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from Aujeszky’s disease in domestic pigs
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ABSTRACT. We isolated two pseudorabies virus (PRV) isolates (designated OT-1 and OT-2)

. . from two hunting dogs exhibiting neurological manifestations after eating the flesh of wild

doi: 10.1292/jvms.20-0450 boar hunted in Oita prefecture, Kyushu Island, Japan. The isolates corresponded to a previously
reported PRV (MY-1 strain) isolated from a hunting dog in neighboring Miyazaki prefecture, and
it clustered into genotype Il based on the glycoprotein C sequence. Our results suggest that this
common PRV strain may have been maintained in wild boars on Kyushu Island even though
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Pseudorabies virus (PRV), also known as suid alphaherpesvirus 1, is the causative agent of Aujeszky’s disease (AD), which
affects mainly pigs and wild boars [14, 21]. It is a DNA virus belonging to the genus Varicellovirus, subfamily Alphaherpesvirinae,
and family Herpesviridae [24]. AD causes huge economic losses, and clinical signs of infected pigs include respiratory distress,
neurological manifestations, and abortion depending on the age at which animals are exposed [9, 14]. Even if animals survive,
latent virus persists in their body as a so-called reservoir, and the virus continues to circulate among pig and wild boar populations
[9, 21, 22].

The first reported case of AD in Japan was in pigs reared in Yamagata prefecture in 1981 [11], after which the disease spread
to most of the other prefectures. The Japanese Ministry of Agriculture, Forestry and Fisheries established a control program
against AD in 1991. As a result of the highly successful control program involving vaccination strategies that followed DIVA
(“differentiating infected from vaccinated animals™) [3], PRV was gradually eradicated from the prefectures, and an AD-free status
has been attained in all but one prefecture as of March 31, 2020.

In animals other than pigs, PRV infection causes fatal encephalomyelitis accompanied by neurological signs, such as pruritus
and convulsions, resulting in death within a few days of the onset of clinical signs [9, 23]. The first case of AD in animals other
than pigs in Japan was observed in cattle in 1985 [19]. Subsequently, AD has been reported in dogs [7, 12, 18] and a cat [8].

The aforementioned cases of PRV infection in dogs were suspected to be caused by the consumption of raw meat or offal from
PRV-infected pigs or through direct contact with infected pigs. Recently, Minamiguchi et al. isolated PRV from a hunting dog
that had bitten a wild boar in Miyazaki prefecture, Japan [20]. In addition, Mahmoud ef al. reported that the wild boar population
in western Japan carried PRV-neutralizing antibodies even though pigs in this area are considered PRV-free [16]. These reports
indicate the presence of PRV in wild boars in Japan. This study describes cases of suspected AD in hunting dogs that exhibited
clinical signs after wild boar hunting in Oita prefecture, a prefecture that is designated as AD-free.

Two 5-year-old mixed breed dogs (one female [designated dog 1] and one male [designated dog 2]) in Oita, Japan became
critically ill in March 2018. The dogs had consumed wild boar meat after hunting on March 3, 2018. They exhibited depression
and anorexia on the first day of illness (March 5, 2018). On the third day of illness, they started to display atypical behavior that
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was characterized by motor incoordination, rubbing of their faces against surfaces (e.g., surfaces of objects/structures or walls)
because of severe pruritus, and lunging. Clinical signs including an inability to walk persisted, and death occurred 4 days after
the first observation of clinical signs (March 8, 2018). The hunting dogs had been vaccinated with an eight-valent vaccine against
canine distemper, canine parvovirus infection, canine adenovirus infections (type-1 and type-2), canine parainfluenza, canine
coronavirus infection, and leptospirosis (two strains).

Postmortem examination was conducted, and tissue samples (trigeminal nerve, bone marrow, lungs, spleen, and serum from
dog 1 and trigeminal nerve, medulla oblongata, bone marrow, lungs, spleen, and kidneys from dog 2) were collected. Each of the
samples was ground in Eagle’s minimum essential medium (MEM; Sigma-Aldrich, St. Louis, MO, USA) in sterilized 1.5-ml tubes
with disposable pestle sticks to create 7% suspensions. The samples were centrifuged at 9,300 xg for 5 min, and supernatants were
used for virus isolation.

