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Abstract

Introduction. Bastroviruses were discovered in the Netherlands in 2016 in human stool samples and show partial
genetic similarities to astroviruses and hepatitis E viruses. Their association with disease onset has not yet been
established.

Materials and methods. Metagenomic sequencing of fecal samples of Nyctalus noctula bats collected in the
Russian Federation in 2023 was performed. Two almost complete genomes of bastroviruses were assembled.
The zoonotic potential of these viruses was assessed using machine learning methods, their recombination was
studied, and phylogenetic trees were constructed.

Results. A nearly complete bastrovirus genome was de novo assembled in one of the samples, and it was used to
assemble another genome in another sample. The zoonotic potential of the virus from one of these samples was
estimated as high. The existence of recombination between structural and non-structural polyproteins was demonstrated.
Conclusion. Two bastrovirus genomes were assembled, phylogenetic and recombination analyses were
performed, and the zoonotic potential was evaluated.
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Pesrome

BBepeHue. bacTtpoBupychl 6binm o6HapyxeHbl B HugepnaHgax B 2016 r. B kane yenoseka. OHW AEMOHCTPUPYIOT
YaCcTUYHOE reHeTMYecKoe CXOACTBO C acTpoBUpYyCaMu, a Takke BUpycamu renatuTa E. VIx cBA3b C BOBHUKHOBEHU-
em 3aboneBaHui noka He Bbina yctaHoBneHa.

Llenb pa6oTbl. [Mony4yeHne HOBOWM reHeTUYECKON MHpopmMaumm o BacTpoBupycax, LIMPKYNMPYHOLWMX CPeamn nety-
4nx Mmblwen Ha TeppuTopumn Poccuu.

MaTepuanbi u metoabl. bbiNo NpoBegeHoO MeTareHOMHOe CekBeHUpoBaHWe 06pasLioB hekanuii NeTyunx Mbiwen
Buaa Nyctalus noctula, BbinoBneHHbIX Ha Tepputopun PP B 2023 r. CobpaHo ABa NoYTH NOMHbIX reHoMa 6acTpo-
BMpPYCOB. BbiN ouUeHeH 300HO3HbLIN NOTeHUMan AaHHbIX BUPYCOB METOAAMW MAaLUMHHOTO 0ByyeHus, usdydyeHa ux
pekomMburHaLusi, a Takke NOCTPOEHbI (HUIMOTEHETUYECKME AEPEBDS.

Pe3ynbratbl. De novo 6bin cobpaH noyTy NonHbIN reHoM (gnmHa okono 5800 ocHoBaHwi) HoBOro 6acTpoBupyca B
oAHOM 13 06pasLoB, OH Bbin MCNOMNb30BaH kak pedepeHc Ans Nony4YeHust Apyroro reHoma B Apyrom obpasue. 3o0o-
HO3HbIV NOTeHUMan BMpyca 0gHOro 13 atux obpasLos MeTogaMm MalLMHHOMO 06yYeHNs Obin OLeHEH Kak BbICOKUIA.
Moka3aHo cyLlecTBOBaHME PEKOMOMHALMN MEXAY CTPYKTYPHBIM U HECTPYKTYPHBLIM NMOMMNPOTEUHAMM.
3akntoyeHue. NepBoe obHapyxeHne GacTposupyca Ha Tepputopmn PP gononHAeT MMpoBble AaHHbIE O WNpoTe
apeana ero pacnpocTpaHeHusi. Hannyne pekombuHaumm mexay nonunpoTeMHaMmn 1 BbICOKUI 300HO3HbIN MOTEH-
Luuan BMpyca nog4yepkuBatoT BaXKHOCTb €ro fanbHENLero n3y4yeHus.

KnroueBble cnoBa: 6acmposupycekl; NGS; MemazeHOMUKa; fiemy4que Mbiiu
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®duHaHcupoBaHue. PaboTta nogaepxana rpaHtom PH® 22-24-00078.

