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ABSTRACT. Gammaherpesviruses (GHVs) are members of an emerging subfamily of the family
J. Vet. Med. Sci. Herpesviridae. A recent study identified a novel GHV in domestic cats (Felis catus GHV1, FcaGHV1),
79(10): 1735-1740, 2017 and epidemiological surveys have found that FcaGHV1 is distributed worldwide. In this study, we
investigated the prevalence of GHVs in domestic cats in Japan with a molecular epidemiological
survey. Blood samples were collected from 1,738 domestic cats and GHV-derived DNA was
detected with PCR in 1.3% (23/1,738) of the Japanese domestic cats. The FcaGHV1 detected in
this study was very similar to FcaGHV1 detected in a domestic cat in North America. Older age
(>5 years old) and Feline immunodeficiency virus infection were identified as risk factors for GHV
infection.
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Gammabherpesviruses (GHVs) are members of an emerging subfamily of the family Herpesviridae and are classified into four
genera: Lymphocryptovirus, Rhandivirus, Macavirus, and Percavirus [4, 10]. These viruses infect a diverse range of vertebrates,
including humans and other mammals, in a host-specific manner [10]. The two major human GHVs, Human herpesvirus 4 and
Human herpesvirus 8, which are also called Epstein-Barr virus (EBV) and Kaposi’s sarcoma-associated virus (KSHV), respectively,
are clinically important pathogens in human practice because they have tumorigenic potential, especially in immunocompromised
patients [9, 22]. It has been reported that latent membrane protein 1 (LMP1) of EBV is histopathologically detectable in the tumor
tissues of almost all patients with Human immunodeficiency virus (HIV)-associated Hodgkin lymphoma [22].

Lymphoma is one of the commonest tumors encountered in feline medicine [8, 12, 19]. Feline leukemia virus (FeLV) has been
considered the major cause of lymphoma in the past, but a recent study showed that most cases of feline lymphoma were FeLLV-
negative [12]. Feline immunodeficiency virus (FIV)-infected cats are also known to be at high risk of lymphoma [8, 14]. However,
FIV is believed to play an indirect role in the development of lymphoma because there is no evidence of the clonal proliferation
of tumor cells containing FIV proviral DNA [2, 14]. It has been suggested that a specific infectious agent, such as human EBV
or KSHY, contributes to the development of lymphoma in FIV-infected cats, although the mechanism of its development in
domestic cats is not fully understood [2, 14]. In this context, several studies have looked for infectious agents other than FeLV
that are associated with the development of lymphoma in cats [13, 23]. A recent study identified a novel GHYV, Felis catus
gammaherpesvirus 1 (FcaGHV1), in domestic cats in the United States, and epidemiological surveys have shown that FcaGHV1 is
distributed in several countries, including the United States, European countries, Australia, and Singapore [3, 6, 15, 23]. However,
no epidemiological survey of GHV infection has yet been conducted in Japanese domestic cats. Therefore, in the present study, we
conducted a nationwide molecular epidemiological survey to investigate the prevalence of GHVs in Japan and to clarify the risk
factors for GHV infection in domestic cats.

Blood samples were collected from 1,770 cats admitted to 47 private veterinary hospitals located in each of the 47 prefectures
in Japan, between March and October 2008. Cats accessing the outdoors at least once a week were included, but cats kept strictly
indoors were excluded. The age, sex, major ailments, and other clinical information about each cat were recorded at each hospital.
FIV and FeLV infections were screened by the detection of serum anti-FIV antibodies and FeLV p27 antigen, respectively, using a
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Table 1. Clinical profiles, GHV frequencies, and risk factors for GHV infection in 1,738 cats

