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Abstract

Purpose The aim of this study was to determine the epidemiology, incidence and genetic diversity of classic human
astrovirus (HAstV) in inpatient children under 5 years of age for acute gastroenteritis (AGE).

Methods A hospital-based surveillance study was conducted across Yunnan Province to investigate the incidence
of HAstV among AGE patients. Viral RNA was extracted from stool samples collected from January 2015 to December
2023 from hospitalized children under 5 years of age with AGE. Demographic and clinical data were collected and
analysed. The RNA of eligible stool samples (n=2501) was screened via real-time RT-PCR assays for the presence

of classical HAstV via a real-time PCR diagnostic kit for rapid detection of HAstV (XABT, China). The positive HAstV
samples (Ct < 25) were subjected to next-generation sequencing (NGS), and phylogenetic analysis was performed for
genotypic characterization.

Results A total of 2501 stool samples from hospitalized children < 5 years old were analysed for the presence of
classic HAstV from 2015 to 2023. HAstV RNA was detected in 4.88% (122/2501) of the stool samples in the study. There
were 1.46 times more male patients than female patients (1484/1017), and their HAstV detection rates were 4.58%
(68/1484) and 5.31% (54/1017), respectively, with no statistically significant difference (x2:0.688 P=0.407). Among
the patients, the average age was 12+ 17 (monthly age, M+ Q). Children between 2 and 4 years of age were more
affected by HAstVs, while the highest positivity detection rate was found in the 24-35 month age group (7.56%,
17/225). Interestingly, the detection rate of HAstV in 2019 was 17.79% (45/253), which was significantly higher than
that in other years during the surveillance period (XZ: 126.229, P<0.05). The data revealed that the prevalence of
HAstV was greater in the summer (10.04%, 50/498) than that in the other seasons in Yunnan. Seventeen HAstV strains
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classified to 1a subtype.

the development of effective vaccines.

were sequenced. Further analysis of the complete genome and phylogenetic analysis revealed the presence of classic
HAstV-1 — HAstV-4 genotypes. HAstV-1 was the most commonly detected genotype, and all 11 HAstV-1 strains were

Conclusion This study provided valuable insights into the epidemiology and genotype diversity of HAstVs in
hospitalized children under 5 years of age with AGE. The results can be used in future preventive measurements and

Keywords Astrovirus, Children, Acute gastroenteritis, Genotypes, Hospitalizations

Introduction

In 1975, human astrovirus (HAstV) was initially discov-
ered in humans [1,2]. To date, HAstV is a well-estab-
lished significant agent of acute gastroenteritis (AGE)
with a worldwide distribution among young children
[3-5] and represents one of the most common viruses
associated with AGE [6, 7]. HAstV belongs to the Astro-
viridae family, which encapsulates a nonsegmented, pos-
itive-sense, single-stranded RNA genome into ~30 nm
icosahedral particles with no envelope. The genome is
~7 kb in length and contains three open reading frames
(ORF1la, ORF1b and ORF2) [8]. ORF2 encodes a capsid
protein, according to which HAstVs are classified into
three clades: classic HAstV, Melbourne (MLB), and Vir-
ginia (VA)[9, 10]. Classic HAstVs are important caus-
ative agents of sporadic diarrhea and outbreaks of AGE
in children and can also be associated with neurological
syndromes and encephalitis in vulnerable individuals
[11-13]. There are eight distinct serotypes (HAstV-1-
HAstV-8) [14]. According to Martella [15] and Bosch
[3], HAstV-1 can be classified into six lineages (la to
1f): HAstV-2 (2a to 2d), HAstV-3 (3a and 3b), HAstV-4
(4a to 4c), HAstV-5 (5a to 5¢), and HAstV-6 (6a and 6b).
The prevalence of HAstVs among children varies from
0 to over 20% globally with a heavy disease burden [10,
16, 17-19]. Although young children are most threat-
ened by HAstVs, limited information is available in Yun-
nan. In particular, systematic epidemiological studies to
determine their true prevalence and genetic diversity are
still lacking. In this study, nine continuous years of sur-
veillance was carried out to investigate the epidemiology
and divergence of classic HAstV in pediatric hospitalized
patients with AGE, hoping to provide references for dis-
ease control and prevention.

The study was conducted in accordance with the Dec-
laration of Helsinki, and ethical approval was given by
the Ethical Review Committee of the Yunnan Center for
Disease Control and Prevention. Informed consent was
obtained from the parent of each child.

