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ARTICLE INFO ABSTRACT

Keywords: Background: In the past decade, we have continuously conducted sporadic monitoring and
Norovirus outbreak detection of norovirus (NoV), which causes human acute gastroenteritis (AGE) in the
Genotype capital of China. Accumulated data have shown that genogroup I (GI) NoVs not only cause

Acute gastroenteritis

Genetic diversity

China

Single nucleotide polymorphism

sporadic cases but also cannot be ignored during outbreaks. This study aimed to update the ge-
netic diversity of GI NoVs in the capital of China from 2014 to 2023.

Methods: Fecal or anal swab samples were collected from AGE outbreaks triggered by GI NoVs in
Beijing Chaoyang District from 2014 to 2023. Both the partial coding genes of RNA-dependent
RNA polymerase (RdRp) (~283 bp) and viral protein 1 (VP1) (~303 bp) were amplified via
reverse transcription polymerase chain reaction (RT-PCR) and sequenced, followed by genotyping
and phylogenetic analysis.

Results: A total of 421 fecal or anal swab samples were collected from 59 AGE outbreaks caused by
GI NoVs. Genetic diversity was observed, with nine genotypes reported, including recombinant
strains of GI.6[P11] and GI.3[P13], as well as multiple subtypes that cocirculated. In addition, we
also reported a shift in the dominant genotype, with GL.6 [P11] in 2015-2018, GI.3 [P13] in
2019-2021, and GI.4 [P4] in 2023. Furthermore, alterations in amino acids were indirectly
indicated through single nucleotide polymorphisms (SNPs) in certain VP1 areas of strains GI.3
[P13] and GI.6[P11]. Epidemiologically, the peak of infection induced by GI NoVs occurs from
March to May.

Conclusions: The sustained circulation and obvious genotype shift of GI NoVs in this region cannot
be ignored, and GI.4[P4] NoVs are highly likely to become the main epidemic strain in the
following years.
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1. Introduction

Human norovirus (NoV) has been identified as the main cause of viral acute gastroenteritis (AGE) worldwide [1-5]. Annually,
approximately 2-5.7 million children contract NoV in the United States and Europe, and 89 % of children contract NoV within their
initial two years in Asia and Africa [6-9]. Likewise, NoVs contribute significantly to the disease burden in China [10].

NoVs can be divided into at least 10 different genogroups (GI-GX). The main human infections were GI and GII. On the basis of the
RNA-dependent RNA polymerase (RdRp) and VP1 regions, NoVs are divided into 60 and 49 genotypes, with GI and GII containing 14/
37 RdRp genotypes and 9/27 VP1 genotypes, respectively [11,12]. Globally, GII is most commonly associated with NoV infection and
remains the dominant strain [1,2,13-16], whereas GI is mainly responsible for sporadic infections.

However, GI NoVs cannot be ignored during AGE outbreaks. A systematic review of NoV epidemics in China between 2000 and
2018 revealed that GI was responsible for 30 out of the 266 outbreaks [17]. The recombinant strain GI.6[P11] was responsible for 1.3
% of NoV outbreaks in China between 2016 and 2018 and 2.6 % in Beijing between 2014 and 2017 [18,19]. The main genotype of
Gl-induced AGE was GI.6 [P11] in Beijing and Argentina from 2014 to 2019 and GI.3 in Taiwan from 2015 to 2019 [19-21]. GL.3 [P13]
NoV was also detected in two outbreaks in 2018 and 2020 in Argentina [22].

In addition, the contamination of GI NoVs in water and food indicates a high risk of human infection. Several reports indicate that
the detection rates of GI and GII NoVs in wastewater are comparable in different regions [23-26], and even the detection rate of GI
NoVs in vegetables is high worldwide [27], one of the reasons that GI NoVs should receive more attention.

Moreover, natural GII infection provides little immunity acquired against infection and no evidence of protection from GI infection
[28]. An effective vaccine should provide sufficient acquired immune protection for different genogroups. Therefore, it is extremely
important to clarify the variants of the GI and GII genogroups for the selection and compatibility of vaccine strains. Several candidate
vaccines containing GI and GII NoV VLPs are currently in development [29], but the genotypes of these vaccines vary annually. In
addition, the research hotspots have focused mostly on the GII genotype rather than the GI genotype.

In the past decade, we have been continuously conducting sporadic monitoring and outbreak detection of NoVs that cause human
acute gastroenteritis (AGE) in the capital of China. Our previous report described the genetic diversity of GI NoVs causing sporadic
cases [30]. Here, we monitored the epidemiological trends and genetic characteristics of NoV GIs during AGE outbreaks from 2014 to
2023 to provide valuable information for accurate diagnosis of circulating strains, herd immunity and potential vaccine development,
as well as more accurate scientific data for NoV control.

2. Methods
2.1. Definitions

We followed the requirements of the Beijing Centre for Disease Control and Prevention. AGE cases are defined as patients who have
diarrhea (three or more loose stools in 24 h) and/or vomiting (one or more episodes). Outbreaks of AGE are defined by the occurrence
of three or more epidemiologically relevant cases of AGE within 3 days. After meeting the inclusion criteria for AGE, the outbreak is
confirmed to be induced by NoV when two or more cases test positive for NoV by real-time polymerase chain reaction (PCR) [31].

2.2. Sampling and data collection

The Chaoyang District Center for Disease Control and Prevention (CDC) carries out AGE surveillance within the AGE epidemic
surveillance network established by the municipal CDC and follows relevant guidance. Briefly, from 2014 to 2023, AGE cases that
occurred in schools, kindergartens and other institutions were first reported to community health centers and then reported to the
Chaoyang District CDC [19]. An investigation will be conducted within 24 h after receiving the report. Moreover, fecal samples or anal
swabs from AGE-treated patients should be collected within 48 h after the investigation.

