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Abstract

Since 2014, novel non-GIIL.4 norovirus (NoV) genotypes continue to be reported as the main cause of outbreaks worldwide.
In this study, we analyzed the epidemiological and genetic features of NoV outbreaks from July 2014 to June 2018 in Huzhou,
China. A total of 450 stool samples collected from 51 AGE outbreaks were tested for NoVs by real-time RT PCR. Partial
polymerase and capsid sequences of NoV-positive samples were amplified and sequenced for phylogenetic analysis. NoV's
were found to be responsible of 84.3% of AGE outbreaks in Huzhou over the past 5 years. Most NoV outbreaks were reported
in the cool months (November-March) and occurred in primary schools and kindergartens. Changes in the diversity of geno-
types and the distribution of predominant types were observed in recent years. At least eight genotypes were identified, and
91.9% of the genotyped outbreaks were caused by non-GII.4 strains. The top three circulating genotypes during the study
period were GIL.2[P16], GIL.3[P12], and GII.17[P17]. The predominant NoV genotypes in outbreaks have changed from
GII.4 variants to GII.17[P17] in 2014-2015, GII.3[P12] in 2015-2016, and then GII.2[P16] in 2016-2018. Non-GII.4 NoVs
play an increasingly important role in outbreaks in Huzhou. Continuous surveillance is needed to monitor the emergence of

novel NoV strains and help control NoV outbreaks in the next epidemic season.

Introduction

Noroviruses (NoVs) are now recognized as the leading cause
of viral acute gastroenteritis (AGE) in people of all ages
worldwide. Globally, NoVs are estimated to be associated
with 50% of all-cause AGE outbreaks and 18% of sporadic
cases of AGE [1, 2]. Due to their low infectious dose, pro-
longed asymptomatic shedding, environmental stability and
substantial strain diversity, NoVs are highly infectious and
can be easily transmitted from person to person [1]. Out-
breaks often occur in semi-closed settings, such as cruise
ships, health care settings and schools, that favor person-to-
person spread [3].

As a member of the family Caliciviridae, NoV pos-
sesses a single-stranded positive-sense RNA genome of
7.7 kb divided into three open reading frames (ORFs) [4].
ORF]1 encodes a large polyprotein that is post-translationally
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cleaved into seven nonstructural proteins, including RNA-
dependent RNA polymerase (RdRp). ORF2 and ORF3
encode the major capsid protein VP1and minor capsid pro-
tein VP2, respectively [5]. Based on their complete VP1
amino acid sequences, NoVs can be classified genetically
into ten different genogroups (GI to GX), but only GI, GII,
GIV, GVIII, and GIX (formerly GII.15) are known to infect
humans [6-8]. GI and GII NoVs are responsible for the
majority of disease in humans, whereas GIV viruses are
rarely detected. Each genogroup can be subclassified into
genotypes. To date, viruses in these ten genogroups can be
further divided into 49 confirmed capsid genotypes (9 GI,
27 GII, 3 GIII, 2 GIV, 2 GV, 2 GVI and 1 genotype each
for GVII, GVIII, GIX and GX) based on amino acids of the
complete VP1 and 60 confirmed P-types (14 GI, 37 GII, 2
GIII, 1 GIV, 2 GV, 2 GVI, 1 GVII and 1 GX) based on par-
tial nucleotide sequences of the RdRp regions [8].

Despite the extensive genetic diversity among NoVs,
GII.4 has been the most common genotype that is respon-
sible for the majority of NoV outbreaks and sporadic cases
worldwide in the past two decades worldwide [9]. Novel
pandemic GII.4 variants have emerged every 2 to 3 years
since the mid-1990s, including GII.4 US95/96, Farmington
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Hills 2002, Hunter 2004, Den Haag 2006, New Orleans
2009, and Sydney 2012.

However, novel non-GII.4 NoV genotypes continue to
be reported as the main cause of outbreaks over GIL.4 since
2014. In winter 2014-2015, a new GII.17 variant named
“Kawasaki” emerged and became the major cause of AGE
outbreaks in several countries of Asia [10]. During the 2016-
2017 winter season, the uncommon recombinant NoV geno-
type GIL.2[P16] caused a rapid increase of NoV outbreaks
in different countries worldwide [11-14]. This was another
event in which non-GII.4 NoV might have become the pre-
dominant genotype.

