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Simple Summary: In Italian houses live, as pets, a lot of small mammals like chinchillas, golden hamsters, Java
squirrels, mongolian gerbils, pet mice, pet rats, african hedgehogs, sugar gliders. Small mammals can be
considered, like other animals, as possible reservoir host species for the maintenance and transmission of
zoonotic pathogens. The aim of our work was to investigate, by molecular assays, the probable presence of
some potential zoonotic viruses in these non-conventional pets in order to expand the limited knowledge
currently available on the argument. Our findings showed positive result in the brain of one pet rat, for
aichivirus, further characterized as murine kobuvirus-1. To our knowledge, this is the first study reporting the
detection of AiV in rodents and in particular in pet rats (Rattus norvegicus) in Italy. Our data reassure about the
limited circulation or absence of most of the viruses investigated, but at the same time underline the importance
of keep on monitoring zoonotic pathogen presence in these small mammals with the aim to prevent the spread
of new pathologies.

Abstract: We investigated by Real-time PCR and end point PCR the presence of 10 potential zoonotic viruses
in 91 small mammals sold as pets in pet shops of Southern Italy. The animals were analysed for: aichivirus,
sapovirus, astrovirus, hepatitis A virus, noroviruses (GI and GII), rotavirus, circovirus, coronaviruses. Among
the 9 species of small mammals analysed (golden hamsters, Java squirrels, mongolian gerbils, peruvian guinea
pigs, pet mice, pet rats, dwarf rabbits, african hedgehogs and sugar gliders) 12 pet rats, 11 pet mice and 1 golden
hamster tested positive to a PCR amplifying a conserved gene (RdRp) of coronavirus. However further
characterizaton by sequencing gave not conclusive results. A pet rat resulted instead positive to aichivirus and
its sequence showed similarity with a murine kobuvirus-1 strain identified in China. To our knowledge, this is
the first study reporting the detection of aichivirus in rodents in Italy, the virus probably introduced through
the importation of animals from Asia. Since living in close contact to humans, expecially with children,
the continuous monitoring of the small mammals is very important to avoid the spread of new
pathologies among animals and humans and further investigation is desirable in order to safeguard
public health.

Keywords: aichivirus; Rattus norvegicus; non conventional pets; small mammals; kobuvirus

1. Introduction

During the last decades, the global demand for non conventional pets has greatly increased. It
has been calculated that only in Italy there are at least about 30 millions of ornamental fishes, 1.4
millions of reptiles, 12.9 millions of ornamental birds and almost 1.8 million of small mammals like
chinchillas, guinea pigs, ferrets, prairie dog, meerkats, golden hamsters, Java squirrels, mongolian
gerbils, peruvian guinea pigs, pet mice, pet rats, dwarf rabbits, african hedgehogs, sugar gliders,
etc. [Boros et al. 2019, Chomel et al. 2007, d'Ovidio & Santoro 2023, Firth et al. 2014, Riley et al.2005,
Haake et al. 2020]. The close social interaction between animals and humans provide a strong
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motivation to study the virome composition of unconventional pets, as these animals could represent
a relevant source of infection due to little-known or even unknown virus agents [Chan et al. 2020,
Chomel et al. 2007, Mira et al. 2018]. Furthermore, the illegal trafficking of companion animals
contributes to increase the risk of introducing in free areas new pathogens transmissible to other
animals and/or humans. As a matter of fact, hundreds of pets are destined for the black market whose
turnover is second only to drug trafficking (Zoomafia Observatory Anti-Vivisection League).
Animals purchased on the black market are indeed not subjected to any health check and may come
from endemic areas [Alfano et al. 2019, Alfano et al. 2020, Firth et al. 2014]. Open borders and a
constant increase in human and animal movement could trigger the rapid emergence and spread of
new pathogens on a global scale, as recently happened for SARS-CoV-2, so the identification of new
viral agents, especially in animal species in close contact to humans, is of fundamental importance
for the assessment of the zoonotic risk.