2.3. Laboratory detection

The samples were qualitatively confirmed to be NoV positive via a commercial dual-channel real-time PCR kit (DAAN GENE,
Guangzhou, China). If there is no amplification curve or a Ct value > 38 in both the FAM and VIC channels, the sample can be judged as
negative for the NoV GI/GII type. If the Ct value of the FAM or VIC channel is no more than 38 with a clear amplification curve, the
sample can be judged to be positive for NoV GI or GII if positive and confirmed to be GI, the GI NoV-specific primer pair MON432/
G1SKR was used to amplify part of the coding gene of RARp (283 bp) and viral protein 1 (VP1) (303 bp) through reverse transcription
PCR, followed by Sanger sequencing.

2.4. Genotyping and phylogenetic analysis

All sequences were genotyped via the Fundamental Tool for Local Alignment Search (BLAST; https://blast.ncbi.nlm.nih.gov/Blast.
cgi)) and an online NoV genotyping tool (http://www.rivm.nl/mpf/norovirus/typingtool/). The genome sequence most closely
resembling our input sequence is chosen for reference. Using the MegAlign module in MEGA software (version 7.0, MEGA Limited,
Auckland, New Zealand), the sequences of this study were compared with reference sequences to examine their differences.
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To assess the genetic evolution link between this study’s sequences and references, we retrieved the complete or segmented VP1
and RdRp sequences of various genotypes from GenBank to conduct phylogenetic analysis. The alignment of sequences utilized
MegAlign, and Mega version 7.0 developed a maximum-likelihood (ML) tree employing the optimal model T92 + G (T92: Tamura-Nei
model, G: Gamma distribute) for RARP and VP1. The phylogenetic tree’s statistical relevance was assessed through a bootstrap analysis
involving 1000 duplicates.

3. Results
3.1. Epidemiological distribution of GI NoVs in AGE outbreaks

In the past decade (2014-2023), 969 AGE outbreaks have occurred in Beijing Chaoyang District, among which 555 (57.3 %) were
laboratory-confirmed resulting from NoVs. There were 59 outbreaks caused by NoV GI and 496 caused by NoV GII. After genotyping,
84.7 % (50/59) were attributed to the GI genotype, even though the GII genotype still predominated (89.9 %, 446/496) [32-34]. The
predominant genotype of NoV GII was GIL.2 [P16] (40.0 %, 182/446). The main season for outbreaks in which NoV GII was genotyped
was spring (59.19 %, 264/446), and the main place of occurrence was kindergarten (74.4 %, 332/446).

Although AGE outbreaks caused by GI NoVs are relatively rare, they still occur every year. Most GI NoV outbreaks occurred in the
spring season (64.5 %, 38 of 59), followed by the fall season (15.2 %, 9 of 59), summer (11.8 %, 7 of 59), and winter (8.5 %, 5 of 59)
(Fig. 1). Most GI NoV outbreaks occurred in primary schools (61.0 %, 36 of 59) or kindergartens (35.6 %, 21 of 59), followed by junior
high schools (3.4 %, 2 of 59) (Table 1). Among the GI NoV outbreaks, modes of transmission were identified, with person-to-person
transmission being the most prevalent (58/59, 98.3 %), followed by water transmission (1/59, 1.7 %). A total of 421 fecal samples or
anal swabs were collected from 59 GI NoV-induced AGE outbreaks. After laboratory detection, 250 samples were determined to be GI
NoV positive. The median number of individuals affected per NoV-GI AGE outbreak was 4 (range: 3-19). The median age of positive
individuals was 8 years (range: 1-15 years), with the highest infection rate in the 8-year age group (15.2 %, 38/250, 95 % CI:
9.22-21.2 %), followed by the 5-year age group (12.0 % (30/250, 95 % CI: 6.02-18.0 %) and the 7-year age group (10.4 % (26/250,
95 % CI: 4.42-16.4 %) (Table 2). There are notable statistical variances in the number of individuals of infected age (X2 =90.068, P <

0.001, IBM SPSS 20, chi-square test). The sex ratio (male/female) was 1.21. There was no significant difference between males and
females (Xz = 2.304, P = 0.129; IBM SPSS 20; chi-square test).

3.2. Genotyping of GI NoVs in AGE outbreaks

The genetic diversity of GI NoVs that cause AGE outbreaks was analyzed. Parts of the RARp and VP1 genes were successfully
amplified and sequenced in a total of 123 samples from 50 outbreaks. Unfortunately, sequence information for several samples has not
been obtained due to low viral loads.

Finally, nine genotypes belonging to the GI genogroup were identified, including GI.1[P1], GL.2[P2], GI.3[P3], GL.3[P13], GI.4
[P4], GL5[P4], GL5[P12], GL.6[P6] and GL.6[P11]. In general, the recombinant strains of GI.3[P13] (36.0 %, 18/50) were the pre-
dominant strains, followed by the recombinant strains of GI.6[P11] (22.0 %, 11/50) and GI.4[P4] (20.0 %, 10/50), whereas the other
genotypes accounted for no more than 10 % each in the past decade. In addition, the annual composition of genetic diversity
significantly differed.