KoHdnukT nHTepecoB. ABTOpbI AEKNAPUPYIOT OTCYTCTBME SIBHBIX U NMOTEHUManbHbIX KOH(MUMKTOB MHTEPECOB, CBA3aH-
HbIXC NyGnMKaumMen HacTosILLEen CTaTbi.

dTnyeckoe yTBepXxaeHue. ABTOpr nogTeepXaarT coﬁn}o,qume WHCTUTYLMOHAlbHbIX U HAaUMOHalbHbIX CTaHOapPTOB
Mo UCMOMb30BaHWI0 NabopaTopHbIX XUBOTHBIX B cOOTBETCTBUM ¢ Consensus author guidelines for animal use (IAVES

23 July 2010). MpoTokon nccnenosaHus ogobpeH Komuccnein no 6noatuke NM33 PAH nm. A.H. Cesepuosa ([MpoTtokon
Ne 50 ot 07.08.2021).

Introduction

In 2016, a previously unknown RNA virus was found
during metagenomic sequencing of 200 human fecal sam-
ples in the Netherlands [1]. A new pathogen with a cer-
tain genetic similarity to astrovirus and hepatitis E was
identified in 7 of these samples. Sequence lengths ranged
from 6017 to 6339 nucleotide bases. The virus had the same
genome structure in all 7 samples and the amino acid se-
quence similarity of the putative nonstructural ORF1 pro-
tein ranged from 67 to 93%. Likewise, the similarity of the
putative structural protein ORF2 ranged from 73 to 98%.
This high degree of diversity allowed the authors of this ar-
ticle to hypothesize that bastrovirus as a human infectious
agent has likely been circulating among humanity for a
long time instead of having emerged recently. Such diver-
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sity may also be related to emergence in different reservoirs
and transmission to humans through contaminated food or
in the form of a zoonotic infection from domestic animals,
livestock or wildlife. All bastrovirus genomes contained
similar conserved amino acid domains. The capsid protein
of bastroviruses showed remarkable variability, especially
in the initial 40-nucleotide N-terminal and final 242-nu-
cleotide C-terminal sequences. Several antigenic epitopes
with a length of more than ten amino acids were detected at
the C-terminus of the capsid protein. A nested polymerase
chain reaction (PCR) assay targeting the 5’-region of the
genome identified the bastrovirus in 32 of the 200 fecal
samples tested. However, there was no clear correlation
found between clinical symptoms such as diarrhea and the
presence of the virus [1].
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Since the initial detection of bastrovirus in human fe-
ces in 2016, it has been repeatedly identified in other var-
ious samples. In 2017, a bastrovirus with a genome size
of 5875 bases was identified in Brazilian wastewater. Its
genome similarity was 56% in comparison to previously
known bastroviruses (GenBank: KX907135) [2]. The re-
searchers hypothesized that its reservoir could be mamma-
lian. In a 2018 study, a bastrovirus (GenBank: MG693175)
was identified in 87 fecal samples from bats of two different
species in Cameroon [3]. In a 2019 study during a swine
diarrhea outbreak in the United States [4], a bastrovirus ge-
nome of 5881 bases in length with 84% similarity to swine
bastrovirus (GenBank: KX907134) was detected in fecal
samples and subsequently named PBastV-USA 2017-1.
Sequence analysis of its genome revealed 97 and 87% se-
quence similarity to the ORF1 and ORF2 sequences of the
detected bastrovirus, respectively, indicating significant ge-
netic similarity to porcine bastrovirus. These full genome
sequence data enabled the development of a quantitative
PCR-based test for pathogen detection. In June 2017, this
test was used to examine 368 swine samples submitted to the
South Dakota State University Animal Disease Laboratory.
The bulk of these (90%) were oral swabs and the remainder
(10%) were fecal, rectal, or environmental samples. Out of
the 368 samples tested, 114 (or 31%) were positive for the
virus. However, most of the samples were from healthy pigs
because they were collected as part of a farm animal disease
surveillance initiative. Thus, the detected bastrovirus was
not associated with any specific disease.

Anarticle published in 2019 examined 72 bat specimens
of four species caught in 2012 in the city of Bisha and
its vicinity in Saudi Arabia [5]. Two species of bats were
found to have a virus similar to bastrovirus, but the viruses
found in Saudi Arabia were closer to hepeviruses than to
the human bastrovirus, with a 50% similarity in amino
acid sequence to the former. As a result, the researchers
classified them as Middle East Hepe-Astrovirus, as they
showed about 70% similarity to bat bastrovirus and rat
bastrovirus from Vietnam.

