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1. GENERAL INTRODUCTION



1.1. Exotic animals and hedgehogs as pets in Japan

“Exotic animals™ are defined as companion animals except for dogs and cats.
The definition of the term “exotic animal” includes board range of animals, such as
various species of birds, reptiles, amphibians, and mammals. In particular, African pygmy
hedgehogs (Atelerix albiventris), also known as four-toed hedgehogs, have become
popular exotic pets in America, Europe and Asian countries, including Japan (Diaz-
Delgado et al., 2017; Mufoz-Gutiérrez et al., 2018; Okada et al., 2018). African pygmy
hedgehog is among the small mammals belonging to genus Atelerix and family
Erinaceidae, and wild individuals are native to the steppe and savannah regions of Central
and Eastern Africa (Doss et al.,2020; Reeve, 1994). This species is well-suited to the
housing conditions in Japan due to its manageable body size (average body weight: 300—
600 g) and its non-barking nature (Doss et al., 2020). Hedgehog species other than the
African pygmy hedgehog are prohibited as pets in Japan, as they are designated invasive
alien species.
1.2. Tumors in African pygmy hedgehogs

Recently the description of diseases in African pygmy hedgehogs have increased.
(Diaz-Delgado et al., 2017; Gardhouse et al., 2015; Okada et al., 2018). The author
previously reviewed medical records of 227 African pygmy hedgehogs presented to a
private veterinary hospital in Fukuoka prefecture from 2008 to 2015 (Koizumi et al.,
2016), revealing that the most common disease categories were dermatological (45.9%),
reproductive (9.1%), and gastrointestinal diseases (8.9%). The most common diseases
noted in a retrospective survey of 106 African pygmy hedgehogs kept in America were
dermatological (66.04%), gastrointestinal (33.02%), and skeletal diseases (15.09%)
(Gardhouse et al., 2015). In addition, this species is known to commonly develop

neoplastic diseases, and necropsy reports have indicated a tumor incidence of 29-51.5%



with 85% of the neoplastic diseases being malignant (Heatley et al., 2005; Raymond et
al., 2001). A recent histopathological study conducted by two commercial laboratories in
Japan reported neoplastic lesions in 60% of samples from captive African pygmy
hedgehogs, with 74.6% of these tumors classified as malignant (Okada et al., 2018).
Various neoplasms have been reported; in particular, fibrosarcoma, mammary
adenocarcinoma, and squamous carcinoma have been more commonly reported (Okada
et al., 2018; Raymond et al., 2001). Neoplastic disease is the primary cause of death in
African pygmy hedgehogs, accounting for 35.9% of all causes of death in captive
hedgehogs (Pei-Chi et al., 2015). The author reported two case series describing
clinicopathologic and histopathologic findings, treatments and clinical outcomes of
histiocytic sarcoma and leukemia in this species (Koizumi et al., 2019a, 2020a). In
addition, the author also reported another case of an unusual form of histiocytic sarcoma
localizing to lumbar vertebrae with documentation of the clinical and pathologic features
(Koizumi et al., 2020b). These reports highlighted the aggressiveness and poor prognosis
of these malignant tumors. More precise knowledge therefore regarding the biological
behaviors of neoplastic diseases and advance of treatment in this species is needed. The
author reported preputial cystostomy as a novel surgical technique for unresolvable
urethral obstruction in a male African pygmy hedgehog, proving effective as a salvage

for such emergency condition (Koizumi et al., 2019b).

1.3. Non-virus pathogen diseases in African pygmy hedgehogs and their zoonotic
risks

Previous reports have revealed some pathogens causing diseases in African
pygmy hedgehogs. Dermatologic disorders caused by Caparinia tripilis or fungal

organisms (Trichophyton mentagrophytes, Trichophyton erinacei, and Microsporum



species) are very common problems in African pygmy hedgehogs (Doss et al.,2020;
Gardhouse et al., 2015). Several strains of Salmonella, particularly Salmonella enteritidis,
Salmonella typhimurium, Salmonella enterica serovar Tilene can develop enteritis
(Chomel et al., 2005). Intestinal cryptosporidiosis resulting in fatal outcome was reported
in a juvenile African pygmy hedgehog (Graczyk et al., 1998). Recently, Cryptosporidium
spp. was detected from two African pygmy hedgehogs in Japan (Takaki et al., 2020).

In addition to infections in African pygmy hedgehogs themselves, they have also
been reported as reservoirs for the transmission of these zoonotic diseases to humans.
There is potential risk to keep this species as pets because African pygmy hedgehogs have
various zoonotic pathogens and are concerned to act as carriers or hosts (Ruszkowski et
al., 2021). In particular, human dermatophytosis and salmonellosis transmitted from pet
African pygmy hedgehogs have been frequently reported (Chomel et al., 2005; Hoff et al.,
2024; Ruszkowski et al., 2021; Weishaupt et al., 2014). Similarly in Japan, recent case
reports also described these zoonoses from pet African pygmy hedgehogs (Ichimi et al.,

2018; Kim et al., 2018; Mochizuki et al., 2005)

1.4. Association between viruses and diseases in African pygmy hedgehogs

Previous reports have suggested that viral infections may be a contributing factor
for diseases developed in African pygmy hedgehogs. For example, African pygmy
hedgehog adenovirus 1 (AhAdV-1) and skunk adenovirus 1 were detected and isolated
from the throat/nasal swab and/or tissue samples of African pygmy hedgehogs that
showed respiratory clinical signs and died in Japan and USA (Madarame et al., 2019;
Needle et al., 2019; Ochiai et al., 2019). Human herpes simplex virus was isolated from
an African pygmy hedgehog that showed neurological clinical signs with posterior ataxia

and fast progressing paresis. Postmortem examinations revealed randomly distributed



foci of necrosis in the liver, and human herpes simplex virus antigens were detected in
neurons and some glial cells using immunolabeling (Allison et al., 2002). Pneumonia
virus of mice (PVM) RNA genome and antigen were detected in the brain of an African
pygmy hedgehog that showed encephalitis in Japan using next-generation sequencing and
immunohistochemical analysis (Madarame et al., 2014), which could be associated to
wobbly hedgehog syndrome. The author reported the clinical and pathological
characteristics of cutaneous papilloma and multicentric squamous cell carcinoma in two
African pygmy hedgehogs with a possible association with papillomavirus (PV) due to
evidence of viral antigens within tissue samples (Okumura et al., 2021). Unfortunately,
PV DNA was not detected in that study. Recently, Shimazaki et al. (2023) identified and
sequenced the full genome of PV in skin lesions of African pygmy hedgehogs, which was
named Atelerix albiventris papillomavirus 1 (AalbPV1). The zoonotic viruses or the
human case of virus infection transmitted from African pygmy hedgehogs have not been
reported.

