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ABSTRACT
Objectives: Since 2014, non-GII.4 norovirus
genotypes  have increasingly  challenged  the

predominance of GIL.4, particularly in Asia. This study
analyzed the epidemiological and genetic characteristics
of norovirus outbreaks from January 2017 to June
2024 in a district of Beijing, China.

Methods: We tested 2,016 stool samples collected
from 309 acute gastroenteritis outbreaks for norovirus
using real-time RT-PCR. Partial polymerase and
capsid sequences of norovirus-positive samples were
amplified and sequenced for phylogenetic analysis.
Additionally, we performed genome amplification and
sequence analysis on seven GII.7[P7] strains.

Results: Between January 2017 and June 2024,
150 norovirus outbreaks were reported, with GII
norovirus causing 83.3% of these outbreaks. We
identified 16 distinct genotypes. Among the 102 GII
genotype outbreaks, non-GII.4 norovirus outbreaks
(81.4%) significantly outnumbered GII.4 norovirus
outbreaks (18.6%). The
genotypes during the study period were GIL.2[P10]
(46.1%, 47/102), GIL.3[P12] (14.7%, 15/102), and
GIL.4 Sydney[P16] (12.7%, 13/102). GIL.2[P16]
predominated in 2017, 2018, and 2020, while
GIL3[P12] was the dominant genotype in 2022.
Multiple genotypes emerged in 2023. In the first half
of 2024, GII.4 Sydney[P16] became predominant
(36.9%), while a novel GIL7[P7] variant emerged,
of outbreaks. All
GIL.7[P7] genome sequences formed an independent
branch in both VP1 and polymerase regions.

Conclusions: Our findings demonstrate that non-

three most prevalent

accounting for 26.3% seven

GIL.4 noroviruses play an increasingly important role
in outbreaks in Beijing. Continuous surveillance is
needed to better understand and control norovirus
outbreaks in future epidemic seasons.
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Norovirus (NoV) is one of the leading pathogens
causing outbreaks of acute gastroenteritis (AGE). NoV
is a single-stranded RNA virus with a highly diverse
genome that can be classified into 10 genogroups (GI
to GX). Among these, GI and GII are the most
common genotypes causing AGE and are further
divided into 9 GI and 27 GII genotypes based on
amino acid sequences of the complete viral protein 1
(VP1), while 14 GI and 37 GII P types have been
identified based on partial nucleotide sequences of the
RNA-dependent RNA polymerase (RdRp) regions (7).

The GIL.4 norovirus has been the predominant
genotype in global epidemics, with novel pandemic
GIIL.4 variants emerging approximately every 2-3 years
since the mid-1990s, including GIL.4 US95/96,
Farmington Hills 2002, Hunter 2004, Den Haag
2006, New Orleans 2009, and Sydney 2012 (2).
However, since 2014, novel non-GII.4 genotypes have
emerged as the primary cause of outbreaks, surpassing
GIL.4 in China and other countries, including GII.17
in the winter season of 2014-2015 and GIL.2[P16] in
2016-2017 (3-5).

Since February 2017, a significant increase in AGE
outbreaks has been observed in a district of Beijing. To
better understand the genetic variation of norovirus
causing these recent acute gastroenteritis outbreaks, we
analyzed the genetic characteristics of norovirus
detected from AGE outbreaks during 2017-2024.

METHODS

Source of Specimens
Fecal specimens or anal swabs were collected from
AGE cases in a district of Beijing from 2017 to 2024.
AGE was defined as three or more episodes of diarrhea
and/or two episodes of vomiting within 24 hours. A
norovirus outbreak was defined as three or more AGE
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cases occurring in the same location within three days,
with at least two laboratory-confirmed NoV cases (6).

