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Abstract: Equine parvovirus-hepatitis (EqPV-H) causes equine hepatitis. The prevalence of EqPV-H
in healthy horses has been reported in the United States, China, Germany, and Austria. The present
study determined the prevalence of EqPV-H in the sera of clinically healthy horses in South Korea
to identify the potential factors for infection and examine the genetic diversity of EQPV-H DNA
sequences through comparison with foreign strains. Serum samples collected from 321 horses were
tested for EqPV-H using non-structural protein 1 (NS1)-specific polymerase chain reaction. The
associations of EQPV-H infection with sex, age, aspartate aminotransferase and y-glutamyl transferase
levels, and race performance were analyzed. Fourteen samples tested positive for EQPV-H (4.4%,
14/321), and EqPV-H infection was associated with sex (p = 0.006) and performance (p = 0.049). In
both EqPV-H-positive and control horses, liver-specific biochemical analytes were within the normal
ranges. Phylogenetic analyses based on the partial sequences of EQPV-H NS1 revealed that the Korean
EqPV-H isolates shared approximately 98.7-100% similarity. Of these, 11 Korean isolates shared high
similarity with strains from the United States, Germany, and China, and the remaining three strains
were distinct in phylogenetic analyses. The present study describes the current molecular prevalence,
potential risk factors, and genetic diversity of Korean EqPV-H.
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1. Introduction

Equine parvovirus-hepatitis (EqPV-H; Ungulate copiparvovirus 6) is a single-stranded
DNA virus of the genus Copiparvovirus belonging to the family Parvoviridae [1-3]. EqPV-H
genome size is 5308 nt, and it encodes two open reading frames and non-structural (non-
structural protein 1; NS1) and capsid (viral protein; VP) proteins [1,4,5]. In 2018, Divers
et al. reported EqPV-H for the first time in a case of Theiler’s disease (i.e., equine serum
hepatitis or idiopathic acute hepatic disease) [6] in the United States [1]. Theiler’s disease
is the most frequent cause of acute and probably fatal viral equine hepatitis [7-9]. This
disease has been linked to EqPV-H infection, with or without the previous administration
of equine biological products [10-13]. It mostly occurs 4-10 weeks after the administration
of a biological substance of equine origin, including tetanus and botulinum antitoxin or
equine serum and plasma [1,6,13-16], with the incidence rate of 1.4-18% [1,6,12].

Since its first report in 2018, recent studies in the United States and Slovenia have
speculated the association of EqPV-H with Theiler’s disease [12,13,17]. High positivity rates
of EqPV-H have been reported in cases of Theiler’s disease, ranging 90% to 100% in the
United States [12,13] and 100% in Slovenia [17]. Moreover, EQPV-H DNA was detected in
commercial equine serum pools originating from the United States, Canada, New Zealand,
Italy, and Germany [4], with positivity rates as high as 61.1% [4]. EqPV-H is an important
pathogen associated with Theiler’s disease, and, in addition to clinical cases, subclinical
EqPV-H infections have been documented [10]. The prevalence of EqQPV-H in healthy horses
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has been investigated in only four countries, although the viral DNA was less frequently
detected in healthy horses (7.1-13%) [1,9,18,19]. Furthermore, the positivity rate of EqQPV-
H DNA in the sera of healthy horses was 13.0% in the United States [1], 8.3-11.9% in
China [19,20], 7.1% in Germany [9], and 8.9% in Austria [18]. The molecular detection and
phylogenetic analysis of EGPV-H are commonly performed using NS1-specific polymerase
chain reaction (PCR) [1,4,11,19], and previous studies have reported low genetic diversity
amongst EqPV-H isolates [1,4,11,19-21].

