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Background. In recent decades, the GII.4 norovirus genotype has predominated in epidemics worldwide and been associated with
an increased rate of evolutionary change. In 2014, a novel GII.17 variant emerged and persisted, causing large outbreaks of gastroenteritis in China and sporadic infections globally. The origin, evolution, and transmission history of this new variant are largely unknown.
Methods. We generated 103 full capsid and 8 whole-genome sequences of GII.17 strains collected between August 2013 and November 2015 in Guangdong, China. Phylogenetic analyses were performed by integrating our data with those for all publically available
GII.17 sequences.
Results. The novel emergent lineage GII.17_Kawasaki_2014 most likely originated from Africa around 2001 and evolved at a rate of
5.6 × 10−3 substitutions/site/year. Within this lineage, a new variant containing several important amino acid changes emerged around
August 2013 and caused extensive epidemics in 2014–2015. The phylodynamic and epidemic history of the GII.17_Kawasaki lineage
shows similarities with the pattern observed for GII.4 norovirus evolution. Virus movements from Hong Kong to neighboring coastal
cities were frequently observed.
Conclusions. Our results provide new insights into GII.17 norovirus evolution and transmission and highlight the potential for a
rare norovirus genotype to rapidly replace existing strains and cause local epidemics.
Keywords. norovirus; phylogenetic; phylogeographic; epidemic; virus transmission.

Noroviruses are divided into 7 genogroups and >30 genotypes
according to the amino acid sequences of their VP1 genes. Viruses
belonging to genogroups GI, GII, and GIV infect humans [1].
However, approximately 80% of norovirus outbreaks since the
mid-1990s have been caused by a single norovirus genotype,
GII.4 [2, 3]. New variants of GII.4 have emerged every 2–3 years
and may escape population immunity through the virus’ high rate
of mutation and through intragenotype recombination [4, 5].
In contrast to genotype GII.4, GII.17 is an uncommon norovirus genotype that was, until recently, rarely detected in
human cases [6]. However, in the winter of 2014–2015, a
large acute gastroenteritis (AGE) outbreak in China was caused
by GII.17 norovirus. Epidemics of GII.17 infection were reported almost simultaneously from at least 9 provinces or regions in
mainland China, ranging from Beijing in the north to Guangdong Province in the south during November 2014 [7–11]. All
these outbreaks were caused by a newly detected norovirus belonging to the GII.17_Kawasaki lineage [12]. Further sporadic
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infections with this strain were detected outside mainland
China, including in Hong Kong [13], Taiwan [14], Japan [12],
USA [15], Italy [16] and Romania [17]. Current surveillance
data suggests that the GII.17_Kawasaki strain has been widely
distributed and has the potential to cause epidemics worldwide.
Previous sequence analyses of GII.17 viruses have undertaken
only basic genotyping and phylogenetic analysis [12, 13] and
the origin, evolution and molecular epidemiology of GII.17
noroviruses are still largely unknown. Addressing these issues
is important for designing optimal surveillance and control
strategies.
In this study, we sequenced 96 GII.17 noroviruses collected
from 42 AGE outbreaks during the 2014–2015 and 2015–
2016 epidemic seasons in Guangdong, China. In addition,
sporadic norovirus cases that preceded these outbreaks were
also screened, resulting in the identiﬁcation of 7 GII.17 strains
between 2013 and 2014. We combine our new data with all
available GII.17 sequences to investigate GII.17 virus evolution.
Using phylogenetic, geographic and molecular clock analyses
we reveal the spread of the GII.17_Kawasaki lineage in Guangdong from its introduction across multiple epidemic seasons.
METHODS
Sample Collection and Sequencing

Ninety-six samples from 42 GII.17 outbreaks during the 2014–
2015 and 2015–2016 epidemic seasons were collected for capsid

sequencing. To trace the origin and evolutionary history of the
GII.17_Kawasaki variant, we performed a retrospective study to
screen previously untyped norovirus samples. In total, 103 capsid sequences and 8 whole-genome sequences of GII.17 were
generated in this study and are available on GenBank (accession
numbers KU557783-KU557893).
VP1 Data Set Preparation