Several pathogens, which were considered to be pathogens exclusively to animals, have instead
shown zoonotic potential [Chomel 2007, Reperant 2016]. In recent years, the trend is definitely
growing. For instance, according to Johnson [2020], at least 142 animal viruses could be able to cause
diseases in humans, not least SARS-CoV-2, responsible for the recent COVID-19 pandemic. A more
complete characterization of the viruses became recently possible thanks to the use of innovative
molecular diagnostic techniques and to the development of a metagenomic approach. As a result,
new viral agents and new genetic lineages of already known viruses (rotaviruses as an example )
were discovered and for some of them zoonotic potential was detected [Matthijnssens 2006]. The aim
of our work was to study the circulation, by molecular assay, of some potential zoonotic viruses like
aichivirus, sapovirus, astrovirus, hepatitis A virus, noroviruses (GI and GII), rotavirus and circovirus,
in non-conventional pets imported in Italy from various EU and non-EU countries in order to expand
the limited knowlwdge currently available on this topic.

Aichiviruses (AiVs), belong to the Kobuvirus genus of the Picornaviridae family. Kobuviruses
were associated with gastrointestinal diseases and fecal-oral infection, not only in humans, but also
in dogs, cats, cattle and pigs [Abi et al. 2022, Bergallo 2017, Diakoudi et al. 2020, Kaikkonen 2010].

Astrovirus (AsV) is single-stranded, non-enveloped RNA virus belonging to the Astroviridae
family. There are 8 known serotypes, of which serotype 1 (AsV) is the most widespread and mainly
associated with episodes of gastroenteritis in humans and children [Le Cann et al. 2004].

Noroviruses are non-enveloped single-stranded RNA viruses belonging to the Caliciviridae
family, they are very widespread viruses causing highly contagious gastroenteritis, with GI and GII
the genogroups more frequently involved in gastroenteritis in humans [Chhabra 2019].

Sapovirus (SaV), another member of the Caliciviridae family is characterized by a single-
stranded RNA genome. It has been classified in 5 known genogroups, identified on the basis of the
complete sequence of the capsid; genogroups I, II, IV and V include human strains while genogroup
IIT has been identified only in pigs. Sapovirus is an etiological agent responsible for human
gastroenteritis, especially in children and it is considered an emerging contaminant that poses a risk
to public health due to its presence in aquatic environments [Varela et al. 2016].

Rotavirus (RV) belonging to the Reoviridae family is characterized by a segmented double-
stranded RNA genome. Nine groups/species (A-I) and a further tentative group J [Banyai et al., 2017].
Serogroups (A-G) are known, of which serogroup A is the one mainly associated with episodes of
human gastroenteritis, causing severe symptoms in children [Zeng et al. 2008].

Hepatitis A virus (HAV), small non-enveloped virus characterized by a single-stranded RNA
genome, belonging to the Enterovirus genus, Picornaviridae family. It is a very persistent virus in the
environment and causes hepatitis and serious liver damage in humans [Costafreda 2006].

Circovirus (PCV) is a small non-enveloped icosahedral single-stranded DNA virus, member of
the Circoviridae family and the Circovirus genus. There are currently 11 species of known
circoviruses that infect a wide variety of birds and mammals [Kim et al. 2017].

Apart from the above named viruses, we posed our attention also on the search of coronaviruses.
Coronavirus (CoV), order Nidovirales, family Coronaviridae, is characterized by single-stranded
RNA genome with positive polarity, they are responsible for enteric and/or respiratory diseases in a
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large variety of animals. Their ability to evolve giving rise to new viral genotypes and to overcome
the species barrier infecting new hosts is also well known in the humans, where some coronaviruses,
identified in recent years, were of zoonotic origin.

After the emergencies related to SARS [Drosten et al. 2003] and MERS [Chafekar 2018] and the
subsequent recent pandemic (COVID-19), the international scientific community received a further
boost to research activities on coronaviruses [Dakroub et al. 2022 ].

2. Materials and Methods

Animals investigated

In the period 20212022 the organs (637) of 91 small mammals, kept as pets in Italy and mostly
died from unknown causes, were analyzed for the presence of various zoonotic viruses by the Istituto
Zooprofilattico Sperimentale del Mezzogiorno (IZSM), during the activities of the Project IZS ME
04/19 RC.

