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ABSTRACT

Emerging and re-emerging infectious diseases have been on the rise, with a significant proportion being zoonotic.
Rodents, as the natural reservoirs of numerous diverse zoonotic viruses, pose a substantial threat to human
health. To investigate the diversity of known and unknown viruses harbored by rodents in Guangdong (southern
province of China), we conducted a comprehensive analysis of viral genomes through metagenomic sequencing
of organs from 194 rodents. Our analysis yielded 2163 viral contigs that were assigned to 25 families known to
infect a wide range of hosts, including vertebrates, invertebrates, amoebas, and plants. The viral compositions
vary considerably among different organs, but not in rodent species. We also assessed and prioritized zoonotic
potential of those detected viruses. Ninety-two viral species that are either known to infect vertebrates and in-
vertebrates or only vertebrates were identified, among which 21 are considered high-risk to humans. The high-
risk viruses included members of the Hantavirus, Picobirnaviruses, Astroviruses and Pestivirus. The phylogenetic
trees of four zoonotic viruses revealed features of novel viral genomes that seem to fit evolutionarily into a zone
of viruses that potentially pose a risk of transmission to humans. Recognizing that zoonotic diseases are a One
Health issue, we approached the problem of identifying the zoonotic risk from rodent-transmitted disease in the
Guangdong province by performing next-generation sequencing to look for potentially zoonotic viruses in these
animals.

1. Introduction

families and 2277 species, accounting for approximately 43% of all
mammal species [4]. They have a global distribution, ranging from

In recent years, various emerging and re-emerging infectious dis-
eases have been increasing, of which >60% are zoonotic diseases. This
trend presents a serious threat to global public health and social
development, resulting in >1 billion illnesses and millions of deaths
annually [1,2]. Multiple factors can influence the risk of transmission of
zoonotic viruses, including animal population density, land-use issues
that alter the extent of human-animal contact, climatic factors, nutrient
availability, and other factors [3].

Rodents are among the most speciose mammals in the world, with 33
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highly anthropized to pristine natural habitats, and closely interact with
the human ecosystem, acting as a conduit for the spread of viruses be-
tween people and other wildlife [5,6]. Rodents can directly or indirectly
transmit various pathogenic microorganisms, such as those in the fam-
ilies Arenaviridae, Flaviviridae, Hantaviridae, Picobirnaviridae, Picorna-
viridae, Reoviridae, and Rhabdoviridae [7]. Some of these, such as
Hantavirus and Arenavirus, can spillover and produce severe human
disease, while the rodent may be asymptomatic [8]. New zoonotic vi-
ruses, including Coronaviruses and Picornaviruses, are continuously being
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found [9,10]. Furthermore, there are at least 85 known zoonotic path-
ogens carried by rodents, which are the primary hosts for not only viral
but also non-viral zoonotic diseases (e.g., leptospirosis, salmonellosis,
yersiniosis, pathogenic E. coli, campylobacterosis, giardiasis, and Lyme
disease) [11]. Therefore, rodents, as important reservoirs of zoonotic
pathogens, are extremely threatening to humans [12].

China, with its vast biodiversity, harbors around 200 rodent species
from 12 families [13,14]. Guangdong Province, located in the south of
China, has a tropical and subtropical monsoon climate that is conducive
to the growth and reproduction of rodents. It also has the largest pop-
ulation of humans in China, with 126.84 million people in 2021. The
extensive human traffic and the climate provide an ideal environment
for the transmission of pathogens between rodents and other animals
[15]. Historically, Guangdong has experienced a high incidence of
outbreaks of various emerging infectious diseases (EIDs), including Se-
vere Acute Respiratory Syndrome (SARS), Avian Influenza, rodent-
borne scrub typhus, and Hantavirus Pulmonary Syndrome [5,16-18].
Given the vulnerability to zoonotic diseases, public health departments
in Guangdong have implemented routine measures for detecting and
monitoring known zoonotic pathogens (such as Hantaviruses, Hepatitis
viruses and Mammarenaviruses) in rodents [19-21]. However, it is crucial
to estimate the diversity and number of unknown viruses in rodents to
monitor and control potential EIDs transmitted by rodents. Recent
public health events all indicate that spillover can lead to great disasters
globally if this barrier is breached [22,23].

