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Introduction: Changes in the gut microbiome have been associated with

the development of acute respiratory infection (ARI). However, due to

methodological limitations, our knowledge of the gut virome in patients with

ARIs remains limited.

Methods: In this study, fecal samples from children with ARI were investigated

using viral metagenomics.

Results: The fecal virome was analyzed, and several suspected disease-causing

viruses were identified. The five viral families with the highest abundance

of sequence reads were Podoviridae, Virgaviridae, Siphoviridae, Microviridae,

and Myoviridae. Additionally, human adenovirus, human bocavirus, human

astrovirus, norovirus, and human rhinovirus were detected. The genome

sequences of these viruses were respectively described, and phylogenetic trees

were constructed using the gene sequences of the viruses.

Discussion: We characterized the composition of gut virome in children with

acute respiratory infections. However, further research is required to elucidate

the relationship between acute respiratory infection and gut viruses.

KEYWORDS

acute respiratory infection, children, viral metagenomics, fecal samples, virus evolution

1 Introduction

Acute respiratory infections (ARIs) exhibit high prevalence in pediatric populations
and pose a significant threat to global child health. According to statistics, globally, 502,000
children die from respiratory infections annually, among which 254,000 deaths occur in
countries with a low Socio-Demographic Index (Bender et al., 2024). The majority of ARIs
are caused by viruses, including influenza virus (IFV), respiratory syncytial virus (RSV),
human rhinovirus (HRV), human parainfluenza virus (HPIV), human adenovirus (HAdV),
human coronavirus (HCoV), human bocavirus (HBoV), and human metapneumovirus
(HMPV) (Jain et al., 2015; Li Z. et al., 2021). Accurate pathogen detection remains critical
for clinical diagnosis, therapeutic management, and epidemiological control. Traditional
virus detection methods, including virus isolation and identification, PCR, and ELISA, are
complicated, time-consuming, and unable to cover all viruses.
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The development of viral metagenomics technology
provides an unbiased, high-throughput solution for virus
analysis. Compared with traditional methods, this technology
can simultaneously identify all viral sequences in a sample,
including unknown or rare pathogens, thus revealing the complex
structure of the gut virome (Capobianchi et al., 2013). In
addition, viral metagenomics technology plays an important
role in epidemiological work. By integrating clinical data with
information of virome, this technology can analyze the epidemic
patterns, transmission chains, and risk factors of viruses, providing
key scientific evidence for optimizing epidemic monitoring or
prevention and control strategies, as verified in the prevention and
control of various viral diseases such as influenza, SARS-CoV-2,
and Ebola virus (Gauthier et al., 2023). In children with acute
respiratory infections, Ogunbayo et al. (2023) detected viral
pathogens in 82 out of 84 patients using metagenomics technology
and identified the pathogens in 9 previously undetected or missed
cases, which was significantly higher than the results of traditional
detection.

Emerging evidence implicated the connection between gut
microbiota and respiratory health, which play a crucial role in
maintaining normal immune function and resisting infections. Lu
et al. (2021) demonstrated that the gut virome of patients with
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection in 2019 was significantly altered. Leal Rodríguez et al.
(2024) observed an association between specific gut viruses in
infants and the subsequent development of preschool asthma.
Moreover, an analysis of COPD patients revealed changes in the
gut virome, which were found to be correlated with alterations in
pulmonary ventilation function and viral function (Wang et al.,
2024).

In reality, research on the gut virome of children with ARI
has not been reported yet. The aim of this study is to use
viral metagenomics technology to analyze gut virome in the
fecal samples of children with ARI, and combine with known
epidemiological data to reveal the possible prevalence of some
viruses, advancing our understanding of the gut viral community
in children with acute respiratory infections.

2 Materials and methods

2.1 Sample collection

To exclude the influence of SARS-CoV-2 and mycoplasma
pneumoniae, during April to September 2023, we collected fresh
fecal samples from 121 children less than 12 years old. These
children presented with at least two of the following acute
respiratory symptoms: fever, cough, sore throat, nasal congestion,
and rhinorrhea. These symptoms were documented at the Affiliated
Hospital of Jiangsu University. To prevent potential cross-
contamination, all samples were collected with sterile disposable
materials and stored in 1.5-mL sterile enzyme-free centrifuge tubes.
After collection, these samples were transported to the laboratory
on dry ice via a cold chain, and stored in a refrigerator at −80◦C
until further analysis. The patients included in this study had signed
informed consent forms, which had been approved by the Medical

Ethics Committee of the Affiliated Hospital of Jiangsu University
under the number KY2023K0805.