In details the following species were tested: golden hamster (Mesocricetus auratus n = 16), Java
squirrel (Callosciurus notatus n =6), mongolian gerbil (Meriones unguiculatus n =2), peruvian guinea
pig (Cavia porcellus n =11), pet mouse (Mus musculus n =20), pet rat (Rattus norvegicus n =21), dwarf
rabbit (Oryctolagus cuniculus n =12), african hedgehog (Atelerix albiventris n =2) and sugar glider
(Petaurus breviceps n =1).

Necropsy analysis

All analyzed animals were exotic companion animals gathered from veterinary clinics, pet shops
and breeders. In particular hedgehogs came from Africa arrived first in central Europe (usually in the
Czech Republic) and then were brought in Italy by european importers. Squirrels were imported
directly from Malaysia and Thailand. The other animals (golden hamsters, mongolian gerbils,
peruvian guinea pigs, pet mice, pet rats, dwarf rabbits, and sugar gliders) were bred and marketed
in Italy. Causes of death where not clearely acclared. Most of these animals arrived in large loads and
died from stress during transport because of infectious conditions that arised as a result of stress and
promiscuity. Other possible death reasons could be related to peracute infections in subclinically
infected animals or interspecies transmission of infectious diseases enhanced by strict cohabitation of
different species particularly in pet shops.

All individuals underwent necropsy carried out by professional staff (veterinarians and
laboratory technicians) in a necropsy room. Organs (brain, lungs, heart, liver, spleen, kidney and
intestine) were removed with sterile scalpels, dissected, split out in sterile tubes and delivered within
24h to the laboratory for virological investigations. Samples were immediately analysed or stored at
-80°C before DNA/RNA extraction.

Nucleic acids extraction

For nucleic acid extraction, 25 mg of tissue were homogenated by Tissue Lyser (Qiagen GmbH,
Hilden, Germany) in 2 mL Eppendorf safe-lock tubes containing 1 mL phosphate buffered saline
solution (PBS) as described previously [Amoroso et al 2021]. Extraction was carried out on 200 pl of
homogenate by using a QIAsymphony automated extraction system (Qiagen GmbH, Hilden,
Germany) with the DSP Virus/Pathogen Mini kit (Qiagen GmbH, Hilden, Germany) according to the
manufacturer’s instructions. A sample made with 200 uL of PBS instead of homogenate was used as
a negative process control (NPC). PCR inhibitors likely present in the samples were monitored by
adding an external process control (EPC), namely, murine norovirus [Tofani et al 2021], 5 uL of which
(107 PFUmL-1) was spiked in each sample prior to extraction. EPC was amplified by real-time PCR
as indicated in the literature [Baaert et al 2008]. Results were analyzed as follows: if the threshold
cycle (Ct) of the EPC in the eluted sample was comparable to that of the EPC in the NPC, the sample
was analyzed as undiluted. If, instead, the difference between the two Cts was at least 3 or a multiple
of 3, all the analyses were carried out on the sample diluted 1:10 or more [Amoroso et al 2021].
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Biomolecular analysis

Extracted samples were analyzed by Real-time PCR and Real-time Reverse Transcription PCR
(RT-PCR) for the presence of the following 10 viruses: aichivirus (AiV), sapovirus (SaV), astrovirus
(AsV), hepatitis A virus (HAV), norovirus GI (NGI), norovirus GII (NGII), rotavirus (RV), circovirus
(PCV) and SARS-CoV-2, with primers and probes indicated in Table n. 1. The analysis for SARS-
COV-2 detection was carried out using different diagnostic kits: 1) RADI COVID-19 Detection Kit-
Menarini Diagnostics; 2) ARGENE® SARS-COV-2 R-GENE® BIOMERIEUX; 3) TagMan™ 2019nCoV
Assay Kit v1 - Thermo Fisher Scientific; 4) Allplex™ SARS-CoV-2 Assay-Seegene.