Genotyping and Sequence Analysis

NoV detection and genotyping were performed on
positive samples using previously described protocols
(7). Genotypes were determined using the Norovirus
Typing Tool  (http://www.rivm.nl/mpf/norovirus/
typingtool). The complete RdRp and VP1 genomic
fragments of GIL7[P7] (Supplementary Table S1,
available  at  hteps://weekly.chinacdc.cn/)  were
amplified. Nucleotide sequence alignment was
performed using MEGA v5.0. The optimal nucleotide
substitution models for Bayesian evolutionary analysis
of the GIL.7 VP1 (1,623 bp) and RdRp (1,530 bp)
coding genes were determined using PhyloSuite v1.2.2.
Parameter settings were configured in BEAUti v1.10.4,
and path sampling was employed to identify the best
combination of molecular clock and population
growth models. The reliability of posterior results was
assessed using Tracer v1.7.2, with convergence
considered achieved when all parameters had an ESS
(Effective Sample Size) >200. The maximum clade
credibility tree was constructed using TreeAnnotator
v1.10.4, and phylogenetic tree visualization was
enhanced using the Chiplot website. Validation in
BEAST v1.10.4 confirmed that the strict molecular
clock model and constant population growth model
were applied for the evolutionary analysis of VP1
(HKY) and RdRp (GTR). Reference sequences for
NoV were obtained from the GenBank database. The

x? test was used to compare differences among
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strains, with significance assumed at P<0.05. All
statistical analyses were performed using IBM SPSS
Statistics 25.0.

RESULTS

Epidemiological Distribution of

NoV Outbreaks

Between January 2017 and June 2024, a total of 309
acute gastroenteritis outbreaks occurred in a district of
Beijing, China, of which 150 (48.5%) were laboratory-
confirmed as norovirus. GII was the predominant
genogroup (125/150, 83.3%), followed by GI
(23/150, 15.3%) and multiple genotypes (2/150,
1.3%). Two significant seasonal peaks were observed
during March-April and November-December each
year (Figure 1). Schools were the most frequent
outbreak setting (145/150, 96.7%), including primary
schools (68/145, 46.9%), kindergartens (61/145,
42.1%), middle schools (14/145, 9.6%), and
universities  (2/145,  1.4%).  Person-to-person
transmission was reported in 98.0% (147/150) of
outbreaks, while foodborne transmission accounted for

only 2.0% (3/150).

Genotype Distribution
Of 895 NoV-positive samples confirmed by real-
time RT-PCR, 796 samples from 117 outbreaks were
successfully genotyped by sequencing. Fifteen GI
outbreaks were identified, comprising six genotypes:

GL.6[P11] (4/15), GL.3[P13] (4/15), GIL.5[P4] (3/15),

GIL.2[P16]
m GIL3[P12]
H GIL.4 Sydney
I GIL.17[P17]
m GIL7[P7]
Other genotypes
Untype

0
13579111357911135791113579111357911135791113579111335
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FIGURE 1. Genotype distribution of norovirus (NoV) outbreaks according to time from 2017 to 2024.
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GL.4[P4] (2/15), GL6[P6] (1/15), and GI.2[P2]
(1/15). Among the 102 GII outbreaks, ten genotypes
were identified, with non-GII.4 NoV outbreaks
(83/102, 81.4%) significantly outnumbering GII.4
NoV outbreaks (19/102, 18.6%). The three most
prevalent genotypes during the study period were
GIL2[P16] (47/102, 46.1%), GIL.3[P12] (15/102,
14.7%), and GIL.4 Sydney[P16] (13/102, 12.7%).
GIL.2[P16] was the predominant genotype in 2017,
2018, and 2020, responsible for 100% (15/15), 54.5%
(6/11), and 91.3% (21/23) of the GII outbreaks,
respectively. GII.3[P12] was predominant in 2022
(519, 55.6%) and the second most prevalent genotype
in the first half of 2024 (6/19, 31.6%). Among GIL.4
Sydney variants, GII.4 Sydney[P16] was predominant
only in the first half of 2024 (7/19, 36.8%), while
GIL.4  Sydney[P31] caused
the study period. No
predominant genotype was observed in 2019, 2021,
and 2023. Notably, a novel GIL.7[P7] strain was
detected for the first time in March 2024, accounting
for 26.3% (5/19) of GII outbreaks in Beijing during
the first half of 2024 (Figure 1).