In2021, Japanese researchers identified nearly complete
genome sequences of four bastroviruses found in the
feces of healthy pigs [6]. It was found that bastroviruses
present in pigs and other animals, including humans,
have similar genomic organization. Specifically, they all
have three conserved domains: viral methyltransferase,
RNA helicase and RNA-dependent RNA polymerase
(RdRp) in the non-structural ORF1 and the capsid
domain of astrovirus in the structural ORF2. Amino
acid sequence comparison showed that the resulting
bastroviruses had 95-99% and 76-96% similarity in the
ORF1 and ORF?2 regions, respectively. However, when
pig bastroviruses were compared with bastroviruses from
other animals, the similarity was only 21-43% and 9-21%
for the ORF1 and ORF2 regions, respectively. This
indicates that although the bastroviruses have possibly
shared a common ancestor, they evolved separately in
each host group over a long period of time. The presence
of potential recombination events in the genome also
indicates that bastroviruses acquire genetic diversity
through recombination events.

OPUTUHAJbHbBIE NCCNEAOBAHUA

In 2023, an article [7] was published and it focused
on the insufficiently studied viral diversity of lower
vertebrates, including fish, amphibians and reptiles. The
object of study was the Asian toad inhabiting China. As
a result of those studies, more than 20 new RNA viruses
were identified in samples from this toad species. Thus, the
nearly complete genome of the bastrovirus was revealed,
which is very different from the previously known
variants, which allowed us to identify new branches on the
phylogenetic tree. This genome, designated as AtBastV/
GCCDC11/2022, consists of three putative protein-
coding regions, each with varying degrees of similarity
to various known viruses. Upon deeper examination of
the RdRp phylogeny and capsid segments of AtBastV/
GCCDCI11, it was found to have strong genetic similarity
to a strain of amphibian bastrovirus from the genus
Rana. In addition, this strain had marked similarity with
astrovirus 2 found in the Hainan black-eyed toad and
certain animal astroviruses, although it was distantly
related to hepeviruses.

Phylogenetic analysis based on RARP sequence shows
that bastroviruses and hepeviruses form a separate clade
on the phylogenetic tree, distinct from astroviruses [3].
Most animal bastroviruses form a monophyletic group
and are clustered according to the host species they
infect. An exception to this is the Bat Bastrovirus-like
virus/VietNam/Bat/17819 21 lineage, which forms a
distinct outgroup on the phylogenetic tree. Phylogenetic
analysis based on capsid protein yields similar results. In
a 2016 paper [1] it was hypothesized that recombination
had occurred in the past between the genome regions
encoding capsid protein and polymerase. As evidence, the
authors point to the fact that phylogenetically the capsid
protein is more related to astroviruses and the polymerase
gene to the hepatitis E virus. Additional recombination
events are also indicated by the fact that the CMR/Bat/
P24 strain clusters with two bat strains on the polymerase
phylogenetic tree and only one strain on the capsid protein
phylogenetic tree [3].

Bastroviruses can be differentiated on the basis of genetic
traits. ORF1 of all mammalian bastroviruses encodes
a viral methyltransferase, followed by a viral helicase
and RdRp, whereas ORF2 encodes a capsid protein.
ORF3 is not present in the genome of all bastroviruses,
and if present, as in the case of human bastroviruses, it
encodes the papain-like cysteine protease of hepatitis
E virus. Although astroviruses and bastroviruses share
some similarities in structural protein, the structure of
the bastrovirus genome and its features may contribute
to the future classification of these viruses into a new
viral family. Furthermore, the extensive genetic diversity
among bastroviruses derived from different host species
may warrant further classification of bastroviruses into
different lineages or genera.

The sources discussed above allow us to come to the
conclusion that that bastroviruses are very widespread in
humans and various animal species. Bastroviruses have
been detected in humans, pigs, bats, river mollusks, toads
and eveninsewage. This diversity of virus carriers supports
the theory that this virus has been circulating in nature
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for a certain period of time rather than having originated
recently. So far, no cases of bastroviruses detected in
Russia have been described in any literature. In the
present study, we performed metagenomic sequencing of
the genetic material of fecal samples of bats of the species
Nyctalus noctula from the Saratov Region, which resulted
in the discovery of a previously unknown bastrovirus and
the assembly of its complete genome. We annotated the
new bastrovirus genome, constructed phylogenetic trees
and performed recombination analysis.