Furthermore, a generic end point PCR was carried out to detect any coronavirus likely present
in the samples. In details, 5 uL of nucleic acids were amplified by a RT-PCR reaction targeting the
partial sequence of a 456 bp fragment of the RNA-dependent RNA polymerase (RdRp) gene. PCR
reaction was carried out with the primers indicated in Table 1 using the AGPATH reaction kit
(Thermo Fisher Scientific) as already described [Amoroso et al 2020]. PCR products were analyzed
by Tape station (Agilent Technologies—Santa Clara, CA, USA) using the D 1000 kit. Amplicons of
the positive samples were sequenced by capillary electrophoresis as previously described [Amoroso

et al 2013].
Table 1. Primer pairs and specific probe used for virus detection.
Virus Primers Bibliography
Primer forward 5-CCGAGTAGGATCGAGGGT-3’
Astrovirus Primer reverse 5-GCTTCTGATTAAATCAATTTITAA-3 Le Cann et al. 2004
Probe FAM: 5-CTTTTCTGTCTCTGTTTAGATTATTTTAATCACC-3’
Tamra
Primer forward 5-GTCTCCACHGACACYAAYTGGAC-3
Aichivirus Primer reverse 5- GTTGTACATRGCAGCCCAGG-3’ Kitajima et al. 2013
Probe 5-FAM-TTYTCCTTYGTGCGTGC- 3’'NFQ (MGB)
Primer forward 5-GAYCASGCTCTCGCYACCTAC-3'
Sapovirus Primer reverse 5-CCCTCCATYTCAAACACTA-3 Varela et al. 2016
Probe 5- FAM-CCCCTATRAACCA-3'NFQ (MGB)
Primer forward 5-ACCATCTWCACRTRACCCTCTATGAG-3’
Rotavirus Primer reverse 5-GGTCACATAACGCCCCTATAGC-3’ Zeng et al. 2008
Probe 5- FAM-AGTTAAAAGCTAACACTGTCAAA-3'(MGB)
Primer forward 5-CGCTGGATGCGNTTCCAT-3’
Norovirus GI Primer reverse 5-CCTTAGACGCCATCATCATTTAC-3' ISO 15216
Probe FAM-5-TGGACAGGAGAYCGCRATCT-3’TAMRA
Primer forward 5-ATGTTCAGRTGGATGAGRTTCTCWGA-3’
Norovirus GII Primer reverse 5-TCGACGCCATCTTCATTCACA-3' ISO 15216
Probe FAM-5-AGCACGTGGGAGGGCGATCG-3'-MGB/NFQ
Primer forward 5-TCACCGCCGTTTGCCTAG-3
Hepatitis A Virus ~ Primer reverse 5-GGAGAGCCCTGGAAGAAAG-3’ ISO 15216
Probe FAM-CCTGAACCTGCAGGAATTAA-3'-MGB/NFQ
Primer forward ACGTCCCTTTACTTTCAATTCACA
Porcine Circovirus  Primer reverse TATACTTGGTACACACATCCAGAGTCA Kim et al. 2017
Probe FAM-TGAGTTGATTACTGGCACGCCTAAACCAC-BHQ
Primer forward GGGTTGGGACTATCCTAAGTGTGA
Coronavirus Drosten et al. 2003
Primer reverse TAACACACAAACACCATCATCA

Aichivirus characterization

To further characterize the aichivirus identified, an RT-PCR end-point was performed using the
one-step RT-PCR kit (Qiagen), followed by nested-PCR using the VP1-F/VP1-R primers pairs, which
amplifies a fragment of approximately 296 bp within the VP1 (capsid protein) [Lodder et al. 2013].
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The PCR product with the expected size was then purified through enzymatic reaction (ExoSAP-
IT, Affymetrix, USB) and subjected to Sanger sequencing (Eurofins Genomic Milano, Italy).

The sequence named MuKb_PO207_ITA23 was submitted to NCBI database under the accession
number OR828459.

The 200bp VP1 fragment of the strain MuKb_PO207_ITA23 was aligned with sequences
retrieved from NCBI database by MEGA X software [Kumar et al. 2018]. The phylogenetic tree was
built using the Neighbor-joining method with 500x bootstraps (MEGA X).

3. Results

Results of the investigation carried out are shown in Table 2.

