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Abstract

The norovirus (NoV) genome is diverse. Therefore, this study explored the epidemiological characteristics and
genetic features of NoV in Ningxia Hui Autonomous Region, China, from 2011 to 2022 to clarify the genetic
diversity in this region. Stool samples were screened for NoV and then sequenced and genotyped. In total, 1,788 of
13,083 specimens were NoV -positive (13.67%); 204 (1.56%) and 1,584 (12.11%) cases were Gl and Gll, respectively.
Additionally, 559 were NoV infection with other viruses (4.27%), primarily with rotavirus (277/559, 49.55%). The NoV
incidence rate was the highest among children aged 0-2 years (18.09%, 1054/5,828) and lowest among adults
aged 45-64 years (110/1,495, 7.36%); it was also higher in the winter and spring than in the other seasons. GI.3[P3]
was the dominant Gl genotype. The dominant Gll genotype changed roughly every two years. In the Gl group,
Gll4 was the most common genotype (46.79%), followed by GlI.3 (21.34%), GlI.2 (12.34%), and GII.17 (9.77%). There
were three variants of Gll.4 Den Haag, Gll.4 New Orleans and Gll.4 Sydney identified in the detected Gll.4 strains,
with Gll.4 Sydney dominating. The Gll.4 (87.36%), GlI.3 (86.35%), and GlI.2 (72.92%) strains were primarily detected
in children, whereas it was the Gll.17 (52.63%) strain in adults. Overall, the NoV genotypes in the Ningxia Hui
Autonomous Region were diverse. Primarily, Gl groups were dominant, but this changed over time.
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Introduction

Globally, norovirus (NoV) is the leading cause of food-
borne illness after rotavirus [1], with a higher burden of
disease than other foodborne diseases (Hashemi, Salay-
ani, Afshari, Kafil, & Noori [2], Pires et al., [3]. Uneven
economic development has resulted in uneven global
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occur in healthcare facilities or nursing homes, exacer-
bating the condition of patients or causing death in frail
populations [6].

NoVs belong to the family Caliciviridae and are single-
stranded, positive-sense RNA viruses. The full genome
length is 7.5 kb, containing three open reading frames
(ORFs): ORF1 to 3 (Lucero, Matson, Ashkenazi, George,
& O’Ryan [7]), . Early studies divided NoV into 10 geno-
groups (GI-GX) based on the amino acid sequence of the
capsid (VP1) region, of which GI, GII, GVIII, and GIX
predominantly cause human infections. Among these,
GII is the most common in clinical surveillance studies
worldwide [8].

NoV is susceptible to mutation and recombination
in or near the overlapping regions of RNA-dependent
RNA polymerase (RdRp) and VP1; therefore, a dual-
typing classification system based on these two regions
has been recommended internationally since 2019 [8].
Using the new classification, the NoV VP1 region com-
prises 12 groups containing 48 identified genotypes, of
which 9 and 26 belong to the GI and GII groups, respec-
tively. Similarly, the RdRp region genes now comprise
10 groups containing 60 genotypes, of which 14 and 37
belong to the GI and GII groups, respectively. Although
many NoV types exist, GII and some GI groups are the
primary causes of acute gastroenteritis in humans (Ken-
dra, Tohma, & Parra [9]), . NoV vaccine development is
challenging owing to its diverse genome. Although some
vaccine candidates are being studied, none are ready for
clinical use (M. Zhang, Fu, & Hu [10]), . Understanding
the molecular epidemiology of the NoV genotypes is cru-
cial for vaccine development.

The incidence rate and case reports of infectious diar-
rhea in Ningxia region from 2011 to 2022 were as fol-
lows: 132.16/100,000 (8328 cases), 140.88/100,000 (9007
cases), 137.04/100,000 (8869 cases), 125.68/100,000
(8222 cases), 129.73/100,000 (129.73/100,000 cases),
136.67/100,000 (9128 cases), 149.25/100,000 (10,073
cases), 158.94/100,000 (10,836 cases), 118.15/100,000
(8,125 cases), 98.25/100,000 (6,825 cases), 88.13/100,000
(6,348 cases) and 65.17/100,000 (4,725 cases), Although
the incidence of infectious diarrhea has been decreasing
in Ningxia in recent years, it is still a public health prob-
lem affecting local residents. During the study period, by
monitoring infectious diarrhea and foodborne diseases
and studying the spectrum of viral diarrhea in Ningxia,
it was determined that norovirus emerged as the pri-
mary pathogen responsible for both sporadic cases and
outbreaks in Ningxia. The positive rate of norovirus was
found to be 18.73%, making it a significant contributor to
infectious diarrhea among infants and elderly individuals.
Subsequently, we started a series of investigations were
conducted to elucidate the epidemiology and genetic
evolution of norovirus.
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Therefore, in order to understand the infection status
of norovirus in the diarrheal population in Ningxia, this
study collected specimens and case information of diar-
rheal patients in the region from 2011 to 2022, perform-
ing nucleic acid detection and sequencing typing on fecal
specimens, with the aim of exploring the epidemiological
characteristics and genetic features of the virus, as well as
providing data reference for the prevention, control, and
vaccine research and development of NoV.

Materials and methods

Sample collection

In total, Ningxia Hui Autonomous Region has 15 com-
prehensive, sentinel hospitals for the active surveillance
of foodborne diseases. Fecal samples were collected from
patients of all ages with acute diarrhea, a defecation fre-
quency of 23 with changing shape (e.g., watery stool), or
vomiting (Wilber, Baker, Rebolledo, & McAdam [11]),
within 24 h after presentation to one of the sentinel
surveillance hospitals from January 2011 to December
2022. Clinical data and personal information were also
obtained for each patient. All patients provided informed
consent for fecal sample and data collection. All col-
lected specimens were immediately analyzed or frozen at
—80 °C until further use.