Consequently, an extensive survey of viral communities in rodents,
including viral diversity and distribution in different species, is essential
to establish an early warning and traceable system for rodent derived
EIDs [24]. To this end, the current study captured rodents in a repre-
sentative area of Guangdong, China, and conducted a viral metagenomic
analysis after grouping them according to species and organs. However,
simply generating a viral genome by metagenomics does not allow for
easy validation of the zoonotic potential of the new virus, which would
require recreating the intact virion and then testing it in cell culture or
animal models, complicated steps that cannot be done in bulk. It is
critical to evaluate the zoonotic potential of this new or unknown virus,
because once these viruses are spilled into the human population, pan-
demics are likely to occur, such as Nipah virus encephalitis and Ebola
[25,26]. Hence, a machine learning model was used to prioritize viruses
of zoonotic potential only based on their genomic signatures. It was
found that >70% of the viruses were judged to have a high or very high
likelihood of zoonotic disease [27]. This study provides a new

One Health 17 (2023) 100631

perspective on preventing spillover events by focusing on high-risk vi-
ruses through rapid zoonotic risk assessment of viral genome sequences.

2. Materials and methods
2.1. Rodent trapping

Five cities in Guangdong Province, China were selected as sampling
sites for this study, including Guangzhou, Shenzhen, Chaozhou, Zhan-
jiang, and Shaoguan (Table S1). To include rodents in various habitats of
the city, sampling was conducted in locations such as hospitals, airports,
wharfs, stations, farms, and forest parks (Fig. 1). Rodents were captured
in cages using cooked food as bait, and anesthesia was administered. The
information regarding sex, body length, tail length and hair colour was
recorded for the initial species identification. Sterile cardiac blood
sampling was performed using a syringe, and serum was separated after
centrifugation at 3000 r/min for 15 min and frozen. The animals were
sacrificed by neck clamping under anesthesia to minimize suffering.
Subsequently, they were packaged, frozen, and transported to the lab-
oratory of Sun Yat-sen University. Dissection was performed in a
biosafety cabinet, and intestinal contents and tissue samples were
removed and placed into EP tubes and numbered. The procedure was
performed in a sterile environment, and the samples were subsequently
placed in cryopreservation tubes and stored in a — 80 refrigerator. An-
imal species were further identified using PCR targeting the mammalian
cytochrome B gene [28]. In sum, a total of 194 rodents from four species
were collected for analysis. Serum (Se), brain (B), liver (G), spleen (Sp),
lung(L) and intestinal contents(F) were collected from Rattus norvegicus
(Rn), Rattus flavipectus (Rf), Rattus losea (R1) and Mus musculus (Mm) for
study (Table S2).

2.2. RNA library construction

To assess the viral diversity, the collected rodent specimens were
divided into 24 pools according to species and organs. Firstly, the organs
were broken up and homogenized, and then the tissue and cellular
debris were removed through low-speed centrifugation. The supernatant
obtained was transferred to the ultracentrifugation tube and centrifuged
at 4 °C with HIMAC CP 100wx ultracentrifuge (Hitachi). After removing
the supernatant, resuspended the pellet in 200ul SB buffer, added EMB
and EM proportionally, and incubated at 37 °C for 60 min; added SS
solution (2ul) proportionally, mix well, and inactivate the enzyme
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Fig. 1. The sampling sites and the numbers of rodent samples in Guangdong Province, China. The numbers of the 194 samples belonging to the 4 rodent species are

indicated by a pie chart for each city.
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reaction at 65-75 °C for 10 min, centrifuge at 2000r for 5 min, and
stored 200ul of the supernatant at-20 °C for subsequent experiments.
Next, the Hipure Universal RNA Mini Kit (Magen) was used to isolate
high-purity RNA from the sample collections. After being at room tem-
perature for 3 min, the samples were spun at 4 °C for 15 min at a speed of
12,000 x g to eliminate any precipitates. The products were reverse
transcribed to Double-Stranded DNA using REPLI-g Cell WGA & WTA
Kit (QIAGEN). Finally, the concentration and length of the amplified
products were qualitatively evaluated using Qubit 4 Fluorometer
(Thermo Fisher Scientific), and Qsep 1 DNA Analyzer (BiOptic),
respectively.