For virus isolation, Vero cells maintained with MEM supplemented with 10% heat-inactivated fetal bovine serum (FBS;
Biowest, Nuaill¢, France), 100 units/ml penicillin, and 100 pg/ml streptomycin (FUJIFILM Wako Pure Chemical, Osaka, Japan)
were used. The cell density was adjusted to 1 x 10° cells/ml, and cells were seeded in six-well plates and incubated for 24 hr. In
total, 600 pl of the supernatant of the 7% homogenate of each tissue sample was inoculated onto Vero cells. After adsorption for 90
min, the inoculum was removed, cells were washed with phosphate buffered saline, and MEM containing 2% heat-inactivated FBS
was added. For each sample, a blind passage incubation was completed every seventh day at 37°C and 5% CO, and continued until
the third passage. Cytopathic effects were observed in Vero cells inoculated with different tissue samples from each dog. These
were characterized by the diffuse degeneration of the cell monolayer, with rounded cells floating within the culture medium after
three passages. Cells inoculated with the samples derived from trigeminal nerve, bone marrow, lung, and spleen tissues from dog
1 exerted obvious cytopathic effects, as did cells inoculated with samples derived from medulla oblongata, bone marrow, and lung
tissues from dog 2. Each supernatant from the third blind passage was stored at —80°C until use for virus identification.

Viral DNA/RNA was extracted from the aforementioned supernatants using the NucleoSpin Virus (Macherey-Nagel, Diiren,
Germany) according to the manufacturer’s instructions. PCR was performed to detect PRV using the extracted DNA. RT-PCR
was performed using the extracted RNA to detect other pathogens, namely rabies lyssavirus (RABV) for rabies, dabie bandavirus
(SFTSV) for severe fever with thrombocytopenia syndrome, and canine morbillivirus (CDV) for canine distemper. The primer
sets are presented in Table 1. The positive controls for PCR/RT-PCR were as follows: DNA of the PRV Begonia strain extracted
from the Porcilis Begonia DF-10 vaccine (MSD Animal Health K. K., Tokyo, Japan), RNA of the RABV challenge virus standard
(CVY) strain cultured in NA cells, double-stranded DNA artificially synthesized according to the nucleotide sequence of the SFTSV
YG1 strain (GenBank accession no: AB817995), and RNA of CDV (strain Onderstepoort) extracted from the Nobivac Puppy
DP vaccine (MSD Animal Health K. K.). We conducted PCR targeting the glycoprotein C (gC, UL44) gene of PRV in a 25.0-ul
reaction mixture containing 12.5 pl of 2x Gflex PCR Buffer (Mg?*, dNTP plus, Takara Bio, Kusatsu, Japan), 0.5 pl of Tks Gflex
DNA Polymerase (1.25 units/ul, Takara Bio), 30 uM of the primer set (final concentration: 0.3 pM each), and 1.0 pl of template
DNA. The reaction conditions were as follows: 94°C for 1 min, denaturation at 98°C for 10 sec, annealing at 60°C for 15 sec, and
extension at 68°C for 30 sec. The samples were subjected to 30 cycles of amplification and maintained at 68°C for 7 min. The
RT-PCR reaction for RABV was conducted following the previously reported method [10]. The RT-PCR reaction for SFTSV was
conducted following the method described by Takahashi et al. [27]. The RT-PCR reaction for CDV was performed as described
by Demeter et al. [2]. The PCR/RT-PCR products were observed in 1% agarose gel (Nacalai Tesque, Kyoto, Japan) stained with
GelRed (Biotium, Fremont, CA, USA). The result illustrated that PCR amplification targeting a partial sequence of the gC gene
of PRV identified amplicons with an expected size of 927 bp using culture supernatants derived from the cells cultured with
trigeminal nerve, bone marrow, lung, and spleen tissues from dog 1 and medulla oblongata, bone marrow, and lung tissues from
dog 2. In the other samples (serum from dog 1; trigeminal nerve, spleen, and kidneys from dog 2), PCR-amplified bands were not
observed. RT-PCR assays for RABV, SFTSV, and CDV were negative.