Given its recent discovery, little is known regarding the geographic distribution,
epidemiology, and genetic diversity of EQPV-H. According to the importance and potential
harmfulness of EqQPV-H as a causal agent of viral hepatitis in horses [10,22], investigation of
its prevalence in South Korea is urgently needed. Therefore, the present study determined
the incidence of EqPV-H in the sera of clinically healthy horses at Korea Racing Authority
(KRA) properties in South Korea using molecular methods to identify the potential risk
factors for infection and explore the genetic relationships of Korean EqPV-H with foreign
isolates based on the NS1 sequences.

2. Materials and Methods
2.1. Sample Size Calculation and Collection

Considering the approximate population of 35,606 horses in South Korea [23], the
appropriate sample size was calculated. The expected prevalence of EqQPV-H DNA in
horses was 9.8% based on the average prevalence of EQPV-H DNA in the sera of healthy
horses reported in previous studies [1,10-13]. Sample size was calculated with Ausvet’s
Epitools [24]. The KRA conducts a regular equine infectious disease surveillance program
with approximately 10% samples of the KRA horse population to protect against an
outbreak of equine infectious diseases at the KRA. Considering the confidence level of
95% and accepted absolute error of 5%, at least 136 horses are required. In the present
study, samples from 321 clinically healthy horses on four properties of the KRA in four
provinces in South Korea were collected in 2021. The average age of the horses was 5.9
(2-23) years. Specifically, 153 samples were collected from horses at KRA Seoul in Gyeonggi
province, 30 from horses at KRA Jangsu in Jeonbuk province, 80 from horses at KRA Busan
in Gyeongnam province, and 58 from horses at KRA Jeju in Jeju province. All horses were
subjected to routine clinical examinations, and no clinical signs of suspected hepatitis,
including anorexia, icterus, and ataxia, were observed. Immediately after collection, the
samples were stored at —80 °C until use. Data on sex, age, breed, purpose, and property
were recorded.

2.2. Sample Processing and PCR

DNA was extracted from the serum samples using the Maxwell® RSC Viral Total
Nucleic Acid Purification Kit (Promega, Madison, WI, USA) on the Maxwell® RSC 48 In-
strument (Promega) according to the manufacturer’s instructions and stored at —70 °C
until use.

For EqPV-H DNA screening, the EcPV-NS1 primers EqPV-H ak1 (5'-GGAGAAGAGCG
CAACAAATGCA-3') and EqPV-H ak2 (5-AAGACATTTCCGGCCGTGAC-3') were used
in the first round of nested PCR and the primers EqPV ak3 (5'-GCGCAACAAATGCAGCG
GTTCGA-3') and EqPV-H ak4 (5-GGCCGTGACGACGGTGATATC-3') were used in the
second round of nested PCR [1]. In the nested PCR round, a 435 bp partial fragment of the
NS1 gene was amplified [1]. PCR was performed with the HotStarTaq Plus Master Mix Kit
(Qiagen, Hilden, Germany) in a 20 pL reaction system containing HotStarTaq Plus DNA
Polymerase (Qiagen) (1 U), 1 uL of primers (10 uM), dNTP mixture (400 uM), a reaction
buffer with 3 mM MgCl,, and 2.5 pL of template DNA. The reaction conditions were as
follows: 5 min of denaturation at 95 °C, followed by 35 cycles of 30 s at 94 °C, 30 s at 60 °C,
and 1 min at 72 °C, and final extension of 10 min at 72 °C. PCR was performed on the
SimpliAmp Thermal Cycler (Applied Biosystems Inc., Waltham, MA, USA). The serum
samples (accession number: OK336512) for EqPV-H stored at the KRA Veterinary Centre,



Vet. Sci. 2021, 8, 282

30f12

which were confirmed through DNA sequence analysis, were used as the positive controls,
and nuclease-free water (Qiagen) was used as the negative control. The PCR products
were visualised on 1.5% Tris-borate-EDTA (TBE) agarose gels using Safe Shine Green
(Biosesang, Seongnam-si, South Korea) under UV light.