Sample processing and detection

Phosphate-buffered saline was added to 2 g of fecal speci-
men, followed by shaking in a vortex shaker for 15 min
to create a 10% fecal suspension, and then centrifugation
at 3000 rpm for 20 min. Next, 200 pL of the supernatant
was taken for viral RNA/DNA extraction via the mag-
netic bead method using a kit (Bioperfectus Technologies
Co., Ltd, Jiangsu, China). Then, the Norovirus GI/GII,
Rotavirus, Sapovirus, Astrovirus and Adenovirus Nucleic
Acid test kits from BioPerfectus technologies were used
to detect the respective viruses by real-time reverse-tran-
scription polymerase chain reaction (RT-PCR). Detection
and result interpretation were performed per the manu-
facturer’s instructions.

NoV genotypes analysis

NoV-positive samples with cycle threshold (Ct) value of
<30 were selected for viral gene fragment amplification,
including the ORF1/ORF2 overlap region, using one-step
RT-PCR with primers MON432/G1SKR for GI noro-
virus (579 bp) and MON431/G2SKR for GII norovirus
(570 bp) [12]. The optimized amplification procedure was
45 °C for 30 min, 94 °C for 1 min, followed by 40 cycles
of 94 °C for 30 s, 50 °C for 30 s, and 72 °C for 90 s, and a
final incubation at 72 °C for 10 min [13]. The PCR prod-
ucts were observed via 1.5% agarose gel electrophoresis,
and the successfully amplified positive products were
sent to Kuntairui (Wuhan) Bio Company for sequencing.
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Table 1 Norovirus positivity among patients with acute diarrhea in Ningxia Hui Autonomous Region, China, from 2011 to 2022

Year Cases NoV infection Total X P
Cases
Gl Gll NoV infection Positive Rates(%)
Cases
2011 690 22 81 103 14.92 79.929 <0.001
2012 866 25 89 114 13.16
2013 704 23 91 114 16.19
2014 725 20 104 124 171
2015 861 25 93 118 137
2016 1120 15 121 136 12.14
2017 1241 5 229 234 18.86
2018 1127 1 148 149 13.22
2019 1250 19 115 134 10.72
2020 1108 13 170 183 16.52
2021 1891 25 171 196 10.36
2022 1500 " 172 183 122
Total 13,083 204 1584 1788 13.67
NoV+AstV count data. Statistical significance was set at P-vales of
15.56% <0.05.
NoV+SaV Results
3.22%

4 viruses
1.25%

GI+GII
2.86%

Fig. 1 Co-infection patterns of acute diarrhea cases in Ningxia Hui Au-
tonomous Region from January 2011 to December 2022. AdV: Adenovirus;
AstV: Astrovirus; G: Genome; NoV: Norovirus; RV: Rotavirus; SaV: Sappovirus

The feedback sequences were spliced and edited with
Sequencher 4.1.4, the NoV typing website (http://www.
rivm.nl/mpf/NoV/typingtool), and the National Cen-
ter for Biotechnology Information website to identify
the genotypes [14]. Phylogenetic trees were constructed
using the neighbor-joining Mega-X software (Bootstrap
1000x).

Statistical analyses

The database was constructed using Excel 2010 (Micro-
soft Corp., Redmond, WA, USA) and statistically ana-
lyzed using SPSS version 22.0 (IBM Corp., Armonk, NY,
USA), using the chi -square test or Fisher’s exact test for

Epidemiological features of NoV

From 2011 to 2022, 13,083 fecal specimens were collected
from patients with acute diarrhea, of which 1,788 GI/GII
NoV-positive samples were identified (detection rate:
13.67%). The predominant group was GII (Table 1). The
NoV-positive detection rates significantly differed among
the years (P<0.001). NoV-positivity varied annually; the
highest positive detection rate was in 2017 (18.86%), and
the lowest rates were in 2021 (10.36%) and 2019 (10.72%).
During the other years, the prevalence was higher in
alternate years. Among the positive cases, 559 patients
were infected with NoV and another virus (4.27%), most
commonly with rotavirus (49.55%, 277/559), followed
by astrovirus (15.56%, 87/559) and adenovirus (14.13%,
79/559), as well as all three (13.42%, 75/559) (Fig. 1). The
detail of co-infection in norovirus and other diarrhea-
causing viruses (Including Adenovirus, Astrovirus, Rota-
virus and Sappovirus) is shown in Table 2 (differentiation
by year).

AdV: Adenovirus; AstV: Astrovirus; NoV: Norovirus;
RV: Rotavirus; SaV: Sappovirus; 3 viruses: Any three
of the above five viruses were detected; 4 viruses: Any
four of the above five viruses were detected.

Population distribution

Norovirus was detected in 14.01% (1,034/7,380) of males
and 13.22% (754/5,730) of females, but the detection rate
did not differ between the sexes (P=0.192). The NoV
detection rate was highest among children aged 0-2
years (1,054/5,828, 18.09%), followed by children aged
3-5 years (192/1,242, 15.46%) and adults aged>65 years
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Table 2 Positive detection of Norovirus in diarrhea cases in Ningxia from 2011to 2022, China
year Cases Cases of NoV infection

Gl Gll Co-infection

Gl+Gll NoV +RV NoV +SaV NoV +AstV NoV +AdV 3 viruses 4 viruses

2011 690 22 81 0 0 0 2 10 1 0
2012 866 25 89 0 4 0 5 10 4 0
2013 704 23 9 1 9 0 6 3 3 0
2014 725 20 104 0 10 0 5 7 5 0
2015 861 25 93 7 7 1 9 0 6 0
2016 1120 15 121 2 13 3 18 0 9 1
2017 1241 5 229 1 32 4 8 22 18 4
2018 1127 1 148 0 27 2 3 5 3 0
2019 1250 19 115 1 10 3 6 8 3 1
2020 1108 13 170 1 44 2 19 10 11 1
2021 1891 25 171 2 57 1 5 4 9 0
2022 1500 1 172 1 64 2 1 0 3 0
Total 13,083 204 1584 16 277 18 87 79 75 7