Huzhou is a city in the north of Zhejiang Province, China.
It has two districts and three counties, with a total population
of 3 million. There are a total of 73 schools in the municipal-
ity and its two districts. The Huzhou Center for Disease Con-
trol and Prevention is mainly responsible for the detection
of norovirus outbreaks at the municipal level and in the two
districts. To better understand epidemiologic and genotypic
trends of NoV outbreaks in Huzhou since 2014, we analyzed
the epidemiological and genetic features of NoV outbreaks
from July 2014 to June 2018 in the city of Huzhou.

Materials and methods
AGE outbreak surveillance and specimen collection

In this study, a case of AGE is defined as a person with diar-
rhea (three or more loose stools) and/or vomiting (two or
more times) in a 24-hour period. A confirmed NoV outbreak
was defined as the occurrence of three or more epidemio-
logically linked AGE cases within a period of 3 days with
at least two samples testing positive for NoV. In the Huzhou
area, district-level CDCs are responsible for conducting
outbreak investigations and sample collection. Specimens
(stool, anal swab, vomit) from AGE cases were collected
and sent to the Huzhou Municipal CDC for NoV detection
and further genotyping. A norovirus outbreak surveillance
year was defined as starting on 1 July and ending on 30 June
of the following year.

NoV detection

Stool and vomit specimens were prepared as 10% (w/v)
suspensions in phosphate-buffered saline and then centri-
fuged for 10 min at 10,000 rpm. Viral RNA was extracted
from 200 pl supernatant using a QIAamp Viral RNA Mini
Kit (QIAGEN, Hilden, Germany) following the manufac-
turer’s instructions. Real-time reverse transcription poly-
merase chain reaction (RT-PCR) was performed using
genogroup-specific primers and probes for the detection
of human GI and GII strains as described previously [15,
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16]. Real-time RT-PCR was carried out using a One Step
PrimeScript® RT-PCR Kit (DRR064, TaKaRa, Dalian,
China). Cycling conditions were as follows: reverse tran-
scription at 42 °C for 30 min, denaturation at 95 °C for 2
min, and 40 cycles of PCR at 94 °C for 5 s and 55 °C for
35s.

NoV genotyping and phylogenetic analysis

NoV-positive sample was selected for genotyping as
described previously [16]. The primer set JV12Y/JV13I
was used to amplify a portion of the RdRp gene [17]. The
primers G1SKF/G1SKR and G2SKF/G2SK were used to
amplify a portion of the VP1 genes of GI and GII strains,
respectively [17]. RT-PCR was carried out using a QIA-
GEN One-Step RT-PCR Kit (QIAGEN, Hilden, Germany)
with the following amplification conditions: RT at 50 °C
for 30 min and denaturation at 94 °C for 2 min, followed
by 35 cycles of 30 s at 94 °C, 30 s at 50 °C, and 1 min
at 72 °C, and then a final extension at 72 °C for 10 min.
For potential recombinant NoVs strains (i.e. cases where
phylogenetic analysis indicated incongruent cluster-
ing for the partial sequences of the RdRp and the VP1
genes), sequences covering the overlap between ORF1 and
ORF2 were further amplified by RT-PCR using the prim-
ers JV12 and G1SKR/G2SKR. The PCR products were
sent to TaKaRa Biotechnology (Dalian, China) for fur-
ther purification and sequencing. Genotypes were initially
determined using the online Norovirus Typing Tool (https
//'www.rivm.nl/mpf/typingtool/norovirus/) [18]. Phyloge-
netic analysis was performed using MEGA software (ver-
sion 6.06) [19]. The phylogenetic tree was constructed
using the neighbor-joining method and validated by 1000
bootstrap replicates.