2.3. Next-generation sequencing

Qualified DNA samples from the previous step were fragmented
using a sonicator to generate fragments of <800 bp. High-quality
sequencing libraries were constructed using the NEBNext Ultra™ II
DNA Library Prep Kit for [llumina (New England Biolabs) instructions.
Briefly, the end of the DNA fragment is repaired and A-tail is added,
followed by ligation of the adaptor and PCR amplification product.
Qubit 4 Fluorometer (Thermo Fisher Scientific), and Qsep 1 DNA
Analyzer (BiOptic) were again used to qualitatively assess the concen-
tration and length of the sequencing libraries. The qualified libraries
were sequenced by Novaseq 6000 (Illumina) platform with 150 bp
paired-end reads. The sequencing results were stored in FASTQ file
format, which contained the sequencing sequences (Reads) and the
corresponding quality information.

2.4. Library quality control

Given the presence of low-quality reads in the raw data obtained
from sequencing, we use Trimmomatic (v0.39) for quality control, and
the specific processing steps are as follows:(I) removing paired reads
with adapter; (II) when the number of low-quality bases in a single-end
read exceeded 20% of the total number of bases in the read, the paired
reads were removed. (III) removing the repetitive reads generated by
PCR amplification; (IV) removing the ployX sequence [29]. To eliminate
ribosomal and host sequence contamination, the clean reads obtained in
the previous step were mapped to the ribosomal and host databases,
respectively, using BWA (v0.7.17), and the next data analysis was per-
formed after the mapped sequences were removed.

2.5. Assembly and genome annotation

Megahit (v1.2.9) was used to conduct De novo assembly of the high-
quality reads into contigs, and sequences that matched the host
sequence database were removed. The assembled contigs were clustered
using CD-HIT (v4.7). Then, the unique contigs were compared to the
Virus-NT (extracted from the NCBI nucleotide database, containing
phages) and Virus-NR (extracted from the NCBI Protein database, con-
taining phages) databases using BLASTN and BLASTX, respectively. The
resulting contigs were filtered by meetinge <1 x 10 >ande <1 x 1073
as candidate virus contigs. Additionally, MetaGeneMark (v3.38) and
hmmsearch (v3.2.1) were used to predict gene sequences and compare
the protein sequences with HMM (VPFs and vFam), respectively. The
unique contigs that satisfied the screening requirements (e < 1 x 1075
were also taken into consideration as potential viral sequences [30,31].
After using BLAST (v2.9.0+) to match the potential virus sequences with
the NT database, the findings were filtered using a significance threshold
ofe<1 x 1071°, Diamond (v0.9.10) was used to compare the sequences
to the NR database, and the outcomes were selected based on a signif-
icance threshold of e < 1 x 1073, Finally, NCBI Taxonomy library was
used to annotate the above alignments, and if >20% of the top 50
alignments were nonviral, the sequence was considered nonviral and the
remaining sequences were considered viral.
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2.6. Abundance and diversity analyses

The reads were aligned to the identified viral contigs, and the RPKM
value of each contig was calculated. The sum of the relative abundance
of all contigs corresponding to each family was the relative abundance of
that family. Principal co-ordinates analysis (PCoA) is a visualization
method to study the similarity or difference of data, which can observe
the differences between individuals or groups. PCoA uses a dimension-
ality reduction analysis method, utilizing Bray-Curtis distance, to select
the most contributing combination for analysis. In the PCoA results, the
closer the two samples are, the higher the similarity between the
samples.

2.7. Inferring zoonotic potential

The zoonotic potential of the viruses was ranked using machine
learning models that infer the likelihood of infecting humans based on
the host range features encoded in the viral genomes, with a cut-off
value of 0.293 as reported in a recent study [32]. The features contain
a measure of bias in genomic composition of viruses. For instance, the
relative frequencies of each codon, amino acid, and dinucleotide. The
characteristics were likewise matched to human RNA transcripts for
calculating similarity between human and virus sequences. The specific
operation procedure involved specifying the viral genomes in FASTA
format and manually defining the open reading frames (ORFs). Using
the NCBI ORF Finder program (https://www.ncbi.nlm.nih.gov/o
rffinder/), the full and incomplete viral genome ORFs were inferred.
The complete and partial viral genome ORFs were predicted using the
NCBI ORF Finder tool (https://www.ncbi.nlm.nih.gov/orffinder/). The
ranking of the viruses was generated by inputting the specified sequence
format, providing the paths to the genome and metadata files, and
naming the output files.