Table 3 Sex and age distributions of norovirus-induced acute diarrhea in Ningxia Hui Autonomous Region, China, from 2011 to 2022

Characteristic Groups Cases NoV infection Total X P
Cases
Gl Gll NoV infection Positive Rates(%)
Cases
Sex
Male 7380 m 923 1034 14.01 1.700 0.192
Female 5703 93 661 754 13.22
Age
0-2 5828 105 949 1054 18.09 215.904 <0.001
3-5 1242 28 164 192 15.46
6-12 900 8 72 80 9.67
13-24 894 9 77 86 9.34
25-44 1641 34 120 154 9.02
45-64 1495 1 99 110 7.36
>65 1083 9 103 112 1043
Total 13,083 204 1584 1788 13.67

(112/1,083, 10.43%). The NoV detection rate significantly
differed among the age groups (P<0.001) (Table 3).

Time distribution

Overall, the peak incidences of NoV-induced acute diar-
rhea were concentrated in March and April. However, in
2014, 2017, and 2018, the incidence rates peaked in June,
December, and October, respectively. June 2015, June
2017, and June 2020 also had high detection rates (Fig. 2).
The NoV detection rate significantly differed among the
seasons (P<0.001). GI detection was higher in March
and April than in other months, whereas GII detection
was higher from January to March than in other months.
Generally, the NoV detection rate was high during win-
ter (January and February) and spring (March and April),
with March having the highest detection rate (Table 4).

Regional distributions

Overall, the NoV detection rate significantly differed
among the regions of Ningxia Province (P<0.001).
Guyuan had the highest detection rate (18.66%), and Yin-
chuan had the lowest (10.33%) (Table 5).

Prevalence and evolution of NoV genotypes

Genetic sequencing of the RdRp-capsid region of the
NoV-positive samples resulted in 846 strains, including
68 GI strains and 778 GII strains. Moreover, 16 genotypes
each were identified in the RdRp and VP1 regions, all
predominantly as GII clusters (Fig. 3). The most common
GI genotypes were GL.3[P3] (26.47%), G1.6[P11] (23.53%),
and GI.3[P13] (20.59%), and the most common GII geno-
types were GIL.4[P16] (26.22%), GII.3[P12] (21.34%), and
GIL4[P31] (18.25%). In addition, GIL.6[P7], GIL4[P4],
GII.8[P8], GII.7[P7], and GII.13[P16] were detected only
in individual years. Two rare cases of the GII.22[P22] and
GIL.15[P15] genotypes were also monitored.



Ma et al. Virology Journal (2024) 21:232

mmmm Case of GI infection

Page 5 of 12

mmmm Case of GII infection

Case of non-NoV infection —e— Positive rate

Case (n)

Positive rate (%)

Time

Fig. 2 Temporal distribution of acute diarrhea cases in Ningxia Hui Autonomous Region from 2011 to 2022. The positive rate represents the number of

NoV-positive cases. G: Genome; NoV: Norovirus

Table 4 Seasonal distribution of norovirus-induced acute diarrhea in Ningxia Hui Autonomous Region, China, from 2011 to 2022

Season Month Cases NoV infection Total X2 P
Cases
Gl Gl NoV infection Positive rate(%)
Cases
Spring March 763 21 150 171 2241 45.200 <0.001
April 996 20 138 158 15.86
May 1403 24 178 202 14.40
Summer June 1673 31 247 278 16.62
July 1725 26 189 215 1246
August 1626 24 130 154 947
Autumn September 1081 12 100 112 10.36
October 1107 18 105 123 1.1
November 1051 19 13 132 12.56
Winter December 567 2 51 53 935
January 551 6 91 97 17.60
February 540 1 92 93 17.22
Total 13,083 204 1584 1788 13.67

The genotype distributions varied over time (Fig. 4).
GIL.4 Den Haag[P4] and GIL4 New Orleans[P4] were
dominant in 2011, replaced by GII.4 Sydney[P4] in 2012,
which disappeared in 2015 after a brief epidemic. Fur-
thermore, GIL.4 Sydney[P31] was prevalent from 2012,
increasing gradually after 2016, peaking in 2018, then
decreasing abruptly after 2021; this genotype was not
detected in 2022. GIL4 Sydney[P16] was occasionally
detected from 2017 to 2019 but significantly increased in

2020, becoming the dominant type in 2021 and peaking
in 2022. GIL.3[P12] was detected in all years except 2012,
with high prevalence in individual years. GII.17[P17]
became prevalent in 2013 and peaked in 2015, after
which its prevalence weakened but remained detect-
able until 2022. The genotypes in the GI group were all
detected in individual years; GI.3[P3] had a high detec-
tion rate in 2015, and GL6[P11] was the predominant
strain in the GI group, with small epidemics in 2015,
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Table 5 Regional distributions of norovirus-induced acute diarrhea in Ningxia Hui Autonomous Region, China, from 2011 to 2022

Region Cases NoV infection Total X P

Cases

Gl Gll NoV infection Positive rate(%)

Cases
Yinchuan 2566 27 238 265 10.33 66.723 <0.001
Shizuishan 2855 35 339 374 13.10
Wuzhong 2451 67 298 365 14.89
Guyuan 1790 20 314 334 18.66
Zhongwei 3421 55 395 450 13.15
Total 13,083 204 1584 1788 13.67
(1) GI
GL1[P1]
’ - 2.94%
(5;1:.:;:2 l b:lzil_’:l I (;:.;[;lm
RdRp genotypes RdRp-Capsid genotypes
A C
(2) Gl GIX[PIS]
GILPIS ?I;,I;: S GlLA[P4] ~026% “"|I{;a|5|b|
GILPT 1.03% 3 D’/ o
5.91% GILP8 GIL17[P17] GIL8[P8]
129% { 9.77% 129% _ Guaen

RdRp genotypes
D

Capsid genotypes

/ 026%
GIL6[P]
| 5.66%

RdRp-Capsid genotypes

E F

Fig. 3 Norovirus genotype distributions in Ningxia Hui Autonomous Region from 2011 to 2022. (1) GI: (A) RdRp, (B) Capsid, and (C) RdRp-Capsid geno-
types. (2) GlI: (D) RdRp, (E) Capsid, and (F) RdRp-Capsid genotypes. G: Genome; RdRp: Polymerase

2016, 2021, and 2022. Other GI strains were occasionally
detected during this period.