While various common diseases in African pygmy hedgehogs have been
reported, the pathogenesis of those diseases are not well understood. However, as
described above, recent reports suggest the association between viruses and diseases in
African pygmy hedgehogs. Surveys of infectious agents in African pygmy hedgehogs
kept in Japan therefore are expected to provide useful information for the diagnosis,
treatment and prevention of emerging infectious diseases in clinical setting. At the same
time, it can be also beneficial for human medicine because African pygmy hedgehogs
have the potential risks to become reservoirs for zoonotic viruses. Taken together, the
author investigated and assessed the correlations between virus infection and various
diseases among pet African pygmy hedgehogs with a focus on herpesvirus, adenovirus,

and coronavirus in CHAPTER 1. A novel betaherpesvirus (Atelerix albiventris



herpesvirus 1; AAHeV) was identified and found to be significantly associated with
neurological disorders, while showing a lower incidence of neoplastic diseases,
suggesting a potential role of AAHeV in both neurological and tumor-related
pathogenesis. In addition, AhAdV-1-positive hedgehogs were detected with no
respiratory signs, indicating that subclinical infection of AhAdV-1 may occur among pet
African pygmy hedgehogs kept in Japan (Koizumi et al., 2022).Since AhAdV-1 has
already been isolated or detected in various animal species beyond the order with clinical
signs (Balic et al., 2020; Bourque et al., 2022; Doszpoly et al., 2020; Gal et al., 2013;
Kozac et al., 2015; Needle et al., 2020; Orbay-Cerrato et al., 2024), large-scale
epidemiological survey in captive animals including broad species in Japan should be
conducted to assess the potential zoonotic risks of this novel unique adenovirus. In
particular, pet exotic animals are expected as ideal candidates to evaluate the host range,
susceptibility, pathogenicity and current endemicity of AhAdV-1. In CHAPTER 2, the
author investigated seroprevalence and evaluated the pathogenicity of AhAdV-1 with
clinical samples and medical histories of exotic pets in Japan. It can be concluded that the
authors’ study has helped to elucidate part of the actual status of viral infections in

hedgehogs.



2. CHAPTER 1
Comprehensive surveillance of virus infection

among pet African pygmy hedgehogs in Japan



2.1. ABSTRACT

African pygmy hedgehogs (Afelerix albiventris) are popular exotic pets in Japan,
and their breeding numbers have recently increased. Although various diseases have been
reported in hedgehogs, including skin, respiratory, neurological, and neoplastic diseases,
most of the causes remain unidentified. In this study, we investigated herpesvirus,
adenovirus, and coronavirus infections among 150 African pygmy hedgehogs in Japan
and evaluated the correlations between virus infection and diseases. A novel herpesvirus
named Atelerix albiventris herpesvirus 1 (AAHeV), and African pygmy hedgehog
adenovirus 1 (AhAdV-1) were detected in 14 and 3 oral swab samples, respectively.
AAHeV infection may be related to neurological clinical signs. Interestingly, no
hedgehog with a neoplastic disorder tested positive for AAHeV. Further research is

required to determine the pathogenicity and prevalence of the detected viruses.

2.2. INTRODUCTION

A hedgehog is a small, spiny insectivore that has become popular in recent years
as an exotic pet in Japan. Among the 16 hedgehog species, African pygmy hedgehog
(Atelerix albiventris) is bred as a companion animal. With the increasing number of pet
hedgehogs in Japan, various diseases have been reported in hedgehogs, including skin,
respiratory, neurological, and neoplastic diseases (Okada et al., 2018). Although the
causes of these diseases are not well understood, previous reports have suggested that
viral infections may be a contributing factor. As discussed in GENERAL
INTRODUCTION, some reports have noted virus infection and possible pathogenesis in
African pygmy hedgehogs. African pygmy hedgehog adenovirus 1 (AhAdV-1) was
isolated from African pygmy hedgehogs with respiratory clinical signs (Madarame et al.,

2019; Needle et al., 2019; Ochiai et al., 2019), while human herpes simplex virus was



isolated from an African pygmy hedgehog with neurological signs (Allison et al., 2002).
The PVM RNA genome and antigen were detected in the brain of an African pygmy
hedgehog developing encephalitis in Japan (Madarame et al., 2014). Recent reports
revealed the association with a novel papillomavirus (PV) and skin lesions in African
pygmy hedgehogs, sequenced the full genome of PV and named Atelerix albiventris
papillomavirus 1 (AalbPV1) (Okumura et al., 2021; Shimazaki et al. 2023).

In addition, virus infection in hedgehogs other than African pygmy hedgehogs
also has reported. Herpesvirus infection has been reported in European hedgehogs
(Erinaceus europaeus). Examinations of European hedgehogs in the United Kingdom
revealed histological changes in the liver and amphophilic inclusion bodies with virus
particles in hepatocytes (Stack et al., 1990). Widén et al. (1996) also reported that the
cultivation of the liver homogenate from a young European hedgehog led to alpha
herpesvirus-like cytopathic effects (CPE) with intranuclear inclusion bodies. Coronavirus
was detected in the fecal samples of free-living European hedgehogs in several European
countries, including Germany (Corman et al., 2014), France (Monchatre-Leroy et al.,
2017), and the United Kingdom (Delogu et al., 2020; Saldanha et al., 2019), as well as in
Amur hedgehogs from China (Lau et al., 2019). In these reports, no infectious viruses
were isolated, and the animals did not show any clinical signs associated with coronavirus
infection.

Taken together, these reports indicate that hedgehogs have the potential to
become reservoirs for these pathogens, including zoonotic viruses. Therefore, surveys of
infectious agents in African pygmy hedgehogs kept in Japan are expected to provide
useful information for the prevention of emerging infectious diseases not only in

hedgehogs, but also in humans. In the present study, we investigated the viral infections



among African pygmy hedgehogs in Japan with a focus on herpesvirus, adenovirus and

coronavirus, and assessed the correlations between virus infection and various diseases.

2.3. MATERIALS AND METHODS
2.3.1. Sample collection

Oral swabs were collected from 150 domestic hedgehogs at a veterinary hospital
between March 2019 and June 2020. Most of them presented some clinical signs. Swab
samples were mixed in a vortex mixer in sterilized phosphate-buffered saline and stored

at -80°C until examination.

2.3.2. Detection of herpesvirus, adenovirus and coronavirus from hedgehog swab
samples

DNA extraction from swab samples was conducted using the DNeasy Blood &
Tissue Kit (QIAGEN, Hilden, Germany) according to the manufacturer’s instructions.
Nested polymerase chain reaction (PCR) assays were performed using the TaKaRa Ex
Taq kit (TaKaRa, Otsu, Japan) for the detection of herpesvirus and adenovirus. Pan-
herpesvirus primers were used for the detection of the herpesvirus DNA polymerase gene
(215 to 315 bp in length), as described previously (VanDevanter et al., 1996) (Table 1-1).
The first and second rounds of the reaction consisted of an initial denaturation at 94°C for
5 min, followed by 45 cycles of denaturation at 94°C for 30 s, annealing at 46°C for 30 s
and extension at 72°C for 1 min, with a final extension at 72°C for 5 min. Pan-adenovirus
primers were used for the detection of the adenovirus DNA polymerase gene (318 to 324
bp in length), as described previously (Wellehan et al., 2004) (Table 1-1). The first and
second rounds of the reaction consisted of an initial denaturation at 94°C for 2 min,

followed by 45 cycles of denaturation at 94°C for 30 s, annealing at 46°C for 1 min and
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extension at 72°C for 1 min, with a final extension at 72°C for 7 min. RNA was extracted
from swab samples using a Viral RNA Mini Kit (QIAGEN, Hilden, Germany) according
to the manufacturer’s instructions. Reverse transcription (RT)-PCR was performed using
a QIAGEN OneStep RT-PCR Kit (QIAGEN, Hilden, Germany) and pan-coronavirus
primers targeting the coronavirus RNA-dependent RNA polymerase (440 bp), as
described previously (Poon et al., 2005) (Table 1-1). The RT-PCR conditions were as
follows: an initial step of 30 min at 50°C for reverse transcription; 15 min at 95°C for
denaturation; 40 cycles of denaturation at 94°C for |1 min, annealing at 48°C for 1 min
and extension at 72°C for 1 min; and a final extension step at 72°C for 10 min. All

amplicons were visualized by gel electrophoresis on 2% agarose gels.