2.2 Sample preparation and library
construction

In this study, 121 fresh fecal samples were randomly assigned to
22 libraries, encompassing 10 single-sample libraries (Humanfe170
- Humanfe179) and 12 mixed-sample libraries (Humanfe180 -
Humanfe191). The detailed group information is available in
Supplementary Table 1. Before constructing libraries, the samples
were required to undergo a series of preprocessing steps. Once
the samples were thawed, 500 µL of DPBS buffer was added, and
the mixture was shaken repeatedly three times and subsequently
centrifuged (12,000 g, 4◦C) for 5 min to obtain the supernatant. The
samples were then mixed in accordance with the group information
(Supplementary Table 1), with a total volume of 500 µL. The
eukaryotic- and bacterialcell-sized particles were eliminated by
filtration through a 0.45 µm centrifugal filter (Millipore) at 4◦C and
12,000 g for 5 min. The viral-enriched filtrate was collected and
treated with nuclease enzymes (Qiagen) at 37 C for 60 min to digest
unprotected nucleic acids (Zhang et al., 2014a; Zhang et al., 2014b).
A QIAamp Viral RNA Mini Kit (QIAGEN) was used to extract
nucleic acid according to the manufacturer’s instructions, and
reverse transcription was performed with six random base primers
and SuperScript III reverse transcriptase (Invitrogen). The second
strand of cDNA was then synthesized using the Klenow fragment
DNA polymerase. The Nextera XT DNA Sample Preparation Kit
(Illumina) was utilized to construct the sequencing library, and
the Miseq second-generation sequencing platform was used for
sequencing. Each library was sequenced with 250 bp paired-end
reads and dual barcodes (Xiao et al., 2020).

2.3 Bioinformatics analysis

The Illumina Vendor software (bcl2fastq2 v2.20) was employed
to interpret the 250 bp paired-end reads generated by the Miseq
platform. Subsequently, the data processing was conducted using
an in-house analysis pipeline operating on a 32-node Linux cluster.
We used the default settings of the Bowtie2 v2.5.2 (Langmead
and Salzberg, 2012) software and screened the prokaryotic and
eukaryotic gene sequences from the raw sequencing results using
the complete genomes of bacteria and fungi in GenBank version
263 from the National Center for Biotechnology Information
(NCBI) as reference sequences. The Phred software was adopted to
trim the low-quality tails and repetitive sequences at both ends of
the sequences, with a quality score of 10 as the threshold. VecScreen
software was applied with default parameters to remove the adapter
and primer sequences. Then, the trimmed data were assembled
by means of the ENSEMBLE software to obtain the maximum
contigs and singletons. The assembled contigs and singletons were
subsequently compared with the internal virus protein database via
BLASTx, with an E-value cutoff of less than 10−5. The internal
viral protein database was compiled using the NCBI virus reference
proteome, to which viral protein sequences from the NCBI nr fasta
file were added (based on the annotation taxonomy in the Virus
Kingdom). (Altschul et al., 1997; Deng et al., 2015).

Frontiers in Microbiology 02 frontiersin.org

https://doi.org/10.3389/fmicb.2025.1564755
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/


fmicb-16-1564755 April 2, 2025 Time: 16:43 # 3

Xu et al. 10.3389/fmicb.2025.1564755

2.4 Statistical analysis

The statistical analysis in this experiment was carried out using
MEGAN v6.25.6 (Huson et al., 2016) and R v4.3.3. The components
of the 22 libraries were standardized and analyzed with the aid of
MEGAN. The composition of the virus community was visualized
by employing the pheatmap and ggplot2 software packages within
R v4.3.3.

