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Abstract

We isolated a variant of Chinese pseudorabies virus from a hunting dog with symptoms similar to Aujeszky’s disease and
designated the isolate MY-1 strain. The dog developed symptoms 6 days after hunting and biting a wild boar and died the
day after onset. The Bam HI restriction profile of MY-1 DNA was different from those of the Japanese reference strain
Yamagata-S81 and two vaccine strains, Bartha and Begonia, and resembled Bam HI-RFLP (restriction fragment length
polymorphism) type IV. Complete nucleotide sequences were determined, and phylogenetic analyses revealed that MY-1
belonged to the same cluster of old Chinese strains and variant strains isolated recently in China, but most of the open reading
frames of MY-1 were located on a different branch from those of these Chinese strains. Based on a gC phylogenetic analysis,
MY-1 belonged to gC-genotype II composed of those Chinese strains. In mice, the 50% lethal dose (LDs) of MY-1 (10*°
TCIDs,) was almost the same as those of Yamagata-S81 and Bartha. The LDs, value of Begonia was 10%** TCIDs,. The
mean survival periods of mice after infection with 10* TCIDs, of MY-1, Yamagata-S81 and Bartha were 3.9 days, 2.3 days,
and 8.0 days, respectively. The results suggested that the variant of Chinese PRV with slightly weaker pathogenicity than
that of wild virulent viruses might be maintained in wild boars in Japan. Furthermore, we would like to propose that old
Chinese strains, recent Chinese variant strains, and MY-1 should be grouped as an Asian type PRV.
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Introduction

Pseudorabies or Aujeszky’s disease is caused by pseudora-
bies virus (PRV), a double- strand DNA virus of the genus
Varicellovirus, subfamily Alphaherpesvirinae, and family
Herpesviridae [1]. Pigs and wild boars are the natural hosts
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[6] strains and the differentiation of infected from vaccinated
animal (DIVA) system [7] has been successfully implemented.
The number of infected pigs in Japan has gradually decreased.
Since March 2018, 44 of the 47 prefectures in Japan have been
free from wild-type PRV in domestic pigs, and live-attenuated
vaccines have not been used in those 44 prefectures. However,
PRYV infection in domestic pigs remains endemic in some areas
of the other three prefectures. In animals other than pigs, a
dog case was first reported in 1985 [8], and then cases in cat,
cattle, and other dog were reported [9—12]. These animals had
lived in prefectures affected by PRV infection. It was suggested
that the infectious sources of these cases might be the flesh of
swine affected in the field or uncooked pork scraps and haslets.
In 1997, dogs that had fed on the flesh of wild boars showed
symptoms like pseudorabies and died rapidly after the onset of
symptoms, and PRVs were isolated from brain tissues of the
dead dogs (Kouda T. et al., In the 129th Annual Meeting of
the Japanese Society of Veterinary Science, Tsukuba, 2000).
Mahmoud et al. [13] reported that wild boars had antibodies
against PRV. Therefore, it was suggested that wild boars might
be important sources of PRV to pigs and other animals.

Restriction fragment length polymorphism (RFLP) of
genomic DNA by Bam HI digestion was performed to dif-
ferentiate PRV isolates, and the isolates could be grouped
into four major types [14]. RFLP types I and II are found
worldwide, and types III and IV had been restricted to
Northern Europe and Thailand, respectively, but types III
and IV have no longer been reported [15]. Currently, type
I is prevalent in wild boars in Europe and type II strains
have mainly been found in domestic pigs in Europe [16-20].
There is no information about the RFLP type of PRVs origi-
nating in wild boars in Asian countries including Japan. In
another molecular analysis for comparing PRVs, based on
gC phylogenetic studies, Ye et al. [21, 22] provided evidence
for the existence of two genotypes, genotype Il consisting of
isolates from China including recent variant PRVs isolated
from pigs despite vaccination with live-attenuated PRV vac-
cines [23-25] and Malaysia and genotype I consisting of
other isolates from Europe, America, and Asia.