The second PCR was performed on positive samples using the first EQPV-H NS
PCR production. In the second round, a 587 bp partial fragment of the NS1 region was
amplified using the primers EPVseqr01 (5'-TGGTTGGTGACGCCTGTC-3') and 1104R
(5'-GGGAATGTCATTGAACGGGAA-3') [4]. PCR was performed with the HotStarTaq
Plus Master Mix Kit (Qiagen) in a 50 pL reaction system containing 2 pL of extracted
DNA and 2.5 uM of each primer. The PCR conditions were as follows: 5 min denaturation
at 95 °C, followed by 35 cycles of 30 s at 94 °C, 30 s at 60 °C, and 1 min at 72 °C, and
final extension of 10 min at 72 °C. The amplicons were detected using electrophoresis as
described above, purified using the PureLink™ Quick Gel Extraction and PCR Purification
Combo Kit (Invitrogen™, Waltham, MA, USA), and sequenced using the ABI PRISM
BigDye Terminator Cycle Sequencing Ready Reaction Kit V.3.1, with the ABI3730 Genetic
Analyzer (Applied Biosystems). After sequencing the amplicons with the same primers, the
results were merged and homology of the deduced nucleotide sequences for EqPV-H was
analyzed with the GenBank database (http://www.ncbinlm.nih.gov/Genbank/, accessed
on 27 September 2021) using BLAST (http:/ /blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on
27 September 2021).

2.3. Phylogenetic Analysis

In phylogenetic analyses, the genetic relationships of the obtained Korean EqPV-H
with isolates from other countries were determined. Thirty-seven nucleotide sequences
of the EqQPV-H NS1 gene were retrieved from GenBank and included in the analysis.
Sequences of the EqQPV-H NS1 gene identified in the present study were aligned with those
retrieved from the GenBank in BioEdit v.7.2.6 (BioEdit, RRID:SCR_007361, Los Altos, CA,
USA) and MEGA X [25] using the Clustal W algorithm. Sequences were trimmed to the
partial NS1 sequence length of the PCR product. Phylogenetic trees were constructed using
the maximum likelihood method with 1000 bootstrap values using MEGA X [25], and a
general time-reversible model was applied [26].

2.4. Serum Biochemistry

Serum samples of all EQPV-H DNA-positive horses were tested for biochemical ana-
lytes indicative of hepatic disease. As control horses, double-negative samples for EqPV-H
were submitted to biochemical assays. As biochemical parameters, aminotransferase (AST)
and y-glutamyl transferase (GGT) levels were tested using Dri-Chem 3500i (Fujifilm, Tokyo,
Japan). The reference ranges used in the present study were as follows: 226-336 U/L for
AST and 4-44 U/L for GGT [27]. Values exceeding the upper limit of the reference range
were regarded as elevated.

2.5. Statistical Analysis

For statistical analysis based on sex, the horses were grouped as males (n = 219;
109 stallions and 110 geldings) and females (1 = 102). For statistical analysis based on
age, the horses were divided into three groups: 2—4 years old (n = 142), 5-7 years old
(n =120), and >8 years old (n = 59). The chi-square test was used to analyze the differences
in the frequency distribution of horses with and without EqQPV-H DNA positivity amongst
different sexes and age groups. The odds ratio (OR), confidence interval (CI) of the OR, and
p-value were evaluated for the pairwise comparison of horses with and without EqPV-H
DNA positivity between different sexes and different age groups. For statistical analysis
based on the performance level of thoroughbred racehorses, the animals were divided
into three groups based on the results of a race conducted on the sample collection day.
The performance level was calculated as the percentage of rank divided by the number
of participating animals in the race: high (<1/3 (3.3%)), moderate (>1/3 (33.3%) and
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<2/3 (66.7%)), and low (>2/3 (66.7%)). The proportion of the performance levels was
compared according to EqPV-H infection. To confirm the effect of EqPV-H infection on
the performance level, the proportion of performance levels was compared between the
EqPV-H-positive and EqPV-H-negative groups using Mantel-Haenszel chi-square test
(linear-by-linear association). To minimise the effects of variants in race results, the race
results of EqQPV-H-negative horses were recruited from the horses that trained by the same
trainers and that participated in races on the same race day. Statistical significance was set
at p < 0.05, and all analyses were performed using IBM SPSS Statistics v22 (IBM Corp.,
Armonk, NY, USA).