Table 2. Species analyzed and viral positive detection by biomolecular assays.

Animals investigated Viruses analysed
Species N. Animals CoV AiV SaV AstV HAV NGI NGII RV PCV  SARS-CoV-2
Pet rats
21 12 1# - - - - - - - -
(Rattus norvegicus)
Pet mice
20 11 - - - - - - - - -
(Mus musculus)
Golden hamsters
16 1 - - - - - - - - -
(Mesocricetus auratus)
Dwarf it
warf rabbits 12 ) } } ) ) } } } } )
(Oryctolagus cuniculus)
Peruvian guinea pigs
11 - - - - - - - - - -
(Cavia porcellus)
Java squirrels
6 - - - - - - - - - -
(Callosciurus notatus)
Mongolian gerbils
2 - - - - - - - - - -
(Meriones unguiculatus)
African hedgehogs
2 - - - - - - - - - -
(Atelerix albiventris)
Sugar glider
1 - - - - - - - - - -
(Petaurus breviceps)
Total 91 24 1 0 0 0 0 0 0 0 0

*Confirmed by sequencing.

Interestingly 1 of the 91 small mammals analysed, one pet rat (Rattus norvegicus) tested positive
for aichivirus in the brain. The aichivirus identified underwent sequencing and phylogenetic
analysis. The obtained partial VP1 sequence was compared with the public sequence database using
BlastN and results confirmed the AiV to be member of the species Aichivirus A, genus Kobuvirus
murine kobuvirus (MuKVs). The sequence showed the highest nucleotide identity of 96% (100% aa.
Id.) with a murine kobuvirus 1 MuKV/YN27/CHN (MW292480) strain identified in China (see Figure
1).
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MN648601.1 Rat kobuvirus GZ85 CHN

MT180165.1 Rat kobuvirus GZ85 CHN

—— MW292474.1 Murine kobuvirus 1 isolate MuKV/YY69/CHN

MT180162.1 Rat kobuvirus GZ80 CHN

MT180164.1 Rat kobuvirus MM33 CHN

‘OM069745.1 Murine kobuvirus 1 isolate $Z227 CHN

OM069762.1 Murine kobuvirus 1 isolate S722 CHN

‘OM069755.1 Murine kobuvirus 1 isolate SZ157 CHN
MW292475.1 Murine kobuvirus 1 isolate MuKV/YY19/CHN
89
MW292479.1 Murine kobuvirus 1 isolate MuKV/XM34/CHN
a7
MW292478.1 Murine kobuvirus 1 isolate MuKV/XM86/CHN
a7
MW292481.1 Murine kobuvirus 1 isolate MuKV/XM86/CHN

‘OM069751.1 Murine kobuvirus 1 isolate SZ188 CHN

a7

‘OM069759.1 Murine kobuvirus 1 isolate SZ86 CHN

MT180159.1 Rat kobuvirus GZ488 CHN

MW292476.1 Murine kobuvirus 1 isolate MuKV/YN52/CHN

KJ950945.1 Norway rat kobuvirus 1 isolate NrKoV-1/NYC-A15b USA

KJ950958. 1 Norway rat kobuvirus 1 isolate NrkKoV-1/NYC-B9 USA

MN116647 1 Rat Aichivirus A strain rat08/rAIA/JHUN

MF352432 1 Rat Aichivirus A strain Wencheng-Rt386-2 CHN

39 99 |- OM049042.1 Murine kobuvirus 1 isolate SZ-DD6 CHN

3|
OM069744.1 Murine kobuvirus 1 isolate SZ249 CHN

MW292480.1 Murine kobuvirus 1 isolate MuKV/YN27/CHN

M ——— @ Ratkobuvirus MuKV PO207 ITA23 ]

KJ950942 1 Norway rat kobuvirus 1 isolate NrKoV-1/NYC-E18b USA

ON008386.1 Feline kobuvirus isolate AHAU-1 CHN

OP659034.1 Feline kobuvirus strain FKV-21SH050443

LS481160.1 Hu Aichi virus 1 partial VP1H496 ES

NC 001918.1 Hu Aichi virus complete genome USA

0,050

Figure 1. Phylogenetic tree based on the alignments of the 200bp VP1 partial fragments. Accession
numbers, strain name and country of detection are reported for each entry. The strain identified in
this study is indicated by black dot.


https://doi.org/10.20944/preprints202312.2157.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 December 2023 doi:10.20944/preprints202312.2157.v1

The detected strain belongs to a group of strains exclusively found in China, while strains
identified in the USA and in Hungary are less closely related (<90%nd. Id). The strain displayed a
limited identity with human strains with 85% aa.id.