In this report, we describe the first isolation of a gC-
genotype II PRV other than those isolated in China and
Malaysia from a hunting dog that had bitten a wild boar and
died rapidly after showing pruritus resembling symptoms
of pseudorabies. We also describe characterization of the
pathogenicity of the isolate in a mouse model.

Materials and methods

Cell culture and virus

The ESK cell line [26], which is an established cell line
derived from embryonic swine kidneys, was used. The cells

were grown in Eagle’s minimum essential medium (MEM)
supplemented with 10% fetal calf serum (FCS). For the
maintenance medium, the serum concentration was reduced
to 4%. The Yamagata-S81 strain was propagated in ESK
cells and used as the reference strain of PRV in this study
[3]. Two live-attenuated vaccine strains, Bartha and Begonia
strains, were purchased from Kyoritsu Seiyaku Corporation,
Japan and Intervet K. K., Japan, respectively, and were prop-
agated in ESK cells.

Samples from the affected dog

Five hunting dogs had bitten a wild boar while hunting in
Miyazaki Prefecture in Japan on March 14, in 2015 and all of
the dogs showed pruritus compatible with pseudorabies until
the 6th day after biting and died the day after the onset of
pruritus. Namely, the day after biting, two dogs showed pru-
ritus and died the day after onset. On the third day and fourth
day after biting, one dog each showed the same symptoms
and died the day after onset. On the 6th day after biting, the
remaining dog showed pruritus and died the day after onset.
Tonsils, submandibular gland, parotid gland, cerebrum, and
cerebellum were collected from the last affected dog and
transported to our laboratory of Rakuno Gakuen University.
Ten percent homogenates of each tissue that were made with
MEM supplemented with 50 pg/ml of gentamycin were cen-
trifuged at 670xg for 10 min at 4 °C, and the supernatant
fluids were used for virus isolation and DNA extraction.

Virus isolation

One hundred microliters of each of the supernatant fluids
of tissue samples was inoculated onto ESK cells cultured in
a 6-well plate. After adsorption at 37 °C for 30 min under
a 5% CO, atmosphere, the cells were washed twice with
MEM, and maintenance medium was added. Then the cells
were cultured at 37 °C under a 5% CO, atmosphere. The
cells were observed with a microscope for seven days. An
isolated virus was designated MY-1.

DNA extraction

Extraction of DNAs from the supernatant fluids of tissue
samples was conducted using a DNeasy Blood and Tissue kit
(Qiagen K K., Tokyo, Japan). DNA from viral nucleocapsids
was extracted and purified according to a method described
by Volkening and Spatz [27].

Restriction enzyme digestion
The DNA purified from viral nucleocapsids was digested to

completion with Bam HI under conditions recommended by
the manufacturer (Takara Bio Inc., Tokyo, Japan). Digested
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fragments were separated on 0.7% agarose gels as previously
described [28].

Polymerase chain reaction (PCR) for detection
of PRV

To detect PRV DNA in tissue samples, PCR assays targeting
the gB gene were carried out using KOD-plus Neo (Toyobo
Co., LTD., Osaka, Japan) and primers gB461F (5'-AGG
GGATCGCCGTGCTCTTC-3') and gB794R (5'-GTGTAG
GTGTCGTTGGTGGTGTGC-3') as described by Ma et al.
[29]. The estimated amplicon size of PRV gB was 334 bp.

Sequence and phylogenetic analyses

DNA purified from viral nucleocapsids was subjected to
sequencing using Illumina Miseq technology in Hokkaido
System Science Co., Ltd. (Sapporo, Japan). Undetermined
regions were amplified by PCR using walking primers and
sequenced in the same company. Sequence analyses were
conducted by DNASIS Pro (Hitachi Software Engineering
Co., Ltd., Tokyo, Japan) and SnapGene (GSL Biotech LLC,
Chicago, IL, U.S.A.). Phylogenetic analysis of the nucleotide
sequences was conducted by using MEGA7 software with
1000 bootstrap replicates of the neighbor-joining method
[30]. Evolutionary distances were estimated according to
the Kimura 2-parameter method [31]. The DDBJ acces-
sion number assigned to the complete genome of MY-1 is
AP018925.