2.5 Phylogenetic analysis

To obtain the complete genomes or longer contigs, each
viral contig was used as a reference for mapping the raw data
using the Low Sensitivity/Fastest parameter in Geneious v2024.0.5.
Assembled genome or contigs were compared to reference strains
in the NCBI Nucleotide database (Release 263) using BLASTn
with a sequence identity threshold of >95% and an e-value
cutoff of <1e−5. Reference strains were prioritized based on
clinical relevance and genomic completeness. Viral nucleic acid
sequences obtained through bioinformatics analysis, along with the
best-matched sequences from the NCBI GenBank database and
representative sequences of the corresponding virus family, were
used for a systematic phylogenetic analysis. The relevant sequences
were aligned using the default settings of MUSCLE (Edgar,
2004) in MEGA v11.0.13 (Kumar et al., 2018). After trimming,
the phylogenetic trees were constructed using MrBayes v3.2.7
(Ronquist et al., 2012). In MrBayes, two Markov Chain Monte
Carlo (MCMC) sampling runs were conducted simultaneously, and
the analysis was terminated when the average standard deviation
of split frequencies was less than 0.01. The first 25% of the trees
were discarded as burn-in. The phylogenetic trees were visualized
using FigTree v1.4.4 and further refined with Adobe Illustrator
2024 v28.5.0.

3 Results

3.1 Overview of viral metagenomics

On the Illumina MiSeq platform, these 22 libraries altogether
generated 67,118,096 raw sequencing reads. Of these, 45,991,584
reads (68.52%) were identified as viral sequences through
BLASTx searches against the non-redundant protein database
of GenBank. Detailed information regarding the libraries was
provided in Supplementary Table 1. The identified viral sequences
were categorized into 47 families, comprising 26 dsDNA virus
families, 4 ssDNA virus families, 2 dsRNA virus families, and
15 ssRNA virus families. The heatmap (Figure 1A) showed that
the most abundant viral families in the dataset were Podoviridae
(31.1%), Virgaviridae (21.5%), Siphoviridae (10.7%), Microviridae
(15.8%), and Myoviridae (2.5%). Additionally, we ranked the top
ten viral families with the highest abundance in each library
in descending order: Siphoviridae, Podoviridae, Microviridae,
Virgaviridae, Astroviridae, Myoviridae, Caliciviridae, Adenoviridae,
Herelleviridae, and Phycodnaviridae (Figure 1B). We noticed
variations in the proportions of viral families across different
libraries. The relative abundance plot (Figure 1B) showed that

the composition of gut viruses was roughly the same among
the 10 single-sample libraries (Humanfe170 - Humanfe179),
but there were significant differences in the proportions of the
same viruses in different libraries. Furthermore, we identified
disease-associated viruses in the majority of the libraries,
including Adenoviridae, Herpesviridae, Anelloviridae, Parvoviridae,
Astroviridae, Caliciviridae, and Picornaviridae.

3.2 Human adenovirus belonging to
Adenoviridae

In this study, human adenoviruses (HAdVs) were identified
from four libraries (Humanfe170-172, 174). Two nearly complete
HAdV genomes were assembled using Geneious 2024.0.5
and named hf171-adeno-1 and hf172-adeno-1, respectively
(Supplementary Table 2). The genome lengths of these HAdVs are
36,132 nt and 36,069 nt, encoding 30 proteins. The GC content is
55.2% for both genomes. To investigate the relationship between
these HAdVs and other known adenoviruses, BLASTn search in
NCBI revealed that hf171-adeno-1 shared the highest identity of
99.54% with the strain Kobe180141 (LC791117), isolated from
Japan in 2018, and hf172-adeno-1 exhibited maximum identity
of 99.79% with the strain Kobe190778 (LC791184), isolated from
Japan in 2019. Phylogenetic trees were constructed based on the
full genomes of seven different human adenovirus species, which
served as reference strains. The results indicated that hf171-adeno-
1 and hf172-adeno-1 clustered with human adenovirus C to form a
distinct branch (Figure 2).