3. Results
3.1. Prevalence of EqPV-H DNA in the Sera of Clinically Normal Horses

A total of 321 serum samples was collected from horses reared on four properties
of the KRA in four provinces to investigate the prevalence of EqQPV-H DNA in clinically
healthy horses, mainly thoroughbred racehorses, at the KRA in South Korea. EQPV-H DNA
was detected in 14 of the 321 horse serum samples (4.4%) using NS1-speficic PCR (Table 1).
Based on the detection results, the positive rate of EQPV-H in the sera of clinically healthy
horses was lower in South Korea than in other countries [1,10-13]. The proportion of the
positive rate of EQPV-H was investigated based on horse breed, property, sex, purpose, and
age (Table 1). The positive rate was comparable between the stallions and geldings (6.4%
and 6.4%, respectively), but none of the mares was positive (0%). Likewise, the positive
rate was comparable amongst thoroughbreds (4.6%), pony (3.1%), and other breeds (3.3%).
According to the purpose, the positive rate amongst riding horses (12.0%) was higher than
that amongst race (4.3%), breeding (0%), or other horses (0%). Furthermore, according to
the property, the samples collected from Busan (5/80, 6.3%) and Seoul (9/153, 5.9%) were
positive, whereas those collected from Jangsu (0/30, 0%) and Jeju (0/58, 0%) were negative.
However, samples were biased to thoroughbred racing horses in this study. Since the Korea
Racing Authority is a horse-racing company, samples included in this study were mainly
from thoroughbred racing horses, especially in KRA Seoul and Busan. Therefore, similar
sample sizes per group based on factors, including property, purpose, and breed, were
limited in this study. The relationship between EqPV-H infection and these factors could
not be concluded, because of this limitation. The higher positive rate of EQPH-V amongst
riding horses from the property in Busan may be attributed to the relatively limited sample
size per group based on purpose and property in the present study. Detailed information
regarding the serum samples is presented in Table 1.

3.2. Phylogenetic Analysis

Partial sequences of the NS1 gene of 14 EqQPV-H strains isolated from Korean horses
were compared with those of 37 foreign strains retrieved from GenBank, harbouring
475 positions, to explore the genetic diversity of EqPV-H strains in South Korea (Figure 1).
The foreign strains were isolated from seven countries, namely the United States, Germany,
Canada, China, New Zealand, Austria, and Italy. The partial nucleotide sequences of
the NS1 gene of the 14 Korean EqPV-H strains shared approximately 98.7-100% similarly
amongst one another and 93.1-100% similarity with the foreign strains.

The sequences of nine Korean isolates (KRA60, 62, 68, 106, 129, 289, 317, 319, and
320) in the present study were clustered with the retrieved sequences of isolates from the
United States and Germany. The Korean isolate KRA57 was clustered with an isolate from
Germany, and the Korean isolate KRA66 was clustered with an isolate from China. The
Korean isolate KRA151 formed a separate branch close to the isolates from Austria, China,
and Germany. The Korean strains KRA58 and KRA270 each formed a separate branch.