2.3.3. Phylogenetic analysis

Sequence analysis was performed using the MEGA 10.0 software (Kumar et al.,
2018). The primer-trimmed sequences detected in this study were aligned by Clustal W
and compared to previously reported herpesvirus or adenovirus sequences in GenBank
using the Basic Local Alignment Search Tool (BLAST). Neighbor-joining trees were
constructed using the MEGA 10.0 software with a bootstrap analysis of 1000 replicates

and p-distance models.

2.3.4. Specific PCR for the detected viruses

Specific nested PCR for the detected viruses was performed with the TaKaRa Ex
Taq kit using specific primer pairs constructed based on the sequence data (Table 1-1).
The first and second PCR reactions consisted of an initial denaturation at 94°C for 2 min,
followed by 45 cycles of denaturation at 94°C for 30 s, annealing at 50°C for 1 min in the

first round and at 55°C for 1 min in the second round, extension at 72°C for 1 min, and a
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final extension at 72°C for 7 min. The second-round amplicons were visualized by gel

electrophoresis on 2% agarose gels.

2.3.5. Virus isolation

MDCK cells (JCRB9020; Japanese Collection of Research Bioresources Cell
Bank, Osaka, Japan) and BHK-21 cells (JCRB9029; Japanese Collection of Research
Bioresources Cell Bank, Osaka, Japan) were used for virus isolation. The cells were
cultured in Dulbecco’s Modified Eagle Medium (Thermo Fisher Scientific, Waltham, MA,
USA) containing 10% heat-inactivated fetal calf serum, 100U/mL penicillin, and 100
g/mL streptomycin (Thermo Fisher Scientific, Waltham, MA, USA). The cells were
maintained at 37°C in 5% COa. Virus isolation was performed by inoculating filtrated
swab suspensions onto monolayers of MDCK and BHK-21 cells. The cells were
incubated at 37°C in 5% CO; and observed daily for CPE. The cells were blind-passaged

five times until CPE were seen.

2.3.6. Statistical analysis

Molecular epidemiological data were analyzed according to sex (male and
female), age class (juvenile and adult), and clinical signs (respiratory disorder, digestive
disorder, oral disease, neurological disease, skin disease, and neoplastic disorder) using

the chi-square test. P values < 0.05 were considered to be statistically significant.

2.4. RESULTS
2.4.1 Detection of herpesvirus and adenovirus from oral swab samples of hedgehogs
Oral swab samples were collected from 150 hedgehogs with various health

conditions that were taken to a veterinary clinic in Fukuoka, Japan, between March 2019
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and June 2020. First, 50 of the 150 oral swab samples were analyzed for herpesvirus,
adenovirus, and coronavirus using universal primer pairs, in accordance with previous
studies (VanDevanter et al., 1996; Wellehan et al., 2004; Poon et al., 2005). Among the
50 analyzed samples, 2 were positive for herpesvirus, 2 were positive for adenovirus, and
0 were positive for coronavirus (Table 1-2). Based on sequence analysis, the virus in both
of the herpesvirus-positive samples was identified to be a novel betaherpesvirus named
Atelerix albiventris herpesvirus 1 (AAHeV, GenBank accession number LC695010).
Among viruses with a query coverage of over 80%, AAHeV showed the highest amino
acid similarity (with 46% identity and 94% query coverage) to Sorex araneus
betaherpesvirus 4 (GenBank accession number AEA39191), which was isolated from a
common shrew (Figure 1-1). In addition, in the two adenovirus-positive samples
(GenBank accession number LC695010), the virus was 100% identical to African pygmy
hedgehog adenovirus 1 (AhAdV-1, GenBank accession number MK937781, Figure 1-2),
which was isolated from hedgehogs that showed respiratory clinical signs in Japan

(Madarame et al., 2019).

2.4.2 Molecular epidemiology of the detected viruses

For further epidemiological study, we analyzed all 150 swab samples taken from
the hedgehogs of the same hospital, including the previously examined 50 samples, using
specific primers for AAHeV and AhAdV-1. Of the 150 samples, 14 (9.3%) and 3 (2.0%)
were positive for AAHeV and AhAdV-1, respectively (Table 1-2). The sequences of all
the partial genomes detected by molecular epidemiology were 100% identical to AAHeV
(GenBank accession number LC706228-706240) or AhAdV-1 (GenBank accession
number LC706226-706227) detected in the first screening. The data above were further

analyzed according to sex (male and female), age class (juvenile and adult), and clinical
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signs (respiratory disorder, digestive disorder, oral disease, neurological disease, skin
disease, and neoplastic disorder). The prevalence of AAHeV was significantly higher in
hedgehogs with neurological clinical signs (p = 0.016; Table 1-3). Interestingly, there
were no AAHeV-positive hedgehogs among the 49 hedgehogs with a neoplastic disorder
(p = 0.006; Table 1-3). The prevalence of AAHeV was not significantly related to sex,
age class, respiratory disorders, digestive disorders, oral diseases, or skin diseases (Table
1-3). However, the data for AhAdV-1 may not be reliable due to the small number of
positive samples. While there was no significant difference according to sex, the AhAdV-
1-positive rate was significantly higher in juvenile hedgehogs than in adult hedgehogs (p
< 0.0004; Table 1-3). The AhAdV-1-positive rate was significantly higher in hedgehogs
with a respiratory disorder (p < 0.045; Table 1-3), while the other clinical signs showed
no significant correlation. The prevalence of AhAdV-1 was not significantly related to
sex, neurological diseases, neoplastic disorders, digestive disorders, oral diseases, or skin
diseases (Table 1-3). Unfortunately, although we attempted to isolate viruses from the
AhAdV-1-positive samples using BHK-21 and MDCK cells, no CPE were observed, and

no viral DNA was detected in the inoculated cells (data not shown).

2.5. DISCUSSION

The results of the present study indicated that a novel herpesvirus, AAHeV, and
AhAdV-1 are infecting African pygmy hedgehogs bred in Japan with a prevalence of
9.3% and 2.0%, respectively.

Although alpha and gamma herpesvirus infections have been reported in
hedgehogs previously (Hydeskov et al., 2018), this is the first report of a betaherpesvirus
infecting hedgehogs. Since we only examined a partial sequence of the DNA polymerase

gene of AAHeV, additional sequences and/or virus isolation are required for further
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characterization of the detected virus, including its pathogenicity, transmission cycle, and
growth kinetics. Although there has been no report on the isolation of hedgehog
herpesvirus, the isolation of human herpesvirus from hedgehog samples has been
described (Allison et al., 2002; Widén et al., 1996). The establishment of optimal cultured
cell lines derived from hedgehogs would provide useful tools for hedgehog herpesvirus
isolation.