An indirect immunofluorescence assay (IFA) was used to confirm the presence of infectious PRV in supernatants from the third
blind passage. Tissue culture-treated glass slides mounted with four polystyrene chambers (Corning, New York, NY, USA) were
seeded with 1 x 10° Vero cells/well. Each chamber of the slide was inoculated with four-fold diluted supernatant from the third
blind passage (50 pl of supernatant diluted with 150 ul of MEM containing 2% heat-inactivated FBS) and incubated at 37°C in an
atmosphere of 5% CO,. At 15 hr after inoculation, cells were fixed in 4% paraformaldehyde phosphate buffer solution (FUJIFILM
Wako Pure Chemical) for 20 min. Cells were permeabilized with 0.2% Triton X-100 (Nacalai Tesque) and blocked with 1% Block
Ace (KAC, Kyoto, Japan) for 30 min at room temperature. Fixed cells were stained with rabbit anti-pseudorabies virus polyclonal
antibody (ab3534; Abcam, Cambridge, UK) at 1.0 ng/ml (1:1,000) for 30 min followed Alexa Fluor 488-conjugated goat anti-
rabbit IgG polyclonal antibody (ab150077; Abcam) at 2.1 pg/ml (1:1,000) for 15 min at room temperature. Cells were covered with
70% glycerin and examined via fluorescence microscopy (BZ-9000; Keyence, Osaka, Japan). The trigeminal nerve, bone marrow,
lung, and spleen samples from dog 1 were positive for PRV antigens. The medulla oblongata, bone marrow, and lung samples from
dog 2 were also positive for PRV antigens. PRV antigens were not detectable in the other samples. The two PRV isolates in this
study were named OT-1 (from dog 1) and OT-2 (from dog 2).

Sequencing was performed via dye terminator sequencing based on the Sanger method using a capillary DNA sequencer. The
PCR products of the isolated virus were purified using NucleoSpin Gel and PCR Clean-up kit (Macherey-Nagel) and sequenced
using BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA) and 3130 Genetic Analyzers
(Applied Biosystems) according to the manufacturers’ instructions. Phylogenetic analysis of the partial sequence of the PRV gC
gene and several sequences of PRV gC available in GenBank was conducted. The sequences were aligned using the ClustalW
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Table 1. Primer sets used for PCR/RT-PCR amplification in this study

Annealing

Target pathogen Primer name Sequence (5" to 3") ;refzigoer: tem?oeéajmre i{:fr(li;;n)t Reference
Pseudorabies virus PrV gC Forward CCGACCCCGAGTACTTTGAC 2C gene 60 927 This study
PrV gC Reverse TGATCATGCTGGTCACGACG
Rabies lyssavirus N7 (mix) ATGTAACACCYCTACAATGG N gene 55 606 [10]
JW6 (mix) JW6(DPL) CAATTCGCACACATTTTGTG
JW6 (E): CAGTTGGCACACATCTTGTG
JW6 (M): CAGTTAGCGCACATCTTATG
Dabie bandavirus Forward SFTSV NP-1F ATCGTCAAGGCATCAGGGAA NP gene 52 458 [27]
Reverse SFTSV NP-1R TTCAGCCACTTCACCCGAA
Canine morbillivirus ~ Forward AACTTAGGGCTCAGGTAGTC H gene 56 2,023 2]
Reverse AGATGGACCTCAGGGTATAG
HNB (China 2012) KM189914.3 ]
HNX (China 2012) KM189912.1
HeN1 (China 2012) KP098534.1
5o | TJ (China 2012) KJ789182.1
[ | qihes47 (China 2014) KU056477.1
LA (China 1997) KU552118.1
MY-1 (Japan 2015) AP018925.1 Genotype
99 OT-1 * ”
® RC1 (Japan 2016) LC342744.1
oT2 ¥k
—— Ea (China 1993) KX423960.1
Fa (China 1962) KM189913.1
SC (China 1986) KT809429.1 -
gg | NIA3 (Northern Ireland 1970s) KU900059.1 ]
—< Becker (USA 1970) JF797219.1
ADV32751/ltaly2014 (ltaly 2014) KU198433.1
59 0 ’— Bartha (Hungary 1961) JF797217.1 Genotype
Kaplan (Hungary 1959) JF797218.1
30| Yamagata S-81 (Japan 1981) D49435.1
—%l;:ules (Greece 2010) KT983810.1
Kolchis (Greece 2010) KT983811.1