Year

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

month |

No outbreaks

Fig. 1. Monthly distribution of AGE outbreaks caused by GI NoVs in Beijing Chaoyang District from 2014 to 2023. Note: The number of AGE
outbreaks is represented by a bar chart year by year from 2014 to 2023. The horizontal axis represents the number of AGE outbreaks, whereas the
vertical axis represents the month. Most GI NoV outbreaks occurred in the spring season (enclosed by the green dashed line).
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Table 1
Association between distribution and transmission mode and outbreaks of the norovirus GI in Beijing from 2014 to 2023.
GI (N = 59) Xz P-value
School
kindergarten 21 29.525 <0.001
primary school 36
junior high school 2
Transmission mode
person-to-person 58 55.068 <0.001
water 1
Table 2
Association between sex, age and cases of AGE outbreaks of norovirus GI in Beijing from 2014 to 2023.
GI (N = 250) n(%) x P-value
Gender
male 137 (54.8) 2.304 0.129
female 113 (45.2)
Age group (yrs)
1~ 3(1.2) 90.608 <0.001
2~ 0 (0.0)
3~ 14 (5.6)
4~ 24 (9.6)
5~ 30 (12.0)
6~ 25 (10.0)
7~ 26 (10.4)
8~ 38 (15.2)
9~ 24 (9.6)
10~ 19 (7.6)
11~ 16 (6.4)
12~ 12 (4.8)
13~ 10 (4)
14~ 9(3.6)
15~16 0 (0.0)

3.3. Phylogenetic and evolutionary analysis of NoV outbreaks

Phylogenetic trees were constructed on the basis of all partial RARp (Fig. 4A) and VP1 (Fig. 4B) gene sequences obtained from NoV
GI AGE outbreaks in Beijing from 2014 to 2023. Partial GI.6[P11] RdRp fragments were highly homologous (98.6%-100.0 %) to those
of reference strains from 2016 to 2019 in China and from 2019 to 2020 in South Korea. The partial nucleotide acid similarity of the GI.6
[P11] VP1 region ranged from 88.1 % to 100.0 %. These sequences were highly homologous to those of reference strains from 2015 to
2018 in China and 2016 to 2017 and 2019 in South Korea. Analysis of the phylogenetic tree revealed that these sequences grouped into
two distinct clades, whereas the second clade was further divided into three smaller subclades (Fig. 4A and B). The primary detection
period for clade 1 spans 2015 and 2016, whereas the evolutionary branch of clade 2 is predominantly observed from 2016 to 2021. A
total of 36 single nucleotide polymorphism (SNP) sites were pinpointed (Fig. 5A and B).

Partial RdRp sequences in GI.3 [P13] presented high similarity (93.5%-100 %) with those of reference strains from Japan, South
Korea, Taiwan, and Thailand in 2019. The partial nucleotide acid similarity of the GI.3[P13] VP1 region ranged from 92.7 % to 100.0
%. Analysis of the phylogenetic tree revealed that these sequences grouped into two distinct clades (Fig. 4A and B). Similarly, 14 SNPs
(Fig. 5A and B) were found.

4. Discussion

NoVs are considered major agents of viral AGEs at all ages worldwide, which leads to high morbidity and even mortality due to
serious infections, particularly in elderly individuals and children [10]. Prior to 2017, 72.8 % of AGEs induced by NoV were classified
as GIL.4 [10]. Nonetheless, the abrupt appearance of novel GI1.17[P17] variants, which are prevalent in various Asian nations such as
China and Japan, along with the rise of recombinant strains of GI.6[P11] and GI.3[P13], the shared recombinant strains causing NoV
GI epidemiological outbreaks in China and Taiwan, underscore the necessity and significance of investigating alternative nonnative
variants [17,21,31,35,36].

Initially, our analysis focused on the seasonal patterns, environments, modes of transmission, and fundamental traits of 59 AGE
outbreaks of NoV GI in Beijing, China, from 2014 to 2023. This research revealed that outbreaks of NoV GI occurred mainly during the
colder months, similar to earlier findings in Beijing, the USA, and Australia [19,37-39], likely because many Chinese kindergartens
and primary schools start their school year in the spring and autumn. Importantly, the NoV GI outbreaks in the AGE showed notable
statistical variance across months (Xz = 65.000, P < 0.001, IBM SPSS 20, chi-square test). In particular, NoV GI usually initiates AGE
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outbreaks between March and May in most years, with the exception of a short-lived spike from October to December in certain years
(Fig. 1).

Since 2016, a variety of genotypes have emerged concurrently, predominantly GI.6 [11], GL.3[P13], and GI.4[P4] (Fig. 2). Notably,
the changes in the dominant strains have gone through three distinct time stages. The predominant genotype in Beijing’s Chaoyang
District between 2015 and 2018 was GI.6 [P11] (46.2 %, 6/13), which aligns with the global prevalence from 2016 to 2019 [18,20,31,
40] and Beijing’s epidemic genetic makeup from 2014 to 2017 [19]. From 2019 to 2022, it became GI.3 [P13] (34.4 %, 11/32).
Research indicates that from 2018 to 2019, this particular genotype rose to prominence in Taiwan [21] and subsequently in Chaoyang
District. Our findings indicate that outbreaks caused by NoV GI.3 mainly occurred in kindergarteners (31.6 %, 6/19) and elementary
schools (68.4 %, 13/19), similar to NoV outbreaks in Beijing in 2014-2019 and China in 2012-2016 [19,31,41], indicating the need to
focus on new strains circulating in Asia or elsewhere. It appeared in 2017, and it is inferred that there may be a low prevalence in
Beijing before 2019. Because research on GI is rare, GI.3 has increased, and GI.6 has decreased over a wide range, which may be the
result of system evolution in recent years. In 2023, there was an abrupt increase in GL.4[P4] levels, but the changes in sequences were
not noticeable, with GI.4[P4] (50.0 %, 7/14) circulating in conjunction with GI.3[P13] (35.7 %, 5/14) (Fig. 3), in stark contrast to the
epidemics of the GI.6[P11] or GI.3[P13] genotypes noted both within the country and abroad [19,21,31]. It is suggested that we pay
attention to the dynamics of GI.4[P4] in the future to observe whether it will become a new dominant genotype.