Our study results indicate a significant relationship between AAHeV infection
and neurological diseases. A major neurological disease in hedgehogs is wobbly
hedgehog syndrome, but its cause has not yet been clarified. Various factors have been
suspected to cause the disease, including genetic abnormality (Graesser et al., 2006),
malnutrition, stress, and viruses (Madarame et al., 2014). AAHeV infection may be an
important factor in the development of neurological diseases in hedgehogs.

It is also notable that none of the hedgehogs with a neoplastic disease were
positive for AAHeV infection. Although there has been a report on the detection of a
retrovirus in hedgehog sarcomas (Peauroi et al., 1994), the cause of hedgehog tumors
remains unclear. Interestingly, herpes simplex virus type 1, belonging to
Alphaherpesvirinae, is a well-known oncolytic virus, and it has been studied for potential
application as a therapeutic approach for cancer (Varghese et al., 2002). Oncolytic viruses
replicate in tumor cells, selectively kill the tumor cells (Liu et al., 2003), and induce anti-
tumor immune responses (Lichty et al., 2014). If AAHeV infection has potential effects
on the host’s response to oncogenicity, further research is necessary to elucidate the
developmental mechanisms of tumors in hedgehogs.

In the present study, one of the three AhAdV-1-positive hedgehogs had a
respiratory disorder. Although the statistical analysis results suggested a correlation

between respiratory signs and AhAdV-1 infection, the low number of positive-testing
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hedgehogs and the incidental respiratory disease should be carefully taken into
consideration. Recent surveillance data have suggested that AhAdV-1 (Ochiai et al.,
2019) and skunk adenovirus 1 (Needle et al., 2019), which is closely related to AhAdV-
1, may be the dominant respiratory pathogens among hedgehogs. In particular, skunk
adenovirus 1 was reported to have caused fatal bronchopneumonia in an African pygmy
hedgehog (Needle et al., 2019), suggesting that AhAdV-1 may also cause fatal respiratory
diseases in hedgehogs. However, since AhAdV-1 was detected in hedgehogs with no
respiratory diseases, subclinical infection of AhAdV-1 may occur among hedgehogs.
Further analyses with a larger number of cases are required to gain more convincing data
on the relationship between respiratory diseases and AhAdV-1 infection in hedgehogs.
In conclusion, the results of the present study indicated that a novel
betaherpesvirus and AhAdV-1 are infecting African pygmy hedgehogs bred in Japan. The
results suggest that AAHeV infection may play a key role in the mechanism of
neurological and neoplastic diseases in hedgehogs, but further studies are needed to better
assess the relationship between AhAdV-1 and diseases in hedgehogs. Additional
investigations are also required to determine the pathogenicity and prevalence of these

viruses in hedgehogs.

2.6. LEGENDS FOR FIGURES

Figure 1-1. This phylogenetic tree was constructed based on 49 amino acids of the DNA
polymerase gene. Sequences of the novel herpesvirus detected in this study are shown in
bold. GenBank accession numbers of the listed viruses are shown in parentheses.

Figure 1-2. This phylogenetic tree was constructed based on 91 amino acids of the DNA
polymerase gene. Sequences of the adenovirus detected in this study are shown in bold.

GenBank accession numbers of the listed viruses are shown in parentheses.
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3. CHAPTER 2

Sero-survey of African pygmy hedgehog adenovirus 1
among captive exotic animals in Japan
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3.1. ABSTRACT

African pigmy hedgehog Adenovirus 1 (AhAdV-1) was first isolated in 2020
from a colony of African pigmy hedgehogs which died of severe bronchopneumonia in
Japan. AhAdV-1 is closely related to Skunk Adenovirus 1 (SkAdV-1), which was isolated
from a wild skunk which died of acute hepatitis and pneumonia in Canada in 2015.
Similar viruses have been isolated or detected in a wide variety of animals in many other
countries.

In general, adenoviruses are highly species-specific, and the same adenovirus is
rarely detected in different animal species. In this study, to determine the host range of
AhAdV-1, serological surveillance among 17 species of exotic animals visited a
veterinary hospital in Fukuoka Prefecture, Japan, were conducted.

As a result, neutralizing antibodies against AhAdV-1 were detected in a variety
of animals with particularly high seroprevalence among meerkats (41%), ferrets (62%)
and African pigmy hedgehogs (63%). Ferrets and African pygmy hedgehogs with the
history of respiratory clinical signs showed significantly high seroprevalence compared
to the animals without the clinical history.

Our result indicated the wide range of host of AhAdV-1, with some animals
being high prevalence. Further investigation of the source and route of AhAdV-1 infection,

and possibility as zoonotic infection should be examined.

3.2. INTRODUCTION
Adenoviruses have been isolated or detected from various vertebrates. The
virions are 70-100 nm in diameter and are non-enveloped icosahedral viruses with a one-

segmented linear dsSDNA genome. The genome is 26-48 kbp in length and encodes about
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40 different proteins. It is morphologically characterized by one or two fibers at the
icosahedral vertex (Ison et al., 2016; Russell, 2009).

Adenoviruses are classified into five genera, Mast, Avi, At, Si, and Icht,
depending on the biological classification of the host they infect. For mastadenovirus,
they are classified into seven species, A to G, according to hemagglutinin properties, DNA
homology, oncogenic potential in rodents, transformability, and clinical disease (Ison et
al., 2016; Kulanayake et al., 2021). Most are non-pathogenic, and their onset is thought
to be associated with an underlying disease that causes immune suppression (Lion, 2014;
Crenshaw et al., 2019).

Although natural hosts of adenovirus are generally considered to be species-
specific (Borkenhagen et al., 2019; Harrach et al., 2019), canine adenovirus type |
(CAdV-1) has been exceptionally isolated or detected from a variety of carnivorous
animals, including Canidae (Miller et al., 2009; Choi et al., 2014; Hechinger et al., 2017,
Ndiana et al., 2022), Mustelidae (Park et al., 2007; Philippa et al., 2008; Hou et al., 2023),
Ursidae (Garcia et al., 2018), and Mephitidae (Karstad et al., 1975). Canine adenovirus
type 2 (CAdV-2) is also known to have a similar tendency (Zhu et al., 2022). Also, there
is a report suggesting that bat adenovirus (BtAdV) also potentially has a broad host range
in experimental systems in cultured cells (Kobayashi et al., 2019).