Univariable Multivariable
Number of cats  GHV positive
OR 95% CI P OR 95% CI P
Total 1,738 23 N/A N/A N/A N/A N/A N/A
Age >5 years 826 16 4.93 1.43-16.99  <0.01  3.84 1.06-13.86 0.04
<5 years 752 3
Unknown 160 4
Sex Male 923 17 2.51 0.98-6.40 0.05 1.64 0.56-4.79 0.36
Female 809 6
Unknown 6 0
Breed Pure 34 1 2.31 0.30-17.70 0.36 N/A N/A N/A
Mix 1,704 22
Bite wound history  Yes 699 12 1.62 0.69-3.78 0.28 N/A N/A N/A
No 941 10
Unknown 98 1
FeLV infection Positive 212 5 2.02 0.74-5.50 0.18 1.7 0.53-5.42 0.36
Negative 1,526 18
FIV infection Positive 400 14 5.35 2.30-12.46  <0.01  4.11 1.52-11.11 <0.01
Negative 1,338
Health status Sick 1,156 19 2.37 0.80-7.02 0.12  1.26 0.34-4.60 0.71
Healthy 573 4
Unknown 9 0

commercially available test kit (SNAP FeLV/FIV Combo Test; IDEXX Laboratories Inc., Westbrook, ME, U.S.A.), in our previous
study [18]. The profiles of the examined cats are shown in Table 1.

Total DNA was extracted from the blood samples and was used as the template for the amplification of GHV-derived DNA. As
an internal control, the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was also amplified from each sample using the
primers c¢GS (5'-CTCATGACCACAGTCCATGC-3', nucleotides [nt] 514-533, GenBank/EMBL/DDBJ accession no. AB038240)
and cGR (5'-TGAGCTTGACAAAGTGGTCA-3’, nt 925-906) [21]. The PCRs involved 25 cycles of denaturation (94°C, 1 min),
annealing (60°C, 1 min), and polymerization (72°C, 3 min). The GAPDH gene was successfully amplified from the samples from
1,738 of the 1,770 cats that presented at animal hospitals located in the 47 Japanese prefectures. The blood samples collected from
those cats were subjected to a PCR analysis to detect GHV-derived DNA and the cats’ clinical data were subjected to a risk factor
analysis.

GHV-derived DNA was detected in the blood samples with nested degenerative PCR targeting the glycoprotein
B gene, as previously reported [5, 23]. Primers 2759s (5-CCTCCCAGGTTCARTWYGCMTAYGA-3') and 2762as
(5'-CCGTTGAGGTTCTGAGTGTARTARTTRTAYTC-3') and primers 2760s (5'-AAGATCAACCCCAC (N/I) AG (N/I) GT (N/T)
ATG-3") and 2761as (5'-GTGTAGTAGTTGTACTCCCTRAACAT (N/I) GTYTC-3") were used for the first- and second-round
PCRs, respectively [5]. These primers are known to amplify a broad range of mammalian GHVs and the size of the amplicon in
this PCR system is approximately 500 bp [5]. The reaction mixture (30 u/) for the first-round PCR contained primers 2759s and
2762as (0.5 uM each), 0.2 mM dNTPs, DNA polymerase (2.0 units, Takara, Kyoto, Japan), 5 u/ of template DNA, and the reagents
recommended by the manufacturer. The DNA extracted from B95a cells, which are known to be transformed with EBV, was used
as a positive control, and was added to the first-round PCR as the template DNA instead of sample DNA [11, 17]. The first-round
PCR product (2 ul) was used as the template for the second-round PCR. The amplification steps for the first- and second-round
PCRs consisted of initial heating at 94°C for 2 min, and 45 cycles of denaturation (94°C for 30 sec), annealing (45°C for 30 sec),
and polymerization (72°C for 30 sec), followed by a final extension at 72°C for 7 min. The sensitivity of this PCR was evaluated
by determining its detection limit using a serially diluted plasmid template. A DNA fragment of the glycoprotein B gene derived
from EBV was inserted into the plasmid pCR2.1 (Invitrogen, Calsbad, CA, U.S.A.). Serial 10-fold dilutions corresponding to
10°-1072 copies of the plasmid were prepared and used as templates. The genomic DNA from healthy cats was added to the all-
PCR reaction mixture to bring the analysis closer to the conditions in clinical surveys. Triplicate analyses were performed for each
dilution. The PCR products were then separated electrophoretically and the minimum detection limit was determined. This analysis
showed that the PCR detected EBV in one reaction mixture containing 100 copies of the EBV DNA (data not shown).