0.0020

Fig. 1. Phylogenetic analyses based on the partial nucleotide sequences of the pseudorabies virus (PRV) glycoprotein C (gC, UL44) gene. A
phylogenetic tree was constructed using the partial 927-bp nucleotide sequences of the gC gene of OT-1, OT-2, and other strains isolated globally.
Genotype I consists of PRV strains isolated from European and American countries, as well as a PRV strain isolated in Japan in 1981. Genotype
1I consists of PRV strains isolated from China and Japan (since 2015). The scale bar indicates the number of substitutions per site. All bootstrap
values from 1,000 replications are presented on the corresponding nodes. The two isolates identified in this study are OT-1 (GenBank accession
no. LC570808) and OT-2 (LC570809). Asterisks (*) denote the PRV isolates in this study.

protocol [29], and a phylogenetic tree was constructed using the maximum likelihood method based on the Tamura 3-parameter
model [28] with 1,000 bootstrap replications in MEGA 7.0 software [13]. The sequences of the gC gene (927 bp) from OT-1 and
OT-2 each shared 100% (927/927) nucleotide and 100% (308/308) amino acid homology with MY-1 (AP018925), a PRV isolated
in Miyazaki prefecture, Japan in 2015 [20]. Compared with the RC1 (LC342744) strain, which was isolated in Japan in 2016, the
gC sequences from OT-1 and OT-2 each shared 99.9% (926/927) nucleotide and 99.7% (307/308) amino acid homology with RCI.
The partial nucleotide sequences for the gC genes of PRV isolates (OT-1 and OT-2) in this study were deposited in the DDBJ/
EMBL/GenBank databases under the accession numbers LC570808 (for OT-1) and LC570809 (for OT-2). In the phylogenetic
analysis, OT-1 and OT-2 clustered into the same group as MY-1 and RC1 based on the 927-bp partial sequence of the gC gene
(Fig. 1). This group contains several PRV strains recently isolated in China that have been designated “genotype II” based on
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the phylogenetic classification of the gC gene [33, 34]. Strains/isolates belonging to the genotype II are distinct from European-
American strains, as well as the Yamagata S-81 strain isolated in Japan, all of which belong to genotype I.

In this study, PRV infection in two hunting dogs in Oita, Japan was confirmed by virus isolation, IFA, PCR, and sequencing. The
dogs had eaten fresh meat from wild boars 2 days before the onset of clinical signs, and therefore, it is likely that wild boar flesh
was the source of PRV infection. These hunting dogs resided in a prefecture in which AD has been eradicated from domestic pigs.
This strongly suggests that PRV can exist in the wild boar population even if the domestic pig population in a prefecture is free
from AD. Wild boars would thus represent a reservoir for PRV and risk factors for the transmission of PRV to domestic pigs [6, 21,
30] and other animals including hunting dogs [5, 17, 20-23, 25, 26]. The PRV isolates identified in this study were clustered into
“genotype II,” based on the nucleotide sequence of the gC gene (gC-genotype I1) [20, 33, 34]. Because the Yamagata S-81 strain
isolated from domestic pigs, the first reported PRV strain in Japan [4], is known to be clustered into “gC-genotype 1” [33], it is
suggested that invasion by different genotypes of PRV strains has occurred in Japan. gC-genotype II consists primarily of variant
PRV strains that were recently isolated in China [1, 15, 32] and some old Chinese strains [31, 35], as well as the recently reported
Japanese PRV strains MY-1 and RC1. Therefore, it was proposed that these strains should be grouped as Asian type PRV [20].
MY-1 was isolated from a hunting dog in Miyazaki prefecture, which is a neighboring prefecture of Oita, on Kyushu Island, Japan
in 2015 [20], and RC1 was isolated from a raccoon (Procyon lotor) in Japan in 2016. This indicates that it is possible that wild boar
populations in Kyushu Island have shared at least one common PRV strain, and such a situation may have also occurred in other
areas of Japan, implying the possibility that other Asian type PRV strains might have been maintained in wild boar populations.

CONFLICT OF INTEREST. The authors declare no conflicts of interest associated with this manuscript.