African pigmy hedgehog adenovirus type 1 (AhAdV-1) was first reported in
Japan in 2019 (Ochiai et al., 2019). The affected hedgehogs were kept in colonies and
showed respiratory clinical signs such as nasal discharge, sniffing, sneezing, coughing,
and difficulty in breathing, with some animals died due to severe disease. As a result of
histopathological examination, mild to moderate multifocal acute rhinitis characterized
by erosion, ulceration or desquamation of the nasal mucosa was observed in the upper

respiratory tract. In addition, severe acute diffuse bronchointerstitial pneumonia and
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pulmonary edema were observed in the lower respiratory tract and adenoviral amphiphilic
nuclear inclusion bodies were found in the nasal epithelium. Virus was isolated using
MDCK cells from nasal swabs of dead animals, and sequencing analysis confirmed that
it was a novel adenovirus. The full genome sequencing revealed that the isolated virus
was 99.88% homologous to skunk adenovirus type 1 (SkAdV-1), which was isolated from
a dead wild skunk with acute necrotizing hepatitis and interstitial pneumonia in Canada
in 2015 (Kozak et al., 2015 ; Madarame et al., 2019). Our laboratory has also previously
succeeded in isolating the virus from meerkats with respiratory clinical signs (manuscript
in preparation).

To date, in addition to hedgehogs, AhAdV-1 has already been isolated or detected
in various animal species beyond the order, such as skunks, raccoons, meerkats,
binturongs, and ferrets of the order Carnivora, common marmosets of the primates, and
porcupines of the order Rodentia as listed and illustrated in Table 2-1 and Figure 2-1,
respectively. Thus, AhAdV-1 is unique among adenoviruses viruses that there have been
a series of reports suggesting outbreaks in animals of phylogenetically distant species.

However, these reports are mainly based on incidental isolation or detection of
AhAdV-1 from animals with respiratory clinical signs, and large-scale, comprehensive
epidemiological studies have not been conducted to date. Furthermore, the susceptibility
and pathogenicity of AhAdV-1 in each animal species, including humans, the route of
transmission of the virus and its current endemicity remains unknown. In this study,

seroprevalence of AhAdV-1 was examined to assess the host range of AhAdV-1.

3.3. MATERIALS AND METHODS
3.3.1. Cells

Dog-derived MDCK cells (JCRB number; JCRB1957) were cultured in
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Dulbecco's Modified Eagle Medium (DMEM; GIBCO, U.S.A) with 10% heat-inactivated
fetal bovine serum (FBS; SERANA®, Germany), 100U/ml of penicillin and 100ug/ml of

streptomycin (FUJIFILM Wako, Japan) at 37°C in 5% COa.

3.3.2. Virus

African pygmy hedgehog adenovirus-1 (AhAdV-1), which was isolated from
lung cells of a domestic meerkat with necrotizing bronchopneumonia in 2021 (manuscript
in preparation) was used in this study. Its hexon gene sequence was 100% identical to
those of AhAdV-1 isolate HO-2018 (Ochiai et al., 2019, GenBank accession number;
MK937781) isolated from hedgehogs showing respiratory clinical signs in Japan. Canine
adenovirus | strain Utrecht (ATCC® number; VR-293™) was purchased from American
Tissue culture collection (ATCC, USA). These viruses were propagated in MDCK cells
in DMEM with 2% FBS at 37°C in 5% CO; until CPE was observed and supernatant

were collected. The virus solutions were sorted at -80°C until use.

3.3.3. Serum samples

Serum samples from 17 species, a total of 446 of domestic animals were
collected from a veterinary hospital in Fukuoka between January 2020 to January 2024.
The author broadly categorized the respiratory symptoms into upper and lower respiratory
tract signs. Upper respiratory signs were primarily diagnosed as rhinitis, characterized by
evident nasal discharge and sneezing. L.ower respiratory signs were defined by abnormal
breathing patterns in the absence of cardiac disease, as ruled out by radiographic and
ultrasonographic examinations. To avoid a small sample size in each subgroup, these
conditions were collectively referred to as "respiratory symptoms" in the manuscript.

All sera were stored at -20°C until use, and were inactivated by incubation at 56°C for 30
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min before use.

3.3.4. Plaque assay for titration of virus

Virus titers were measured by plaque assay. Serially diluted viruses were
inoculated onto MDCK cells in a 6-well plates (Sumitomo Bakelite, Japan). After
incubation for 90 min at 37°C in 5% CO», the cells were washed twice with DMEM and
overlaid with 0.8% agarose (SeaPlaque® agarose, Lonza, Switzerland) in DMEM
containing 10% FBS. The plates were then incubated at 37°C in 5% COx for 4 days. The
cells were fixed with 5% buffered formaldehyde for 1 hour, and the agarose layers were

removed. After staining with crystal violet, plaques were counted.

3.3.5. Virus-neutralization (VN) test

To determine the prevalence of VN antibody against AhAdV-1 among various
mammals, 80% plaque reduction VN test was carried out using collected serum samples.
For the first screening of AhAdV-1 positive sera, sera were diluted to 1:5 in DMEM
containing 2% FBS. To determine VN titer, sera were serially two-fold diluted in DMEM
containing 2% FBS. The diluted sera or medium alone were mixed with equal volumes
of virus solution containing 80 plaque-forming units (PFU) of AhAdV-1 and then
incubated at 37°C for 90 min. After incubation, the mixtures were added to 12-well plates
or 24-well plates that were sub-confluent with MDCK cells and the plates were incubated
at 37°C for 90 min, washed twice with DMEM and overlaid with 0.8% agarose in DMEM
containing 10% FBS. The plates were then incubated at 37°C in 5% COx> for 4 days. The
cells were fixed with 5% buffered formaldehyde for 1 hour, and the agarose layers were
removed. After staining with crystal violet, plaques were counted. Sera that reduced

number of plaques by more than 80% comparison with the mine number of plaques in
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control wells were considered as seropositive.

The same procedure was applied for the neutralization test of CAdV-1.

3.3.6. Statistical analysis
To analyze the results statistically, Fisher’s exact probability and Wilcoxon rank
sum tests were performed. Correction of p-values in multiple comparison tests was

performed with the Benjamini-Hochberg Correction. The significant level was p<0.05.

3.4. RESULTS
3.4.1. Serological surveillance of AhAdV-1 among various exotic animals

Of the 446 animals examined, 127 animals were positive for anti-AhAdV-1
antibodies, 7 out of 17 meerkats, 45 out of 73 ferrets, 1 out of 78 chinchillas, 2 out of 58
guinea pigs, 1 out of 19 degus, 1 out of 10 ground squirrels, 3 out of 70 rabbits, 2 out of
3 micro pigs and 65 out of 103 African pigmy hedgehogs, while Fennecs, raccoon dogs,
common marmosets, chipmunks, prairie dogs, rats, goats, and sugar gliders were all
negative. Especially, meerkats (41%), ferrets (62%) and African pigmy hedgehogs (63%)
had significantly higher positive rates for anti-AhAdV-1 antibody than other species
(Table 2-2, Figure 2-2).

For further examination, anti-AhAdV-1 antibody titers were determined for
positive samples. As a result, antibody titers were significantly higher in meerkats, ferrets,
and African pigmy hedgehogs compared to other species of animals, consistent with the
results of anti-AhAdV-1 antibody positive rates (Figure 2-3). The mean antibody titers of
Meerkats, ferrets, and African pigmy hedgehogs were 1:55.4, 1:144.2, and 1:49.9,
respectively.