The top four NoV types were GII.4, GIIL.3, GII.2, and
GIL.17. GIL4, GII.3, and GIL.2 were the most prevalent in
children aged 0-5 years, whereas GII.17 was most preva-
lent in adults aged 18—64 years (Fig. 5).

Phylogenetic analyses

Phylogenetic analyses of partial gene sequences in the
RdRp and VP1 regions of GI and GII NoVs showed that
all prevalent genotypes clustered with their prototype
and representative strains. Furthermore, the distribu-
tion of homotypic strains detected in different years
was relatively concentrated. Based on the partial RdRp
region, both GL.P3 and GIL.P4 strains in GI group formed

two major evolutionary branches (Fig. 6A). In GII group,
With the exception of GIL.P15 and GIL.P22 strains, all the
other strains formed multiple evolutionary branches dur-
ing the evolutionary process, forming relatively indepen-
dent evolutionary branches although in general there was
a high homology with their respective reference strains
(Fig. 6C).

Based on the partial VP1 region, GL.3 was divided into
four lineages, with three major evolutionary branches
based on the time periods: 2012, 2015, and 2019-2020.
GL6 strains are divided into two major evolutionary
branches (2015-2016 and 2021-2022) (Fig. 6B). In addi-
tion, during the monitoring period, the distribution
of detected GIL.3 strains was more concentrated, with
a high homology between strains. GIL6 strains were
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Fig. 4 Norovirus genotype distributions in Ningxia Hui Autonomous Region per year from 2011 to 2022. G: Genome

divided into major evolutionary branches, where strains
located in the same evolutionary branch all have a large
time span. GIL.4 strains are also divided into two major
evolutionary branches in the evolutionary tree (2011-
2020, 2017-2022), and most of the strains of this type
are located in the evolutionary sub-branch of 2017-2022,
which has a small time span. Additionally, there are indi-
vidual strains that form a separate evolutionary branch
(Fig. 6D).

Discussion

In recent years, NoV clusters and outbreaks have
increased, becoming a serious public health issue owing
to the increased disease burden. However, the preva-
lence of sporadic cases and subsequent disease burden
might be neglected. One study reported a 16% increase
in the overall prevalence of sporadic NoV cases glob-
ally in 2019 compared to that in 2014 [15]. In China, the
sporadic NoV detection rate was 16.68% [16], but the
prevalence varied across regions, with the highest rates
in Zhejiang Province in eastern China (22.05%) and
Guangdong Province in southern China (26.08%) [16].
In this study, the overall NoV detection rate was 13.67%,
of which 1.56% and 12.11% were in groups GI and GII,
respectively. Thus, the prevalence of NoV in Ningxia
Hui Autonomous Region is at a medium level. Ningxia
Hui Autonomous Region is in western China and has a

relatively backward economy, emphasizing the relation-
ships between NoV prevalence and economic develop-
ment and population density.

This study included all ages. Children aged 0-2 years
had the highest overall positive detection rate (18.09%,
1,054/5,828), which significantly decreased after age
2 years. The overall detection rate in the 0-5-year-old
group was 17.62% (1,246/7,070), similar to the global
prevalence of NoV in patients under age 5 years (17.7%)
[17]. The 45—64-year-old group had the lowest infection
rate overall.

Over the 12 years of surveillance, NoV infections
peaked in 2017, followed by a small peak in 2020, gener-
ally showing a pattern of peak incidence every two years.
The prevalence of NoV in Ningxia Hui Autonomous
Region was the lowest in all years in 2021, when Ningxia
was under the most stringent preventive and control
measures for the coronavirus disease 2019 pandemic.

This study also explored mixed infections, finding
that GI NoVs frequently co-infected with GII, whereas
co-infections with other gastroenteritis viruses were
rare. Co-infection with GI and GII groups is more often
reported in foodborne transmission. Mixed infections
with rotavirus and astrovirus were the most common
in the GII group, contrary to other regional studies that
reported more GII NoV co-infections with rotavirus
and adenovirus [18]; S.-X. Zhang, Yang, et al., [19]; S.-X.
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Fig. 5 Age distributions of the top four genotypes in the capsid region of noroviruses identified in Ningxia Hui Autonomous Region from 2011 to 2022:

(A) GlI.2, (B) GlI.3, (C) Gll4, and (D) GlI.17. G: Genome

Zhang, Zhou, et al., [20]. Mixed rotavirus and NoV infec-
tions have also been reported in India, Bangladesh, and
Pakistan [18]; Chaurasia, Srivastava, & Kumar Singh
[21], Dey et al,, [22, 23]. As the detection techniques have
improved, more viral co-infections have been identified
in the gut, leading to a growing understanding of the
prevalence of co-infections of gastroenteritis virus. How-
ever, the mechanisms underlying viral co-infections have
not been carefully investigated. Recent research suggests
that viral-viral interactions are synergistically pathogenic
and may play an important role in developing host-viral
group homeostatic relationships and the immune system
(Makimaa, Ingle, & Baldridge [24]), . This area of research
should be investigated further.