3.3 Human bocavirus belonging to
Parvoviridae

In this study, three contigs of HBoVs were obtained from
libraries (Humanfe179,184 and 186). These were named
hf179-boca-1, hf184-boca-1, and hf186-boca-1, respectively
(Supplementary Table 2). The genomes of hf179-boca-1, hf184-
boca-1, and hf186-boca-1 are 857nt, 5346 nt, and 5361 nt in length,
respectively. The hf179-boca-1 contains a single open reading
frame (ORF1), while both the hf184-boca-1 and hf186-boca-1
contain three open reading frames (ORF1, ORF2 and ORF3).
The lengths of ORF1 are 857, 1920, and 1920 nt encoding 285,
639, and 639 aa of NS1, respectively, which participate in viral
replication and regulate the metabolism of host cells. The lengths
of ORF2 and ORF3 in hf184-boca-1 and hf186-boca-1 are 660 nt
and 2016 nt encoding 220 aa NP1 and 671 aa of VP1, distinctly.
BLASTn search in NCBI revealed that both hf179-boca-1 and
hf184-boca-1 possessed the highest degree of nucleotide identity
(100.00%) with the strain Yunnan/2019_0917_BoV-36 (PP625035)
isolated from China in 2019. The hf186-boca-1 shared the
highest degree of nucleotide identity (100.00%) with the strain
HBoV/Fukushima/OR321/2021 (LC720419), which was isolated
from Japan in 2021. Phylogenetic trees were constructed based
on the nucleotide sequence of the NS1 gene, incorporating the
reference strains of three HBoVs genotypes. The results indicated
that these three bocaviruses clustered with HBoV 1 strains, forming
a branch (Figure 3).
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FIGURE 1

Taxonomic analysis of fecal virome detected in ARI children on the family level. (A) Heatmap was constructed after transforming read counts per
virus family in individual libraries on a log10 scale. Nucleic acid types and virus families are annotated with different colors (see color legend). (B) Bar
chart by virus database showing the relative proportion and taxonomy based on viral families.

FIGURE 2

The phylogenetic analysis of HAdVs identified in this study. The phylogenetic trees were constructed based on the nearly complete genome of
HAdVs that included the reference strains of seven different genotypes. Viruses identified in this study were marked in red font.

3.4 Human astrovirus belonging to
Astroviridae

In this study, 12 nearly complete genomes of human
astroviruses (HAstVs) were obtained from libraries (Humanfe179
to 185, 187 to 191) (Supplementary Table 2). All of those HAstVs
have three open reading frames (ORF1a, ORF1b and ORF2). The
genome lengths vary from 6100 to 6827 nt, and the GC content
ranges from 44.3 to 47.8%. The lengths of ORF1a range from
2808 to 2809 nt, encoding 935 aa to 936 aa of the putative
serine protease. The lengths of ORF1b are between 1548 and
1560 nt, which encode 515 aa to 519 aa of the RNA-dependent
RNA polymerase. Regarding ORF2, its lengths range from 2140 to
2364 nt, encoding 713 to 787 aa of the capsid protein. Sequence
analysis was performed using BLASTn search, and the phylogenetic

trees were constructed based on the nucleotide sequence of
the ORF2, incorporating the reference strains of eight distinct
genotypes of HAstVs. This analysis demonstrated that these 12
HAstV genomes exhibited the highest nucleotide identity of 99.5%
to the strain 21079/SD/CHN/HAstV-1 (OQ968307), which was
isolated from Jinan, China in 2021 and clustered with human
astrovirus 1 strains to form a branch (Figure 4).

3.5 Norovirus belonging to Caliciviridae

Our study identified noroviruses (NoVs) from seven libraries
(Humanfe172, 179, 182, 184 and 187–189). A total of six long
contigs were obtained, which were named as hf179-calici-1, hf182-
calici-1, hf184-calici-1, hf187-calici-1, hf188-calici-1, and hf189-
calici-1, respectively (Supplementary Table 2). The genomes of

Frontiers in Microbiology 04 frontiersin.org

https://doi.org/10.3389/fmicb.2025.1564755
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/


fmicb-16-1564755 April 2, 2025 Time: 16:43 # 5

Xu et al. 10.3389/fmicb.2025.1564755

FIGURE 3

The phylogenetic analysis of HBoVs identified in this study. The phylogenetic trees were constructed based on the nucleotide sequences of NS1
coding region that included the reference strains of three different genotypes. Viruses identified in this study were marked in red font.