Among ferrets and African pygmy hedgehogs, anti-AhAdV-1 antibody positive
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rates were significantly higher in the group with a history of respiratory clinical signs than
in the group without clinical signs (p<0.05). Sex was not associated with either anti-
AhAdV-1 antibody positive rate or anti-AhAdV-1 antibody titer (Table 2-3, 2-4, Figure
2-4,2-5).

Among the sero-positive animals, 19 animals in 8 families were cohabiting with
other animals. In 4 of these families (Family ID: A, B, C, D), all animals living together
were seropositive, while seropositive and seronegative animals were cohabiting in 4 other
families (Family ID: E, F, G, H) (Table 2-5).

Eight ferrets in the survey continued to retain anti-AhAdV-1 antibodies for more
than a year with the longest lasting for 774 days (Table 2-6). One ferret (G.A) finally
became negative; 2 ferrets (C.T, F.O) showed an increase in antibody titer on the last day
of the study compared to the start of the study; 4 ferrets (R.F, G.A, M.F, K.T) showed a
decrease in antibody titer on the last day of the study compared to the start of the study;
and 4 ferrets (R.F, F.O, G.A, M.F) showed periodic spikes in antibody titer during the
study period. One ferret (C.T) continued to increase in antibody titer throughout the study
period, while 6 showed a decreasing trend throughout the entire study period (K.T, R.S)

or after spikes in antibody titer (R.F, F.O, G.A, M.F).

3.4.2. Assessment of cross-reaction with canine adenoviruses

Fourteen ferrets and 3 meerkats with antibody titers higher than 1:2560 were
examined for anti-CAdV-1 antibody titers to assess the specificity of the AhAdV-1 VN
test (Table 2-7). As a result, anti-CAdV-1 antibodies were below the detection limit in 12
ferrets and all meerkat, suggesting that anti-AhAdV-1 antibodies are specifically detected
in the VN test. On the other hand, 2 ferrets (KI-18, KI-513) were tested as positive for

anti-CAdV-1 antibodies. Those ferrets were cohabiting with dogs, suggesting co-infection
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of CAdV-1 among those two ferrets through live-attenuated vaccine.

3.5. DISCUSSION

In this study, we revealed the traces of AhAdV-1 infection in a variety of animals
kept as companion animals in general households in Japan. Especially, high prevalence
was shown in meerkats (41%), ferrets (62%), and African pigmy hedgehogs (63%), while
chinchillas (1%), guinea pigs (3%), rabbits (4%), and degus (5%) showed low prevalence.
These results showed clear evidence of frequent AhAdV-1 infection in meerkats, ferrets,
and African pigmy hedgehogs in Japan. Interestingly, regarding to their feeding habits,
seroprevalence of carnivore and omnivore species, such as hedgehog, ferret and meerkat
are higher than herbivore species such as rabbit, chinchilla, guinea pig. In addition to
epidemiological studies, future research based on molecular biological perspective,
including the search for receptors and differences in affinity between species are required
to examine whether these results are due to differences in virus susceptibility among
animal species or not.

In 2 ferrets, anti-CAdV-1 antibodies were detected along with high titer of anti-
AhAdV-1 antibodies. Notably, these ferrets cohabited with dogs, suggesting potential
exposure to CAdV-1 via a live-attenuated canine adenovirus vaccine. The CAdV-I1
vaccine used in Japan is mainly attenuated live CAdV-2 vaccine, and vaccinated dogs
may continue to shed the virus that can be transmitted, regardless of whether they are
infected with the field strain (Kim et al., 2022). A previous report of CAdV-1 infection in
mink and otter (Philippa et al., 2008; Hou et al., 2023; Park et al., 2007), and CAdV-2
infection in otter (de Mello et al., 2022), which are members of the weasel family,
suggesting that they may also infect ferrets, which are also members of the weasel family.

Future research on cross-reactive of anti-AhAdV-1 antibody against CAdV is required to
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assess our serological data more precisely.

In previous studies, AhAdV-1 has been isolated or detected from marmosets,
hedgehogs, porcupines, raccoons, meerkats, ferrets, and skunks showing respiratory
clinical signs and necrotizing hepatitis, which are considered the primary clinical signs
caused by AhAdV-1 infection (Gal et al., 2013; Kozak et al., 2015; Madarame et al., 2016;
Needle et al., 2019; Ochiai et al., 2019; Balik et al., 2020; Needle et al., 2020; Bourque
et al., 2022; Orbay-Cerrato et al., 2024). On the other hand, as shown in an
epidemiological study of hedgehogs kept as domestic companion animals in CHAPTER
2, the gene for AhAdV-1 was detected by PCR in nasal swabs from asymptomatic animals
(Koizumi et al., 2022). In the present study, both ferrets and hedgehogs had significantly
higher AhAdV-1 antibody positive rates in the group with a history of respiratory clinical
signs (p<0.05). This suggests that AhAdV-1 infection may be associated with respiratory
clinical signs in ferrets and hedgehogs. Further studies on the pathogenicity and
mechanisms of onset of diseases in animals are required.

Among households with cohabiting animals, it was shown that not all animals in
the same household necessarily have AhAdV-1 antibodies. The result suggests that
cohabitation with anti-AhAdV-1 antibody positive animals did not necessarily affect the
anti-AhAdV-1 antibody status of other animals. The animals studied in this study were
generally kept indoors and were unlikely to have direct contact with AhAdV-1-infected
animals living outdoors or in other households. Therefore, contact with anti-AhAdV-1
antibody positive animals that could be expected in the household cannot be considered
the primary route of AhAdV-1 infection. Thus, the route of infection for AhAdV-1 may
be from animals living in the same household, the pet owners, the groups in a farm at
their early age or the dealers. Meerkats, ferrets, and hedgehogs, which showed high

prevalence in this study, kept as companion animals in Japan are mainly bred in farms
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overseas, with meerkats and hedgehogs coming from Southeast Asia and ferrets from
North America. On the other hand, guinea pigs and degus, which showed low prevalence
in this study, are mainly bred and distributed in Japan. This fact indicates the possibility
that anti-AhAdV-1 antibody positive animals may have been infected with the virus in
areas where AhAdV-1 is endemic and imported to Japan.

In conclusion, the results of the present study indicate a wide host range and
frequent infection of AhAdV-1 in captive exotic animals in Japan, particularly meerkats,
ferrets and African pygmy hedgehogs. The alert for pathogenicity of AhAdV-1 should be
taken in ferrets and African pygmy hedgehogs due to the significant association between
seroprevalence and the history of respiratory clinical signs. Future research based on
molecular biological perspective, including the search for receptors and differences in

affinity between species are required.
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3.6. LEGENDS FOR FIGURES

Figure 2-1

Phylogenetic tree of mastadenoviruses. The tree was constructed based on the DNA
sequences of 1200 bp of DNA polymerase. GenBank accession numbers of the listed
viruses are shown in parentheses. For AhAdV-1 and SkAdV-1 are indicated in the bold
letter with their host and accession numbers in parentheses. The evolutionary history was
inferred using the Neighbor-Joining method. The tree is drawn to scale, with branch
lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the p-distance method
and are in the units of the number of base differences per site. All ambiguous positions
were removed for each sequence pair (pairwise deletion option). Evolutionary analyses

were conducted in MEGAI1.