Experimental infection of mice

All animal experiments were conducted according to the
Guidelines for the Proper Conduct of Animal Experiments
of the Science Council of Japan. All procedures involving
animals and their care were approved by the Animal Care
Committee of Rakuno Gakuen University in accordance
with the regulations for animal experiments outlined by
Rakuno Gakuen University.

Ninety-six 6-week-old specific pathogen-free BALB/c
mice were purchased from CLEA, Tokyo, Japan and ran-
domly divided into 24 groups of four mice each. After inha-
lation anesthesia with isoflurane, groups 1-20 were each
inoculated intra-nasally with 10 pl of different doses (1, 10,
10%,10°, and 10* TCID5) of MY-1, Yamagata-S81, Bartha
or Begonia, and groups 21-24 were inoculated with MEM
serving as an uninfected control. Food and water were sup-
plied ad libitum. Following inoculation, clinical signs were
monitored twice a day, and the 50% lethal dose (LDs;) was
calculated. At 14 days post-inoculation, all surviving mice
were euthanatized.
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Results
Virus isolation and identification

PRV infection was strongly suspected from the clinical
symptoms observed in five hunting dogs [2]. CPE were
observed in ESK cells 2 days after inoculation of cerebel-
lum and submandibular gland samples but not in tonsil,
parotid gland, and cerebrum samples from the last case of
the dogs with onset of symptoms. CPE were characterized
by rounded cells (data not shown). The isolate from the
cerebellum was designated MY-1 strain. By PCR ampli-
fication of the partial gB gene of PRV, identical products
with the same estimated size, approximately 330 bp, were
detected from DNAs of the cerebellum, cerebrum, sub-
mandibular gland, and parotid gland but not from those
of the tonsil (data not shown). Bam HI restriction pro-
files revealed that MY-1 showed a different pattern from
those of Yamagata-S81, Bartha, and Begonia (Fig. 1).
Yamagata-S81 was RFLP-type II [32], and Bartha and
Begonia were RFLP-type I [14]. The pattern of MY-1 was
almost the same as that for the previously reported vari-
ant Chinese isolate HeN1 in the literature [21]. Based on
complete nucleotide sequences of old Chinese strains Fa
(GenBank accession No.: KM189913) and Ea (KX423960)
and recent Chinese variant strains HNX (KM189912)
and HeN1 (KP098534), Bam HI restriction profiles of
these strains and MY-1 (DDBJ accession No.: AP018925
described below) determined by computer analysis using
the software SnapGene (GSL Biotech LLC, USA) were
almost the same (Fig. 2). Furthermore, the patterns of
MY-1 and Chinese strains resembled the pattern for pre-
viously reported RFLP-type 1V [14].

Genetic analysis of the isolate MY-1

The genome DNA of the MY-1 strain was completely
sequenced and found to be 143,277 bps in length with
an average G+C content of 73.58%. The MY-1 genome
includes 69 open reading frames (ORFs). The complete
genomic sequence of MY-1 was submitted to DDBJ under
the accession number AP018925.

The complete genomic sequences of MY-1 were com-
pared to those of three European-American strains, Kaplan
(KJ717942), Bartha (JF797217), and Becker (JF797219),
one old Chinese strain, Fa, and two Chinese variant strains,
HNX and HeN1 (Table 1). MY-1 shared 94.2, 91.6, 93.6,
96.6, 96.7, and 96.8% identities with Kaplan, Bartha,
Becker, Fa, HNX, and HeN1 strains, respectively. MY-1
showed higher identities (96.6% to 96.8%) to those of the
three Chinese strains.
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Fig.1 Bam HI restriction profiles of DNAs of MY-1 strain, Japa-
nese reference strain Yamagata-S81 and two vaccine strains, Bartha
and Begonia. Lane 1: molecular mass marker, lambda DNA Hind 111
digest, Lane 2: Yamagata-S81, Lane 3: MY-1, Lane 4: Bartha, Lane
5: Begonia

Phylogenetic comparisons of the full-length genome of
MY-1 and those six PRV strains and one European strain,
Kolchis (KT983811), revealed that MY-1 was closely
related to the Chinese strains Fa, HNX, and HeN1. MY-1
and European-American strains belong to different phylo-
genetic groups (Fig. 3).