ACKNOWLEDGMENTS. This study was supported by the Special Education and Research Expenses by MEXT “Establishment of
world-wide advanced research and medical network in HTLV-1/ATL.” We thank Dr. K. Yamada (Faculty of Medicine, Oita Univer-
sity) for generously providing the RNA of RABV CVS strain.

REFERENCES

1. An, T. Q. Peng, J. M., Tian, Z. J., Zhao, H. Y., Li, N., Liu, Y. M., Chen, J. Z., Leng, C. L., Sun, Y., Chang, D. and Tong, G. Z. 2013. Pseudorabies
virus variant in Bartha-K61-vaccinated pigs, China, 2012. Emerg. Infect. Dis. 19: 1749-1755. [Medline] [CrossRef]
2. Demeter, Z., Lakatos, B., Palade, E. A., Kozma, T., Forgach, P. and Rusvai, M. 2007. Genetic diversity of Hungarian canine distemper virus strains.
Vet. Microbiol. 122: 258-269. [Medline] [CrossRef]
3. Freuling, C. M., Miiller, T. F. and Mettenleiter, T. C. 2017. Vaccines against pseudorabies virus (PrV). Vet. Microbiol. 206: 3—-9. [Medline]
[CrossRef]
4. Fukusho, A., Shimizu, M., Kubo, M., Nanba, K., Shimizu, Y., Kono, S., Suzuki, K. and Otaki, T. 1981. The first outbreak of Aujeszky’s disease in
swine in Japan. II. Virus isolation. Bull. Natl. Inst. Anim. Health 82: 5-11 (in Japanese).
5. Glass, C. M., McLean, R. G., Katz, J. B., Maehr, D. S., Cropp, C. B., Kirk, L. J., McKeirnan, A. J. and Evermann, J. F. 1994. Isolation of
pseudorabies (Aujeszky’s disease) virus from a Florida panther. J. Wildl. Dis. 30: 180—184. [Medline] [CrossRef]
6. Hahn, E. C., Fadl-Alla, B. and Lichtensteiger, C. A. 2010. Variation of Aujeszky’s disease viruses in wild swine in USA. Vet. Microbiol. 143: 45-51.
[Medline] [CrossRef]
7. Hara, M., Shimizu, T., Fukuyama, M., Nomura, Y., Shirota, K., Une, Y., Hirota, A., Yago, K., Yamada, H. and Ishihara, M. 1987. Natural case of
Aujeszky’s disease in the dog in Japan. Nihon Juigaku Zasshi 49: 645-649. [Medline] [CrossRef]
8. Hara, M., Shimizu, T., Nemoto, S., Fukuyama, M., Ikeda, T., Kiuchi, A., Tabuchi, K., Nomura, Y., Shirota, K., Une, Y., et al. 1991. A natural case of
Aujeszky’s disease in the cat in Japan. J. Vet. Med. Sci. 53: 947-949. [Medline] [CrossRef]
9. Inch, C. 1998. An overview of pseudorabies (Aujeszky’s disease) and vesicular stomatitis from the Canadian Animal Health Network. Can. Vet. J.
39: 23-32. [Medline]
10. Inoue, S., Noguchi, A., Tobiume, M., Katano, H., Hasegawa, H., Lim, C. K., Takayama-Ito, M. and Hatakeyama, K. 2012. Rabies Diagnosis
Manual, second edition. https://www.niid.go.jp/niid/images/lab-manual/rabies%2020120608.pdf [accessed on June 12, 2020] (in Japanese).
11. Itakura, C., Nakatsuka, J. and Goto, M. 1981. An incidence of pseudorabies (Aujeszky’s disease) in piglets in Japan. Nihon Juigaku Zasshi 43:
923-927, 927. [Medline] [CrossRef]
12. Kano, Y. 1992. A clinical case of Aujeszky’s disease in the dog. Nihon Juishikai Zasshi 45: 414-417 (in Japanese, with English abstract).
13. Kumar, S., Stecher, G. and Tamura, K. 2016. MEGA7: Molecular Evolutionary Genetics Analysis Version 7.0 for Bigger Datasets. Mol. Biol. Evol.
33: 1870-1874. [Medline] [CrossRef]
14. Lee, J. Y. and Wilson, M. R. 1979. A review of pseudorabies (Aujeszky’s disease) in pigs. Can. Vet. J. 20: 65-69. [Medline]
15. Liu, C., Liu, Y., Tian, Y., Wei, X., Zhang, Y. and Tian, F. 2018. Genetic characterization and mutation analysis of Qihe547 Aujeszky’s disease virus
in China. BMC Vet. Res. 14: 218. [Medline] [CrossRef]
16. Mahmoud, H. Y., Suzuki, K., Tsuji, T., Yokoyama, M., Shimojima, M. and Maeda, K. 2011. Pseudorabies virus infection in wild boars in Japan. J.
Vet. Med. Sci. 73: 1535-1537. [Medline] [CrossRef]
17. Masot, A. J., Gil, M., Risco, D., Jiménez, O. M., Nuiiez, J. I. and Redondo, E. 2017. Pseudorabies virus infection (Aujeszky’s disease) in an Iberian
lynx (Lynx pardinus) in Spain: a case report. BMC Vet. Res. 13: 6. [Medline] [CrossRef]
18. Matsuoka, T., lijima, Y., Sakurai, K., Konosu, Y., Tamiya, K., Oki, M., Arai, N. and Koda, M. 1988. Aujeszky’s disease in a dog. Nihon Juigaku
Zasshi 50: 277-278. [Medline] [CrossRef]
19. Matsuoka, T., lijima, Y., Sakurai, K., Kurihara, T., Kounosu, Y., Tamiya, K., Oki, M., Haritani, M. and Imada, T. 1987. Outbreak of Aujeszky’s
disease in cattle in Japan. Nikon Juigaku Zasshi 49: 507-510. [Medline] [CrossRef]
20. Minamiguchi, K., Kojima, S., Sakumoto, K. and Kirisawa, R. 2019. Isolation and molecular characterization of a variant of Chinese gC-genotype
11 pseudorabies virus from a hunting dog infected by biting a wild boar in Japan and its pathogenicity in a mouse model. Virus Genes 55: 322-331.
[Medline] [CrossRef]