Figure 2-2

Heatmap of p-value comparing seroprevalence of AhAdV-1 in various animal species.
Fisher’s Exact Test was performed and significant differences were calculated with the
Benjamini-Hochberg Correction. The color scale was set as shown in the legend

according to the calculated p-values (p<0.05, p<0.01, p<0.001, p<0.0001).

Figure 2-3

Boxplot showing distribution of the anti-AhAdV-1 antibody titers among various
mammals. The central line within each box represents the median, while the box
boundaries indicate the interquartile range (IQR; 25th to 75th percentiles). <0: anti-
AhAdV-1 antibody negative on VN test screening. +: Mean value of anit-AhAdV-1

antibody titer for each item. Anti-AhAdV-1 antibody negative samples in VN test
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screening were calculated as -1 log2 x10 (antibody titer 1:5).

Figure 2-4

Boxplot showing distribution of the anti-AhAdV-1 antibody titers among ferrets
regarding to their sex or history of respiratory clinical signs. Significant differences were
tested by Wilcoxon rank sum test, and p<0.05 was judged to be significant. The item
“Ferret” shows the results from all ferret samples. Clinical signs: History of respiratory
clinical signs such as rhinitis, pneumonia. ((-): No, (+): Yes). <0: anti-AhAdV-1 antibody
negative on VN test screening. +: Mean value of anti-AhAdV-1 antibody titer for each
item. Anti-AhAdV-1 antibody negative samples in VN test screening were calculated as

-1 log2 x10 (antibody titer 1:5). n.s.: no significant difference (p>0.05).

Figure 2-5

Boxplot showing distribution of the anti-AhAdV-1 antibody titers among African pygmy
hedgehogs regarding to their sex or history of respiratory clinical signs. Significant
differences were tested by Wilcoxon rank sum test, and p<0.05 was judged to be
significant. The item “Hedgehog” shows the results from all African pigmy hedgehog
samples. Clinical signs: History of respiratory clinical signs such as rhinitis, pneumonia,
etc. ((-): No, (+): Yes). <0: anti-AhAdV-1 antibody negative on VN test screening. +:
Mean value of anti-AhAdV-1 antibody titer for each item. Anti-AhAdV-1 antibody
negative samples in VN test screening were calculated as -1 log2 x10 (antibody titer 1:5).

n.s.: no significant difference (p>0.05), **: p<0.01.
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3.7. FIGURES AND TABLES

Skunk adenovirus 1 (Porcupine MZ073342.1)

Skunk adenovirus 1 (Common racoon MZ073341.1)
Skunk adenovirus 1 (Skunk KP238322.1)

Skunk adenovirus 1 (Common marmoset MN482116.1)
Skunk adenovirus 1 (Ferret MZ182243.1)

African pygmy hedgehog adenovirus 1 (MK937781.1)
AhAdV-1 strain MK

{ Bat adenovirus 3 (NC 016895.2)

Bat adenovirus 2 (NC 015932.1)
Canine adenovirus 1 (AC 000003.1)
Canine adenovirus 2 (OP060355.1)
Porcine adenovirus 5 (OP087409.1)
] Bovine adenovirus 1 (AC 000191.1)
Bovine adenovirus 2 (LC621239.1)
Porcine adenovirus 2 (NC 075965.1)
Tree shrew adenovirus 1 (NC 044936.1)
Human adenovirus 40 (NC 001454.1)
- Human adenovirus 1 (MH183293.1)
] L Human adenovirus 6 (LC068712.1)
Human adenovirus 54 (LC215427.1)
Human adenovirus 11 (OR777200.1)
— Simian adenovirus 21 (AC 000010.1)
Human adenovirus 3 (NC 011203.1)
4[ Human adenovirus 7 (OP815345.1)
Bovine adenovirus 3 (NC 001876.1)

Equine adenovirus 2 (NC 027705.1)

Murine adenovirus 3 (EU835513.1)

Murine adenovirus 2 (HM049560.1)
Fowl adenovirus 1 (AY421749.1) ]

0.05

Figure 2-1. Phylogenetic tree containing various mastadenoviruses based on the DNA

sequences of DNA polymerase.
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Table 2-6. Animals continued to retain anti-AhAdV-1 antibodies for more than a year.
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7. GENERAL CONCLUSION

In this thesis, the author focused to understand 1) the viral infections status and
relevance to various diseases in pet African pygmy hedgehogs, 2) the host range,

pathogenesis and prevalence of AhAdV-1 in various exotic pets kept in Japan.

In CHAPTER 1, the author investigated herpesvirus, adenovirus, and
coronavirus infections among pet African pygmy hedgehogs in Japan. A novel
herpesvirus named Atelerix albiventris herpesvirus 1 (AAHeV) was identified and
indicated a significant relationship to neurological signs. AAHeV infection also might
have negative effect to develop neoplastic disorder because no hedgehog with a neoplastic
disorder tested positive for AAHeV. These results suggest that AAHeV infection may play
a key role in the mechanism of neurological and neoplastic diseases. On the other hand,
because AhAdV-1 was detected in hedgehogs with no respiratory signs, subclinical
infection of AhAdV-1 may occur among pet African pygmy hedgehogs in Japan. Given
the unique nature of this novel adenovirus, this result highlighted the necessity of large-
scale epidemiological survey in Japanese captive animals including broad species.

In CHAPTER 2, serological surveillance among 17 species of exotic animals
were conducted by plaque reduction virus neutralization test. Antibodies against AhAdV-
I were detected in a variety of animals with particularly high seroprevalence among
meerkats (41%), ferrets (62%) and African pigmy hedgehogs (63%). These results
underscored the wide range of host and an epidemic of AhAdV-1 in meerkats, ferrets,
African pygmy hedgehog kept in Japan. Because Ferrets and African pygmy hedgehogs
with the history of respiratory clinical signs showed significantly high seroprevalence
compared to the animals without the clinical history, the alert for pathogenicity of

AhAdV-1 therefor should be taken particularly in these two species. The present study
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revealed that not all animals in the same household necessarily have AhAdV-1 antibodies,
suggesting contact with anti-AhAdV-1 antibody positive animals in the household cannot
be considered the primary route of AhAdV-1 infection. Possibility that anti-AhAdV-1
antibody positive animals may have been infected with the virus in areas where AhAdV-
1 is endemic and imported to Japan, because meerkats, ferrets, and hedgehogs are mainly
bred in farms overseas. Future research based on molecular biological perspective,

including the search for receptors and differences in affinity between species are required.
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Surveillance of virus infection
among captive African pygmy hedgehogs in Japan

BARIZBTAHETFI V2N R XINERET DV A L ADORE

TX S Fy s T 2N EITREBLUNOHEEY 2 R HECHY | LHLEmEL S
te, BARTIHLEINOZERT XY F o 7 T 2w ARNHEENTWENR, FTHa Y
U2 X I FIFEERICROCEHETENTWA M CH D, IV Y 2 XA
THHRBIZET 57T —F_N—ATRAIIKEL R OOH D P, TOXREWNZRFEEITFEL
SHGMZEITWeV, ARIFRIZE2 2 B 620D, 1 ETEIIVZENT RAIDKE
BLETANABROBEGHEEZRAOCHICT I EFENE LTS, F2ETIE, F1ED
WM CH LI oo MBI Y 2 e XX IZEIT 5 African pygmy hedgehog
adenovirus 1 EYIZBI LC, AARTEHE SINDIEARTX Y F v I T =<WZBITHED
BIEAZHOMIT DI ERBEUT, RUANADERERRITT 22 L2 HINE LTV,