To identify the relationships detected in this study with some of the previously reported NoV GI RdRp genes and VP1 genes, we
selected reference sequences from GenBank and performed phylogenetic analysis (Fig. 4A and B). Our study included the creation of
evolutionary trees with incomplete RARp and VP1 sequences to demonstrate similarity with other reference strains, suggesting that
NoV evolution can be revealed through incomplete genome sequences. The GI1.6[P11] strain grouped with China from 2015 to 2018,
indicating a possible widespread occurrence of this genotype during that period, which aligns with our observations. Within clade 1,
this study’s sample sequence showed 99.48 % similarity with MG871408 from China and MK280882 from Australia. In this study, the
samples of the GI.6[P11] sequence were grouped with KU724080 in China, LC726060 in Japan, and MZ021891 and MN421716 in
South Korea in subclade 2.1, with a homology range of 98.95%-100.00 %. Within subclade 2.2, the grouping included OM899811
from Spain, OR857077 from China, and 0Q880477 from Japan, which exhibited a homology range of 98.95%-100.00 %. Studies have
shown that the amino acid sequence at the Histo Blood Group Antigens (HBGA) binding site of GI.6 [P11] in Beijing remained un-
changed from 2016 to 2019 [34]. Nonetheless, a total of 10 unique amino acid alterations were observed in Beijing. SNPs were ob-
tained through a process of partial sequence alignment, indicating signaling changes in these amino acids.

These GI.3[P13] sequences were highly homologous to those of reference strains from 2018 to 2020 in South Korea and from 2018
to 2019 and 2022 in Japan and 2020 in China. In this study, the sample of GI.3[P13] sequences was grouped with MN922719 from
Taiwan, OR792774 from China, LC573330 from Thailand, MT491999 from Spain, and MN421663 from Korea in the first clade,
showing a homology between 99.48 % and 100.00 %. Within clade 2, the grouping included LC769710 from Japan, MZ021896 from
Korea, MT492003 from Spain, and PP564824 from Thailand, which exhibited homology between 98.95 % and 100.00 %. Owing to the
high affinity of GI.3 [P13] for many parts of Asia, as well as the occurrence of successive epidemics, this suggests the need to be vigilant
against rising epidemic genotypes in other regions. Research indicates that GI.3 fails to attach to the immune sera of different ge-
notypes [13,42-44], potentially making GI.3 the primary contributor to the epidemic, with SNPs indirectly suggesting alterations in
amino acids.

2015 2016 2017 2018 2019

)6 O

2020 2021 2022 2023 2014-2023

/
N N N

W GI.1[P1] M GI.2[P2] M GI.3[P3] W GI.3[P13] M GI.4[P4] M GI.5[P4] M GI.5[P12] M GI.6[P6] M GI.6[P11] M unsequenced

Fig. 2. Annual distribution of AGE outbreaks caused by GI NoVs by genotype in Beijing Chaoyang District from 2014 to 2023. Note: The
composition of each recombinant subtype and unsequenced strain is shown via a percentage circular chart annually from 2015 to 2023 and
combined (the last graph).
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Fig. 3. Distribution of the genotypes across three distinct time intervals. Note: We divided the past decade into three time periods (2015-2018,
2019-2022, 2023) to show the changes in the dominance and diversity of NoV strains. The predominant genotype in Beijing Chaoyang District
between 2015 and 2018 was GI.6 [P11]. During 2019-2022, it became GI.3 [P13]. In 2023, there was an abrupt increase in GI.4 [P4] in conjunction
with GL.3 [P13].

5. Conclusion

In summary, the findings of our research reveal a shift in three primary genotypes of NoV GI in the capital of China, with the GI.6
[P11] recombinant genotype emerging as the leading genotype, succeeded by the GI.3[P13] recombinant genotype and the GI.4[P4]
genotype rising in 2023, potentially explaining the recent surge in diarrhea cases and outbreaks of GI. These findings also suggest that
the dominant strains of the NoV GI genotype changed in different years. Therefore, molecular epidemiological surveillance of the NoV
GI strain should be strengthened in the future, and changes in the dominant strain should be detected in time to provide a basis for early
warning, prediction and control of the epidemic.

CRediT authorship contribution statement

Xiangyu Hu: Writing — original draft, Visualization, Validation, Supervision, Software, Methodology, Investigation, Formal
analysis, Data curation. Lingli Sun: Writing — review & editing, Supervision, Resources, Project administration, Investigation, Funding



X. Hu et al. Heliyon 10 (2024) 39202

15-yearepilen e

GLP4 = Bt E

GLP1

GL1

GL6

GL3

GL3

Fig. 4. Phylogenetic analysis of NoV based on the RdRp and VP1 nucleotide sequences. Note: A. Phylogenetic tree based on the partial nucleotide
sequence (147 bp) of the NoV RdRp region; B. phylogenetic tree based on the partial nucleotide sequence (191 bp) of the NoV capsid region. The
NoV strains obtained from Beijing Chaoyang District from 2014 to 2023 are indicated with different colors. The phylogenetic tree was constructed
via the neighbor-joining method with 1000 iterations of the bootstrap test.