As reported in Table 2, 24 animals (12/21 pet rats, 11/20 pet mice and 1/16 golden hamster) tested
positive to the broad range coronavirus PCR (RdRp gene). Positive samples, showing a unique band
of around 456 bp, underwent sequencing analysis which unfortunately gave not conclusive results,
so they couldn’t be confirmed and further characterised. None of the other viruses investigated (AstV,
HAYV, SaV, NGI, NGII, PCV, RV, SARS-CoV-2), resulted positive to Real-time PCR analysis.

4. Discussion

Most of the outbreaks involving novel pathogens are caused by infectious agents transmitted to
humans from animals [Han et al. 2015]. The identification of the reservoir of zoonotic pathogens is
therefore of utmost importance for the control of the diseases spread and for the prevention of new
epidemic or pandemic events. This represents a priority in habitats in which the animals coexist with
humans. On this regard small mammals are more often used as pets and therefore frequently live in
very close contact with humans. This growing trend poses the attention on their role in maintaining
or transmitting zoonotic pathogens to humans. In Europe, more than 20 zoonoses (caused by bacteria
or parasites) involving small mammals (in particular rodents) are known [Viouque et al. 2022, Han
et al., 2015]. Some of these diseases, transmitted by rodents directly or as vectors, may have serious
human health consequences [Centers for Disease Control and Prevention, 2010]. Scarce information
is instead currently available on the presence and epidemiology of viral pathogens with zoonotic
potential in these small mammals. In recent years, the advancements in molecular techniques have
revolutionized the field of virology, allowing the discover of many new viral species [Plyusnin, 2020],
more than 1000 being officially recognized by the International Committee on Taxonomy of Viruses
(ICTV) only in 2020 [Dance 2021]. Furthermore, thanks to modern techniques, many genetic
reassortments between animal and human viruses have been documented and several viruses have
been recently detected in both mammals and humans [Vijgen 2005, Riley 2005, Khamrin 2006,
Matthijinsens2006, Chomel 2007, Firth 2014, Reperant 2016, Chafekar 2018].

The best example of virus able to infect multiple species is represented by coronavirus, which
infects a wide range of wild and domestic animals as well as humans. CoVs indeed exhibited a
penchant for jumping species barriers often with devastating effects. The emergence of highly
pathogenic or infectious CoVs in humans over the past 20 years, including severe acute respiratory
syndrome CoV (SARS-CoV) [Drosten et al. 2003], Middle East respiratory syndrome CoV (MERS-
CoV) [Chafekar 2018], and the more recent severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [Dakroub et al. 2022], underscores the significant threat that CoV spillovers pose to public
health.

Other examples of potential zoonotic viruses are represented by AsV and RVA which are known
human pathogens involved in gastroenteritis episodes in children [Bergallo 2018, Albano. 2007].
Mammalian AsV was also identified in animals like bats [Amoroso et al. 2018] while for RVA there
is a large literature describing its spillover from different animal species to humans or viceversa (from
porcine [Maneekarn 2006], simian [Khamrin 2006], bovine [Cooney, 2001], feline/canine [Isegawa
1992], caprine [Khamrin 2006], lapine [Matthijnssens 2006] ovine [Banyai 2010], equine [Malasao et
al. 2015].

We analysed 91 micromammal pets belonging to 9 different species for the presence of potential
zoonotic viruses. The results obtained showed positivity to PCR for 25 animals, 24 of which, positive
to CoV RdRp gene, couldn’t be confirmed by sequencing and will not be further discussed.
Interestingly, the brain of a pet rat, tested positive for aichivirus, with partial sequence showing a
notable identity (96% nt. id.) with the murine kobuvirus-1 strain MuKV/YN27/CHN (MW292480), a
strain identified in a rat (MW292480). Interestingly, the identified strain clusters with a group of
strains identified exclusively in China [Riley et al 2005, Zhang et al. 2021].