Vet. Sci. 2021, 8, 282

5o0f 12
Table 1. Detailed information of property location, number, breed, purpose, and age of equine samples tested for equine parvovirus-hepatitis (EqQPV-H) in South Korea.
Breed Sex Purpose Age (Years)
Property Number P EqPV-H-Positive &
(Sample ID) TB P o] s G M RC RD B o 24 5-7 >8
KRA 153 9/153
Seoul (KRA1-153) 9/153 0/0 0/0 7/66 2/44 0/43 9/153 0/0 0/0 0/0 (5.9%) 4/74 5/78 0/1
KRA 80 5/80
Busan (KRA242-321) 3/76 1/2 1/2 0/26 5/20 0/34 2/75 3/5 0 0 (6.3%) 2/59 1/16 2/5
KRA 30 0/30
Jangsu (KRA154-183) 0/16 0/2 0/12 0/13 0/6 0/11 0/0 0/0 0/16 0/14 (0%) 0/3 0/9 0/18
KRA 58 0/58
Jeju (KRA184-241) 0/14 0/28 0/16 0/4 0/40 0/14 0/29 0/20 0/0 0/9 (0%) 0/6 0/17 0/35
Total 321 12/259  1/32 1/30 7/109  7/110  0/102 11/257  3/25 0/16 0/23 1(1230/2)1 6/142 6/120 2/59
Abbreviations: TB, thoroughbred; P, pony; O, others; S, stallion; G, gelding; M, mare; RC, racing; RD, riding; B, breeding; KRA, Korea Racing Authority.
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KRA319/ KRA Busan / OK358699
KRA320/ KRA Busan / OK358670
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MN184871 EqPV-H NS1 / Serum / Germany
MK792437 EqPV-H NS1 / Serum / Canada

— MG136722 EqPV-H NS1/ Liver / USA

ke | MN218586 EqPV-H NS1/ Serum/ China
_l @ KRABS/KRA Seoul / OK358691

— MN184864 EqPV-H NS1/ Serum / Germany
— MK792435 EqPV-H NS1/ Serum/ USA
MN184865 EqPV-H NS1 / Serum / Germany

~
8

| MK792430 EqPV-H NS1 / Serum / New Zealand
MN218584 EQPV-H NS1 / Serum / China
MW256662 EqPV-H NS1/ Serum / Austria

@ KRA270/KRA Busan / OK358696

es | NC 040652 EQPV-H NS1 / Serum / China
|— MN218587 EqPV-H NS1/ Serum / China
@ KRA151/ KRA Seoul / OK358695

ﬂ
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—— MH500791 EqPV-H NS1/ Serum / China
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Figure 1. Phylogenetic tree constructed using the maximum likelihood method based on the partial
NS1 gene sequences of equine parvovirus-hepatitis (EqPV-H). All positions containing gaps and
missing data were eliminated, resulting in 475 positions in the final set. Sequences of Korean horses
are indicated with blue diamonds, with sample number, property, and GenBank accession numbers in
parentheses. For foreign EqPV-H strains, GenBank accession numbers, isolation source, and country
are shown in parentheses. Bootstrap values are shown on the branches.
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3.3. Liver-Specific Biochemistry

Fourteen EqPV-H-positive and 28 EqPV-H-negative serum samples (controls) were
tested for two liver-associated biochemical parameters (AST and GGT). All samples were
clinically healthy, and the values of biochemical analytes in the sera of both 14 EqPV-H-
positive and 28 EqPV-H-negative horses were within the normal ranges (Figure 2).

350- 50+
336 44
300+ e
ary 2 3. T _T-
= 0 = 0q0° ooo-
7 226 O 201 = O oo
< ) =T uj
200- Ogo
10- == i
170 4
ol : ; 0 . .
EqPV-H EqPV-H EqPV-H EqPV-H
positive negative positive negative
horses horses horses horses

Figure 2. Liver-specific biochemical parameters (aspartate aminotransferase (AST; reference range: 226-336 U/L) and
v-glutamyl transferase (GGT; reference range: 4-44 U/L)) in the sera of both equine parvovirus-hepatitis (EqPV-H)-positive
(n = 14) and EqPV-H-negative (control) horses (1 = 28). Values of both EqPV-H-positive and control horses were within the
normal ranges, indicating that the animals were clinically healthy.