NoV-induced acute diarrhea occurs mainly in winter.
Therefore, it was first known as winter vomiting [25], and

studies have confirmed that NoVs are usually detected
during the colder seasons (Kreidieh, Charide, Dbaibo,
& Melhem [26], Li et al., [27]. In this study, NoV infec-
tions were detected throughout the year, but the seasons
of prevalence differed between the GI and GII groups.
The GII group was predominant in winter and spring,
with a distinct seasonal pattern, whereas the GI group
was predominant in the alternating months of spring,
summer, and autumn. In addition, although the months
with a high incidence of NoV-induced acute diarrhea
varied slightly each year, in general, the high-incidence
seasons in this region were winter and spring, consis-
tent with incidence rates in other regions (Ahmed, Lop-
man, & Levy [28], Qin et al., [29]. However, some studies
have reported NoV epidemic seasons in some regions of
China during the autumn and winter [30, 31], perhaps
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C D

Fig. 6 Neighbor-Joining phylogenetic trees of partial norovirus strains identified in Ningxia Hui Autonomous Region, China. (A, B) Partial RdRp (265 bp)
and VP1 (291 bp) region of Gl. (C, D) Partial RdRp (262 bp) and VP1 (300 bp) region of GlI. Symbols indicate reference strains for the respective genotypes.
Bootstrap support values > 70 (1,000 replicates) are shown next to the branches. G: Genome; RdRp: Polymerase; VP1: Capsid
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owing to local variations in rainfall, relative humidity, and
temperature.

The GI and GII distributions also differed throughout
the region. Wuzhong and Zhongwei had a high preva-
lence of GI infection, whereas Guyuan had a high prev-
alence of GII infection. However, Yinchuan, the most
densely populated city in Ningxia Hui Autonomous
Region, had the lowest positivity rate for both groups.
Ningxia Guyuan, located south of Ningxia, is the inter-
section of the provincial capitals Xi’ an, Lanzhou, and
Yinchuan. In addition, the climate is cooler, and there is
more rain, which may explain the high positivity rate in
Guyuan.

The genotypes of NoV worldwide is diverse. Over the
12-year study period in Ningxia, 32 genotypes were
detected, including 16 RdRp and 16 VP1 genotypes.
Moreover, two to four genotypes were detected annu-
ally. In GI-positive samples, GI.3, G1.6, and GI.5 were the
common genotypes, with GI.3 accounting for 52%. Glob-
ally, these genotypes are common in children [17] but are
rare in adults. This study also found the same genotypes
in several adolescents and adults.

The genetic diversity was greater in the GII than in the
GI group. Among the GII group, GII.4 was the dominant
genotype, followed by GIL3, GIL.2, and GII.17, which
peaked in 2015 and has been prevalent in Ningxia Hui
Autonomous Region since its emergence in 2013. More-
over, in adults, GII.17 was detected more frequently
than other types, such as GIL.4 and GII.3. Other studies
have also reported significantly higher GII.17 detection
rates in adults than in children [32, 33], which could be
related to the time of the GII.4 epidemic, where adults
had immunity against the GIL.4 strain but less against the
novel GII.17 strain. Moreover, children have low immu-
nity, making them more susceptible to GIL4, which is
more contagious than GII.17 [34].

The most dominant genotype in the RdRp region
was GILP16, followed by GILP12 and GILP31. GILP16
appeared in 2015, accounting for only a small percentage
of cases in Ningxia Hui Autonomous Region, but sud-
denly increased in 2017. Notably, the NoV prevalence
peaked in Ningxia Hui Autonomous Region in 2016,
which might be related to the prevalence of GIL.P16. GII.
P16 and GILP12 are the viruses with the highest evolu-
tionary rate among the 25 RdRp genotypes, and viruses
recombined with the new GILP16 may enhance viral
adaptability [35].

GIL4[P16], GIL4[P31], GIL2[P16], GIL3[P12], and
GIL.6[P7] are the five most common dual fractional geno-
types worldwide [9]. The most predominant genotype
in Ningxia Hui Autonomous Region was GIL4[P16],
followed by GIL.3[P12], GIL4[P31], and GII.2[P16],
largely consistent with global and Chinese prevalence
trends. However, in Ningxia Hui Autonomous Region,
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GII.3[P12] was the dominant genotype after GIL.4[P16],
slightly differing from the dominant genotypes in other
regions [9]; Zhou, Wang, von Seidlein, & Wang [36]), .

This study also foundthat the predominant genotypes
changed over the 12-year study period. For instance, two
GII.4 variants were identified in 2011, GIL.4 Den Haag
and GIL4 New Orleans, both of which combined with
GII.P4 and were replaced by the GIL4 Sydney[P31] or
GIIL.4 Sydney[P16] in 2012, and replaced the GIL.4[P4]
strain as the new predominantly prevalent GIL4 strain.
Moreover, GIL.4 Sydney[P31] was detected during the
study period, surpassing the other genotypes as the
new dominant strain in 2018, which lasted until 2020;
it decreased rapidly after 2021 and was not detected in
2022. GIL.4 Sydney[P16] emerged in 2017 and increased
gradually in 2020, becoming the predominant strain in
2021 and 2022.

In addition, GIL.3[P12] appeared in 2011 with stable
and sustainable transmission and was never replaced, nor
did it disappear. Although it was not the most prevalent
genotype each year, the number of detections during the
monitoring period was second only to that of GIL.4[P16],
the second most prevalent genotype in Ningxia Hui
Autonomous Region. In 2017, GIL.2[P16] was the pre-
dominant type, decreasing yet persisting from 2018 until
2020, when the number of GII.2[P16] cases significantly
decreased in the domestic reports. In this study, the
dominant genotype in Ningxia Hui Autonomous Region
changed over time, from GIL.4 Sydney[P31] to GIL4
Sydney[P16]. In other places, the dominant type changed
from GIL4 Sydney[P31] to GIL.2[P16]. These results sug-
gest that new genotypes are the most likely to cause wide-
spread epidemics. Furthermore, new genotypes emerged
every few years, replacing the previously dominant gen-
otype, primarily due to recombination. Therefore, this
study also monitored several recombinant genotypes in
addition to the major genotypes, including GIL.6[P7] and
GIL.13[P16]. Several rare strains were also detected, such
as GIL.22[P22] and GIX.1[P15].