Materials and methods

Clinical stool samples

According to the National Surveillance Protocol for
Viral Diarrhea (2021 version), AGEs are defined as the

occurrence of three or more episodes of loose stool or
looser-than-normal stool within 24 h, including a watery
or thin paste texture and the presence of mucous or <3
stools per day with abnormal stools possibly accompa-
nied by vomiting, abdominal pain, fever, nausea, and
dehydration. In total, 2051 stool samples from hospital-
ized patients under 5 years of age with AGE from January
2015 to December 2023 were collected and retrospec-
tively analysed for classic HAstVs. All the enrolled stool
samples were derived from residual samples obtained
after routine testing and were initially stored at —70 °C
when collected from the inpatient department before
undergoing classic HAstV detection.

RNA extraction and HAstV detection

HAstV RNA was extracted from 200 ul of 10% superna-
tant with the Viral Nucleic Acid Isolation Kit (BioPerfec-
tus, China, SDK60104) according to the manufacturer’s
instructions [20]. Classic HAstV was identified via a real-
time PCR diagnostic kit for rapid detection of astrovi-
rus (XABT, China) in accordance with the instructions.
Astrovirus-specific real-time PCRs of the capsid gene
were performed in a 96-well reaction plate under the fol-
lowing conditions: 50 °C for 10 min, 95 °C for 30 s, fol-
lowed by 40 cycles of 95 °C for 5 s and 60 °C for 30 s. Ct
values <38 were considered to be positive, and all the
positive samples Ct values were recorded. All the posi-
tive HAstV samples (Ct<25) were sent to Shanghai Bojie
Biotechnology Co., Ltd., for next-generation sequencing
(NGS).

Next-generation sequencing

The nucleic acids of the HAstV-positive samples (Ct < 25)
were captured with the HAstV genome enrichment kit of
Shanghai Bojie Biotechnology Co., Ltd., and the ampli-
fied PCR products were purified and quantified and then
subjected to deep sequencing via Illumina MiSeq with
2x300 base paired-end runs with an Illumina Nextera
XT Kit. The Q30 of the sequencing data was >85%, and
the data were analysed via the CLC Genomics Work-
bench 12 (Qiagen, Germany). More than 90% of the
sequencing reads reached the Q30 (99.9% base call accu-
racy). The quality of the sequenced reads was assessed via
FastQC. The sequencing data volume of each sample was
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Table 1 Demographic characteristics of children with classic HAstV in Yunnan, 2015-2023

Epidemiological data No. of HAstV positive samples (n=122)

samples analysed (n=2501)

Infection rate x> and P value

(%)

Gender

Male 68 1484 458 ¥ =0.688"P=0.407

Female 54 1017 531
Age(months)

<0-5 26 649 401 ¥’ =6.064P=0.300

6-11 33 685 4.82

12-23 33 658 5.02

24-35 17 225 7.56

36-47 10 172 5.81

48-59 3 112 2.68
Season

Spring 31 624 497 X =39.859"

Summer 50 498 10.04 P<0.05

Autumn 16 452 3.54

Winter 25 927 2.70
Notes: *chi-square test
1 Gb, with 22-33 million reads. The reads and average m HAstV cases No.of AGEcases  —— Infection rate
sequencing depth of the equilibrium distribution of each 450 20%
base were approximately 600x, and the sequencing depth 400 12;’2
was greater than 30x, with a comparison rate greater than % gzg 14%
99.99%. W 250 ' i;:f

% 200 B

Sequence analysis e 2ol 6%
A phylogenetic tree for the complete genome was con- 1:2 ;:f
structed with MEGA 10.0 software via the neighbor- o4 B AN 2 B W Hl,

joining method, with 1,000 bootstrap replications based
on the Kimura two-parameter model. The reference
strains from GenBank representing different HAstV gen-
otypes were included in the phylogenetic analysis. The
evolutionary distances were computed via the p-distance
method. The complete genome sequences of HAstV
described in this study were deposited in the Gen-
Bank database with the accession numbers PQ510853—
PQ510867 and PQ496890-PQ496891.

Statistical analysis

The data were analysed with SPSS 26. Comparisons were
performed via chi-square test. The differences between
patients with positive and negative HAstV results were
compared. Variable differences were considered signifi-
cant if the p value was <0.05.