FIGURE 4

The phylogenetic analysis of HAstVs identified in this study. The phylogenetic trees were constructed based on the nucleotide sequences of ORF2
coding region that included the reference strains of eight different genotypes. Viruses identified in this study were marked in red font.

these NoVs range in size from 1810 to 7717 nt. All of these
NoVs contain the open reading frames of ORF1 and ORF2,
with hf184-calici-1, hf188-calici-1, and hf189-calici-1 additionally
containing ORF3. The lengths of ORF1 span from 977 to 5399 nt,
encoding 935 to 1798 aa of non-structural polyprotein. The
ORF2 of the NoVs in this study are 672–1635 nt in length,
encoding 223 to 544 aa of major capsid protein. ORF3 ranges

from 426 to 648 nt, encoding the minor structural proteins of
142 to 216 aa. Phylogenetic trees were constructed based on the
nucleotide sequences of VP1 (Figure 5A) and RdRp (Figure 5B),
with reference strains of seven different genotypes. The result
indicated that the six NoVs belonged to two genotypes. The hf184-
calici-1 shared nucleotide identity of more than 98.95% to the
strain CU-PBH23164-STN (PP564824) isolated from Thailand in
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2023, which clustered with norovirus GI.3 strains. The remaining
noroviruses exhibited over 99.23% nucleotide identity to the
strain Hu/GI.7[P7]/1177F/Tokyo/2020/Japan (LC646334), which
was isolated from Japan in 2020, and formed a branch with
norovirus GI.7 strains.

3.6 Human rhinovirus belonging to
Picornaviridae

Here, one contig of HRV was obtained from the library
Humanfe176 and was designated as hf176-rhino-1, as documented
in Supplementary Table 2. The genome of hf176-rhino-1 is
3481 nt in length. This HRV has one partial open reading frame
(ORF1), encoding 949 aa polyprotein. BLASTn search in NCBI
indicated that hf176-rhino-1 had the highest nucleotide identity of
98.62% with the strain HRV-A53/23071/Tokyo/2023 (LC801279)
isolated from Japan in 2023. The phylogenetic trees were based
on the nucleotide sequence of VP4/VP2, which incorporating the
reference strains of three HRVs genotypes. The result showed that
hf176-rhino-1 clustered with HRV A strains to form a branch
(Figure 6).

4 Discussion

We collected fecal samples from 121 children afflicted with
ARIs and employed the viral metagenomic approach to gain
a better understanding of the composition of the gut virome
in children with acute respiratory infections. The outcomes
demonstrated that the 22 libraries generated a total of 67,118,096
paired-end read sequences with a length of 250 bp. Among these
read sequences, 68.52% showed the highest degree of similarity
to viruses. Among 47 families, Podoviridae had the greatest
proportion, reaching 31.1%, followed by Virgaviridae (21.5%),
Microviridae (15.8%), Astroviridae (11.3%), and Siphoviridae
(10.7%). However, a study on the gut viral communities of
children with atopic dermatitis and healthy children in the
Affiliated Hospital of Jiangsu University indicated that in the
gut of healthy children, Myoviridae accounted for the highest
proportion, followed by Virgaviridae, Caliciviridae, Drexlerviridae,
and Astroviridae (Lu et al., 2022). There were substantial differences
between the two. The same result was found in the comparison with
gut virome of healthy Saudi children (El Mouzan et al., 2023). This
phenomenon may be associated with a variety of factors, including
immune disorders, environmental exposures, and host-pathogen
interactions. Environmental factors such as stress influence the
composition of the gut virome (Talarico et al., 2024). What’s more,
diet is one of the important factors affecting the structure of the
gut virome (Zuo et al., 2020). The metabolites originating from
the gut microbiome could enhance the type 1 interferon response,
providing protection against RSV infection (Antunes et al., 2019)
and, somewhat, it affects the composition of viruses in the gut.
Conversely, viral infection of the intestine can also influence the
body’s immune function and gut microbiota colonization. The
gut is an important component of the immune system, with
approximately 70% of immune cells residing in gut-associated
lymphoid tissue. The invasion of gut viruses can affect intestinal

immunity. In SARS-CoV-2 infection patients, spike glycoprotein
can induce intestinal barrier dysfunction by binding to angiotensin-
converting enzyme II (ACE2) of intestinal epithelial cells (Chen
et al., 2020). Persistent or recurrent viral infections can lead to
chronic inflammation, increase the risk of autoimmune disease,
and bring alterations in the gut virome (Wu et al., 2023). Currently,
the interaction between gut virome and the human body involves
the invasion of viruses, host immune defense, and synergistic effects
of gut microbiota, and the impact of their interaction requires
further study.