2.8. Phylogenetic analysis

Deduced amino acid sequences of the families Hantaviridae, Reovir-
idae, Picobirnavirdae, and Astroviridae were selected for phylogenetic
analysis in this study. The NCBI-nr database was used to obtain all
reference sequences. Sequence alignment was performed using MEGA11
and CLUSTW program with default parameters. The Model Selection
package was utilized to evaluate the best substitution model. The
appropriate substitution model was then used to construct a maximum
likelihood phylogenetic tree in MEGA11, with 1000 bootstrap replicates
as a measure of tree robustness.

3. Result
3.1. Metagenomic analysis and sequence assembly

In this study, 24 libraries were constructed according to species and
organs of rodents. The raw data has been uploaded to the Sequence Read
Archive (SRA) library (BioProject accession no. PRJINA939277). We
generated 1,311,238,528 raw reads (a total of 393.5 GB of data) and
after removing low-quality sequences, a total of 707,438,887 clean
reads were retained for further analysis. The 189,796,947 high-quality
reads obtained after removal of host and ribosome were assembled
with Megahit, resulting in 298, 231 contigs (Table S3). After removing
the host, ribosome, and clustering, the 199,756 unique contigs were
multiple times aligned with the database before being used for species
annotation. Contigs annotated to DNA viruses were deleted, leaving only
RNA viruses to be used for further research as we only constructed the
sequencing library on RNA (Fig. S1).

3.2. Viral communities analysis

Our study resulted in 2163 viral contigs belonging to 25 families that
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infect a wide range of hosts, including vertebrates, invertebrates,
amoebas, and plants. Since viruses from Rhabdoviridae and Flaviviridae
families can affect both vertebrate and invertebrate hosts, it is suggested
that they are possibly vector-borne viruses. Viral abundance was rep-
resented by calculating RPKM, with Retroviridae, Picobirnaviridae and
Arenaviridae being the most abundant families (Fig. 2A). Arenaviridae,
Hantaviridae, Paramyxoviridae, Picobirnaviridae, Picornaviridae, Astrovir-
idae, Retroviridae, Hepeviridae, Reoviridae, Flaviviridae, Phenuiviridae and
Virgaviridae were detected in all rodent species (Fig. 2C). Arteriviridae,
Astroviridae, Retroviridae, Nyamiviridae, Phenuiviridae and Reoviridae are
present in every organ of rodents (Fig. 2B). In contrast, Hantaviridae,
Picobirnaviridae, Arteriviridae and Picornaviridae have been detected in
organ samples other than serum and brain. Flaviviridae are mainly found
in serum samples while Nyamiviridae, Phenuiviridae and Reoviridae have
been detected in organ samples other than serum.

The comparison of viral communities through principal-coordinate
analysis (PCoA) suggested that there was no statistically significant
difference between four species (P > 0.05) (Fig. S2B), and the viral
communities may be similar. However, it varies considerably between
six organs (P < 0.05) (Fig. S2A). Specifically, serum and intestinal
contents were distinguished from the other four organs, thus having a
different virome composition.

3.3. Zoonotic prediction

Zoonotic risk of viral sequences after high-throughput sequencing
was evaluated as previously reported to predict the probability of virus
transmission to humans. We excluded viral sequences from Amoeba,
Bacteria, and Plants, as well as ORFs shorter than 450 bp to improve the
accuracy of our predictions [32]. In the end, we evaluated 92 verte-
brates, invertebrates, and unclassified viruses in 14 families (Fig. 3A).
Among the 21 viruses considered high risk, Seoul orthohantavirus was
found to have the highest zoonotic risk as previously reported (Fig. 3B)
[33]. Picobirnaviridae had eight viral species that were considered as
high zoonotic risk. Some viruses, such as Mammarenavirus, Astroviruses
and Pestivirus were both high risk and abundant.