3.4. EqPV-H Infection According to Sex, Age, and Performance

The prevalence of EqPV-H infection according to sex, age, and performance was tested.
The chi-square test revealed statistically significant differences in the frequency distribution of
horses with and without EqPV-H DNA between males and females (x2(1) =6.797; p = 0.006);
however, there were no significant differences amongst the age groups (xz(z) =0.247;p =0.939).
Subsequent pairwise analyses revealed that EqPV-H positivity was not significant in the age
groups (p = 0.765, p > 0.99 1, and p > 0.99) (Table 2). The proportion of performance levels was
linearly higher in the EqQPV-H-negative group but linearly lower in the EqQPV-H-positive group
(Table 3 and Table S1). The Mantel-Haenszel chi-square test (linear-by-linear association)
confirmed the effect of EqQPV-H infection on performance level. EqPV-H infection could
increase or decrease the performance level of thoroughbred racehorses (p = 0.049). EqPV-
H infection tended to reduce the performance level of racehorses (Table 3). Overall, male
horses are at a greater risk of EqQPV-H infection, and EqPV-H may impede the performance
of racehorses.

Table 2. Odds ratio (OR), confidence interval (CI) of OR, and p-value for the pairwise comparison of horses with and
without equine parvovirus-hepatitis (EqPV-H) infection according to sex and age. For statistical analysis based on sex,
stallions and geldings were grouped as male and EqPV-H-negative horses were compared with EqPV-H-positive horses.
For statistical analysis based on age, EQPV-H-negative horses were compared with EqQPV-H-positive horses.

95% CI of OR

Comparison p-Value OR -
Lower Limit Upper Limit
Sex
Male vs. Female 0.006 0.936 0.904 0.969
Age
2—4-year-old vs. 5-7-year-old 0.765 0.838 0.263 2.67
2-4-year-old vs. >8-year-old >0.99 1.257 0.246 6.417
5-7-year-old vs. >8-year-old >0.99 1.5 0.293 7.668

Abbreviations: OR, Odds ratio; CI, confidence interval.
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Table 3. Performance levels of equine parvovirus-hepatitis (EqPV-H)-positive and EqPV-H-negative
thoroughbred racehorses in South Korea (1 = 22).

Performance Levels

EqPV-H Status Number High Moderate Low
(<33.3%) (>33.3% to <66.7%) (>66.7%)
Positive 11 2 (18.2%) 4 (36.4%) 5 (45.5%)
Negative 11 7 (63.6%) 2 (18.2%) 2 (18.2%)

4. Discussion

As a major causative viral agent of Theiler’s disease [28], EqQPV-H has recently garnered
much attention, and since its first report in the United States in 2018, it has been detected
in Germany, Austria, Slovenia, and China [1,9,17-20]. EqPV-H has been detected in
cases of Theiler’s disease and is also prevalent in clinically healthy horses [10,22]. In
the present study, the prevalence of EqQPV-H in the serum of clinically healthy horses,
mainly thoroughbred racehorses, at the KRA in South Korea was determined, along with
the evaluation of the potential risk factors for its infection and phylogenetic analysis of
Korean and foreign viral isolates. As such, the prevalence of EqQPV-H in South Korean
horses was relatively low (4.4%, 14/321).