FH1E ARCBTLEEFIYAENTRZI0OTA VRGBT 2 MR A

AYENY XA NIRRT B0 VA TDOT IR LRBERICHEINTHD R, EE
EOBEMIZE L TUTITE A Ebho T, £72, ZDIT & A ERDEFNZ BT 2 REH
WMETHDZ 0D, LV KBELRENLEND, KAETIE, ARICKITET7T /U L
AL ANVRATGANVA, aa T UA NV ADKGEE T L, £ OBE & OB EM 251 L7,

Bl kBt L7e 3y BN XX I NG AER Y 7 & 1650 BilERILL, £ 5 % 50
BlUEONT2=N—H VT T, v —FHNTE T A NVARY 7 DRI LT, ZO/RR, Bl
DR—L LAY A LA 50 Bl 2 ffil (4%) T 41, Atelerix albiventris
herpesvirus 1 (AAHeV) L@ Sz, £7-. BEH TH D African pygmy hedgehog
adenovirus 1 (AhAdV-1) 728 50 4 2 5l (4%) TSN, ZhbDO D A VA IZxE
DRI T T A ~—%& AV 7= nested PCR DfEF, AAHeV &4 13 150 #i 7 14 41 (9.3%)
THRH LAV, AhAAV-1 E8RE 150 #H 3 ] (2.0%) TiRH LIz,

FAEFIOBREEREZANTINLED T A N AL RBOBEEZER LI 25, iRy
MR Z2ET 23 V2] 32X TlE AAHeV BYERNFEICE -T2 (p=0.016), =
VAT R A ITEBWT, wobbly hedgehog syndorome % & 1 o 8 2RO BT —HRAOIC
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DO HNDHD, FOWRRIAERKITD > TRV, KIFZEHEN S, AAHeV EY T =
YN R A I OMBRFENEBRECB A EERNFCHLWEERNEZ N, F
72 AAHeV (2 L =R BV T BB IRBORAER I OBENRD 5T, AAHeV
JREFETITHE BIZ L ORERMEN-T- (p=0.006), EEGMHEAZI Y 2T XX
FEFIHR L, TOFEAEREETHLIZ NG IV ENY XX I OK L A7
KTH 5, AAHeV BT T V2 T 2 X I OIS AIT R U TR /ER 3 2 ket
N Xz,

AhAAV-1 BEREO N2 3B H H, 2 Fl TIEARBAMEKG 2 2 LT e, ZihvE Tig,
MR ZAEAR 2 TR & 35 AhAAV-1 JEGHE D IEE IS LRI B W Tl SN TE 228, R
WFZeik B3 A ADOSEBHWIZ 31T %5 AhAdV-1 DKE T TOAGHE 2 309 5 4B 4 gk 3
HHDTHDHEEZ LN,

B2E AAFBE FIS YT v o 7=~ ZBIT 5 AhAAV-1 FUREA RS2

AhAdV-1 BYWEIT, EEOREXMRICL > TEIE LI VA EANY XX INLERT
2019 FFEIZBES MBI T 5/ U 4 VAL X AFRRYYE CH B, KU AL AT, BRAH
BT HAD Y TIAT~, I—=TXxv h, B bhr>7, 7xby b, EREACE
Traerv—Ftky N BEBICETAYT 7R E, BABAIETICIRHRENS
SEEENTEY, ZOIERAHRINTND, HROHEEMIZEIT S AhAdV-1 ORI
REFAREI 2SN TR, KRR THE SN TWDE XY F o7 7 =< g, FEFIZE
e A &2 LD, AhAdV-1 OfF Eik, FEEICE T RS LM, BX
NTAED B AR DO BAEIRI % 3l 5 5 2 THEMZRM SR ThH L EZL LN,

EHEO—WBAERE ERE) ZRELEFF1ITREOZX Y F v/ T =<l LU
&t 446 FEHI O ME % FAVC, 75— 7 Bk T A L AFFIRRERIC X - T AhAdV-1 FTiRfEA R
AR 2 FEhti U7z, AhAdV-1 FUKITE 9 FEOEMWRE CF OREAEDFERS NN, DI b
FERENFCE DS EHPEIII Ty vy b, 7zl y b, 3VIZENYRXXITHI,
FREN LTI 76 (41%) . 73 Fl 45 ] (62%). 103 fFilF 65 il (63%) TH-72, =
o OB OHUREA FE L OHUR T ZF DIE ORISR THERICE P T, 7=
Ly heayaenl xRV TIE, FEREHEROBEEN & 5 #f Tl AhAdV-1 SRk
BEPEEIZEP T2 MDD, AhAAV-1 BRI D 2 FIZ BV TSR EMEZ 29
% ATREME DRI X LT,

AhAdV-1 UK Ch - B O BRESCFRESMEZHE L 245, 7 X3TOEHY
ITENFBETHY, SFRETHE SN TWVD 19 EENIENOEH EREL TW e, 209
B4 FEETIEHFREEY TR T2 AhADV-1 HUEGETh 572728, — 7 T 4 FRETIL AhAdV-
1 HoiRBSPEME A & FEMEEE A RS LT\ -, ZORENS . F—FKENTHE SN TV S
EEE L OBl AhAAV-1 Y0 TR CTIXRWATRENEN S 2 b vz, AhAdV-1 ik
REEPFCEP ST I—TFy vy b, Zxby b, 3VIENY XX IIHVEH SN
RS HARENICIA I TEY . —F THRERARDMEN->T=F0E0»0 B FfEIL H A
EINTEIHINTWD Z &0 b, WS OBHEXIC BT D AhAAV-1 JEEe 3 T 7 2 G %
& LTHERI S vz,

AhAdV-1 HURBGHETH - 728D 5 B Hrikfiias 1:2560 LA EThHo7- 4 flOT7 =Ly
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F&3HIDI—7TF% v MZEBWT, canine adenovirus type 1  (CAAV-1) Huiffii 27~
72 ZAH, 120072y hETRTOI—=TF¥ v hTHREBRUT TH-7Z, 2D
G AMFFED AhAAV-1 7 A L ZFRERERIZFF BRI E OPURZ R L T\ 5 Z & 23k
REINT, Fo, BHEMREEZERRL 728D 5 H, AhAdV ik TH -7 8 flo 7 =
Uy M OFUR 2GRNSR L7 & 2 A, T ToE T 1 FLL EoWRBUA I i S
niz.

AWFZE b, ARENFABTTX Y F v 7 7 =< i85 AhAdV-1 OEBENRE S,
TZxlby heavabr N xXIFMERGSEREY EERE LEREREDNBRE I,
AhAdV-1 Ofg Elk & N OEIZB T 2FEMEICE L T, e 72 —8ffEofEzEiz
EB LS50 TAEWFOMERLETHY, BIENRA—)— AL LTY AT %
Pl 5 Z RS EORETH 5,
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