We compiled 2 different norovirus GII.17 VP1 data sets, one
comprising all GII.17 strains and one comprising only the
newly emerged GII.17_Kawasaki lineage (see Results for details). Multiple sequence alignment was performed using ClustalW [18]. For each gene data set, the temporal accumulation of
genetic divergence in the phylogeny was assessed from maximum likelihood midpoint rooted phylogenies, using the rootto-tip regression method implemented in TempEst (formerly
Path-O-Gen) [19].
Dated Phylogenetic Analysis

Molecular clock phylogenetic analysis was performed using the
Bayesian Markov chain Monte Carlo (MCMC) framework implemented in BEAST. We used a SRD06 nucleotide substitution
model [20] and an uncorrelated lognormal relaxed clock model
to accommodate variation in substitution rates among branches
[21]. To reconstruct changes in the genetic diversity of GII.17
we used the Bayesian skyline plot coalescent model, which estimates effective population size, using a piecewise constant
model of effective population size [22]. The output of the skyline plot model represents the product of effective population
size (Ne) and generation time (τ) through time. Three independent MCMC runs of 1 × 108 steps were computed. Convergence
and behavior of MCMC chains was inspected using Tracer v1.6
(available at: http://tree.bio.ed.ac.uk) [23]. A subset of 500 trees
was randomly drawn from the combined posterior distribution
of trees and used as an empirical distribution for subsequent
analysis [23].
Phylogeography

We used a Bayesian discrete phylogeographic approach to investigate viral spatial transmission among 4 geographic regions
(Africa, America, Asia, and Europe; Figure 2) for the full data
set and 13 local Chinese regions for the local data set (Figure 3).
To provide a more realistic model of the direction of virus transmission, we used an asymmetric continuous-time Markov chain
model [24] to estimate ancestral locations and to estimate location posterior probabilities for each node in the time-scaled
phylogenies. A Bayesian stochastic search variable selection
method was used to identify well-supported viral lineages
movements and to summarize epidemiological connectivity between locations [25]. We also undertook posterior inference of
the complete Markov jump history through time, which allowed
us quantify changes in location and the time spent in a particular location along each phylogenetic branch.

RESULTS
GII.17 Outbreaks

A sharp increase in the number of norovirus outbreaks was observed in Guangdong during November 2014 (Figure 1A). In
total, 50 outbreaks were recorded between November 2014 and
April 2015, representing a >4-fold increase in outbreaks as compared to the 2012–2013 season (10 outbreaks) and the 2013–
2014 season (12 outbreaks). Laboratory testing identiﬁed that a
novel variant of GII.17 norovirus replaced GII.4_Sydney_2012
norovirus as the primary cause of AGE outbreaks [10].
GII.4_Sydney_2012, ﬁrst detected in August 2012 in a sporadic infection case in Guangdong [26], caused 11 outbreaks in
4 prefecture-level cities between 2013 and 2015 (Figure 1B).
By contrast, the GII.17 strain that emerged in Guangdong in
August 2013 has already caused 48 outbreaks in 11 cities. Moreover, GII.4_Sydney_2012 outbreaks mainly occurred in schools
in Guangdong (10 of 11 [91%]), whereas the AGE outbreaks
caused by GII.17 were reported in a wider range of locations,
including schools (31 of 44 [70%]), factories (9 of 44 [20%]),
hospitals (2 of 44 [5%]), and kindergartens (2 of 44 [5%]). Partial data for the winter season of 2015–2016 suggests that GII.17
has reemerged, although the epidemic size and geographic distribution of GII.17 outbreaks appear more limited than in
2014–2015 (Figure 1A and 1B). These data suggest that the infectivity of the novel GII.17 variant is at least comparable with
that of GII.4. The high epidemic risk of the GII.17 strain
prompted us to further investigate its evolution and transmission in this study.
Molecular Clock Phylogeny and Phylogeography