The prevalence of EqQPV-H in horse populations can vary according to the geographic
location, age, breeding history, and sampling season [9,18,22,28]. In the present study, the
positive rate of EQPV-H (4.4%) in South Korea (Table 1) was lower than that reported in
previous studies (7.1-13%) [1,9,18-20]. In previous studies, the samples were collected
from horses of mixed breeds [18-20] or groups of similar age distribution [9,18]. In the
present study, since all samples were collected from horses reared on the properties of
the KRA, a horse racing company, most included animals were thoroughbred (80.7%,
259/321) and bred for the purpose of racing (88.0%, 228 /259). Thoroughbred racehorses
seem to be managed more carefully because of their relatively high economic value and
relatively younger horses are used for the athletic ability. Thus, being bred for racing, the
health status of the included horses was carefully managed and they were relatively young
(average 4.4 years old). Overall, the proportion of healthy thoroughbred race horses of
the total sample included in the present study (71.0%, 228/321) was higher than that in
two previous studies during 2018 and 2020 in China (45.5%, 65/143 and 41.7%, 25/60,
respectively), [19] and another study during 2019 in Germany (0%, 0/392) [9]. In previous
studies by Divers et al. [1] and Badenhorst et al. [18], the proportions of specific breeds in
the sampled horses were not described. In addition, administration of equine-origin biolog-
ical products is a proven transmission route of EqPV-H infection [10,22,28,29]. However,
the use of equine-originated products seems to be infrequent in equine veterinary practice
in South Korea because no equine-origin biological products have yet been registered
and approved in South Korea [30]. Since EqQPV-H can be transmitted via blood products,
its infection via vector mechanical transmission during the spring and summer has been
suggested considering the incubation period [12]. However, in the present study, the
samples were collected from April to June. Taken together, it is thought that the majority
of thoroughbred racehorses in sampled horses, limited usage of equine-origin biological
products in South Korea and the different sampling season may explain the lower positivity
of EqPV-H in Korean horses in the present study.

In a study in Austria, sex was not associated with EqPV-H infection [18]; however, in
the present study, sex was significantly associated with EqPV-H infection (p = 0.009). Specif-
ically, 7/109 stallions (6.4%) and 7/110 geldings (6.4%) were EqQPV-H-positive, whereas
0/102 mares were EqPV-H-negative (0%). Therefore, in South Korea, male horses may
be at a higher risk of EqQPV-H infection than female horses. However, the reason for the
high positive rate of EGQPV-H infection in male horses remains unclear, and the correlation
between sex and EqPV-H infection warranted further study.
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Previous studies have reported advanced age as a risk factor for EqQPV-H infection
in clinically healthy horses [9,18]. In the present study, however, there was no correlation
between age and EqPV-H infection in Korean horses (Table 2). As such, EqQPV-H positivity
was similar across the three age groups, ranging from 3.4% to 5.0%, and the EqPV-H
infection was not statistically significant. This trend may be attributed to the inclusion of
more young horses (2-6 years old: 248/321, 77.3%) relative to older horses (7-23 years old:
73/321, 22.7%).

EqPV-H was detected in KRA Seoul and KRA Busan properties, but not in KRA
Jangsu and KRA Jeju properties. Therefore, EQPH-V presumably circulates amongst these
properties, and regular EqPV-H screening would be beneficial to evaluate the risk of EqPV-
H outbreak on these properties. The EqQPV-H positivity rate was the highest in riding
horses (12%, 3/25), followed by racehorses (4.3%, 11/257), and the virus was not detected
in breeding (0%, 0/16) and other horses (0%, 0/23). Thoroughbred horses showed highest
EqPV-H-positive rate (4.6%, 12/259), followed by other breeds (3.3%, 1/30) and pony (3.1%,
1/32). However, given the limitation of the difference in sample size across groups in the
present study, a conclusion on the relevance of EqQPV-H positivity with property, purpose,
and breed could not be drawn. Further studies are required to determine the association
of property, purpose, and breed among similar size of groups per factor with EqPV-H
infection in South Korea.

Although EqPV-H-infected horses were clinically healthy [1,18-20], the potentially
detrimental effects of this infection on the athletic performance have been speculated. In
the present study, serum samples were collected from thoroughbred racehorses on the day
of race, and the effects of EqQPV-H on race results were analyzed. The performance levels of
the majority of EqPV-H-positive horses was low (5/11, 45.5%), but that of EqPV-H-negative
horses was high (7/11, 63.6%) (Table 3). The Mantel-Haenszel chi-square test (linear-by-
linear association) revealed that EQPV-H infection and performance level were significantly
associated in thoroughbred racehorses (p = 0.049).

