley, C.A.; Studdert, M.]. Detection of viruses in nasal swab
samples from horses with acute, febrile, respiratory disease using virus isolation, polymerase chain reaction
and serology. Aust. Vet. ]. 2007, 85, 46-50.

2. Davison, A.J. Herpesvirus systematics. Vet. Microbiol. 2010, 143, 52-69.



Pathogens 2020, 9, 110 11 of 12

3.

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Allen, G.P.; Kydd, ].H,; Slater, ].D.; Smith, K.C. Equid herpesvirus 1 and equid herpesvirus 4 infections. In
Infectious Disease of Livestock; Coetzer, ].A.W., Tustin, R.C., Eds.; Oxford Press: Cape Town, UK, 2004; pp.
829-859.

Lunn, D.P.; Davis-Poynter, N.; Flaminio, M.].; Horohov, D.W.; Osterrieder, K.; Pusterla, N.; Townsend,
H.G. Equine herpesvirus-1 consensus statement. |. Vet. Intern. Med. 2009, 23, 450—-461.

Hussey, G.S.; Goehring, L.S.; Lunn, D.P.; Hussey, S.B.; Huang, T.; Osterrieder, N.; Powell, C.; Hand, J.;
Holz, C,; Slater, J. Experimental infection with equine herpesvirus type 1 (EHV-1) induces chorioretinal
lesions. Vet. Res. 2013, 44, 118.

Wang, L.; Raidal, S.L.; Pizzirani, A.; Wilcox, G.E. Detection of respiratory herpesviruses in foals and adult
horses determined by nested multiplex PCR. Vet. Microbiol. 2007, 121, 18-28.

Fortier, G.; van Erck, E.; Pronost, S.; Lekeux, P.; Thiry, E. Equine gammaherpesviruses: Pathogenesis,
epidemiology and diagnosis. Vet. ]. 2010, 186, 148-156.

Bell, S.A.; Balasuriya, U.B.; Gardner, I.A.; Barry, P.A.; Wilson, W.D.; Ferraro, G.L.; MacLachlan, N.J.
Temporal detection of equine herpesvirus infections of a cohort of mares and their foals. Vet. Microbiol.
2006, 116, 249-257.

Craig, M.L; Barrandeguy, M.E.; Fernandez, F.M. Equine herpesvirus 2 (EHV-2) infection in thoroughbred
horses in Argentina. BMC. Vet. Res. 2005, 1, 9.

Diallo, 1.S.; Hewitson, G.R.; de Jong, A.; Kelly, M.A.; Wright, D.J.; Corney, B.G.; Rodwell, B.J]. Equine
herpesvirus infections in yearlings in South-East Queensland. Arch. Virol. 2008, 153, 1643-1649.

Bak, U.B,; Lim, C.H.; Kang, B.H.; Lee, S.Y. A Pathological Survey on Equine Viral Rhinopneumonitis
Occurred in Korea. Korean ]. Vet. Res. 1981, 21, 11-23.

Ko, S.; Kang, ].G.; Yeh, J.Y.; Moon, J.S.; Choi, G.C.; Won, S.; Chae, ].S. First report on molecular detection of
equine upper respiratory infectious viruses in Republic of Korea. ]. Equine Vet. Sci. 2013, 33, 628-636.

Lee, S.K,; Lee, I. The molecular detection of equine herpesviruses 2 and 5 in genital swabs from clinically
normal thoroughbred mares in South Korea. . Equine Vet. Sci. 2019, 79, 68-72.

Ministry of Agriculture, Food and Rural Affairs, Korea. Report of “A Fact Finding Survey of Horse Industry
in South Korea during 2017”. Available online:
http://www.mafra.go.kr/mafra/293/subview.do?enc=Zm5jdDF8QEBS]T]GYm] zJ TIGbWFmcmEIMkY20C
UyRjMxNjk2NiUyRmFydGNsVmlldy5kbyUzRg%3D%3D/ (accessed on 1 December 2018).

Reed, S.M.; Toribio, R.E. Equine herpesvirus 1 and 4. Vet. Clin. N. Am. Equine Pract. 2004, 20, 631-642.
Dunowska, M.; Wilks, C.R.; Studdert, M.].; Meers, ]. Viruses associated with outbreaks of equine
respiratory disease in New Zealand. N. Z. Vet. ]. 2002, 50, 132-139.

Allen, G.P.; Murray, ]J.T. Equid herpesvirus 2 and equid herpesvirus 5 infections. In Infectious Disease of
Livestock; Coetzer, ]. A.W., Thomson, G., Tustin, R.C., Eds.; Oxford Press: Cape Town, UK, 2004; pp. 860-
868.

Ataseven, V.S.; Bilge-Dagalp, S.; Oguzoglu, T.C.; Karapinar, Z.; Giizel, M.; Tan, M.T. Detection and
sequence analysis of equine Gammaherpesviruses from horses with respiratory tract disease in Turkey.
Transbound. Emerg. Dis. 2010, 57, 271-276.

Stasiak, K.; Dunowska, M.; Rola, J. Prevalence and sequence analysis of equid herpesviruses from the
respiratory tract of Polish horses. Virol. ]. 2018, 15, 106.

Negussie, H.; Gizaw, D.; Tesfaw, L.; Li, Y.; Oguma, K.; Sentsui, H.; Tessema, T.S.; Nauwynck, H.J. Detection
of equine herpesvirus (EHV) -1, -2, -4 and -5 in Ethiopian equids with and without respiratory problems
and genetic characterization of EHV-2 and EHV-5 strains. Transbound. Emerg. Dis. 2017, 64, 1970-1978.
Ann, N.; Malik, M,; Carlos, R.; Arne, L.; Vilmos, P.; Duncan, H.; Sandor, B. Prevalence of equine herpesvirus
types 2 and 5 in horse populations by using type-specific PCR assays. Vet. Res. 2002, 33, 251-259.
Torfason, E.G.; Thorsteinsdottir, L.; Torsteinsdéttir, S.; Svansson, V. Study of equid herpesviruses 2 and 5
in Iceland with a type-specific polymerase chain reaction. Res. Vet. Sci. 2008, 85, 605-611.

Rushton, J.; Tichy, A.; Brem, G.; Druml, T.; Nell, B. Ophthalmological findings in a closed herd of
Lipizzaners. Equine Vet. ]. 2013, 45, 209-213.

Back, H.; Ullman, K,; Treiberg Berndtsson, L.; Rithimaki, M.; Penell, J.; Stahl, K.; Valarcher, J.F.; Pringle, J.
Viral load of equine herpesviruses 2 and 5 in nasal swabs of actively racing Standardbred trotters: Temporal
relationship of shedding to clinical findings and poor performance. Vet. Microbiol. 2015, 179, 142-148.
Thrusfield, M. Veterinary Epidemiology, 3rd ed.; Blackwell Publishing: Oxford, UK, 2005.



Pathogens 2020, 9, 110 12 of 12

26. Kirisawa, R.; Endo, A.; Iwai, H.; Kawakami, Y. Detection and identification of equine herpesvirus -1 and
-4 by polymerase chain reaction. Vet. Microbiol. 1993, 36, 57-67.
27. Holloway, S.A.; Lindquester, G.J.; Studdert, M.].; Drummer, H.E. Identification, sequence analysis and
characterisation of equine herpesvirus 5 glycoprotein B. Arch. Virol. 1999, 144, 287-307.
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
‘@ @ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).