As is well known, patients with ARIs frequently exhibit
gastrointestinal symptoms such as nausea, vomiting, abdominal
pain, and diarrhea. These symptoms can also serve as indicators
of severe influenza in pediatric patients (Minodier et al., 2015;
Shi et al., 2021). Current evidence suggests that gastrointestinal
symptoms result from systemic immune activation, and the
disruption of the balance of gut microbiota. Notably, respiratory
influenza infections induce not only pulmonary immune damage
but also intestinal immune dysregulation via the gut-lung
axis, as evidenced by impaired epithelial barrier integrity and
exacerbated mucosal inflammatory response (Wang et al., 2014).
Concurrently, respiratory viral infections promote gut microbiota
remodeling, characterized by a decrease in the abundance of
immunomodulatory commensals such as segmented filamentous
bacteria (SFB) and Lactobacillus/Lactococcus, alongside expansion
of opportunistic pathogens like Enterobacteriaceae (Wang et al.,
2014). Moreover, influenza A virus (IAV) infection is associated
with increased proportions of Proteobacteria and Firmicutes and
decreased Bacteroidetes in the gut (Yildiz et al., 2018). The increase
in Proteobacteria is mediated by type I interferon (IFN), which
not only promotes the consumption of obligate anaerobes but also
increases the susceptibility to secondary Salmonella colitis (Deriu
et al., 2016). Importantly, emerging evidence underscores the role
of concurrent intestinal infections as an additional contributor
to gastrointestinal symptoms in ARIs. In a prospective study
on clinical and virological factors associated with gastrointestinal
symptoms in patients with acute respiratory infections, it was
pointed out that intestinal pathogens were present in the fecal
samples of acute respiratory tract infections patients, which could
be used to explain the presence of gastrointestinal symptoms in
ARI patients (Minodier et al., 2017). This was confirmed by the
finding of human adenovirus, human bocavirus, human astrovirus,
norovirus, and HRV in feces in the present study. Among them,
human astrovirus and norovirus were detected at relatively high
levels in the study, and human adenovirus, human bocavirus, and
HRV were detected in individual libraries.

It should be noted that human adenovirus, human bocavirus,
and HRV are present not only in the intestinal tract, causing
intestinal infections, but also in the respiratory tract. In the research
on respiratory virome, HAdV (Cui et al., 2024), HBoV (Li Z. et al.,
2021), and HRV (Ogunbayo et al., 2022) were detected in the
respiratory tract of children and were associated with ARIs. Human
bocavirus has been found to be prevalent in both fecal or nasal swab
samples of patients with gastrointestinal and respiratory symptoms.
In half of the cases of HBoV1-positive respiratory infections,
HBoV1 was identified in both feces and nasal swabs; however, it
was also observed that when HBoV1 was present in feces, usually
gastroenteritis viruses were typically detected as well (Paloniemi
et al., 2014). Therefore, it is hypothesized that bocaviruses in the
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FIGURE 5

The phylogenetic analysis of NoVs identified in this study based on VP1 and RdRp. (A) The phylogenetic trees were constructed based on the
nucleotide sequences of VP1 that included the reference strains of seven NoVs genotype. (B) The phylogenetic trees were constructed based on the
nucleotide sequences of RdRp that included the reference strains of six NoVs genotype. Viruses identified in this study were marked in red font.

intestinal tract might have originated from the respiratory tract,
but the relationship between this and the gastrointestinal symptoms
of patients with ARIs remains unclear. The rhinoviruses identified
in this study were HRV-A. In a study on the genetic diversity and
epidemiology of children with severe ARIs in Guangzhou City, the
majority of detected HRVs were found to be HRV-A and HRV-C (Li
W. et al., 2021). In a study of 734 fecal samples from children with
gastroenteritis, HRV - A was detected in only two samples (Lau
et al., 2012). Unfortunately, our study did not record respiratory
secretions simultaneously and did not count whether there were
accompanying gastrointestinal symptoms. Thus, it is impossible
to determine whether the human adenovirus, human bocavirus,
and HRV identified in this study entered the gastrointestinal tract
by swallowing respiratory secretions and induced gastrointestinal
symptoms.