Accession numbers

Sequences obtained in this study were deposited in the
GenBank database under accession numbers KY344405
to KY344414, KY344277 to KY344297, KY344329
to KY344333, KY344342 to KY344354, MG763356
to MG763364, MG763378 to MG763382, MG763385
to MG763401, MF073228 to MF073230, MN210012,
MN210018, MN210023, MN186383, MG739461 to
MG739462, MG739464 to MG739465, MG739470 to
MG739471, MG739296 to MG739297, MG739300 to
MG739301, MG739309 to MG739310, and MG739306.
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Results

Epidemiological features of NoV outbreaks
in Huzhou, China, from 2014 to 2018

From July 2014 to June 2018, 199 of 450 specimens col-
lected from 51 AGE outbreaks were positive for NoV
by real-time RT-PCR. During this period, NoVs were
involved in 43 (84.3%) of the AGE outbreaks, includ-
ing 8 outbreaks detected from 2014 to 2015, 9 outbreaks
detected from 2015 to 2016, 18 outbreaks detected from
2016 to 2017, and 8 outbreaks detected from 2017 to 2018
(Table 1). Of the 43 NoV outbreaks, 40 (93.0%) were
caused by GII NoV strains, 2 (4.7%) were caused by GI
NoV strains, and 1 (2.3%) was caused by a combination
of GI and GII NoV strains. In this outbreak caused by
mixed infections with GI and GII, NoVs were detected
in five stool samples from patients, three of which were
positive for both GI and GII, and two of which were posi-
tive for GII. As for seasonal distribution, NoV outbreaks

occurred throughout the year, except in summer. Most
(30/43, 69.8%) of the outbreaks occurred from November
to the following March, while no outbreaks were identified
from June to August (Fig. 1A). The majority of outbreaks
(88.4%, 38/43) occurred in school settings, mainly in pri-
mary schools (n = 17, 39.5%) and kindergartens (n = 15,
34.9%), followed by middle schools (n = 6, 14.0%). Other
outbreak settings include hospitals, communities, and tour
groups, accounting for 4.7% (n = 2), 4.7% (n = 2), and
2.3% (n = 1), respectively, of all NoV outbreaks.

Norovirus genotyping

Of the 199 NoV-positive samples confirmed by real-time
RT-PCR, 86 samples from 37 outbreaks were success-
fully sequenced and genotyped by RT-PCR. Eight geno-
types based on both RdRp and capsid genes were identified
throughout the study period: GL.6[P11] (formerly GI.6[Pb]),
GL.5[P4], GII.2[P2], GIL.6[P7], GII.4 Sydney[P31] (for-
merly GII.4 Sydney[Pe]), GII.17[P17], GII.3[P12] and
GIIL.2[P16] (Table 1). 91.9% (34/37) of the genotyped

Table 1 Epidemiological

. Number of outbreaks Total (%)
features of NoV outbreaks in
Huzhou, 2014-2018 2014-2015 2015-2016 2016-2017 2017-2018

No. of outbreaks 8 9 18 8 43

Genogroup
GI 0 0 2 (4.7%)
GII 7 8 18 7 40 (93.0%)
GI+GlII 0 1 1(2.3%)

Genotype
GL6[P11] 1 1 0 0 24.7)
GIL4 Sydney[P31] 1 0 1 1 3(7.0)
GIL.17[P17] 5 0 0 0 5(11.6)
GIL3[P12] 0 5 4 0 9(20.9)
GIL.2[P16] 0 0 9 5 14 (32.6)
GIL.2[P2] 0 1 1 0 24.7)
GIL6[P7] 1 0 0 0 1(2.3)
GII not typed 0 2 3 1 6 (13.9)
GL.5[P4] and GII.17[P17] 0 0 0 1 12.3)

Season
Summer 0 0 0 0 0 (0.0%)
Autumn 3 5 2 3 13 (30.2%)
Winter 1 2 8 2 13 (30.2%)
Spring 4 2 8 3 17 (39.5%)

Setting*
Kindergarten 1 6 6 2 15 (34.9%)
Primary school 5 3 8 1 17 (39.5%)
Middle school 0 0 4 2 6 (11.6%)
Other 2 0 0 3 5(11.6%)

*Settings: kindergarten (students aged 4-6 years), primary schools (students aged 7-11 years), middle

schools (students aged 12—14 years)
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Fig. 1 Monthly genotype
distribution of NoV outbreaks

HGII.17[P17] mGII.2[P16]