The nucleotide sequences of the amplified DNA fragments were inserted into the pCR2.1 plasmid vector (Invitrogen), and
the nucleotide sequence of each inserted DNA fragment was determined with the dideoxy chain termination method (ABI Prism
BigDye Primer Cycle Sequencing Ready Reaction Kit; Applied Biosystems, Foster City, CA, U.S.A.). Homology searches based
on the nucleotide sequences of the PCR products were performed with the Basic Local Alignment Search Tool (BLAST) in the
DNA Data Bank of Japan (DDBJ, http://www.ddbj.nig.ac.jp/Welcome-j.html) [1]. We performed the distance matrix calculations
and constructed a phylogenetic tree with ClustalW version 1.8 in DDBJ. The Kimura two-parameter method was used to calculate
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Fig. 1. Phylogenetic relationships of various gammaherpesviruses based on the nucleotide sequences of the glycoprotein B gene. Scale bar indi-
cates the genetic distance (0.1 substitutions/site). The 23 clones of FcaGHV1 detected in this study are shown in bold (LC198234-LC198256).
Pathogen names, host species, and GenBank accession numbers (in parentheses) of the sequences are shown on the phylogenetic tree: Human
herpesvirus 4 (HHV4, Epstein-Barr virus, NC007605); Callitrichine herpesvirus 3 (CalHV3, NC004367); Alcelaphine herpesvirus 1 (AIHV1,
NC002531); Ovine herpesvirus 2 (OvHV2, NC007646); Mustelid herpesvirus 1 (MusHV1, AF376034); Felis catus gammaherpesvirus 1
(FcaGHV1, KF840715); Lynx rufus gammaherpesvirus 1 (LruGHV1, KF840716); Equid herpesvirus 2 (EHV2, HQ247738); Equid herpes-
virus 5 (EHVS5, AF050671); Crocuta crocuta gammaherpesvirus 1 (CcroGHV1, DQ789371); Equus zebra gammaherpesvirus 1 (EzebGHV1,
AY495965); Tupaia belangeri gammaherpesvirus 1 (TbelGHV1, AY197561); Macacine herpesvirus 5 (McHVS5, NC003401); Human herpesvi-
rus 8 (HHV8, Kaposi’s sarcoma-associated herpesvirus, NC009333); Macaca fascicularis rhadinovirus 1 (MfasRHV1, AY138583); Murid her-
pesvirus 4 (MuHV4, NC001826); Puma concolor gammaherpesvirus 1 (PcoGHV1, KF840717); Panthera leo gammaherpesvirus 1 (PleoGHV1,
DQ789370); and Babyrousa babyrussa rhadinovirus 1 (BbabRHV1, AY177146). The number under each internal nodes indicates the percentage
of 1,000 bootstrap replicates that supported the branch.

the distance matrix of the aligned sequences, with all gaps ignored, and the neighbor-joining method in the DNADIST program
from the PHYLIP software package (http://evolution.genetics.washington.edu/phylip.html) was used to construct the phylogenetic
tree, as previously described [7]. The stability of the phylogenetic tree was estimated with a bootstrap analysis of 1,000 replications
using the same program. The tree figure was generated with TreeView version 1.6.6.

The GHV-derived glycoprotein B gene was detected in 23 of the 1,738 cats, with an overall prevalence of 1.3%. DNA
sequencing and a BLAST analysis revealed that all the sequences were strongly similar (99.9%) to FcaGHV1 from the United
States (KF840715) [23]. In a phylogenetic analysis of the sequence data, all the GHVs detected in the present study (LC198234-
LC198256) formed one cluster and formed a single group with the GHVs from domestic cats and bobcats (Fig. 1). The detected
GHVs belonged to the genus Percavirus. The distribution of the FcaGHV 1-infected cats was also evaluated by plotting the
locations of the cats positive for GHV-derived DNA on a map of Japan. The FcaGHV 1-infected cats were mainly distributed in the
western part of Japan, as shown in Fig. 2.