The MuKYV is distinct from human strains, despite all belonging to Aichivirus A [Reuter, Boros,
and Pankovics 2011]. However, the obtained fragment within VP1 does not allow for an in-depth
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analysis of genomic variability. It is also noteworthy that the available sequences are predominantly
from China, which influences the comparison results.

In rat, detection of AiV was reported in China [You et al. 2020, Zhang et al. 2021, Gao et al. 2022],
in America [Firth et al. 2014], in Europe, MuKVs were identified in Hungary [Boros et al 2019] and
various studies in Asia and America describe their presence in the feces of different rodents,
including Apodemus agrarius, Rattus norvegicus, Rattus losea, Rattus argentiventer, and Mus musculus
[Lodder et al 2013,You et al. 2020; Williams et al. 2018; Lu et al. 2018, d'Ovidio et al 2023].

All the pet rats we analysed were born in Italy and bread to be sold as pets. Some of them, during
their permanence in the pet shops came into contact with various other rodents also from non EU
countries like Malaysia and Thailand. Since according to literature, no other AiV was described in
pet rats in Italy, we hypothesized that the virus was introduced in our country through the
importation of other small mammals from Asia, (as already suggested for other viral agents [Alfano
et al 2019, Lu et al 2018] which infected the rat by coming into close contact (may be in pet shops)
with it.

AiV was found in different animals in Europe: in Hungary in healthy piglets (Sus scrofa
domestica) [Reuter et al. 2009], in Italy in Mussels and Shellfish [Fusco et al. 2017 and 2019], in dogs
[Kapoor et al. 2011, Di Martino et al. 2013], in cats [Di Martino et al. 2015], pipistrelle bat [Diakoudi
et al. 2020], in domestic and wild ungulates [Di Martino et al. 2021] and in goats [Abi et al. 2022].
Some authors [Kapoor et al. 2011) identified in domestic dogs (with gastroenteritis) a kobuvirus
closely related to human aichivirus thus witnessing cross-species transmission in cohabiting species.

Aichivirus was also found in the environment of different countries. It was indeed described in
sewage samples, in Africa: Tunisia, [Sdiri et al 2010], in marine bathing and non-bathing waters in
Italy [Bonadonna et al. 2019, Cioffi et al. 2021].

Furthermore the virus was described as involved in children gastroenteritis in different
countries: in South America: Brasile [Oh et al. 2006], in Europe: Germany [Oh et al. 2006], Finlandia
[Kaikkonen et al. 2010], Italy [Bergallo et al. 2017, Biscaro et al. 2018]; in Asia: Bangladesh, Thailand,
Vietnam, and Japan [Pham et al. 2007].

The aichiviruses, since being ubiquitary in the environment and also associated to gastroenteritis
in children [Bergallo 2017, Rivadulla 2020] must be taken into due account as potential zoonotic
pathogen and further investigations are desirable to obtain a clearer picture of its circulation.

None of the other viruses analysed (AstV, HAV, SaV, NGI, NGII, PCV, RV, SARS-CoV-2),
resulted positive to Real-time PCR analysis. These data reassure about the absence of almost all the
viruses investigated in the animals analysed. Since these animals are treated as pets and always live
in close contact with children, it is important to monitor and guarantee their health and the safety of
their “employment” as pets. However, even though we researched for 10 potential zoonotic viruses
and investigated around one hundred animals, there are a lot of other viruses (with also unknown
zoonotic potential) which, if searched, could be found. Level of attention must be therefore always
kept high also because these animals usually make a huge ride before arriving in our houses and are
subject to a high risk of contact with infectious agents.

Concluding our study underlines the importance of monitoring unconventional pets, which role
in the transmission of zoonotic agents has been almost neglected till now. Further investigation on a
large number of animals including other viruses is crucial in order to guarantee public health
expecially for children since they are used to play and to closely interact with these pets.
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