J. Vet. Med. Sci. 83(4): 680-684, 2021 683


http://www.ncbi.nlm.nih.gov/pubmed/24188614?dopt=Abstract
http://dx.doi.org/10.3201/eid1911.130177
http://www.ncbi.nlm.nih.gov/pubmed/17350769?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2007.02.001
http://www.ncbi.nlm.nih.gov/pubmed/27890448?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2016.11.019
http://www.ncbi.nlm.nih.gov/pubmed/8028102?dopt=Abstract
http://dx.doi.org/10.7589/0090-3558-30.2.180
http://www.ncbi.nlm.nih.gov/pubmed/20444559?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2010.02.013
http://www.ncbi.nlm.nih.gov/pubmed/3306081?dopt=Abstract
http://dx.doi.org/10.1292/jvms1939.49.645
http://www.ncbi.nlm.nih.gov/pubmed/1661179?dopt=Abstract
http://dx.doi.org/10.1292/jvms.53.947
http://www.ncbi.nlm.nih.gov/pubmed/9442949?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6283221?dopt=Abstract
http://dx.doi.org/10.1292/jvms1939.43.923
http://www.ncbi.nlm.nih.gov/pubmed/27004904?dopt=Abstract
http://dx.doi.org/10.1093/molbev/msw054
http://www.ncbi.nlm.nih.gov/pubmed/436099?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/29980205?dopt=Abstract
http://dx.doi.org/10.1186/s12917-018-1492-2
http://www.ncbi.nlm.nih.gov/pubmed/21757858?dopt=Abstract
http://dx.doi.org/10.1292/jvms.11-0191
http://www.ncbi.nlm.nih.gov/pubmed/28056966?dopt=Abstract
http://dx.doi.org/10.1186/s12917-016-0938-7
http://www.ncbi.nlm.nih.gov/pubmed/2834599?dopt=Abstract
http://dx.doi.org/10.1292/jvms1939.50.277
http://www.ncbi.nlm.nih.gov/pubmed/3613349?dopt=Abstract
http://dx.doi.org/10.1292/jvms1939.49.507
http://www.ncbi.nlm.nih.gov/pubmed/30919175?dopt=Abstract
http://dx.doi.org/10.1007/s11262-019-01659-x