17-year epidemic
18-year epidemic
19-year epidemic
m 20-year epidemic
m 21-year epidemic
m 23-year epidemic

osvisatse A
wosvsssauses

0000
©o->

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

osviosGLsets T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
c

| a2 Teevians

e e

©ORBRRO0 00000000 0 RARRRRRRRRRRRRRERE

BEBRRZ00000000000000000000000000000
0 O e e e e

g PP Py Y
BEC0000000000000000000000000000000

B200000000000000000000000000000000
©000000000000RE00000000000000000000

HE00000000000000000000000000000000
000000000000 0EROODO00OOOOODDDV,

BAZZZC00000

oo

-4
&
£
z
&
]
-
@
&

E

g
e S —_—y e e ——
g
g

5550 50 5 5505 59 S5 S5 5605 ST 5615 S5

150500181 T [

- TSV

YT
VOBEcL P11

=28

————-
B

@eoo0cnacnecccocecccnncnanaoonacal

-}

15-year epidemic
16-year epidemic
18-year epidemic
19-year epidemic
| 21-year epidemic
22-year epidemic

T
1
.
.

cooooned
Kl

T —

21 e

e e L e &

--------nnnnnnnnnni-qqii
2000000 o o el |

Beeeeeoooooooooooooonooooooooo0ne
e e

2 2 osyisssl Pt
ZosTSSIEPT

108280

coooco0000000000000n000000000000E

’
e00000000000000000gEe0000000000000
eoo000000000000000g00000000000000E

eo0oo000000000000 e aggo 0000000l

000000000000 0000oago0ccncoacanoooal]
ceoo000000000000000000000g0000000f

“ococco0n00cnco000000000000000000000E
feceeecccns0000000000000nanooo0nnf

Avoooooooossooooooeosaonoonaosnnl

HE°©© 0 0 o s

Fig. 5. Comparison of variation sites. Note: Various hues symbolize samples from the respective years of this research. A denotes the phylogenetic
tree and nucleotide location analysis of incomplete GI.3 sequences from GI.3 [P13], whereas B represents the phylogenetic tree and nucleotide
location analysis of partial GI. sequences from GI.6 [P11] in this research.

acquisition, Conceptualization. Taoli Han: Writing — review & editing, Supervision, Methodology, Investigation, Data curation.
Jianhong Zhao: Supervision, Project administration, Methodology, Conceptualization. Xiao Qi: Project administration, Methodol-
ogy, Investigation. Yue Zhang: Supervision, Investigation. Pan Lu: Supervision, Data curation. Jiaxin Zhao: Supervision, Data



X. Hu et al. Heliyon 10 (2024) e39202

curation. Yan Gao: Supervision, Project administration, Data curation. Zheng Zhang: Methodology, Conceptualization. Beibei Li:
Supervision, Investigation. Jialiang Du: Writing — review & editing, Methodology, Conceptualization. Yang Jiao: Writing — review &
editing, Supervision, Software, Methodology, Formal analysis, Data curation, Conceptualization.

Ethics statement

The study was approved by the ethical committee of the National Institutional for Viral Disease Control and Prevention, Chinese
Center for Disease Control and Prevention (No. IVDC2017N0.023). Every participant gave their written, informed agreement. In cases
where minors are younger than 18, the consent document is signed by a parent or guardian, and these minors give further verbal
agreement.

Availability of data and materials

The data associated with the study have not been deposited into a publicly available repository and are available from the cor-
responding author upon reasonable request.

Funding statement

This study was supported by the National Major Science & Technology Project (2019ZX09732002), the National Key R&D Program
of China (2022YFE0102400), the Beijing Key Specialty Program for Major Epidemic Prevention and Control (2021), the Beijing
Chaoyang District Science and Technology Project (CYSF2206), and the funding Project for Open Research Projects of Beijing Key
Laboratory of Emerging Infectious Disease Research (DTKF202305).

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

References

[1] W.Li, B. Yan, B. Liu, Y. Tian, Y. Chen, L. Jia, Z. Gao, Q. Wang, Epidemiological characteristics and genetic diversity of norovirus infections among outpatient
children with diarrhea under 5 years of age in Beijing, China, 2011-2018, Gut. Pathog 13 (2021) 77, https://doi.org/10.1186/513099-021-00473-x.

[2] B.A. Lopman, D. Steele, C.D. Kirkwood, U.D. Parashar, The vast and varied global burden of norovirus: prospects for prevention and control, PLoS Med. 13
(2016) €1001999, https://doi.org/10.1371/journal.pmed.1001999.

[3] K.H. Keddy, Old and new challenges related to global burden of diarrhoea, Lancet Infect. Dis. 18 (2018) 1163-1164, https://doi.org/10.1016/51473-3099(18)
30424-9.

[4] R.L. Atmar, S. Ramani, M.K. Estes, Human noroviruses: recent advances in a 50-year history, Curr. Opin. Infect. Dis. 31 (2018) 422-432, https://doi.org/
10.1097/QC0O.0000000000000476.

[5] J.L. Cannon, J. Bonifacio, F. Bucardo, J. Buesa, L. Bruggink, M.C. Chan, T.M. Fumian, S. Giri, M.D. Gonzalez, J. Hewitt, et al., Global trends in norovirus
genotype distribution among children with acute gastroenteritis, Emerg. Infect. Dis. 27 (2021) 1438-1445, https://doi.org/10.3201/eid2705.204756.

[6] A.J. Hall, B.A. Lopman, D.C. Payne, M.M. Patel, P.A. Gastanaduy, J. Vinjé, U.D. Parashar, Norovirus disease in the United States, Emerg. Infect. Dis. 19 (2013)
1198-1205, https://doi.org/10.3201/eid1908.130465.

[7] F. Kowalzik, M. Riera-Montes, T. Verstraeten, F. Zepp, The burden of norovirus disease in children in the European Union, Pediatr. Infect. Dis. J. 34 (2015)
229-234, https://doi.org/10.1097/INF.0000000000000546.

[8] S. Rouhani, P. Penataro Yori, M. Paredes Olortegui, M. Siguas Salas, D. Mondal, D. Rengifo Trigoso, L. Bodhidatta, J. Platts-Mills, A. Samie, F. Kabir, et al.,
Norovirus infection and acquired immunity in 8 countries: results from the MAL-ED study, Clin. Infect. Dis. 62 (2016) 1210-1217, https://doi.org/10.1093/cid/
ciw072.