Among the GII genotyped outbreaks, GIL.2[P16]

only 6 outbreaks

throughout entire clear

was associated with the widest range of outbreak
settings, primarily occurring in kindergartens and
primary schools (87.2%, 41/47). In contrast,
GII.3[P12] and GII.7[P7] were exclusively detected in
kindergartens and primary schools. GIIL.17[P17]
outbreaks were limited to primary and middle schools,
while GIL.4 Sydney affected kindergartens, primary
schools, and middle schools (Table 1). Several other
GII genotypes caused <5 outbreaks throughout the
study period, including GIX.1[GILP15] (n=1),
GIL.12[P16] (n=2), GIL.17[P17] (n=4), GIL.8[P8]
(n=4), and GIL.6[P7] (n=5).

Information on patient age was available for 796
patients from 117 genotyped outbreaks. The
proportion of male patients was significantly higher
than female patients, with gender distributions
differing significantly among NoV strains (<0.05)
(Table 2). The median age of affected cases was 8
years. The proportion of patients <5 years of age was
higher for GII.4 Sydney (69.0%) and GIL.7[P7]
(65.2%), while GII.2[P16] and GII.3[P12] had higher
proportions in the 6-9 years group. GIL.17[P17] was
more likely to be observed in cases 10—18 years of age
(65.7%). The age distributions differed significantly
among NoV strains (P<0.05) (Table 2).

TABLE 1. Genotype distribution of norovirus (NoV) outbreaks from 2017 to 2024 according to setting.

No. outbreaks of norovirus

Setting Gll.2[P16] GII.3[P12] Gll.4 Sydney GIL.7[PT7] GIL.17[P17] Other genotypes
Kindergartens 19 9 14 2 0 17
Primary schools 22 6 3 3 3 31
Middle schools 4 0 2 0 1 7
Universities 1 0 0 0 0 1
Other 1 0 0 0 0 4
Total 47 15 19 5 4 60

TABLE 2. Genotype distribution of norovirus (NoV) outbreaks from 2017 to 2024 according to age and sex.

Patients linked to outbreaks of norovirus [n (%)]

Characteristics Total
Gll.2[P16] GII.3[P12] GIl.4 Sydney GIL.7[P7] GIl.17[P17] Other genotypes X P
Sex 12.65 <0.05
Male 462 (58.0) 199 (52.4) 45(69.2) 57 (67.9) 15 (65.2) 22 (62.8) 124 (59.1)
Female 334 (42.0) 181 (47.6) 20(30.8) 27 (32.1) 8 (34.8) 13 (37.1) 85 (40.9)
Age (year) 200.85 <0.05
0-5 231 (29.0) 99 (26.1) 24 (36.9) 58 (69.0) 15 (65.2) 0 35 (16.7)
6-9 264 (33.2) 140(36.8) 29 (44.6) 18 (21.4) 4(17.4) 10 (28.6) 63 (30.1)
10-18 180 (22.6) 95 (25) 12 (18.5) 4 (4.8) 4(17.4) 23 (65.7) 42 (20.1)
>19 121 (15.2) 46 (12.1) 0 4 (4.8) 0 2(5.7) 69 (33.1)
Total 796 (100.0) 380 (100.0) 65(100.0) 84 (100.0) 23(100.0) 35 (100.0) 209 (100.0)
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The Genome Analysis of the

Novel GIL.7[P7]