GlI.3[P12] mGll.4 Sydney[P31]

GlI.6[P7] m GII.2[P2] = Gll not typed ® GI.6[P11] ' mix

5
in Huzhou, China, between July

2014 and June 2018

Number of outbreaks

outbreaks were caused by non-GII.4 strains. GII.2[P16],
GIL.3[P12] and GII.17[P17] were the top three circulating
genotypes during the study period, accounting for at least
32.6% (14/43), 20.9% (9/43), and 11.6 (5/43) of the NoV-
positive outbreaks, respectively. The previous predominant
genotype GII.4 Sydney2012 was only responsible for 7.0%
(3/43) of the outbreaks, ranking fourth. The predominant
genotypes of NoV during our study period varied accord-
ing to surveillance year. Overall, GII.17[P17] genotypes
predominated in outbreaks during 2014-2015, accounting
for 62.5% (5/8) of the outbreaks. GII.3[P12] genotypes pre-
dominated in 2015-2016, causing 55.6% (5/9) of the out-
breaks. GII.2[P16] was the predominant genotype both in
2016-2017 and 2017-2018, responsible for 50.0% (9/18) and
62.5% (5/8) of the NoV outbreaks, respectively.

The genotype distribution of NoV outbreaks in each
month is shown in Fig. 1. GII.17 was first detected in the
outbreak in November 2014 and soon became the only geno-
type detected in the first half of 2015. However, no out-
break of GII.17 infection occurred after May 2015, except
for one outbreak caused by a mixed infection of GI.5 [P4]
and GII.17 [P17] in March 2018. GIL.3[P12] subsequently
became the most frequently detected genotype in outbreaks
between July 2015 and December 2016 (7 of 13 NoV out-
breaks, 53.8%). NoV GII.2[P16] was first detected in an out-
break in February 2017, and it went on to replace GII.3[P12]
as the predominant genotype from February 2017 to June
2018. With the emergence of GII.2[P16], we observed a
sharp increase in the number of NoV outbreaks during Feb-
ruary and May 2017. Compared with five outbreaks caused
by GII.17 in 2014-2015, GII.2[P16] caused nine outbreaks
in 2016-2017.

We also compared the settings of NoV outbreaks
caused by GII.17[P17], GII.3[P12], and GII.2[P16]
(Table 2). Most GII.17[P17] outbreaks were reported
in primary schools (80%, 4/5), whereas GIL.2[P16] out-
breaks occurred in all school types. All of the GII.3[P12]
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Table2 Comparison of NoV outbreak settings caused by
GIL17[P17], GIL3[P12] and GIL2[P16]
GII.17[P17] GIL.3[P12] GII.2[P16]
No. of outbreaks 5 9 14
Setting
Kindergarten 0(0.0%) 6 (66.7%) 6 (42.9%)
Primary school 4 (80.0%) 3(33.3%) 2 (14.3%)
Middle school 0 (0.0%) 0 (0.0%) 5(35.7%)
Other 1 (20.0%) 0 (0.0%) 1(7.1%)

outbreaks occurred in kindergartens and primary schools,
affecting children < 12 years of age.

Phylogenetic analysis

Based on the online genotyping results, we selected one
representative strain with the same genotype from each
outbreak for phylogenetic analysis. In total, 38 strains from
37 outbreaks were subjected to phylogenetic analysis based
on both partial RdRp and VP1 gene sequences (Fig. 2
and Fig. 3). Genotype inconsistency between the RdRp
and VPI regions was found in 30 strains (indicated by
red triangles). Of the genotyped outbreaks, 81.1% (30/37)
were caused by recombinant strains, including GI.6[P11],
GIL.5[P4], GII.6[P7], GII.4 Sydney[P31], GIL.3[P12], and
GIIL.2[P16]. Phylogenetic analysis showed that GII.17
strains collected during our study period all clustered
together and belonged to the novel GII.P17 Kawasaki
cluster. GII.2[P16] strains detected in Huzhou outbreaks
during 2017 -2018 were clustered with GIL.2[P16] strains
detected by the end of 2016 in China, Germany, USA, and
France in both the RdRp and capsid region and formed a
relatively independent subcluster (designated as the 2016
subcluster).
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Fig.2 Phylogenetic analysis based on partial RdRp gene (A) and capsid gene (B) sequences of GI NoVs. NoV strains identified in Huzhou are
designated by location, year, and sample number (indicated by triangles). Recombinants identified in this study are highlighted in red