[9] J. Zhang, Z.R. Chang, J.L. Sun, Q.H. Liao, W.J. Xing, F.F. Liu, Infectious diarrhea epidemics caused by norovirus and its control strategy in China, Dis. Surveil. 7
(2014) 516-521, https://doi.org/10.3784/].issn.1003-9961.2014.07.004.

[10] H.L. Zhou, S.S. Zhen, J.X. Wang, C.J. Zhang, C. Qiu, S.M. Wang, X. Jiang, X.Y. Wang, Burden of acute gastroenteritis caused by norovirus in China: a systematic
review, J. Infect. 75 (3) (2017) 216-224, https://doi.org/10.1016/].jinf.2017.06.004.

[11] J. Vinje, Advances in laboratory methods for detection and typing of norovirus, J. Clin. Microbiol. 53 (2015) 373-381, https://doi.org/10.1128/JCM.01535-14.

[12] P. Chhabra, M. de Graaf, G.I. Parra, M.C. Chan, K. Green, V. Martella, Q. Wang, P.A. White, K. Katayama, H. Vennema, M.P.G. Koopmans, J. Vinjé, Updated
classification of norovirus genogroups and genotypes, J. Gen. Virol. 100 (2019) 1393-1406, https://doi.org/10.1099/jgv.0.001318.

[13] L. Zheng, H. Zhang, J. Ma, J. Liu, S. Ma, M. Wang, Y. Huo, Phylogenetic and biological characterizations of a GI.3 norovirus, Infect. Genet. Evol. 85 (2020)
104554, https://doi.org/10.1016/j.meegid.2020.104554.

[14] B.Li, D. Xiao, Y. Li, X. Wu, L. Qi, W. Tang, Q. Li, Epidemiological analysis of norovirus infectious diarrhea outbreaks in Chongqing, China, from 2011 to 2016,
J. Infect. Public Health 13 (2019) 46-50, https://doi.org/10.1016/j.jiph.2019.06.019.

[15] H. Wang, D.H. Wang, C. Chen, Y. Lu, M.X. Li, T.G. Li, Z.B. Zhang, Z.C. Yang, Epidemiologic characteristics of outbreaks of three norovirus genotypes (GII.2,
GIL.17 and GII.4 Sydney) in Guangzhou, China, from 2012 to 2018, Epidemiol. Infect. 147 (2019) €207, https://doi.org/10.1017/50950268819000992.

[16] R. Desai, C.D. Hembree, A. Handel, J.E. Matthews, B.W. Dickey, S. McDonald, A.J. Hall, U.D. Parashar, J.S. Leon, B. Lopman, Severe outcomes are associated
with genogroup 2 genotype 4 norovirus outbreaks: a systematic literature review, Clin. Infect. Dis. 55 (2012) 189-193, https://doi.org/10.1093/cid/cis372.

[17] F.Yu, B. Jiang, X. Guo, L. Hou, Y. Tian, J. Zhang, Q. Li, L. Jia, P. Yang, Q. Wang, X. Pang, Z. Gao, Norovirus outbreaks in China, 2000-2018: a systematic review,
Rev. Med. Virol. 32 (2022) e2382, https://doi.org/10.1002/rmv.2382.

[18] X. Zhu, X.Y. Kong, Q. Zhang, J.X. Li, H.Y. Li, M. Jin, Z.J. Duan, Molecular epidemiological characteristics of norovirus outbreaks reported to Chinese norovirus
outbreak laboratory surveillance network, 2016-2019, Dis. Surveil 36 (2021) 774-779, https://doi.org/10.3784/jbjc.202106240363.

[19] Z. Gao, B. Liu, H. Yan, W. Li, L. Jia, Y. Tian, Y. Chen, Q. Wang, X. Pang, Norovirus outbreaks in Beijing, China, from 2014 to 2017, J. Infect. 79 (2019) 159-166,
https://doi.org/10.1016/j.jinf.2019.05.019.

[20] J.I Degiuseppe, L. Barclay, K.A. Gomes, V. Costantini, J. Vinjé, J.A. Stupka, Molecular epidemiology of norovirus outbreaks in Argentina, 2013-2018, J. Med.
Virol. 92 (2020) 1330-1333, https://doi.org/10.1002/jmv.25684.


https://doi.org/10.1186/s13099-021-00473-x
https://doi.org/10.1371/journal.pmed.1001999
https://doi.org/10.1016/S1473-3099(18)30424-9
https://doi.org/10.1016/S1473-3099(18)30424-9
https://doi.org/10.1097/QCO.0000000000000476
https://doi.org/10.1097/QCO.0000000000000476
https://doi.org/10.3201/eid2705.204756
https://doi.org/10.3201/eid1908.130465
https://doi.org/10.1097/INF.0000000000000546
https://doi.org/10.1093/cid/ciw072
https://doi.org/10.1093/cid/ciw072
https://doi.org/10.3784/j.issn.1003-9961.2014.07.004
https://doi.org/10.1016/j.jinf.2017.06.004
https://doi.org/10.1128/JCM.01535-14
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1016/j.meegid.2020.104554
https://doi.org/10.1016/j.jiph.2019.06.019
https://doi.org/10.1017/S0950268819000992
https://doi.org/10.1093/cid/cis372
https://doi.org/10.1002/rmv.2382
https://doi.org/10.3784/jbjc.202106240363
https://doi.org/10.1016/j.jinf.2019.05.019
https://doi.org/10.1002/jmv.25684

X. Hu et al. Heliyon 10 (2024) e39202

[21] S.C. Chiu, J.K. Hsu, S.C. Hu, C.Y. Wu, Y.C. Wang, J.H. Lin, Molecular epidemiology of GI.3 norovirus outbreaks from acute gastroenteritis surveillance system in
Taiwan, 2015-2019, BioMed Res. Int. 2020 (2020) 4707538, https://doi.org/10.1155/2020/4707538.