We analyzed 7 full VP1 genome sequences from this
study alongside reference sequences from GenBank to
generate time-scaled evolutionary trees for both VP1
and RdRp regions. Four distinct clusters of GIL7
strains were identified: GIL.7(1990-2003),
GII.7(2004-2009), GIIL.7(2008-2017), and
GIL.7(2015-2024). The GIL.7(2015-2024) cluster
contained two subclusters (SC): SC1 comprised two
strains from Paraguay (MW305562) and the United
Kingdom (MH218661) from the 2015/16 season,
while SC2 consisted of all seven GII.7[P7] strains from
our study, together with a Russian-2024 strain
(PQ100948) (Figure 2A). In the RdRp region, all
GIL.P7 RdRp sequences grouped within cluster IV,
which contained three sublineages (a—c). All 7
GIL.7[P7] strains from our study, along with the
Russian-2024 strain, formed sublineage 2 and were
closely related to strains from Paraguay and the United
Kingdom (sublineage 1) (Figure 2B).

DISCUSSION

In 2017, our laboratory joined the national
norovirus outbreak laboratory network (CaliciNet
China) and became one of the network laboratories in
China (8). This study identified two significant
seasonal peaks of norovirus outbreaks occurring in
March-April and November-December, consistent
with previous reports that norovirus outbreaks in the
northern hemisphere, including China, generally peak
from November to March of the following year (9).
Norovirus outbreaks in this study primarily affected
kindergartens and primary schools, with children
under 12 years of age emerging as the most susceptible
population, similar to findings from other regions of
China (8). In contrast, in Western countries such as
the United States and Norway, norovirus outbreaks
predominantly occur in long-term care facilities
(LTCF) and among people aged >65 years (10). These
inconsistencies may be attributed to significant
differences in the sensitivity and coverage of regional
surveillance systems across different countries.

Since 2012, GII.4 Sydney has been the predominant
norovirus genotype worldwide (3), existing as two
types: GIL.4 Sydney[P31] and GIL.4 Sydney[P16].
These two genotypes have consistently been the
predominant strains in both outbreaks and sporadic
cases of AGE in many countries. However, novel non-
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GIL.4 genotypes have been increasingly documented,
particularly GII.17[P17] in the winter season of 2014-
2015 and GIL2[P16] in 2016-2017, causing increased
NoV outbreaks in China and other countries (3-5). In
this study, while GII.4 Sydney[P16] only showed a
significant increase in the first half of 2024, 93.75% of
norovirus outbreaks in 2017 were caused by
GIL2[P16], peaking in April. This pattern was
consistent with the general trend observed throughout
Beijing (6). No norovirus outbreaks occurred from
January to September 2020 due to the implementation
of home-based online classes during the COVID-19
pandemic. Norovirus outbreaks increased sharply after
November 2020, with GIL2[P16] remaining the
predominant genotype, a finding also observed in
national surveillance data (9). Ao etal. analyzed the
transmission of GIL2[P16] norovirus during the
winter of 2016-2017 in China and found that it
originated in Guangdong in late 2016 before spreading
northward in 2017 (1), subsequently becoming the
dominant genotype in norovirus outbreaks across
China from 2016 to 2020 (9). According to Jin et al.,
GIL.3[P12]  primarily affected children, while
GII.17[P17] outbreaks tended to infect older children
and adults in China (8). These findings revealed that
the median age of susceptible individuals varied
depending on the norovirus genotype. GII.3[P12] was
the second most common genotype in our study, with
most strains detected in children under 9 years of age
from 2022 to 2024. Phylogenetic analysis shows the
evolution of GII.3[P12] norovirus in chronological
order, which may be attributed to antigenic drift of the
GIIL.3 VP1 protein and intergenic recombination (/2).
In this study, a non-GIL.4 genotype, GIL7[P7],
drew our attention as it became a predominant
genotype (26.3%), causing norovirus outbreaks during
the first half of 2024. GIL.7[P7] formed an
independent branch in the phylogenetic tree,
indicating that the GIL7[P7] strain in this study
represents a novel GIL.7 variant. The majority of
surveillance data has shown that the detection rate of
GIL7 typically ranges from <1% to 7% (13). In our
study, GIL7[P7]
observed in children under 5 years old. Previous data
from Australian norovirus outbreak monitoring
showed that the median age of GII.7[P7] patients was
39 years (range: 1-89 years). Recently, a metagenomic
study conducted in nine infants (aged 2 weeks to 12
months) from Mexico found that three infants were
infected by GIL7[P7] (74). These data suggest that
GIL.7[P7] affects individuals across a wide age range.