We also elucidated the genetic characteristics and possible
epidemiological scenarios of the five eukaryotic viruses mentioned
above. The human astrovirus detected in this study belongs
to HAstV-1, sharing more than 99% nucleotide identity with

the strains identified in Jinan, Xinjiang, and Fuzhou of China.
Moreover, HAstV-1 has been frequently detected in children with
acute gastroenteritis in Shandong (Huang et al., 2021), Guangzhou
(Luo et al., 2021), Shanghai (Wu et al., 2020), and Beijing (Guo
et al., 2010). Therefore, we inferred that HAstV-1 was a common
genotype of astrovirus infection in the Chinese population. In
China, GII.3, and GII.4 were the major genotypes of norovirus
infection (Zhou et al., 2020). We identified a total of six norovirus
strains, five of which belonged to the GI.7 genotype and one to the
GI.3 genotype. In a survey of 4,123 fecal samples from children
with non-cholera diarrhea in Shanghai, Hangzhou, Chongqing, and
Tianjin, China, during 2008 - 2009, only three samples were of the
GI.3 genotype (Zeng et al., 2012). In the genotyping and traceability
analyses of noroviruses in Yantai City, Shandong Province, China,
from 2017 to 2019, only one sample was identified as the GI.7
genotype (Sun et al., 2023). The norovirus GI.3 and GI.7 genotypes
identified in this study were not common genotypes associated with
norovirus-associated acute gastroenteritis. Multiple strains of GI.7
were discovered for the first time in the same region of China. The
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FIGURE 6

The phylogenetic analysis of HRV identified in this study. The phylogenetic trees were constructed based on the nucleotide sequences of VP4/VP2
coding region that included the reference strains of three different genotypes. Viruses identified in this study were marked in red font.

HAdV detected in this study exhibited more than 99% nucleotide
identity with human adenovirus C strains from several countries
and regions, including the United States, Canada, Germany, Russia,
and Argentina. Human adenovirus C was widespread in Brazil
(Alves et al., 2024), China (Lu et al., 2023; Wang et al., 2024),
and Thailand (Sriwanna et al., 2013), suggesting that the human
adenovirus C strains may be globally prevalent. Nevertheless, it was
important to note that the prevalence of human adenovirus C was
higher in the respiratory tract than the intestinal tract (Sriwanna
et al., 2013). The bocavirus we detected belongs to HBoV1,
sharing over 99% nucleotide identity with human bocaviruses
detected in Yunnan, Jiangsu, Taiwan, Guangdong, and Beijing of
China. Previous studies on the prevalence of HBoV infection in
patients with acute gastroenteritis in Taiwan (Chiu et al., 2024)
and Chengdu (Zhou et al., 2017) found that HBoV1 was relatively
common. Furthermore, HBoV1 accounted for a certain proportion
of respiratory infections in Chinese children (Wang et al., 2022; Sun
et al., 2025). Similar to HBoV1, HRV A was prevalent in patients
with both respiratory and gastrointestinal tract infections (Harvala
et al., 2012; Chansaenroj et al., 2017). This indicated that HBoV 1
and HRV A were both commonly found in patients with respiratory
and gastrointestinal tract infections.

In conclusion, this study provided an overview of the virome
present in the gut of children with ARIs and analyzed possible
reasons for differences from healthy children in previous studies.
In addition, we identified human adenovirus, human bocavirus,
human astrovirus, norovirus, and HRV and elucidated their
genetic characteristics and potential epidemic scenarios. Further
investigation is necessary to determine whether HAdV, HBoV, and
HRV detected in the gut originate from the swallowed respiratory
secretions. This study has enhanced our understanding of gut

viruses of children with ARIs and provides a new perspective for
the analysis of the interaction between the respiratory tract and the
gastrointestinal tract.
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