Identities of the nucleotide sequences of all ORFs of
MY-1 against those of the European-American strains
Kaplan, Bartha, and Becker and Chinese strains Fa, HNX,
and HeN1 were 91.1% to 99.7% (mean 97.1%), 91.4% to
99.7% (mean 97.0%), 90.5% to 100.0% (mean 97.0%), 86.1%
to 100.0% (mean 99.1%), 90.5% to 100.0% (mean 99.2%),
and 91.8% to 100.0% (mean 99.3%), respectively (Table S1,
available in the online version of this article). Identities of
the amino acid sequences of all ORFs of MY-1 against those
of Kaplan, Bartha, Becker, Fa, HNX and HeN1 were 87.3%
to 100.0% (mean 95.9%), 87.9% to 99.7% (mean 95.8%),
87.0% to 100.0% (mean 95.9%), 85.3% to 100.0% (mean
98.8%), 88.0% to 100.0% (mean 98.7%), and 90.6% to
100.0% (mean 98.9%), respectively (Table S1). These results
indicated that the ORFs of MY-1 had higher identities to
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Fig.2 Bam HI restriction profile image on 0.7% agalose gel elec-
trophoresis of DNAs of MY-1 strain, two old Chinese strains (Fa
and Ea) and two Chinese variant strains (HNX and HeN1) by com-
puter analysis using the software SnapGene. Lane 1: molecular
mass marker, lambda DNA Hind 1II digest, Lane 2: MY-1 (DDBJ
accession No.: AP018925), Lane 3: Fa (GenBank accession No.:
KM189913), Lane 4: Ea (KX423960), Lane 5: HNX (KM189912),
Lane 6: HeN1 (KP098534)

those of the three Chinese strains. Among the seven PRV
strains, highly conserved amino acid sequences of ORFs that
showed more than 99.0% identities were six ORFs, UL18
(VP23, capsid protein), UL19 (VPS5, major capsid protein),
UL22 (gH), UL23 (thymidine kinase), UL30 (DNA poly-
merase) and UL38 (VP19c, capsid protein). One hundred
percent amino acid sequence identities between MY-1 and
three Chinese strains were found in 13 ORFs, UL4 (infected-
cell protein), UL18 (VP23, capsid protein), UL23 (thymi-
dine kinase), UL24 (nuclear protein), UL35 (VP26, capsid
protein), UL38 (VP19c, capsid protein), UL40 (ribonucleo-
tide reductase subunit 2), UL41 (vhs, host-cell shut-off),
ULA48 (VP16, tegument), UL53 (gK), US2 (membrane pro-
tein), US3 (protein kinase), and US9 (membrane protein).
However, 100% amino acid sequence identities of ORFs
between MY-1 and the three European-American strains
were not found. The nucleotide and amino acid sequences
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Table 1 . Identities of complete Strain Identity (%) of complete nucleotide sequence

nucleotide sequences among

MY-1 and six PRV strains Kaplan Bartha Becker Fa HNX HeN1
MY-1 94.2 91.6 93.6 96.6 96.7 96.8
Kaplan 94.9 96.2 93.9 94.1 94.0
Bartha 95.0 92.1 92.0 92.5
Becker 93.8 93.8 94.5
Fa 98.1 98.0
HNX 98.0