infections were predominantly
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FIGURE 2. Phylogenetic analysis based on RdRp (1,530 bp) and VP1 (1,623 bp) gene of GII.7[P7]. (A) Phylogenetic tree for
RdRp region; (B) Phylogenetic tree for Gll VP1 region.

Note: Norovirus strains detected in this study were marked with the following symbols: e.
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In conclusion, we analyzed the epidemiological and
genetic features of NoV outbreaks from January 2017
to June 2024 in Beijing. We observed significant
changes in the predominant genotypes over time:
GIL.2[P16] was predominant in both 2017 and 2020,
GIL.3[P12] in 2022, multiple genotypes in 2023, and a
novel GII.7[P7] wvariant in the first half of 2024.
Further work to assess the spread of these genotypes
and determine any differences in clinical severity or
impact should be prioritized alongside molecular
characterization as we approach the winter months.
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SUPPLEMENTARY MATERIAL

SUPPLEMENTARY TABLE S1. Primers used for amplification of the complete genomic fragment of GII.7[P7] in this study.

Primers Sequence (5'-3') Size (bp) Start Positions*
GIL.7[P7]-ORF1_1-F CTAACAAAGAAGAGGTTGGTG 49
GIL.7[P7]-ORF1_1-R GTGAAGATGATTTAGTGGACAG 1,29 1323
GII.7[P7]-ORF1_2-F GTGTAAAGACCTAGGGAACTAC 1094
GIL.7[P7]-ORF1_2-R CACACTCATTGAATTTCACAT 1154 2227
GII.7[P7]-ORF1_3-F TGACAAAAATGGCAATACCC 1952
GIL.7[P7]-ORF1_3-R AACTCTCCAGACTTATGAACTTG 1,200 3129
GII.7[P7]-ORF1_4-F GTCACTGGCTCAGACATCA 2877
GII.7[P7]-ORF1_4-R AACAAGCTCATCTTTAAGCG 1164 4021
GII.7[P7]-ORF1_5-F AGGAAGCAAAGAAGACAGTG 3781
GII.7[P7]-ORF1_5-R TTGATGACCATCTTGCTAACTTT 114 4899
GIL.7[P7]-ORF2_1-F GGCCTGATAAAACTGAAGGC 4541
GII.7[P7]-ORF2_1-R TGCTGTGTACATCATTTCCAC 1,259 5779
GII.7[P7]-ORF2_2-F AATTTCTTCCATTACAATCAGGG 5533
GII.7[P7]-ORF2_2-R CCCCAGCATTTATGAGTGAA 1164 6676

GII.7[P7]-ORF3-F CCAACACTTCTATCAAGAAGC 1,031 6417
GII.7[P7]-ORF3-R TCTTTTCACTAAATCTGTGACTCC 7424

* The start position in strain Arg4416 (accession No: MW305606).

Chinese Center for Disease Control and Prevention

CCDC Weekly /Vol. 7/ No. 23

S1



	 
	METHODS
	Source of Specimens
	Genotyping and Sequence Analysis

	RESULTS
	Epidemiological Distribution of NoV Outbreaks
	Genotype Distribution
	The Genome Analysis of the Novel GII.7[P7]

	DISCUSSION
	Conflicts of interest
	SUPPLEMENTARY MATERIAL
	REFERENCES