The Journal of

Veterinary

Medical

Science C.KANEKO ET AL.
21. Miiller, T., Hahn, E. C., Tottewitz, F., Kramer, M., Klupp, B. G., Mettenleiter, T. C. and Freuling, C. 2011. Pseudorabies virus in wild swine: a

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

global perspective. Arch. Virol. 156: 1691-1705. [Medline] [CrossRef]

Miiller, T., Klupp, B. G., Freuling, C., Hoffmann, B., Mojcicz, M., Capua, 1., Palfi, V., Toma, B., Lutz, W., Ruiz-Fon, F., Gortarzar, C., Hlinak, A.,
Schaarschmidt, U., Zimmer, K., Conraths, F. J., Hahn, E. C. and Mettenleiter, T. C. 2010. Characterization of pseudorabies virus of wild boar origin
from Europe. Epidemiol. Infect. 138: 1590-1600. [Medline] [CrossRef]

Pedersen, K., Turnage, C. T., Gaston, W. D., Arruda, P., Alls, S. A. and Gidlewski, T. 2018. Pseudorabies detected in hunting dogs in Alabama and
Arkansas after close contact with feral swine (Sus scrofa). BMC Vet. Res. 14: 388. [Medline] [CrossRef]

Pomeranz, L. E., Reynolds, A. E. and Hengartner, C. J. 2005. Molecular biology of pseudorabies virus: impact on neurovirology and veterinary
medicine. Microbiol. Mol. Biol. Rev. 69: 462-500. [Medline] [CrossRef]

Serena, M. S., Metz, G. E., Lozada, M. L., Aspitia, C. G., Nicolino, E. H., Pidone, C. L., Fossaroli, M., Balsalobre, A., Quiroga, M. A. and
Echeverria, M. G. 2018. First isolation and molecular characterization of Suid herpesvirus type 1 from a domestic dog in Argentina. Open Vet. J. 8:
131-139. [Medline] [CrossRef]

Steinrigl, A., Revilla-Fernandez, S., Kolodziejek, J., Wodak, E., Bago, Z., Nowotny, N., Schmoll, F. and Kéfer, J. 2012. Detection and molecular
characterization of Suid herpesvirus type 1 in Austrian wild boar and hunting dogs. Ver. Microbiol. 157: 276-284. [Medline] [CrossRef]

Takahashi, T., Maeda, K., Suzuki, T., Ishido, A., Shigeoka, T., Tominaga, T., Kamei, T., Honda, M., Ninomiya, D., Sakai, T., Senba, T., Kaneyuki,
S., Sakaguchi, S., Satoh, A., Hosokawa, T., Kawabe, Y., Kurihara, S., [zumikawa, K., Kohno, S., Azuma, T., Suemori, K., Yasukawa, M., Mizutani,
T., Omatsu, T., Katayama, Y., Miyahara, M., [juin, M., Doi, K., Okuda, M., Umeki, K., Saito, T., Fukushima, K., Nakajima, K., Yoshikawa, T., Tani,
H., Fukushi, S., Fukuma, A., Ogata, M., Shimojima, M., Nakajima, N., Nagata, N., Katano, H., Fukumoto, H., Sato, Y., Hasegawa, H., Yamagishi,
T., Oishi, K., Kurane, 1., Morikawa, S. and Saijo, M. 2014. The first identification and retrospective study of severe fever with Thrombocytopenia
syndrome in Japan. J. Infect. Dis. 209: 816-827. [Medline] [CrossRef]

Tamura, K. 1992. Estimation of the number of nucleotide substitutions when there are strong transition-transversion and G+C-content biases. Mol.
Biol. Evol. 9: 678—687. [Medline]

Thompson, J. D., Higgins, D. G. and Gibson, T. J. 1994. CLUSTAL W: improving the sensitivity of progressive multiple sequence alignment
through sequence weighting, position-specific gap penalties and weight matrix choice. Nucleic Acids Res. 22: 4673-4680. [Medline] [CrossRef]
Verpoest, S., Cay, A. B. and De Regge, N. 2014. Molecular characterization of Belgian pseudorabies virus isolates from domestic swine and wild
boar. Vet. Microbiol. 172: 72-77. [Medline] [CrossRef]