Bartha Hungary 1960 JF797217

100
Kaplan Hungary 1959 KJ717942

Kolchis Greece 2010 KT983811

Becker USA 1970 JF797219
100 Fa China 1962 KM189913

100 HNX China 2012 KM189912

HeN1 China 2012 KP098534

@ MY-1 Japan 2015 AP018925

—
0.002

Fig.3 Phylogenetic tree based on the complete genome sequences
of MY-1, three Chinese PRV strains, Fa, HNX, and HeN1, and four
European-American strains, Kaplan, Bartha, Becker and Kolchis.
MY-1 is indicated by a closed circle. Bootstrap values less than 50%
are not shown on the corresponding nodes

of MY-1 UL36 (VP1/2, tegument) showed the lowest identi-
ties to those of the three European-American strains, 90.5%
to 91.4% and 87.0% to 87.9%, respectively. The nucleo-
tide and amino acid sequences of MY-1 US1 (ICP22, gene
regulation) showed the most variable identities to those of
the other six strains, 86.1% to 94.9% and 85.3% to 94.6%,
respectively.

(a) 9C (UL44)

100 Becker USA 1970 JF797219 —
NIA3 Northern Ireland 1970s KU900059

ADV32751 ltaly KU900059
Bartha Hungary 1961 JF797217 GenOtype
Kaplan Hungary 1959 KJ717942 |

Kolchis Greece 2010 KT983811
SC China 1986 KT809429

HeN1 China 2012 KP098534
J5-2012 China 2012 KP257591
961 HNX China 2012 KM189912

TJ China 2012 KJ789182

HNB China 2012 KM189914 Il
Fa China 1962 KM189913

Genotype

99 Ea China 1993 KX423960
@ MY-1 Japan 2015 AP018925

0.005

Fig.4 Phylogenetic trees based on partial nucleotide sequences
(692 bp) (a) and complete nucleotide sequences (b) of the gC (UL44)
gene of MY-1 and other strains available from GenBank. MY-1 is
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Phylogenetic analysis based on nucleotide sequences
of all ORFs was carried out. Phylogenetic trees of the
variable glycoprotein C (gC) (UL44), a non-essential
component of the virion envelope to act as an attachment
protein that was used in various studies to classify PRVs,
are shown in Fig. 4. Phylogenetic trees of envelope gly-
coproteins gB (UL27), gD (US6), gE (US8), gH (UL22),
gl (US7), gK (UL53), gL. (UL1), gM (UL10), and gN
(UL49.5), which play essential roles in attachment, pene-
tration, cell-to-cell spread, neurological spread, and immu-
nogenicity, are shown in Fig. 5. Phylogenetic trees of the
other ORFs are shown in the supplementary file as Fig. S1.
In the phylogenetic tree of partial nucleotide sequences of
gC (Fig. 4a), two genotypes, I and II, were observed [21,
22]. MY-1 belonged to gC-genotype Il composed of vari-
ous Chinese strains. However, MY-1 was located in a dif-
ferent branch from those Chinese strains. The same results
were also obtained for the phylogenetic tree of complete
nucleotide sequences of gC (Fig. 4b). The phylogenetic
trees of gD, gE, gI, gM, and gH showed almost the same
pattern as that of gC (Fig. 5). In the phylogenetic trees of
gK, gL, and gN, MY-1 is located in the same cluster as
that of Chinese strains. The other phylogenetic trees in Fig.
S1 showed results similar to the results described above.

(b) 9C protein

55 Kaplan Hungary 1959 KJ717942
54 Bartha Hungary 1961 JF797217
92 Kolchis Greece 2010 KT983811
ADV32751 ltaly KU900059 GenOtype
Becker USA 1970 JF797219 I
99 'NIA3 Northern Ireland 1970s KU900059
SC China 1986 KT809429 -
HeN1 China 2012 KP098534 7
JS-2012 China 2012 KP257591
HNX China 2012 KM189912 Genotype
TJ China 2012 KJ789182
HNB China 2012 KM189914 II
Fa China 1962 KM189913
100 95— Ea China 1993 KX423960

@ MY-1 Japan 2015 AP018925 —

—
0.005

indicated by a closed circle. Bootstrap values less than 50% are not
shown on the corresponding nodes
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Fig.5 Phylogenetic trees based on complete nucleotide sequences

of gB (UL27) (a), gD (US6)

(UL22) (e), gl (US7) (), gK (UL53) (g), gL (UL1) (h), gM (UL10)