Materials and methods

Metagenomic sequencing of fecal samples of
N. noctula bats collected in February 2023 in Rus-
sia was performed. RNA isolation from samples was
performed using the QIAamp Viral RNA kit (Qiagen,
Germany). Reverse transcription was performed using
the REVERTA-L kit (AmpliSens, Russia) according to
the manufacturer’s instructions. Second strand DNA
synthesis was performed using the NEBNext Ultra II
Non-Directional RNA Second Strand Synthesis Mod-
ule kit (E6111L). Purified double-stranded cDNA was
fragmented in microTUBE-50 AFA Fiber Screw-Cap
(PN 520166) on the Covaris M220 instrument (Cova-
ris, Woburn, MA) up to ~ 550 bp. Libraries for paired-
end sequencing were constructed using the NEBNext
Ultra End Repair/dA-Tailing Module (NEB E7546L),
NEBNext Ultra Ligation Module (NEB E7595L),
and Y-adapter compatible with IDT for Illumina
Nextera DNA UD Indexes kits. Index PCR was per-
formed using NEBNext Ultra II Q5 Master Mix (NEB
#MO0492). The final library was validated on an Agi-
lent Bioanalyzer 2100 instrument (Agilent Technolo-
gies, USA). Sequencing was performed on MiSeq and
NextSeq 2000 platforms (Illumina, USA).

Assembling consensus sequences

In “raw” reads, adapters were removed using the option
in Trimmomatic v0.39 ILLUMINACLIP [8]. The options
LEADING:7, TRAILING:7, SLIDINGWINDOW:4:20, and
MINLEN:40 were also applied. Paired reads were merged
using BBmerge [9] (maxstrict=t), and files with unpaired
reads for each sample were merged into one. Thus, three files
were obtained for each sample: two files with paired-end reads
and one file with unpaired reads. Reads corresponding to the
host were removed by aligning to the reference genomes of
the bats Pipistrellus kuhlii (GCF_014108245.1) and Myotis
myotis (GCF_014108235.1) using bowtie2 (options -un
and -un-conc separately for unpaired and paired-end reads,
respectively). The genomes of these two species were used,
as the reference genome for N. noctula is not available in the
available databases. Then, using Kaiju v1.9.2 [10] (with the
use of nr_euk database), we left only reads either defined
as viral or unclassifiable (files with paired-end reads and
unpaired reads were once again processed separately). The
reads remaining after this filtering were assembled de novo
into contigs using MEGAHIT v1.2.9 [11], and the resulting
contigs were used to search the NCBI nr database using
DIAMOND [12] blastx (options -very-sensitive, e-value 1e-
08, -k 3).
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In the sample N.noctula 3 (MiSeq), a long (5,832 bp)
contig related to bastroviruses was found based on a
homology search. This contig was subsequently used as
a reference for consensus assembly for another sample.
Bastrovirus contigs were also detected in bat fecal samples
of N.noctula_4 (NextSeq), N.noctula 4 (MiSeq, technical
replicate of the previous sample). Kaiju-filtered reads
from the respective samples were aligned with the help
of bowtie2 v2.4.4 [13] (--local) to the above reference.
“Bam” replica files were merged using the “samtools
merge” [14] v1.15.1 command, consensus assembly was
performed using the “samtools consensus” command (-m
simple -aa -c 0.51). As a result, two consensus sequences
were obtained (samples #3, 4).

Phylogenetic analysis

Open reading frames were identified in the assembled
sequences using NCBI ORFfinder [15] (option “ATG”
and alternative initiation codons) and BLASTX [16].
Amino acid sequences corresponding to non-structural
polyprotein (NSP) and structural polyprotein (SP)
were used for further phylogenetic analysis. For
tree construction we used 31 genome sequences
of bastroviruses from NCBI, in which NSP and SP
polyproteins were annotated. The list of accession
numbers of the samples used is as follows: KU318321.1,
NC_035758.1, KU318317.1, KU318320.1, KU318315.1,
KU318318.1, KU318318.1, KU318319.1, KU318316.1,
KX907134.1, NC_032423.1, MK387176. 1, KX907130.1,
MT549856.1, LC549662.1, MF042208.1, KX907133.1,
NC_035471.1, OM104033.1, 0Q835729.1, KX907129.1,
KX907131.1, NC _032484. 1, KX907132.1, KX907128.1,
KX907127.1, MG693175.1, MT549857.1, KX907135.1,
NC 032426.1, 0Q835730.1, MT766313.1. The sequence
of goose astrovirus (GenBank: OM200916.1) was used as
an outgroup. Alignment was performed using the MAFFT
v7.490 program [17]. Tree construction was performed in
IQ-TREE v2.2.3 [18] (option -alrt 1000), the optimal model
was determined using ModelFinder [19]. Visualization of
the tree was performed using the iTOL online tool [20].