Based on the evolutionary analyses of RdRp and VP1
regions, it was found that many common strains in this
region had high affinities with the representative strains
of the same type, but formed relatively independent evo-
lutionary branches, with certain temporal distributions,
which suggested that there was a trend of small-scale
epidemics in Ningxia during the detection period. In
addition, GIL4 strains have a more complex composi-
tion in the evolutionary tree, and most of the strains are
in different small branches under the same main branch,
which indicated that they will be more easy and fre-
quently to mutation, and we should pay attention to the
mutation situation of this group of strains.

Limitations of this study: This study was based on
sequencing of the norovirus genome segment (the
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overlap of the polymerase region (RdRp) and capsid
region (VP1) sequences). Although the genetic informa-
tion of norovirus genome is limited so that they do not
support further in-depth study, the current data still show
that there are more genotypes and rich genetic diversity
of norovirus in this region. Therefore, we will increase
the monitoring and collection of norovirus in Ningxia in
the future, and comprehensively understand the genetic
evolution characteristics of norovirus in Ningxia through
whole genome sequencing and other means. To provide
scientific basis for vaccine research and development and
disease prevention and control.

In conclusion, surveillance data from 2011 to 2022
highlights the diversity of NoVs prevalent in Ningxia
Hui Autonomous Region, China. The dominant geno-
types were consistent domestically and internationally
but were constantly replaced over time, which is a chal-
lenge for vaccine development37. Therefore, strengthen-
ing molecular surveillance is particularly important for
future vaccine design.

Author contributions

Investigation: Jiangtao Ma, Qian Chen, Fang Yuan, Min Cao, Cong Yang,
Jiangwei Gao, Ran Xian and Lei Gao. Resources: Jiangtao Ma, Jiangwei Gao
and Cong Yang. Writing-review and editing: Jiangtao Ma and Ming Tan.
Project administration: Jiangtao Ma and Wenhe Kuai. Writing-original draft:
Jiangtao Ma. Funding acquisition: Jiangtao Ma, Jiangwei Gao and Cong Yang.
Supervision: Jiangtao Ma, Ming Tan, and Wenhe Kuai. Conceptualization: Qian
Chen. Formal analysis: Qian Chen, Fang Yuan, Min Cao, Cong Yang, Jiangwei
Gao, Ran Xian and Lei Gao. Visualization: Qian Chen and Ran Xian. All authors
reviewed the manuscript.

Funding

This study was funded by the National Natural Science Foundation of China
(grant number: 81960607) and the Natural Science Foundation of Ningxia Hui
Autonomous Region, China (Project Nos. 2022AAC03708 and 2023AAC02075).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Viral diarrhea caused by NoV in China has been a public surveillance program
so that we don't need to get an ethical approval.

Competing interests
The authors declare no competing interests.

Received: 3 April 2024 / Accepted: 9 September 2024
Published online: 27 September 2024

References

1. LeeH,YoonY. Etiological Agents Implicated in Foodborne Iliness World wide.
Food Sci Anim Resour. 2021;41(1):1-7. https://doi.org/10.5851/kosfa.2020.
e7/5.

2. Hashemi M, Salayani M, Afshari A, Kafil HS, Noori SMA. The global burden
of viral food-borne diseases: a systematic review. Curr Pharm Biotechnol.
2023;24(13):1657-72. https://doi.org/10.2174/1389201024666230221110313.

3. Pires SM, Desta BN, Mughini-Gras L, Mmbaga BT, Fayemi O, Salvador EM,
Devleesschauwer B. Burden of foodborne diseases: think global, act local.
Curr Opin Food Sci. 2021;39:152-9. https://doi.org/10.1016/j.cofs.2021.01.006.

20.

21.

22.

23.

Page 11 of 12

Ogunsakin RE, Ebenezer O, Ginindza TG. A bibliometric analysis of the litera-
ture on Norovirus Disease from 1991-2021. Int J Environ Res Public Health.
2022;19(5). https://doi.org/10.3390/ijerph 19052508.

Omore R, Powell H, Sow SO, Jahangir Hossain M, Ogwel B, Doh S, Kotloff

KL. Norovirus Disease among children <5 years in 3 sub-saharan African
countries: findings from the Vaccine Impact on Diarrhea in Africa (VIDA)
Study, 2015-2018. Clin Infect Dis. 2023;76(76 Suppl1):5114-22. https:.//doi.
0rg/10.1093/cid/ciac967.

Kambhampati AK, Calderwood L, Wikswo ME, Barclay L, Mattison CP,
Balachandran N, Mirza SA. Spatiotemporal trends in Norovirus outbreaks in
the United States, 2009-2019. Clin Infect Dis. 2023;76(4):667-73. https://doi.
0rg/10.1093/cid/ciac627.

Lucero 'Y, Matson DO, Ashkenazi S, George S, O'Ryan M. Norovirus: facts and
reflections from past, Present, and Future. Viruses. 2021;13(12). https://doi.
0rg/10.3390/v13122399.

Chhabra P, de Graaf M, Parra G, Chan MC-W, Green K, Martella V, Vinjé J.
Updated classification of norovirus genogroups and genotypes. J Gen Virol.
2019;100(10):1393-406. https://doi.org/10.1099/jgv.0.001318.

Kendra JA, Tohma K, Parra Gl. Global and regional circulation trends of
norovirus genotypes and recombinants, 1995-2019: a comprehensive review
of sequences from public databases. Rev Med Virol. 2022;32(5):e2354. https://
doi.org/10.1002/rmv.2354.