Pathogenicity of MY-1 in mice

The pathogenicity of MY-
lent Yamagata-S81 and t

HNB China 2012 KM189914
HNX China 2012 KM189912
JS-2012 China 2012 KP257591
TJ China 2012 KJ789182
Fa China 1962 KM189913
Ea China 1993 KX423960
@ MY-1 Japan 2015 AP018925

HeN1 China 2012 KP098534

ADV32751 Italy 2014 KU198433
Becker USA 1970 JF797219

Kaplan Hungary 1959 KJ717942

Kolchis Greece 2010 KT983811

Fa China 1962 KM189913

SC China 1986 KT809429

56 Ea China 1993 KX423960

HeN1 China 2012 KP098534

TJ China 2012 KJ789182

HNX China 2012 KM189912

0.005

(b), gE (USB) (¢), gG (US4) (d), gH

HNB China 2012 KM189914
JS-2012 China 2012 KP257591
@ MY -1 Japan 2015 AP018925

(i), and gN (UL49.5) (j) genes of MY-1 and other strains available
from GenBank. MY-1 is indicated by a closed circle. Bootstrap val-
ues less than 50% are not shown on the corresponding nodes

of MY-1, Yamagata-S81, Bartha, and Begonia were 1039

TCIDs,, 10*° TCIDs,, 10*° TCIDs,, and 10%*° TCIDs,,

1 was compared to those of viru-
wo vaccine strains, Bartha and

Begonia, in a mouse model (Table 2). The LD5, values

respectively. The mean survival periods of mice after
infection with 10* TCID5, of MY-1, Yamagata-s81, and
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(9) oK (UL53)
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@ MY-1 Japan 2015 AP018925

0.001

Fig.5 (continued)

Bartha were 3.9 days, 2.3 days and 8.0 days, respectively.
Begonia did not show any clinical signs in mice.

Discussion

In this study, we isolated a PRV designated MY-1 from a
hunting dog that had bitten a wild boar in Miyazaki Pre-
fecture, where PRV infection of domestic pigs was eradi-
cated, in Japan. Bam HI-RFLP analysis of MY-1 showed a
type IV pattern based on Herrmann’s classification in the
literature [14] and suggested that M'Y-1 might belong to the
same group of old Chinese strains and recent Chinese vari-
ant strains. Japanese PRV isolates since 1981 belonged to
RFLP-type I or II, not to type Il or IV [10, 32—-34]. There-
fore, we determined the whole genomic sequences of MY-1
to characterize the virus at the molecular level in detail. Phy-
logenetic analysis of MY-1 revealed that MY-1 belonged to
the same cluster as that of Chinese isolates, not to classical
isolates of Europe and U.S.A., and MY-1 should be classi-
fied as a variant of Chinese strains.
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Identities of nucleotide sequences and amino acid
sequences of all ORFs of MY-1 against those of Chinese
strains Fa, HNX and HeN1 were higher than those of
MY-1 against European-American strains Kaplan, Bartha
and Becker. The PRV USI1 protein showed the most vari-
able identities between MY-1 and other isolates (85.3% to
94.6%) (Table S1). In the second half of the US1 amino acid
sequences, aspartic acid and glutamic acid (ED)-rich regions
were observed. The variability was due to these regions.
N-terminal 207 amino acid sequences, the first half of US1
of MY-1 without ED-rich regions, showed 98.9% to 99.5%
identities against those of 6 strains used in this study (data
not shown).