Recombination analysis

To investigate potential recombination, multiple
alignments to the amino acid sequences of NSP and SP
proteins for 33 samples (31 obtained from NCBI and 2 in
this research) were constructed in the MAFTT program
and then reverse-translated into nucleotide alignments
using PAL2NAL [21]. Next, the alignments for NSP and
SP proteins were combined. A phylogenetic compatibility
matrix with the Robinson-Folds metric was constructed
using the RDP4 protocol. The window width was 400, the
step was 50 nucleotides [22].

Analysis of zoonotic potential

A developed machine learning model [23], available
at https://github.com/Nardus/zoonotic_rank, was used to
estimate the zoonotic potential of the bastrovirus. Two
bastrovirus genomes and an annotation table were fed as
input. Using the PredictNovel.R command, files with the
results were obtained.
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Results

In the present study, nearly complete bastrovirus
genome sequences were obtained for two samples based
on metagenomic sequencing data from the fecal genetic
material of bats N. noctula caught in the territory of
the Russian Federation in 2023. A de novo long contig
(about 5800 bp) covering the nearly complete bastrovirus
genome was assembled in one of the samples, which
was then used as a reference to assemble the bastrovirus
genome from the other sample. After the annotation of
the genomes by searching with the BLASTX programs
in the NCBI nr database and the NCBI ORFfinder tool,
an amino acid sequence of NSP of about 1200 amino
acids in length and SP of about 630 amino acids in length
was obtained for the two samples. Phylogenetic analysis
performed on the non-structural (Fig. 1) and structural
(Fig. 2) polyproteins showed similarity to bastrovirus
samples from bats caught in Vietnam. According to the
results obtained using the BLASTP program, the similarity
to already known sequences is less than 77% for the NSP
protein and less than 63% for the SP protein, suggesting
that viruses from these samples are novel.

Study of recombination in bastrovirus genomes

Analysis of bastrovirus genome sequences using the
phylogenetic compatibility matrix (Fig. 3) indicates
the presence of possible recombination between the
reading frames encoding SP and NSP polyproteins,
which is generally typical for astroviruses [24, 25], the
closest relatives of which are bastroviruses. This is also
confirmed by the different topology of phylogenetic trees
constructed for SP and NSP proteins. For example, the

OPUTUHAJbHbBIE NCCNEAOBAHUA

sample KX907131.1 presented in Fig. 1 is located in the
same clade with the samples obtained in the present study,
while in Fig. 2, the sample is shown in another clade of
bat bastroviruses.

Zoonotic risk assessment

N. Mollentze et al. [23] aimed to show a methodology
to estimate the degree of human disease risk for viruses
based on their genomic sequence. The machine learning
model developed by the authors used phylogenetic
information, nucleotide and dinucleotide composition of
the viral genome, its similarity to interferon-stimulated
genes, etc. The use of all these features made it possible
to calculate an integral characterization reflecting the
probability of zoonotic diseases. The application of this
methodology on the two bastrovirus genomes obtained in
this study demonstrated the following results: bastrovirus
from sample 3 was categorized as High (i.e., having a high
zoonotic potential) while the virus from sample 4 was
categorized as Medium.

Discussion

Within the framework of the study, based on
metagenomic sequencing of genetic material of
bat fecal samples caught in the Russian Federation
in 2023, nearly complete consensus bastrovirus genome
sequences were successfully assembled in 2 samples of
N. noctula species. Thus, in one of them, due to de novo
assembly, a nearly complete (5832 bases) bastrovirus
genome sequence was obtained, which allowed its use
as a reference for genome assembly (5669 bases) in the
other sample. Based on the results of genome annotation

Fig. 1. Phylogenetic tree of the non-structural polyprotein (NSP) of bastroviruses.

Samples sequenced as part of this study are highlighted in yellow. Branch colors indicate node support calculated by the SH-aLRT method.

Puc. 1. dunoreneTnueckoe AepeBo, IOCTPOSHHOE HA OCHOBE aMUHOKHUCIIOTHOM MOCIIeJ0BAaTENbHOCTH HECTPYKTYpHOTo nosunporenHa (NSP)
06acTpOBUPYCOB.