3.4. Phylogenetic relationships of selected viruses

3.4.1. Seoul orthohantavirus

Seoul orthohantavirus, which can cause Hantavirus hemorrhagic fever
with renal syndrome belongs to Hantaviridae family (under the order
Bunyavirales) [34]. The main reservoir and source of infection are small
rodents prevalent in Eurasia, which shed the virus in their blood, saliva,
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urine, and feces. Seoul orthohantavirus is a negative-strand RNA virus
with three different segments including S (small), M (medium), and L
(large).

A total of 4 contigs were identified in this study, mainly from lung of
Rattus losea. They covered 11,435 nucleotides including three genome
segments (L, M, and S). The ORF of L showed 99.81% aa identity with
the Seoul orthohantavirus in Rattus norvegicus and Rattus tanezumi from
southern China in 2021 and S ORFs of this species showed nearly 100%
aa identity [35]. Phylogenetic tree based on the complete L protein
sequences-encoded RNA-dependent RNA polymerase (RdRp) of Hanta-
viruses including representatives of the main strains. HV-RILO1 was
closely related to the isolate YN45, which has the possibility of cross-
species spread between Rattus norvegicus and Rattus tanezumi (Fig. 4A).

3.4.2. Rotaviruses

Rotaviruses that cause severe diarrheal illness in children globally are
members of the family Reoviridae. Their genome contains segments 1, 2,
3, 4, 6, and 9 coding for 6 structural (VP1-VP4, VP6, VP7) proteins and
segments 5, 8, 7, 10, and 11 coding for 6 non-structural (NSP1-NSP6)
proteins [36]. Rotaviruses are classified into ten different groups (species
A-J and possibly K, L) based on the genetic variability of the viral protein
6 (VP6). Recently, there have been increasing reports of cross-species
transmission of Rotaviruses [37-39].

In total, 49 contigs were identified as Rotavirus, mainly from intes-
tinal contents (F) of rodent samples. The ORF of RVA-RIFO1 shows
96.32% aa identity with RdRp of Human rotavirus A detected in patients
with diarrhea in China [40]. The ORFs of RVB-MmFO01 and RVB-RfF01
show 91.11% and 91.89% aa identity with RdRp of Human rotavirus B
detected in human and Rattus norvegicus in 1994 [41]. Phylogenetic tree
based on the RdARp of Rotaviruses. Contigs obtained from the intestinal
content of Rattus losea belong to the G3 type of human rotavirus A
(Fig. 4B). Meanwhile, contigs obtained from the intestinal contents of
Rattus flavipectus and Mus musculus belong to Rotavirus B.

3.4.3. Picobirnavirus

Picobirnaviruses, which were initially discovered in humans and ro-
dents are non-enveloped, ds-RNA viruses with two genomic segments
[42]. Segment 1 (2.2-2.7 kb) includes ORF1 and ORF2 which encode the
capsid protein and hydrophilic protein, respectively, whereas segment 2
(1.2-1.9 kb) contains an ORF encoding RdARp [43]. Picobirnaviruses have
been found in the feces of various animals, including humans, rabbits,
dogs, pigs, rodents, and birds [44]. Their presence has been associated
with diarrhea, especially in immunodeficient patients [45].

A total of 1608 contigs were identified as Picobirnaviruses, from

Potyviridae Host

Partitiviridae Amoeba

Rhabdoviridae Bacteria

Leviviridae

Nodaviridae Plants

Vertebrates

Caliciviridae
Te iri Vertebrates&Invertebrates

T >3 FyFr’32&5 85328 ss5ss5s55z3z2z8¢z8¢8
$8 &% & & & % 2 ] 3 = S §F §&&%838&F
TESAEFSRIIETNELIIERE RIS

A

Unclassified

wng
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references to colour in this figure legend, the reader is referred to the web version of this article.)

organs other than serum in all rodent samples. Here, we identified seven
RdRp sequences and the amino acid identities of RARp with known
Picobirnaviruses were <74.20%, suggesting that these viruses may be
members of potential new species or genera in family Picobirnavirus
(Fig. 5A). Phylogenetic trees built from amino acid sequences of RdRp
were generated to study the evolutionary position of these Picobirnavi-
ruses. Besides known genotypes, these RdRp sequences of Picobirnavi-
ruses create several new genogroups (Fig. 5B).