The results of phylogenetic analysis of each ORF were
almost the same. A phylogenetic tree of partial gC (UL44)
sequences has been used for molecular characterization of
PRV [21, 22]. Figure 4 shows that MY-1 belonged to gC-
genotype II with some of the old Chinese isolates and all of
the new variant Chinese strains. However, MY-1 was located
in a different branch from those of recent Chinese isolates
and old Chinese isolates. MY-1 has a relatively large branch
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;ab'e 2 t“;‘glf’“];e ‘t’}fl MY‘;’ Virus strain Amounts  Dose (TCIDy;)  Clinical signs  Morbidity ~ Mortality
amagata- , Bartha, an davs t
Begonia in mice ((;:;2}13 asto
MY-1 4 10* ++ 4/4 4/4 (3.9)
4 103 ++ 1/4 1/4 (4.0)
4 10? ++ 1/4 1/4 (4.5)
4 10! - 0/4 0/4
4 10° - 0/4 0/4
Yamagata-S81 4 10* + 4/4 4/4 (2.3)
4 10° + 2/4 2/4 (3.5)
4 10? + 2/4 2/4 (4.3)
4 10! - 0/4 0/4
4 10° - 0/4 0/4
Bartha 4 10* + 4/4 4/4 (8.0)
4 10° + 2/4 2/4 (9.3)
4 10? - 0/4 0/4
4 10! - 0/4 0/4
4 10° - 0/4 0/4
Begonia 4 10* - 0/4 0/4
4 10° - 0/4 0/4
4 10? - 0/4 0/4
4 10! - 0/4 0/4
4 10° - 0/4 0/4
MEM 4 0/4 0/4

++, Pruritus around the eyes with hemorrhage and deactivation; +, Pruritus around the eyes and deactiva-

tion; —, none

length compared to those of Chinese isolates. The phyloge-
netic trees of other ORFs showed almost the same results.
It has been suggested that variant Chinese strains that have
recently emerged might have evolved independently from
old Chinese isolates such as Fa and Ea strains [35, 36].
MY-1 might therefore have evolved from a strain similar to
old Chinese strains maintained in wild boars in Japan and
might not have been transmitted directly from China as a
new emergent virus.

It was shown that the virulence of PRV for pigs was cor-
related to that for mice [37]. Furthermore, mice are thought
to be more susceptible than pigs to PRV infection, because
mice infected with a gE/gl deletion mutant had high rates
of morbidity and mortality, whereas infected pigs remained
clinically normal [38]. Therefore, mice may be more suit-
able for evaluating the pathogenicity of PRV [39]. Intranasal
inoculation of mice with MY-1 and Yamagata-S81 resulted
in almost the same LDjs, values. However, the mean sur-
vival periods of mice inoculated with 10* TCIDs,, of MY-1
(3.9 days) was longer than that of mice inoculated with 10*
TCIDs, of Yamagata-S81 (2.3 days). Recent Chinese variant
PRV strains show high pathogenicity in mice compared to
that of old Chinese PRV strains [40]. The low pathogenic-
ity of Bartha compared to those of virulent PRV strains in
this study coincide with previous reports [41, 42]. Begonia

(gE-, gl-, and TK-) derived from 2.4-N3A strain (gE- and
gl-) originating from NIA-3 [6] did not show any clinical
symptoms in mice inoculated with the virus. These results
coincide with results for a gE, gl and TK deleted mutant
[38]. From these observations, MY-1 might have slightly
weaker pathogenicity than that of Japanese standard PRV
and Chinese variant PRV strains. Therefore, it is thought
that PRV vaccine strains used in Japan might protect pigs
from MY-1 infection. However, direct experimental infec-
tion in pigs to evaluate the effectiveness of the vaccines will
be necessary.

In summary, we isolated a variant of Chinese PRVs
from a hunting dog that had bitten a wild boar in Japan.
The isolated virus belonged to gC-genotype II and Bam HI-
RFLP- type IV with some of old Chinese PRVs and new
variant Chinese strains. Therefore, we would like to propose
that some of the old Chinese strains, recent Chinese vari-
ant strains and MY-1 should be grouped as an Asian type
PRV. Wild boars are distributed throughout Japan except
for Hokkaido, the northernmost island. Despite success-
ful elimination of PRV from domestic pigs in several parts
of the world, this virus seems to be circulating globally in
populations of non-domestic swine [18]. Since the origin
of MY-1 was a wild boar, the potential risk of PRV infec-
tions via infected wild boars has become a growing matter of
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concern, especially in areas where domestic pig husbandry
overlaps with wild boars in Japan.
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