Discussion

In this study, a systematic investigation of the molecular epi-
demiology of NoV outbreaks was conducted in Huzhou from
July 2014 to June 2018. NoV was detected in 43 (84.3%)
of the AGE outbreaks. GII NoV strains were largely pre-
dominant and responsible for 93.0% of laboratory-confirmed
NoV outbreaks. Similar to other cities in the Northern Hemi-
sphere [20-22], NoV outbreaks in Huzhou exhibited a clear
seasonality, with a peak in the cool months (November-
March) and a trough in the summer months. The major-
ity of outbreaks (88.4%, 38/43) occurred in school settings,
mainly in primary schools and kindergartens. A higher per-
centage of NoV outbreaks among schools was also observed
in other regions of China [23, 24]. From January 2014 to
December 2017, a total of 616 NoV outbreaks were reported
to the National Public Health Emergency Event Surveil-
lance System (PHEESS) in China. Among these outbreaks,
93% occurred in school settings, including 39% in primary
schools, 22% in childcare facilities, and 20% in secondary
schools. However, this differs from the United States and
Europe, where long-term care facilities (e.g., nursing homes)
were reported as the most common settings [25-27]. In
China, young students stay in crowded, enclosed classrooms
(with an average of 30-50 students per classroom), where
the viruses are highly transmissible by close contact between
students, particularly among young students with lower lev-
els of hand hygiene [28]. In addition, the high rate of NoV
outbreaks in schools may also be due to the surveillance
bias among different institutions. The Chinese Ministry of
Education requires schools to screen students attending kin-
dergarten, primary, and junior high schools every morning
to check for fever, vomiting, or diarrhea [24]. Therefore, the

reporting of infectious diseases including NoV outbreaks is
better in these school settings.

In the Huzhou area, GII.4 has been the only predominant
genotype in outbreaks and sporadic cases of AGE since 2008
[16, 29]. From 2008 to 2012, 80% of typed NoV outbreaks
were caused by GII.4 variants, including GII.4 2006b, New
Orleans 2009, and Sydney2012. All of the sequenced GII
NoVs belonged to the GII.4 genotype except one strain,
which had a GILb polymerase gene. From July 2014 to June
2018, NoV strains associated with the outbreaks in Huzhou
exhibited important changes in the diversity of genotypes
and the distribution of predominant types as compared to
previous study data. At least eight genotypes were identi-
fied during the study period, including GI.6[P11], GL.5[P4],
GIL.2[P2], GII.6[P7], GII.4 Sydney[P31], GII.17[P17],
GIIL.3[P12], and GII.2[P16]. Of the genotyped outbreaks,
91.9% were caused by non-GII.4 strains. The three most
common genotypes were GII.2[P16], GII.3[P12], and
GIL.17[P17], while the previous predominant genotype,
GII.4 Sydney2012, only ranked fourth. Similar results were
observed in other cities of China. In Beijing, the capital of
China, 92.3% of the laboratory-confirmed NoV outbreaks
occurred in kindergartens and elementary schools during
2014-2017, and the most commonly identified strains in
outbreaks were GII.2[P16], GII.17[P17], and GII.3[P12]
[30]. In Jinan, a city in eastern China, seven genotypes were
prevalent in outbreaks of AGE from 2015 to 2017, while no
GII.4 was identified [31]. From January 2015 to December
2018, the Jiangsu Provincial Center for Disease Control and
Prevention reported a total of 213 NoV outbreaks, most of
which occurred in kindergartens and elementary schools. At
least 83.6% of outbreaks were caused by GII recombinant
strains, of which GII.4 Sydney [P31] accounted for only
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Fig.3 Phylogenetic analysis based on partial RdRp gene (A) and capsid gene (B) sequences of GII NoVs. NoV strains identified in Huzhou are
designated by location, year, and sample number (indicated by triangles). Recombinants identified in this study are highlighted in red

0.5% [32]. Based on the above results, we speculate that
non-GII.4 NoV plays an increasingly important role in the
outbreaks of AGE in China.