3.4.4. Astroviruses

Astroviruses, positive single-stranded RNA viruses of Astroviridae
family, can infect both mammals and birds, resulting in gastroenteritis
and other extraintestinal diseases [46,47]. According to the latest sug-
gestion from the International Committee on the Taxonomy of Viruses
(ICTV), the taxonomy of Astroviruses depends on the amino acid genome
distance of the capsid protein (between 0.338 and 0.783). The Astrovi-
ruses genome comprises ORFla, ORF1b, and ORF2. ORF1 encodes both
protease and RdRp, whereas ORF2 encodes capsid protein.
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In total, 84 contigs were identified as Astroviruses in all rodent
samples and five nearly complete astrovirus genomes were assembled.
Phylogenetic trees based on capsid amino acid sequences were gener-
ated to study the evolutionary position of Astroviruses (Fig. 6B). The
three ORF2 (AstV-RfF01, AstV-RfF02, AstV-RfF03) of astrovirus ge-
nomes for capsid protein showed 94.2-94.6% aa identity with Rat
astrovirus Rn/S510/Guangzhou detected in Rattus norvegicus from China
in 2017 (Fig. 6A). The ORFs of AstV-RfF04 and AstV-RnF01 show 87.7%
and 98.0% aa identity with capsid protein of Rodent astrovirus in Rattus
norvegicus and Rattus losea, respectively.

4. Discussion

The pandemic of emerging and re-emerging infectious diseases
highlights the necessity of unbiased research on both known and un-
known zoonotic viruses, which is a major issue of One Health. This in-
ternational strategy refers to the prevention of emerging infectious
diseases and the protection of human, animal, and environmental health
through interdisciplinary, cross-sectoral, and cross-regional collabora-
tion [48,49]. Rodents serve as common hosts for numerous zoonotic
viruses, and their habitats overlap constantly with those of humans,
posing a significant challenge to public health and safety [50]. They
present a serious threat to the prevention and control of infectious ill-
nesses because of their close interaction with wildlife and humans [51].
Additionally, rodent-borne viruses can be indirectly transmitted by
vectors involving ticks, fleas, and mites [52]. Further investigation of
rodent-borne viruses will not only expand our knowledge of RNA virus
diversity in rodents but also reveal a considerable number of unknown
rodent viruses.

In order to identify viral genomes and analyze the viral infection

status in rodents, the serum, brain, liver, spleen, lung, and intestinal
contents representing Rattus norvegicus, Rattus flavipectus, Rattus losea
and Mus musculus were combined into 24 pools according to organs and
species. This study resulted in 2163 viral contigs assigned to 25 families
that attack a broad range of hosts. Some viral families from vertebrates
and invertebrates predominated in the viromes, with a smaller presence
from plants, bacteria, and amoeba. Viral abundance varied among ro-
dent species, which may be related to their ecology and behavior [53].

The viral communities do not differ statistically between species
while they vary considerably between organs. The statistically no dif-
ference between species may be due to the small number of samples [6].
The brain, liver, spleen, and lung had widespread RNA viruses, including
Arenaviridae, Phenuiviridae, and Nyamiviridae, while in serum or intes-
tinal contents these viruses were either not found or only found in small
amounts. Conversely, RNA viruses that primarily infect their hosts
through the enteric canal, such as Picobirnaviridae and Reoviridae, were
seldom or never found in internal organs and serum. This difference in
detection may be attributed to the different organ tropisms of these vi-
ruses, with body fluid-borne pathogens such as Arenaviridae, Phenuivir-
idae, and Nyamiviridae, and fecal-oral-transmitted pathogens such as
Picobirnaviridae and Reoviridae. Flaviviridae and Arteriviridae were only
detected in serum samples because they are transmitted through blood.
In comparison to detection in fecal samples, the examination of organ
samples represents a critical step in minimizing the possibility for mis-
takes in the taxonomic classification of novel viruses. This approach is
expected to provide a robust illustration of viruses harbored by rodents
[24].