Before phylogenetic analysis, recombination in GII.17 was
examined by combining 8 GII.17 noroviruses collected in
2013–2015 in Guangdong with all 16 genomes available from
GenBank (as of November 2015). Recombination in the RNAdependent RNA polymerase (RdRp) gene of GII.17 has been
proposed previously [12, 27], and more recombination events
can be seen when updated GII.17 sequences are included (Supplementary Figure 1). Owing to frequent recombination in
RdRp sequences, the phylogenetic analyses below were based
on VP1 (capsid gene) sequences, and no recombination could
be detected in those individual data sets.
In this study, we generated 103 full capsid sequences of
GII.17 norovirus collected from 2013 to 2015 in Guangdong.
We combined these sequences with 109 full or partial sequences
from GenBank to obtain the full data set of 212 sequences. Poor
phylogenetic temporal signal is obtained if the phylogeny
includes the oldest GII.17 strain (GII.17_GUF_1978; Supplementary Figure 2A). In contrast, rooting the tree by using
the oldest strain within the GII.17_Kawasaki lineage (JX629786_
KR_2009) reveals a good correlation between sampling date and
root-to-tip genetic distance (Supplementary Figure 2B), suggesting that different GII.17 lineages may evolve at different rates.
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Figure 1. Outbreaks of GII.4 and GII.17 infections in Guangdong China, 2013–2015. A, Time series of the number of GII norovirus (NoV) outbreaks during the study period,
from January 2013 to November 2015. GII.4 (blue) and GII.17 (red) were detected as major causes of outbreaks in different epidemic seasons and are presented with bar charts.
The dotted line represented the total number of NoV outbreaks. B, Geographic distribution of GII.4 and GII.17 NoV outbreaks in Guangdong from January 2013 to November
2015.

Consequently, parameters of the molecular clock model were estimated separately for the full GII.17 data set and the GII.17_
Kawasaki lineage data set (Table 1).
A molecular clock and phylogeographic analysis of the full
GII.17 data set was undertaken using a Bayesian inference approach. As Figure 2 shows, the GII.17 VP1 gene phylogeny contains 3 distinct lineages. Lineage A, which includes the oldest
strain GII.17_GUF_1978, shares a common ancestor around
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1966 (1974–1994, 95% highest posterior density [HPD]). The
GII.17 strains within this lineage have been rarely detected recently, except for strain GII.17_NS682_2015, which was isolated in Hong Kong in 2015. This demonstrates that the lineage A
GII.17 norovirus is still circulating. Lineage B shares a common
ancestor around 1987 (1973–1994, 95% HPD) and has been recently detected in different continents, including Asia, Europe,
and Africa. Lineage B contains viral strains detected in wastewater

Figure 2. Molecular clock phylogeny of GII.17 VP1 gene sequences. The tree shown is a maximum clade credibility phylogeny, Branch colors represent the most probable
ancestral locations of each branch, inferred using a phylogeographic model (Supplementary Materials and Methods). Long internal branches with uncertain locations are in gray.
Three major lineages of GII.17 noroviruses are denoted on the right. Black circles indicate posterior probabilities of >0.80 at selected nodes. Location posterior probabilities are
noted above 3 specific branches.

in South Africa in 2010–2011 [28] and was detected in samples
from healthy children in Cameroon in 2009 [29].
The third lineage of GII.17 was named GII.17_Kawasaki in a
previous study [12], and AB983218 (Kawasaki323) is regarded
as the ﬁrst identiﬁed strain of the new GII.17 variant. However,
our surveillance data suggest the existence of earlier GII.17 cases
belonging to this lineage (eg, an isolate from a sporadic infection case in Guangdong in August 2013; GII.17_JM-GD_2013;
Figure 2). The inclusion of a greater number of partial capsid
sequences during the analysis provides a better description of
the evolution of this lineage, and strong posterior probability
support (1.0) was observed for the basal node of this lineage
(Figure 2). Our analysis estimates that the MRCA of this lineage
existed around 2001 (1989–2007, 95% HPD interval), consistent with our analysis that used only GII.17_Kawasaki lineage
sequences (Table 1 and Supplementary Figure 3). As illustrated
in Figure 2, the strains near the root of GII.17_Kawasaki lineage
were detected mainly in Africa between 2007 and 2012, with occasional detection in Asian countries. After 2013, GII.17_Kawasaki strains were detected increasingly frequently in sporadic
infections from Korea, Japan, and China, suggesting that the
lineage has become established in Asia. In the following winter,
all sequenced isolates from the GII.17 epidemic outbreaks were