Globally, new GII.2[P16] strains have a wider epidemic
range than GII.17[P17] strains. A novel GII.17 NoV strain
first emerged in Asia in September 2014 and soon became
the predominant genotype in some areas in Asia during
the 2014-2015 winter season, but GII.17 appears to have
had limited prevalence in other regions outside Asia,
including Europe, Canada, and the United States [10, 33,
34]. By contrast, in late 2016, uncommon recombinant
GIIL.2[P16] strains emerged as the major cause of AGE

@ Springer

outbreaks in different countries and caused an increase
in NoV activity worldwide [11-14]. In Huzhou, GII.17
was first detected in an outbreak in November 2014 and
became the predominant strain in the first half of 2015,
but after that, the prevalence of GII.17 declined rapidly.
After GIL.2[P16] emerged in December 2016, it went on to
become the main genotype detected in outbreaks until June
2018. Compared with five outbreaks caused by GII.17 in
2014-2015, GII.2[P16] caused nine outbreaks in 2016-
2017. GII.17[P17] outbreaks were concentrated in pri-
mary schools in Huzhou, while GII.2[P16] outbreaks had
a larger epidemic range, occurring in all school types. The
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above results suggest that GII.2[P16] strains have superior
epidemiological adaptability in Huzhou to GII.17[P17]
strains. A similar finding was reported in Beijing, where
the GII.2[P16] strains caused a larger number of outbreaks
and had a broader epidemic range than GII.17[P17]. The
factors that limit the spread of GII.17 are unknown. Such
restrictions could be due to differences in the existing
immunity of the population or differences between popu-
lations in the expression of NoV receptors [10, 35].

Unlike GII.17[P17] and GII.2[P16], which emerged as
“novel” genotypes and subsequently became the dominant
strain during the epidemic season, GII.3[P12] has been
prevalent as one of the major recombinant types detected in
children in Asian countries, including South Korea, Japan,
and China, for several years [36—40]. Similarly, in our study,
all GII.3[P12] outbreaks occurred in kindergartens and ele-
mentary schools, mainly affecting children under 12 years
of age. Previous studies indicated that GII.3[P12] has been
detected in sporadic cases of AGE in Huzhou since 2013, but
it has never been the dominant type. However, in our study,
GIL.3[P12] surpassed GII.17 in the second half of 2015
and became the main genotype detected in NoV outbreaks
in the 2015-2016 epidemic season. Similar findings were
reported in Beijing, where GII.3[P12] was the major geno-
type responsible for outbreaks during 2015-2016 [30]. After
S0 many years since its emergence, why did GII.12-GII.3
show a dominant position in outbreaks in the 2015-2016
season? The reason for this is unknown. Further analysis
using long sequences covering the complete RdRp and VP1
region are required to explore the evolutionary dynamics of
GII.3[P12] strains.

Our study has several limitations. First, genotyping was
only successful for 86 (43.2%) of the NoV strains detected.
Second, the number of outbreaks we investigated was rela-
tively small. Due to surveillance bias, outbreak identification
and reporting may differ across settings, and therefore, the
most prevalent genotype in settings (especially for the set-
tings outside the school system) with lower reporting rates
may have been underrepresented in our analysis.

In conclusion, we analyzed the epidemiological and
genetic features of NoV outbreaks from July 2014 to June
2018 in Huzhou. Most NoV outbreaks were reported in the
cool months (November-March) and occurred in primary
schools and kindergartens. Compared to previous study data,
differences in the diversity of genotypes and the distribu-
tion of predominant types were observed. The predominant
NoV genotypes in outbreaks changed from GII.4 variants
to GII.17[P17] in 2014-2015, GII.3[P12] in 2015-2016, and
then GIL.2[P16] in 2016-2018. Our findings demonstrate that
non-GII.4 NoVs play an increasingly important role in the
outbreaks in Huzhou. Continuous surveillance is needed to
monitor the emergence of novel NoV strains and help con-
trol NoV outbreaks in the next epidemic season.
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