Zhang M, Fu M, Hu Q. Advances in human Norovirus Vaccine Research. Vac-
cines (Basel). 2021;9(7). https://doi.org/10.3390/vaccines9070732.

Wilber E, Baker JM, Rebolledo PA, McAdam AJ. Clinical implications of Mul-
tiplex Pathogen panels for the diagnosis of Acute viral gastroenteritis. J Clin
Microbiol. 2021;59(8). https://doi.org/10.1128/jcm.01513-19.

Vinje J. Advances in laboratory methods for detection and typing of
norovirus. J Clin Microbiol. 2015;53(2):373-81. https://doi.org/10.1128/
JCM.01535-14.

Matsushima Y, Mizukoshi F, Sakon N, Doan YH, Ueki Y, Ogawa Y, Kimura H. Evo-
lutionary analysis of the VP1 and RNA-Dependent RNA polymerase regions
of human norovirus GILP17-GlI.17 in 2013-2017. Front Microbiol. 2019;10.
https://doi.org/10.3389/fmicb.2019.02189.

Chhabra P, Browne H, Huynh T, Diez-Valcarce M, Barclay L, Kosek MN, Vinje J.
Single-step RT-PCR assay for dual genotyping of Gl and Gll norovirus strains. J
Clin Virol. 2021;134:104689. https://doi.org/10.1016/j.,jcv.2020.104689.

Liao Y, Hong X, Wu A, Jiang Y, Liang Y, Gao J, Kou X. Global prevalence of
norovirus in cases of acute gastroenteritis from 1997 to 2021: an updated
systematic review and meta-analysis. Microb Pathog. 2021;161(Pt A):105259.
https://doi.org/10.1016/j.micpath.2021.105259.

WeiN, Ge J,Tan C, Song Y, Wang S, Bao M, Li J. Epidemiology and evolution of
Norovirus in China. Hum Vaccin Immunother. 2021;17(11):4553-66. https://
doi.org/10.1080/21645515.2021.1961465.

Cannon JL, Bonifacio J, Bucardo F, Buesa J, Bruggink L, Chan MC-W, Vinjé

J. Global trends in Norovirus genotype distribution among children with
Acute Gastroenteritis. Emerg Infect Dis. 2021,27(5):1438-45. https://doi.
0rg/10.3201/eid2705.204756.

Arowolo KO, Ayolabi CI, Adeleye IA, Lapinski BA, Santos JS, Raboni SM.
Genetic diversity of Norovirus in Children with Acute Gastroenteritis in
Southwest Nigeria, 2015-2017. Viruses. 2023;15(3). https://doi.org/10.3390/
v15030644.

Zhang S-X, Yang C-L, GuW-P, Ai L, Serrano E, Yang P, Zhou X-N. Case—control
study of diarrheal disease etiology in individuals over 5 years in southwest
China. Gut Pathogens. 2016;8(1). https://doi.org/10.1186/513099-016-0141-1.
Zhang S-X, Zhou Y-M, Xu W, Tian L-G, Chen J-X, Chen S-H, Zhou X-N. Impact
of co-infections with enteric pathogens on children suffering from acute
diarrhea in southwest China. Infect Dis Poverty. 2016;5(1). https://doi.
0rg/10.1186/540249-016-0157-2.

Chaurasia H, Srivastava S, Kumar Singh J. Does seasonal variation affect
diarrhoea prevalence among children in India? An analysis based on spatial
regression models. Child Youth Serv Rev. 2020;118. https://doi.org/10.1016/j.
childyouth.2020.105453.

Dey SK, Sharif N, Billah B, Siddique TTI, Islam T, Parvez AK, Ushijima H. Molecu-
lar epidemiology and genetic diversity of norovirus infection in children with
acute gastroenteritis in Bangladesh, 2014-2019. J Med Virol. 2021,93(6):3564-
71. https://doi.org/10.1002/jmv.26772.

Satter SM, Abdullah Z, Cardemil CV, Flora MS, Gurley ES, Rahman M, Parashar
UD. Hospital-based Surveillance for Pediatric Norovirus Gastroenteritis in
Bangladesh, 2012-2016. Pediatr Infect Disease J. 2020;40(3):215-9. https://
doi.org/10.1097/inf.0000000000002989.


https://doi.org/10.5851/kosfa.2020.e75
https://doi.org/10.5851/kosfa.2020.e75
https://doi.org/10.2174/1389201024666230221110313
https://doi.org/10.1016/j.cofs.2021.01.006
https://doi.org/10.3390/ijerph19052508
https://doi.org/10.1093/cid/ciac967
https://doi.org/10.1093/cid/ciac967
https://doi.org/10.1093/cid/ciac627
https://doi.org/10.1093/cid/ciac627
https://doi.org/10.3390/v13122399
https://doi.org/10.3390/v13122399
https://doi.org/10.1099/jgv.0.001318
https://doi.org/10.1002/rmv.2354
https://doi.org/10.1002/rmv.2354
https://doi.org/10.3390/vaccines9070732
https://doi.org/10.1128/jcm.01513-19
https://doi.org/10.1128/JCM.01535-14
https://doi.org/10.1128/JCM.01535-14
https://doi.org/10.3389/fmicb.2019.02189
https://doi.org/10.1016/j.jcv.2020.104689
https://doi.org/10.1016/j.micpath.2021.105259
https://doi.org/10.1080/21645515.2021.1961465
https://doi.org/10.1080/21645515.2021.1961465
https://doi.org/10.3201/eid2705.204756
https://doi.org/10.3201/eid2705.204756
https://doi.org/10.3390/v15030644
https://doi.org/10.3390/v15030644
https://doi.org/10.1186/s13099-016-0141-1
https://doi.org/10.1186/s40249-016-0157-2
https://doi.org/10.1186/s40249-016-0157-2
https://doi.org/10.1016/j.childyouth.2020.105453
https://doi.org/10.1016/j.childyouth.2020.105453
https://doi.org/10.1002/jmv.26772
https://doi.org/10.1097/inf.0000000000002989
https://doi.org/10.1097/inf.0000000000002989

Ma et al. Virology Journal

24,
25.