The risk factors for GHV infection were determined from various clinical parameters, including age, breed, sex, retroviral

doi: 10.1292/jvms.17-0039 1737



The Journal of

Veterinary

Medical

Science M. TATENO ET AL.

Hokkaido (29)

Aomori (40)

ity Akita (40) .,
® GHV-positive cat “ wate (40)
Yamagata (37)
Gunma (40)
Nagano (14) 4 Miyagi (40)
Toyama (40) ‘ ' F Niigata (40)
Ishikawa (40) -, .
Hyogo (40) Fukui (40) - Fukushima (40)
Shimane (40) \Kyoto (41) 3 avd ( Tochigi (40)
Okayama (40) Shiga (40) Hf# ! Ibaragi (40)
Saitama (35)
Kagawa (40) *‘ ‘~'\
8 p&‘;() Tokyo @3) 0 00

Tottori (30) N @ N =5,
Hiroshima (30) 4” “ mﬁmﬂ Kanagawa (38)
ﬂ‘g ‘ %‘s ie (40 :

Yamaguchi (40) - Yamanashi (40)
Aichi (15)

Gifu (40)N, .
Fukuoka (40) ] ,..* > Shizuoka (40)
. Nara (43
i :‘\{w‘ p Wakayama (40 ara (43)
W

y 'V Ehinie (40)\ Tokushima (40)

Nagasaki (20) O
Kumamoto (40) Oita (40) Kochi (40) Osaka (40)
x.- Okinawa (38)

7
Kagoshima (40)

Miyazaki (40)

Fig. 2. Map of Japan and the distribution of GHV-positive cats. Dots represent GHV-infected cats. The number in parentheses after the
prefecture name indicates the number of samples collected in each prefecture.

infection status, bite wound history, and health status. These parameters were used as variables in the following statistical analyses.
Fisher’s exact test was used for the univariable analysis, and the variables with P values <0.2 were included in a logistic regression
model for the multivariable analysis. The odds ratio (OR) was calculated with the 95% confidential interval (CI), and variables with
P<0.05 were considered significant risk factors for GHV infection.

In the univariable analysis, older age (>5 years old, OR, 4.93; 95% CI, 1.43-16.99; P<0.01), male sex (OR, 2.51; 95% ClI,
0.98-6.40; P=0.05), FIV infection (OR, 5.35; 95% CI, 2.30-12.46; P<0.01), FeLV infection (OR, 2.02; 95% CI, 0.74-5.50;
P=0.18), and ill health (OR, 2.37; 95% CI, 0.80-7.02; P=0.12) were identified as risk factors for GHV infection (Table 1). In
the subsequent multivariable analysis, older age (OR, 3.84; 95% CI, 1.06—13.86; P=0.04) and FIV infection (OR, 4.11; 95% CI,
1.52-11.11; P<0.01) were significant and independent risk factors for GHV infection (Table 1).

In this study, the prevalence of GHVs and the risk factors for GHV infection were evaluated in Japanese domestic cats. This is
the first reported detection of GHV in Japanese domestic cats. FcaGHV1 has been identified in domestic cats in North America,
central Europe, Southeast Asia, and Australia, with prevalences ranging from 9.6 to 16.2% [3, 6, 23]. These reports suggest that
FcaGHV1 is distributed worldwide, including in Asia, and our results support these findings. However, the prevalence of FcaGHV1
in Japanese domestic cats (1.3%) is lower than the prevalence reported in other countries and areas [3, 6, 23], suggesting that the
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prevalence of FcaGHV1 varies among countries or areas, although the virus is distributed worldwide. However, it is unclear why
Japanese domestic cats show a lower prevalence of FcaGHV 1 than domestic cats in other countries. We applied the same PCR
system which was used in previous studies for our purpose, therefore, the sensitivity of the PCR and the accuracy of obtained
prevalence in this study should be same as those in previous studies [3, 6, 23].