06pa3HL], OTCCKBCHUPOBAHHBIC B paMKaX 3TOI'0 UCCIICAOBAaHUs, BbIACIICHBI XKEJIThIM. HBGTOM II0Ka3aHa noAaepiKKa y3JI0B, paCcCUMTaHHAs 110 METOAY SH-aLRT.
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Fig. 2. Phylogenetic tree of the structural polyprotein (SP) of bastroviruses.
Samples sequenced as part of this study are highlighted in yellow. Branch colors indicate node support calculated by the SH-aLRT method.

Puc. 2. duiorenernyeckoe 1epeBo, MOCTPOCHHOE HA OCHOBE aMUHOKHCIIOTHOMH 1OC/IEIOBATEILHOCTH CTPYKTYPHOTO MoHIpoTerHa (SP)
0acTpOBUPYCOB.

06pa3um, OTCEKBCHUPOBAHHBIC B paMKaX 3TOI'0 UCCIIENOBaHUs, BBIICIICHBI JKEJITBIM. ]_IBCTOM TIOKa3aHa moAACpIKKa y3JI0B, paCCUUTaHHAs 110 METOAY SH-aLRT.

Fig. 3. Phylogenetic compatibility matrix constructed
from the merged alignments of NSP and SP proteins.

Color indicates the normalized Robinson—-Foulds metric. The white arrow
shows the junction of the two ORFs.

Puc. 3. Marpuna ¢uinoreHeTH4eckoi COBMECTHMOCTH, TIOCTPOCH-
Hasl 10 0ObeTMHEHHBIM BhIpaBHUBaHUsIM OestkoB NSP u SP.

I[BeTom noka3ana HopMaiM3oBaHHas Merpuka PoOuncona—®onaca. benoi
CTPEJNKOIf II0KAa3aHO MECTO «CTHIKA» JIBYX PAMOK CUHTHIBAHUSL.
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and comparative analysis of amino acid sequences, it
was found that the viruses under consideration have
significant differences compared to those already
known, and their similarity to the closest homologs does
not exceed 77 and 63% for the NSP protein and the SP
protein respectively. Phylogenetic analysis confirmed
their relative uniqueness and that the closest homologs
are bastrovirus sequences from Vietnam. Genomic
sequences were uploaded to the VGARus (crie051639,
cric051640) and NCBI GenBank (OR552430,
ORS552431) databases.

Recombination is a frequent phenomenon in RNA
viruses [26]. Ouranalysis using phylogenetic compatibility
matrices showed the presence of a recombination event
within the virus sequence, which should be taken into
account when constructing phylogenies. Two clades of bat
bastroviruses are distinguished and the topologies of trees
constructed based on different parts of the genome do not
coincide. All this indicates a continuous recombination
process in bastroviruses, which can potentially lead to
the rapid emergence of new properties of the virus, and
given the high zoonotic potential of the virus, calculated
by machine learning methods, further investigation
is of utmost importance. Thus, the first detection of
bastrovirus in the Russian Federation adds to the global
data on the width of the bastrovirus distribution range,
and the new data not only expand our understanding of
the genetic diversity of bastroviruses, but also emphasize
the importance of future studies to determine the potential
impact of these viruses on human and animal health.
Nucleotide sequences have been uploaded to the VGARus
and NCBI GenBank databases.
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Conclusion

In conclusion, the emergence and development of
next-generation sequencing (NGS) technologies has not
only revolutionized many areas of biology and medicine,
but is also increasingly being used in virology. Thus,
new approaches allow the study of a huge number of
viruses, and as the cost of NGS [27] decreases, large-
scale metagenomic studies, including for the detection
of novel viral pathogens, are becoming increasingly
affordable. The advantage of metagenomic sequencing is
that it does not require the use of specific probes or primers
for virus detection, potentially allowing the detection of
any pathogen present in a sample, regardless of whether
it is known or not [28]. This unique property has made
metagenomic sequencing the primary method for detecting
both known and novel viruses [29, 30], which is particularly
relevant for analyzing natural virus reservoirs such as bats
[31]. Thus, the ability to characterize multiple viruses in
such sites, whether they are host-specific pathogens or
considered as food or environmental samples, is a factor of
importance and may contribute to a better understanding of
some zoonotic transmission events and alert public health
and epidemiologic surveillance authorities to their possible
occurrence.
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