Given the exponential pace at which new viruses are being discov-
ered with many unknown viruses lacking sufficient pathogenic infor-
mation, it is imperative to focus finite research and surveillance efforts
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on the viruses most likely to endanger humanity. To identify high-risk
viruses, machine learning models prioritize viruses with zoonotic po-
tential based on genomic features, which have been shown to predict
zoonotic potential more accurately than models based on relatedness
[32]. Despite the potential influence of compositional similarity on
predictions, there is no single or specific feature of the viral genome that
determines its potential role in zoonoses [27]. Due to the intricate and
non-linear nature of the associations between various traits, a genome-
based ranking approach offers a dependable and consistent method for
zoonotic prediction. After zoonotic prediction, species of Hantaviridae,
Picobirnavirdae, Astroviruses, Flaviviridae, Retroviridae and Arenavirus are
divided into high zoonotic risk and abundance, and this prediction is
consistent with previous reports. Despite being based solely on genomic
signatures, this genome-based ranking approach provides valuable in-
sights for further studies.

Hantaviruses, which are harbored by multiple small mammal species,
pose a worldwide public health threat [54]. Based on phylogenetic trees
built using the L segments, it was determined that Rattus losea carried
the Seoul orthohantavirus, which is almost identical to the virus sequence
found in southern China [35]. Rattus norvegicus and Rattus tanezumi are
major hosts of the Seoul orthohantavirus genotype in previous studies
from China, indicating that this genotype is prevalent in the Rattus and
has a spreading tendency.

Rotaviruses, which are primarily transmitted by fecal oral route, act
as a significant zoonotic virus [55]. Sequences of Rotavirus A detected in
Rattus losea were most closely related to the Human rotavirus A detected
in China with diarrhea, suggesting that an overflow event may be
occurring. The Human rotavirus B discovered in Rattus norvegicus and
Humans in 1994 has the most genetic similarities with the Rotavirus B
discovered in Mus musculus and Rattus flavipectus of this study. Also, the
high abundance of Rotavirus A and Rotavirus B in intestinal contents
might suggest Rotavirus replication in intestinal tract of the rodents. Our
identification of a related argues for the continued circulation of

Rotaviruses between rodents and human.

Picobirnaviruses can infect hosts and cause diarrhea, and approxi-
mately 20% of human fecal diarrhea samples with unclear causes tested
positive in the Netherlands [56]. Many Picobirnaviruses were identified
that matched two distinct viral segments, including segment I and
segment II. At the same time, phylogenetic trees based on the RARp show
that there are three complete sequences belonging to a different branch
from known viruses, which means they were identified as new viruses.
This study further confirms that Picobirnaviruses are highly genetically
diverse, indicating that rodents are significant wildlife hosts [24,57].

Astroviruses are recently discovered viruses that infect humans and
poultry in China [58]. It could lead to gastrointestinal symptoms in
humans, and several cases of neurological impairment have been re-
ported [59]. Astroviruses were frequently detected in the present study,
and the majority of the identified Astroviruses sequences can be allocated
to three separate clusters along with reference viral sequences from
rodents. A new strain of Astrovirus has been discovered and has the
highest similarity with the Rodent astrovirus.

The present study has several limitations: The representativeness of
rodent species samples may be insufficient due to limited catches and a
non-dominant population of some species in the sampling area. Addi-
tionally, the study is constrained to autumn, which hinders our ability to
investigate the influence of seasons on the viral composition carried by
rodents. Future investigations should be conducted at various spatio-
temporal scales to assess the importance of virus surveillance at the
human-animal-environment interface. Lastly, the detection and valida-
tion of the virus in predicting zoonotic diseases have not been performed
yet, and it is essential to employ experimental methods to assess the
effectiveness of the prediction model in the future.

5. Conclusions

This study characterizes the RNA viromes of rodents and assesses the
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risk of transmission to humans, providing a new insight into the viral
diversity in Guangdong (south of China). Because of the global diversity
and distribution of rodents, it is essential to increase attention to their
role in viral diseases. Further attempts to conduct virus surveillance in
rodents will identify more diverse virus lineages with early warning to
minimize the risk of future zoonotic illnesses. As a result of these efforts,
regional and international capacity for EIDs prevention and response
will be strengthened.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.onehlt.2023.100631.
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