Wang, X., Wu, C. X., Song, X. R., Chen, H. C. and Liu, Z. F. 2017. Comparison of pseudorabies virus China reference strain with emerging variants
reveals independent virus evolution within specific geographic regions. Virology 506: 92-98. [Medline] [CrossRef]

Wu, R., Bai, C., Sun, J., Chang, S. and Zhang, X. 2013. Emergence of virulent pseudorabies virus infection in northern China. J. Vet. Sci. 14:
363-365. [Medline] [CrossRef]

Ye, C., Guo, J. C., Gao, J. C., Wang, T. Y., Zhao, K., Chang, X. B., Wang, Q., Peng, J. M., Tian, Z. J., Cai, X. H., Tong, G. Z. and An, T. Q. 2016.
Genomic analyses reveal that partial sequence of an earlier pseudorabies virus in China is originated from a Bartha-vaccine-like strain. Virology
491: 56-63. [Medline] [CrossRef]

Ye, C., Zhang, Q. Z., Tian, Z. J., Zheng, H., Zhao, K., Liu, F., Guo, J. C., Tong, W., Jiang, C. G., Wang, S. J., Shi, M., Chang, X. B., Jiang, Y. F.,
Peng, J. M., Zhou, Y. J., Tang, Y. D., Sun, M. X., Cai, X. H., An, T. Q. and Tong, G. Z. 2015. Genomic characterization of emergent pseudorabies
virus in China reveals marked sequence divergence: Evidence for the existence of two major genotypes. Virology 483: 32—43. [Medline] [CrossRef]
Yu, T., Chen, F., Ku, X., Fan, J., Zhu, Y., Ma, H., Li, S., Wu, B. and He, Q. 2016. Growth characteristics and complete genomic sequence analysis of
a novel pseudorabies virus in China. Virus Genes 52: 474-483. [Medline] [CrossRef]

J. Vet. Med. Sci. 83(4): 680-684, 2021 684


http://www.ncbi.nlm.nih.gov/pubmed/21837416?dopt=Abstract
http://dx.doi.org/10.1007/s00705-011-1080-2
http://www.ncbi.nlm.nih.gov/pubmed/20223047?dopt=Abstract
http://dx.doi.org/10.1017/S0950268810000361
http://www.ncbi.nlm.nih.gov/pubmed/30522490?dopt=Abstract
http://dx.doi.org/10.1186/s12917-018-1718-3
http://www.ncbi.nlm.nih.gov/pubmed/16148307?dopt=Abstract
http://dx.doi.org/10.1128/MMBR.69.3.462-500.2005
http://www.ncbi.nlm.nih.gov/pubmed/29721443?dopt=Abstract
http://dx.doi.org/10.4314/ovj.v8i2.3
http://www.ncbi.nlm.nih.gov/pubmed/22264387?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2011.12.033
http://www.ncbi.nlm.nih.gov/pubmed/24231186?dopt=Abstract
http://dx.doi.org/10.1093/infdis/jit603
http://www.ncbi.nlm.nih.gov/pubmed/1630306?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7984417?dopt=Abstract
http://dx.doi.org/10.1093/nar/22.22.4673
http://www.ncbi.nlm.nih.gov/pubmed/24908275?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2014.05.001
http://www.ncbi.nlm.nih.gov/pubmed/28363130?dopt=Abstract
http://dx.doi.org/10.1016/j.virol.2017.03.013
http://www.ncbi.nlm.nih.gov/pubmed/23820207?dopt=Abstract
http://dx.doi.org/10.4142/jvs.2013.14.3.363
http://www.ncbi.nlm.nih.gov/pubmed/26874017?dopt=Abstract
http://dx.doi.org/10.1016/j.virol.2016.01.016
http://www.ncbi.nlm.nih.gov/pubmed/25965793?dopt=Abstract
http://dx.doi.org/10.1016/j.virol.2015.04.013
http://www.ncbi.nlm.nih.gov/pubmed/27012685?dopt=Abstract
http://dx.doi.org/10.1007/s11262-016-1324-z