GHVs are generally known to establish latent infections and the viral loads of FcaGHV1 in the blood are considered to depend
on the immune status of the host and/or infection with other infectious agents, such as FIV [6]. In this study, we knew the FIV
infection status of the samples analyzed, but no information was available on the clinical stages of the FIV infections or the
immunological status of the cats. Identifying the mechanisms underlying viral activation and the establishment of viremia in the
host may clarify the pathophysiology of FcaGHV1 infection and explain the lower prevalence of FcaGHV1 in Japanese domestic
cats than in other countries and areas. A recent study reported that the seroprevalence of FcaGHV1 was much higher than that
determined with a molecular survey [20]. Serum samples were not collected in the present study, so we could not evaluate the
seroprevalence of FcaGHV 1. A serological survey might also more accurately determine the prevalence of FcaGHV1 in Japanese
domestic cats. The FcaGHV 1 detected in the present study were almost identical at the glycoprotein B gene to those in the United
States [23], which suggests that the virus is highly conserved in domestic cat species and that GHVs are carried in a host-specific
manner, like other herpesviruses [10].

Interestingly, the FcaGHV 1-infected cats were predominantly found in the western part of Japan. Other studies have also
reported geographic differences in the distribution of FcaGHV 1-infected animals [20, 23]. However, FcaGHV 1-infected cats
displaying the risk factors identified in this study (FIV-positive cats and older cats) were equally distributed in the eastern and
western parts of Japan [18]. A recent study revealed that hemoplasma infection increases the risk of GHV infection, but the
distribution of hemoplasma-positive cats in Japan did not differ significantly between the eastern and western areas [16, 21]. The
risk factors for FcaGHV 1 infection in Japanese domestic cats are being an older cat ( >5 years old) or an FIV-infected cat. These
factors have also been identified as risk factors for FcaGHV1 infection in previous studies [3, 6]. The high prevalence of the
virus in adult cats suggests that FcaGHV1 infection occurs postnatally and is transmitted horizontally. Because FIV infection is a
significant risk factor for FcaGHV 1 infection, it is possible that the immune suppression caused by FIV infection is an important
factor in establishing the viremia of FcaGHV1 and that the transmission route of FcaGHV1 is direct, like that of FIV. Direct
contact, such as fighting, might be a major transmission route, although a bite wound history was not identified as a significant risk
factor for FcaGHV 1 infection in this study (Table 1). If direct transmission is a major route of FcaGHV1 infection, the behavior of
cats, such as grooming and sharing feeding dishes, might be important. However, if direct contact is a major transmission route for
FcaGHV1, the uneven distribution pattern of FcaGHV1 in Japan cannot be explained.

This study failed to identify any statistical relationship between FcaGHV1 infection and the clinical symptoms in a risk
factor analysis. A previous epidemiological study in central Europe also showed no statistical relationship between FcaGHV 1
infection and chronic illness [3]. However, previous surveys in Singapore and Australia reported that FcaGHV 1-positive cats
were more likely to be sick [6]. Although the pathogenicity of FcaGHV1 is not fully understood, including its contribution
to lymphomagenesis, the pathogenicity of GHV should be evaluated, keeping in mind that GHV diseases usually develop in
immunocompromised human patients [9, 22]. The pathogenicity of FcaGHV1 was not fully evaluated in the present study because
no information was available on the immunological status of the cats examined, and the clinical significance of FcaGHV1 infection
in feline medicine is still unknown. Further research is required, especially concerning whether viruses of the genus Percavirus are
tumorigenic, to determine the pathogenicity of FcaGHV1 in domestic cats.
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