Results

Demographic characteristics

A total of 2501 stool samples were analysed for the pres-
ence of HAstV from 2015 to 2023. A total of 59.33%
(1484/2501) of the samples were from male patients,
and 40.66% (1017/2501) were from female patients
(Table 1). HAstV RNA was detected in 4.88% (122/2501)
of the stool samples in the present study. There were 1.46
times more male patients than female patients, and the

2015 2016 2017 2018 2019 2020 2021 2022 2023

Year

Fig. 1 AGE cases and HAstV-positive detection rates from 2015-2023.
From 2015-2023, the positive detection rate of HAstV continued to rise
from 2015-2019 and peaked in 2019 (17.79%; 45/253), with a significant
difference (chi-square test, xZ: 126.229, P<0.05); after that, it began to
decline

HAstV detection rates were 4.58% (68/1484) and 5.31%
(54/1017), respectively. A higher positivity detection rate
was found in females than in males, but this difference
was not statistically significant (x>=0.688, P=0.407). To
analyse the prevalence of HAstV infection on the basis
of demographic characteristics, the patients were strati-
fied into six different age groups. Among the patient
characteristics, the average age was 12117 (monthly
age, M= Q), and children between 2 and 4 years of age
were most affected by HAstV, while the highest posi-
tivity detection rate was found in the 24—35 month age
group (7.56%, 17/225). Interestingly, the detection rate
of HAstV in 2019 was 17.79% (45/253) (Fig. 1), which
was significantly higher than that in other years during
the surveillance period (x*=126.229, P<0.05). The data
revealed that the prevalence of classic HAstV was high-
est in the summer at 10.04% (50/498) in Yunnan Province
(x*=39.859, P<0.05).
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Phylogenetic analysis

HAstVs in the samples likely decreased after long-term
storage in this study, and only 17 complete genome
sequences were obtained from 2022 to 2023. Further
NGS analysis of the complete genome and phylogenetic
analysis revealed the presence of HAstV-1 to HAstV-4
genotypes circulating in Yunnan. For phylogenetic analy-
sis, reference sequences for HAstVs were selected consid-
ering the standards of each genetic type of HAstV, and
other similar sequences representing different geographi-
cal regions were also used. Analysis of the sequences gen-
erated from the samples revealed that 11 (64.70%; 11/17)
strains were phylogenetically related to classical HAstV-
1, 4 (23.53%; 4/17) were HAstV-4, and the remaining 2
strains included 1 HAstV-2 strain and 1 HAstV-3 strain
(Fig. 2). HAstV-1 was the dominant genotype. After
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further analysis, all 11 classic HAstV-1 strains in Yunnan
Province were reclassified into the la subtype (Fig. 3).
The similarity of nucleotides and amino acids among all
the HAstVs was 70.20-99.99% and 70.80-100%, respec-
tively. In different regions, the HAstVs genotypes var-
ied. Of thel7 HAstVs, HAstV-1 was mainly prevalent in
Baoshan, while the predominant strain in Xishuangbanna
was the HAstV-4 (Fig. 4).

Figure 4 in Baoshan, there were 13 strains were
sequenced with 3 genotypes accounting for 76.46%;
eleven HAstV-1 stains, one HAstV-2 and 1 HAstV-3.
HAstV-4 strains were detected in Xishuangbanna (3;
17.65%) and Yuxi (1; 5.88%)

HAstV-1

j| HAstV-2

0OP432301.1HAstV-4/QD-L-22019
ro R371570.1 HAstV-4 Fuzhou

100 W 24J3007-HAstV-4

88| | m 24y 1-49HAstV-4
100 |- M 24J1029-HAstV-4
94L W 24J3006-HAstV-4
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00— DQ028633.1 Human astrovirus 5 Goiania/GO/12/94/Brazil
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Fig. 2 Phylogenetic tree based on the whole sequences of classic HAstVs via the neighbor—joining method. The red triangle (4) indicates HAstV-1, and
)and (A) indicate HAstV-2 and HAstV-3, respectively. A total of 12 reference nucleotide sequences were
randomly selected from GenBank, with their respective accession numbers shown in the tree. The evolutionary distances were computed via the p-
distance method and expressed in units of the number of base differences per site. Evolutionary analyses were conducted in MEGA X (10) and bootstrap
tests (1000 replicates) on the basis of the Kimura two-parameter model

the deep blue square () indicates HAstV-4. (
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Fig. 3 Phylogenetic analysis of classic HAstV-1 strains in Yunnan Province All 11 classic HAstV-1 strains in Yunnan Province were reclassified into the
1a subtype via the neighbor—joining method. (4p) Yunnan HAstV strains. The evolutionary distances were computed via the p-distance method and
expressed in units of the number of base differences per site with MEGA X (10) and bootstrap tests (1000 replicates) on the basis of the Kimura two-