26.

27.

28.

29.

30.

31.

(2024) 21:232

Makimaa H, Ingle H, Baldridge MT. Enteric viral co-infections: Pathogenesis
and Perspective. Viruses. 2020;12(8). https://doi.org/10.3390/v12080904.
Adler JL, Zickl R. Winter vomiting disease. J Infect Dis. 1969;119(6):668-73.
https://doi.org/10.1093/infdis/119.6.668.

Kreidieh K, Charide R, Dbaibo G, Melhem NM. The epidemiology of Norovirus
in the Middle East and North Africa (MENA) region: a systematic review. Virol
J.2017;14(1). https://doi.org/10.1186/512985-017-0877-3.

LiT-T, Xu Q, Liu M-C, Wang T, Che T-L, Teng A-Y, Fang L-Q. Prevalence and
Etiological Characteristics of Norovirus Infection in China: a systematic review
and Meta-analysis. Viruses. 2023;15(6). https://doi.org/10.3390/v15061336.
Ahmed SM, Lopman BA, Levy K. A systematic review and meta-analysis of
the global seasonality of norovirus. PLoS ONE. 2013,8(10):e75922. https://doi.
0rg/10.1371/journal.pone.0075922.

Qin S-W, ChanT-C, Cai J, Zhao N, Miao Z-P, Chen Y-J, Liu S-L. Genotypic and
Epidemiological Trends of Acute Gastroenteritis Associated with noroviruses
in China from 2006 to 2016. Int J Environ Res Public Health. 2017;14(11).
https://doi.org/10.3390/ijerph14111341.

FangY,Dong Z, Liu'Y, Wang W, Hou M, Wu J, Zhao Y. Molecular epidemiol-
ogy and genetic diversity of norovirus among hospitalized children with
acute gastroenteritis in Tianjin, China, 2018-2020. BMC Infect Dis. 2021,21(1).
https://doi.org/10.1186/512879-021-06375-2.

LuL, Zhong H, Xu M, Su L, Cao L, Jia R, Xu J. Genetic diversity and epidemiol-
ogy of Genogroup Il noroviruses in children with acute sporadic gastroenteri-
tis in Shanghai, China, 2012-2017. BMC Infect Dis. 2019;19(1):736. https://doi.
0rg/10.1186/512879-019-4360-1.

32

33.

34.

35.

36.

37.

Page 12 of 12

Chan MCW, Lee N, Hung T-N, Kwok K, Cheung K, Tin EKY, Chan PKS. Rapid
emergence and predominance of a broadly recognizing and fast-evolving
norovirus GIl.17 variant in late 2014. Nat Commun. 2015;6(1). https://doi.
0rg/10.1038/ncomms10061.

Chen C, Yan JB, Wang HL, Li P, Li KF, Wu B, Zhang H. Molecular epidemiol-
ogy and spatiotemporal dynamics of norovirus associated with sporadic
acute gastroenteritis during 2013-2017, Zhoushan Islands, China. PLoS ONE.
2018;13(7):0200911. https://doi.org/10.1371/journal.pone.0200911.

Honjo S, Kuronuma K, Fujiya Y, Nakae M, Ukae S, Nihira H, Tsugawa T.
Genotypes and transmission routes of noroviruses causing sporadic acute
gastroenteritis among adults and children, Japan, 2015-2019. Infect Genet
Evol. 2022;104. https://doi.org/10.1016/j.meegid.2022.105348.

Barclay L, Cannon JL, Wikswo ME, Phillips AR, Browne H, Montmayeur AM,
Vinjé J. Emerging Novel GIL.P16 Noroviruses Associated with multiple capsid
genotypes. Viruses. 2019;11(6). https://doi.org/10.3390/v11060535.

Zhou H, Wang S, von Seidlein L, Wang X. The epidemiology of norovirus
gastroenteritis in China: disease burden and distribution of genotypes. Front
Med. 2019;14(1):1-7. https://doi.org/10.1007/511684-019-0733-5.

Tan M. Norovirus vaccines: current Clinical Development and challenges.
Pathogens. 2021;10(12). https://doi.org/10.3390/pathogens10121641.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.3390/v12080904
https://doi.org/10.1093/infdis/119.6.668
https://doi.org/10.1186/s12985-017-0877-3
https://doi.org/10.3390/v15061336
https://doi.org/10.1371/journal.pone.0075922
https://doi.org/10.1371/journal.pone.0075922
https://doi.org/10.3390/ijerph14111341
https://doi.org/10.1186/s12879-021-06375-2
https://doi.org/10.1186/s12879-019-4360-1
https://doi.org/10.1186/s12879-019-4360-1
https://doi.org/10.1038/ncomms10061
https://doi.org/10.1038/ncomms10061
https://doi.org/10.1371/journal.pone.0200911
https://doi.org/10.1016/j.meegid.2022.105348
https://doi.org/10.3390/v11060535
https://doi.org/10.1007/s11684-019-0733-5
https://doi.org/10.3390/pathogens10121641

	﻿Prevalence and genotype distribution of norovirus in Ningxia Hui Autonomous Region, China, from 2011 to 2022
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Sample collection
	﻿Sample processing and detection
	﻿NoV genotypes analysis
	﻿Statistical analyses

	﻿Results
	﻿Epidemiological features of NoV
	﻿Population distribution
	﻿Time distribution
	﻿Regional distributions
	﻿Prevalence and evolution of NoV genotypes
	﻿Phylogenetic analyses

	﻿Discussion
	﻿References