[22] K.A. Gomes, J.I. Degiuseppe, J.A. Stupka, Norovirus in a nursery school in Buenos Aires, Rev. Argent. Microbiol. 2024 (S0325-7541) (2024), https://doi.org/
10.1016/j.ram.2024.07.001, 00084-1.

[23] K. Kumthip, P. Khamrin, A. Thongprachum, R. Malasao, A. Yodmeeklin, H. Ushijima, N. Maneekarn, Diverse genotypes of norovirus genogroup I and II
contamination in environmental water in Thailand during the COVID-19 outbreak from 2020 to 2022, Virol. Sin. 39 (2024) 556-564, https://doi.org/10.1016/
j-virs.2024.05.010.

[24] D.I. Walker, J. Witt, W. Rostant, R. Burton, V. Davison, J. Ditchburn, N. Evens, R. Godwin, J. Heywood, J.A. Lowther, N. Peters, J. Porter, P. Posen, T. Wickens,
M.J. Wade, Piloting wastewater-based surveillance of norovirus in England, Water Res. 263 (2024) 122152, https://doi.org/10.1016/j.watres.2024.122152.

[25] B. Malla, S. Shrestha, N. Sthapit, S. Hirai, S. Raya, A.F. Rahmani, M.S. Angga, Y. Siri, A.A. Ruti, E. Haramoto, Beyond COVID-19: wastewater-based
epidemiology for multipathogen surveillance and normalization strategies, Sci. Total Environ. 946 (2024) 174419, https://doi.org/10.1016/j.
scitotenv.2024.174419.

[26] S. Shrestha, B. Malla, E. Haramoto, Estimation of Norovirus infections in Japan: an application of wastewater-based epidemiology for enteric disease assessment,
Sci. Total Environ. 912 (2024) 169334, https://doi.org/10.1016/j.scitotenv.2023.169334.

[27] J. Gao, L. Xue, Y. Li, J. Zhang, J. Dai, Q. Ye, S. Wu, Q. Gu, Y. Zhang, X. Wei, Q. Wu, A systematic review and meta-analysis indicates a high risk of human
noroviruses contamination in vegetable worldwide, with GI being the predominant genogroup, Int. J. Food Microbiol. 413 (2024) 110603, https://doi.org/
10.1016/j.ijfoodmicro.2024.110603.

[28] M.E.T. Rogawski, J. Liu, G. Kang, M.N. Kosek, A.A.M. Lima, P.O. Bessong, S. Amidou, H. Rashidul, E.R. Mduma, S. Sanjaya, Protection from natural
immunityagainst enteric infections and etiology-specific diarrhea in alongitudinal birth cohort, J. Infect. Dis. 222 (2020) 1858-1868.

[29] C.A. Omatola, P.P. Mshelbwala, M.O. Okolo, A.M. Adamu, Noroviruses: evolutionary dynamics, epidemiology, pathogenesis, and vaccine advances-A
comprehensive review, Vaccines 12 (2024) 590, https://doi.org/10.3390/vaccines12060590.

[30] Y. Jiao, L. Guo, T.L. Han, X. Qi, Y. Gao, Y. Zhang, J.H. Zhao, B.B. Li, Z. Zhang, L.L. Sun, Analysis of the characteristics of viral infections in children with diarrhea
in Beijing from 2018 to 2022, Chin. J. Prev. Med. 57 (2023) 976-982, https://doi.org/10.3760/cma.j.cn112150-20230131-00066. Chinese.

[31] J. Fu, L. Shen, W. Li, H. Yan, B. Liu, Y. Wang, Y. Tian, L. Jia, Q. Wang, D. Zhang, Z. Gao, Genotypic diversity and recombination of norovirus GI.6[P11]
associated acute gastroenteritis outbreaks in Beijing, China, from 2016 to 2019, Infect. Genet. Evol. 114 (2023) 105491, https://doi.org/10.1016/j.
meegid.2023.105491.

[32] L. Sun, T. Han, X. Qi, Y. Hang, Y. Zhang, Y. Gao, J. Zhao, B. Li, Z. Zhang, X. Xu, Y. Jiao, Pathogenic characteristics of acute gastroenteritis outbreaks caused by
astrovirus and enteric adenovirus in Chaoyang, Beijing, 2018—2023, Dis. Surveil. 39 (2024) 603-608.

[33] Y. Chen, B. Liu, Y. Wang, Y. Zhang, H. Yan, W. Li, L. Shen, Y. Tian, L. Jia, D. Zhang, P. Yang, Z. Gao, Q. Wang, Spatio-temporal distribution and influencing
factors of norovirus outbreaks in Beijing, China from 2016 to 2020, BMC Infect. Dis. 23 (2023) 270, https://doi.org/10.1186/512879-023-08243-7.

[34] Y. Jiao, X. Qi, Y. Gao, Surveilance of enteric viral pathogens among infants with diarrhea in Chaoyang district of Beijing from 2011 to 2017, Chin. J. Viral. Dis. 8
(2018) 275-281, https://doi.org/10.16505/1.2095-0136.2018.0048.

[35] M. Jin, Y.K. Zhou, H.P. Xie, J.G. Fu, Y.Q. He, S. Zhang, H.B. Jing, X.Y. Kong, X.M. Sun, H.Y. Li, et al., Characterization of the new GII.17 norovirus variant that
emerged recently as the predominant strain in China, J. Gen. Virol. 97 (2016) 2620-2632, https://doi.org/10.1099/jgv.0.000582.