parameter model

Discussion

With improvements in sanitation and safe water supplies,
the occurrence of bacterial AGEs has declined remark-
ably, and viruses have become the leading causes of AGE
[21, 22]. In 1975, the first classic HAstV was discovered.
To date, classic HAstV has been associated with gastro-
intestinal illness globally [4, 7, 16, 23] and has gained
worldwide attention after rotavirus and norovirus [10],
especially in young [24-26], elderly [27], and immu-
nocompromised people [4]. The increased severity of
clinical symptoms and extragastrointestinal involvement
associated with HAstV infection have drawn much atten-
tion [28]. In this study, the prevalence rate of HAstV was
not influenced by gender [24]. HAstV RNA was detected
in 4.88% of the stool samples. The HAstV detection rate
in male patients was 4.58%, and that in female patients
was 5.31%, with no statistically significant difference
(x2=0.688, P=0.407). Children of all ages were affected
by HAstVs [24,viral gastroenteritis 29]. We found that
children with AGE aged 2—4 years were more susceptible
to infection, especially those aged 24—35 months.

This study demonstrated a clear seasonal distribution
of classic HAstV over a nine-year period, with a more
pronounced prevalence occurring mainly during the
warm season, with peaks in summer. In Korea, a surge

in HAstV infection in summer was also observed [30]. In
Chongging, China, HAstV infection shared the same sea-
sonal pattern [31]. The prevalence of HAstV was 10.04%,
which was significantly different (y*=39.859, P<0.05).

Interestingly, the positive detection rate of HAstV
in 2019 was 17.79% (45/253), which was significantly
higher than that in other years during the surveillance
period. Unique geographical and excellent climatic con-
ditions attracted many people to travel to Yunnan. Before
COVID-19, the rapid development of the Chinese econ-
omy drove Yunnan’s tourism, which likely increased the
risk of HAstV infection. From 2015 to 2019, the detection
rate of HAstVs in Yunnan Province increased. During the
high incidence of COVID-19 from 2020 to 2022 across
the whole country, Chinese people took many measures
against the epidemic, such as mask wearing, lockdowns,
physical distancing, and school suspensions, which indi-
rectly suppressed the spread of HAstVs.

The predominant genotype varies with time and loca-
tion [618]. However, limited information about HAstVs
is available in Yunnan. In this study, we successfully
sequenced the complete genomes of 17 HAstVs, which
revealed that the classic HAstV-1 to HAstV-4 strains cir-
culated in Yunnan presenting genetic diversity. HAstV-1
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Fig. 4 The genotypes and geographical distribution map of the 17 classic HAstV strains distribution map of classic HAstVs in Yunnan Province(http://w

ww.resdc.cn/data.aspx?DATAID=201)

and HAstV-4 were the predominant genotypes, account-
ing for 83.33% (15/18) of all the HAstVs.

The distribution of HAstV genotypes differs world-
wide, among HAstV genotypes, HAstV-1 is the leading
cause of viral gastroenteritis [32—34]. Approximately 90%
of the population 9 years and older are reported to have
antibodies against HAstV-1 [33]. The dominant strain
was consistent with those of previous studies. Although
HAstV-1 has 8 subtypes, all 11 HAstV-1 strains belong
to subtype la. As there is no effective medicine against
HAstVs, vaccines are important against HAstVs. In the
development of vaccines, HAstV-1 subtype 1a should be
considered.

We characterized the prevalence of infection by clas-
sic HAstVs among hospitalized children with AGE over
a nine-year period (2015-2023), providing an epidemio-
logical overview and molecular characteristics of HAstVs
in Yunnan. As only 17 HAstV sequences were obtained,
other genotypes circulating in Yunnan were likely not
detected. The diversity of HAstV genotypes demon-
strated in Yunnan. Different variant and intergenotype
recombinant HAstV strains have been reported from
Kolkata to cause gastroenteritis in infants, children, and
adults [35]. HAstVs should receive increasing attention
not only as causative agents of acute gastroenteritis but
also as potential pathogens of unexpected diseases. The

HAstVs genotypes varied in different regions, HAstV-1
was mainly prevalent in Baoshan, while the predominant
strain in Xishuangbanna was the HAstV-4. As the sur-
veillance hospitals were only in 3 regions, and the other
regions were unknown in Yunnan. Continuous long-term
surveillance covering all the regions is needed to evaluate
the effects of HAstVs on people’s health in Yunnan.

Conclusion

The genetic diversity of HAstVs was detected. The
HAstV-1 to HAstV-4 genotypes were screened in Yun-
nan, and HAstV-1 was the predominant genotype, fol-
lowed by HAstV-4. There was no significant difference
between male and female patients infected with HAstV.
The 24—-35 month age group was most affected by HAstV.
The highest prevalence of HAstV was in the summer.
In the future, thorough and continuous surveillance is
needed to explore the epidemiological and evolutionary
characteristics of HAstV.
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AGE acute gastroenteritis

NGS next-generation sequence
ORF open reading frame
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