Partial sequences of the NS1 gene of EqQPV-H strains were used to establish the
phylogenetic relationships amongst Korean isolates and foreign strains from GenBank
(Figure 1). The South Korean EqPV-H strains showed low genetic diversity (98.7-100%
similarity) amongst themselves but slightly greater diversity compared with the foreign
strains (93.1-100% similarity). The EqPV-H NS1 gene is highly conserved, with low genetic
diversity [1,4,9,11,19,20]. Consistent with previous reports based on the serum samples of
clinically healthy horses in the United States in 2018 (<2%) [1], China in 2018 (<3%) [19],
China in 2020 (<3%), and Austria in 2021 (<5%) [18], this study noted low genetic diversity
of EqQPV-H N6S1 sequences in South Korean samples (<2%). Phylogenetic analysis based on
the NS1 sequences of Korean and foreign strains showed that most sequences originating
from Korean horses (9/11) were clustered with previously published foreign sequences.
Five isolates from the KRA Seoul property (KRA 60, 62, 68, 106, and 129) and four isolates
from the KRA Busan property (KRA289, 317, 319, and 320) were clustered with strains from
the United States and Germany. Two isolates from the KRA Seoul property (KRA57 and 66)
were clustered with the German and Chinese strains, respectively. Two other isolates from
the KRA Seoul property (KRA 58 and 151) and one isolate from the KRA Busan property
(KRA270) were distinct from the previously reported strains and formed separate branches.
Based on these results, genetically similar EqQPV-H strains are primarily circulating in the
KRA Seoul and Busan properties (nucleotide sequence similarity, 98.7-100%), with few
distinct strains. The EqPV-H NS1 sequences of Korean isolates shared high similarity with
previously published sequences from the United States, Germany, and China.

Interestingly, the EQPH-V positivity rate of riding horses was high (12%), and all
riding horses that tested positive for EQPH-V (n = 3) were reared in the same stable at the
KRA Busan property; moreover, these isolates (KRA317, 319, and 320) formed a cluster in
phylogenetic analysis, with 100% nucleotide sequence homology. EqQPV-H-infected horses
can spread the virus via nasal, oral, and fecal routes for over 10 weeks, and the oral route
of infection has been recently proven [31]. However, there was no clinical history of blood
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product administration in the three EqPH-V-positive horses from KRA Busan. Considering
that the infected horses were reared in the same stable and the 100% similarity of their NS1
sequences, the EqQPV-H infection in these animals likely occurred through non-iatrogenic
horizontal transmission. However, the other EQPV-H-positive horses (1 = 11) had stayed at
each different stable, thus the possibility of EQPV-H infection from other horses could not
be investigated in this study.

To investigate whether EQPV-H infection affected the liver, AST and GGT levels were
evaluated. However, these values were within the normal ranges in both EqPH-V-positive
and EqPH-V-negative horses (Figure 2). These results are consistent with previous reports
in clinically healthy horses that the serum levels of liver-associated biochemical parameters
were within their normal ranges even in EqQPH-V-positive horses (0/13 in the United
States [10], 0/17 in China [19], and 0/23 in Austria [18]). Although EqPV-H infection
can cause acute and fatal hepatitis in horses, most infected animals appear clinically
healthy [10,13,22]. Therefore, further studies are warranted to determine the reasons for
differences in the occurrence of clinical hepatitis amongst EqPV-H-infected horses.

5. Conclusions

The present study illustrated the prevalence of EqQPV-H in clinically healthy horses,
mainly thoroughbred racehorses, at the KRA in South Korea. In the tested horses, the virus
positivity rate was low, and the identified EqPV-H strains exhibited low genetic diversity.
EqPV-H infection was associated with sex (male (6.4%) vs. female (0%), p = 0.006) in South
Korean horses and reduced performance level (p = 0.049) in thoroughbred racehorses.
Further investigation is warranted to elucidate the reasons for differences in clinical hepatic
pathogenicity in EqPV-H-infected horses.
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