[36] Z. Gao, B. Liu, D. Huo, H. Yan, L. Jia, Y. Du, H. Qian, Y. Yang, X. Wang, J. Li, Q. Wang, Increased norovirus activity was associated with a novel norovirus GII.17
variant in Beijing, China during winter 2014-2015, BMC Infect. Dis. 15 (2015) 574, https://doi.org/10.1186/512879-015-1315-z.

[37] S.M. Ahmed, B.A. Lopman, K. Levy, A systematic review and meta-analysis of the global seasonality of norovirus, PLoS One 8 (2013) 75922, https://doi.org/
10.1371/journal.pone.0075922.

[38] L.D. Bruggink, O. Oluwatoyin, R. Sameer, K.J. Witlox, J.A. Marshall, Molecular and epidemiological features of gastroenteritis outbreaks involving genogroup I
norovirus in Victoria, Australia, 2002 —-2010, J. Med. Virol. 84 (2012) 1437-1448, https://doi.org/10.1002/jmv.23342.

[39] E. Leshem, L. Barclay, M. Wikswo, E. Vega, N. Gregoricus, U.D. Parashar, J. Vinjé, A.J. Hall, Genotype GI.6 norovirus, StatesUnited, 2010-2012, Emerg. Infect.
Dis. 19 (2013) 1317-1320, https://doi.org/10.3201/eid1908.130445.

[40] M. Jin, S. Wu, X. Kong, H. Xie, J. Fu, Y. He, W. Feng, N. Liu, J. Li, J.J. Rainey, A.J. Hall, J. Vinjé, Z. Duan, Norovirus outbreak surveillance, China, 2016-2018,
Emerg. Infect. Dis. 26 (2020) 437-445, https://doi.org/10.3201/eid2603.191183.

[41] Y. Ao, J. Wang, H. Ling, Y. He, X. Dong, X. Wang, J. Peng, H. Zhang, M. Jin, Z. Duan, G.LI Norovirus, P16/GII.2-Associated gastroenteritis, China, 2016, Emerg.
Infect. Dis. 23 (2017) 1172-1175, https://doi.org/10.3201/eid2307.170034.

[42] Y. Huo, X. Wan, T. Ling, S. Shen, Biological and immunological characterization of norovirus major capsid proteins from three different genotypes, Microb.
Pathog. 90 (2016) 78-83, https://doi.org/10.1016/j.micpath.2015.11.022.

[43] Y. Huo, L. Zheng, X. Chen, L. Ge, Y. Wang, Expression and characterization of the major capsid protein derived from a GII.6 norovirus strain isolated in China,
Microb. Pathog. 105 (2017) 131-137, https://doi.org/10.1016/j.micpath.2017.02.025.

[44] S. Qiu, L. Zheng, C. Qin, X. Yin, J. Ma, J. Liu, Z. Yang, C. Li, Y. Wang, M. Wang, Y. Qi, Y. Huo, Production and characterization of monoclonal antibodies against
GIL6 norovirus virus-like particles, Microb. Pathog. 142 (2020) 104100, https://doi.org/10.1016/j.micpath.2020.104100.


https://doi.org/10.1155/2020/4707538
https://doi.org/10.1016/j.ram.2024.07.001
https://doi.org/10.1016/j.ram.2024.07.001
https://doi.org/10.1016/j.virs.2024.05.010
https://doi.org/10.1016/j.virs.2024.05.010
https://doi.org/10.1016/j.watres.2024.122152
https://doi.org/10.1016/j.scitotenv.2024.174419
https://doi.org/10.1016/j.scitotenv.2024.174419
https://doi.org/10.1016/j.scitotenv.2023.169334
https://doi.org/10.1016/j.ijfoodmicro.2024.110603
https://doi.org/10.1016/j.ijfoodmicro.2024.110603
http://refhub.elsevier.com/S2405-8440(24)15233-4/sref28
http://refhub.elsevier.com/S2405-8440(24)15233-4/sref28
https://doi.org/10.3390/vaccines12060590
https://doi.org/10.3760/cma.j.cn112150-20230131-00066
https://doi.org/10.1016/j.meegid.2023.105491
https://doi.org/10.1016/j.meegid.2023.105491
http://refhub.elsevier.com/S2405-8440(24)15233-4/sref32
http://refhub.elsevier.com/S2405-8440(24)15233-4/sref32
https://doi.org/10.1186/s12879-023-08243-7
https://doi.org/10.16505/i.2095-0136.2018.0048
https://doi.org/10.1099/jgv.0.000582
https://doi.org/10.1186/s12879-015-1315-z
https://doi.org/10.1371/journal.pone.0075922
https://doi.org/10.1371/journal.pone.0075922
https://doi.org/10.1002/jmv.23342
https://doi.org/10.3201/eid1908.130445
https://doi.org/10.3201/eid2603.191183
https://doi.org/10.3201/eid2307.170034
https://doi.org/10.1016/j.micpath.2015.11.022
https://doi.org/10.1016/j.micpath.2017.02.025
https://doi.org/10.1016/j.micpath.2020.104100

	The genetic diversity of genogroup I noroviruses causing acute gastroenteritis outbreaks in Beijing between 2014 and 2023
	1 Introduction
	2 Methods
	2.1 Definitions
	2.2 Sampling and data collection
	2.3 Laboratory detection
	2.4 Genotyping and phylogenetic analysis

	3 Results
	3.1 Epidemiological distribution of GI NoVs in AGE outbreaks
	3.2 Genotyping of GI NoVs in AGE outbreaks
	3.3 Phylogenetic and evolutionary analysis of NoV outbreaks

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Ethics statement
	Availability of data and materials
	Funding statement
	Declaration of competing interest
	References