placed in a single clade of low genetic diversity (denoted
GII.17_Epi_2014-2015). Phylogenetic analysis (Figure 2) indicates that the MRCA of the GII.17 epidemic strains existed
around August 2013 (April 2013–December 2013, 95% HPD).
GII.17 Evolution, Dynamic, and Transmission in Guangdong

The continuous surveillance system in Guangdong allows us to
study how the novel GII.17 variant evolved and spread within
the region. GII.17 epidemics occurred at the same time in neighboring Hong Kong [13], so viral sequences from Hong Kong were
included in the analysis. A Bayesian phylogeographic analysis
was performed to reconstruct the spatial transmission of GII.17
in Guangdong. The dashed vertical lines in Figure 3 separate the
epidemic from the preepidemic period and the 2014–2015 and
2015–2016 epidemic seasons. A few strains circulated in Guangdong and Hong Kong during the preepidemic period, but these
were divergent and shared a common ancestor with the outbreak
lineage in 2008 (Figure 3A). During the 2014–2015 epidemic
season, GII.17 noroviruses in Guangzhou and Hong Kong were
split into 2 distinct clades. The smaller clade (labeled Epi_GZ in
Figure 3A) appears to have moved from Guangzhou (also shown
in Figure 3C). The larger clade (labeled Epi_HK in Figure 3A)
is inferred to have originated in Hong Kong and led to major
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Figure 3. Inferred phylogeny, demographic history, and spatial dissemination of GII.17 norovirus in Guangdong. A, maximum clade credibility phylogeny with branches
colored according to the most probable posterior ancestral location (see legend). Black circles indicate posterior probabilities of >0.80 at selected nodes. Long internal branches
with uncertain locations are in gray. B, Demographic history of GII.17 norovirus in Guangdong, inferred using the Bayesian Skyline plot approach. C, Well-supported virus
translocation events (Bayes factor >3) are represented on a map of Guangdong. Arrow thickness represents the relative number of well-supported movement events for
each pair of locations. The inset on the bottom right shows the water flows among the cities in Guangdong among which virus movement was inferred. Ne(τ), effective
population size.

outbreaks in Guangdong and Hong Kong. To avoid possible
biases in phylogeographic inference that may arise from an overrepresentation of strains from Hong Kong in the full data set, we
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undertook random downsampling so that the numbers of
sequences from the 3 most densely sampled locations were equal
(Supplementary Table 1). Across these randomly subsampled

Figure 3. Continud

data sets, we consistently found that the major clade of GII.17
epidemic strains was most likely to have a common ancestor in
Hong Kong (Supplementary Figure 4). In November 2015, this
clade of GII.17 outbreaks reemerged in Guangzhou and the neighboring city of Qingyuan. Our analysis reveals that the GII.17 strain
that reemerged in the 2015–2016 epidemic season likely descended from strains previously circulating in Guangzhou in early 2015,
thereby suggesting that the virus might have persisted locally
between epidemic seasons.
A Bayesian skyline plot coalescent model was used to infer
the demographic history of the GII.17 lineage in Guangdong.
The skyline plot (Figure 3B) shows a rise and fall in effective
population size (Ne[τ]) that coincides with the epidemic peak
during the 2014–2015 winter season observed by the norovirus
surveillance systems in Guangdong (Figure 1A). The skyline
plot is ﬂat before this owing to an absence of coalescence events
in the phylogeny. Speciﬁcally, preepidemic GII.17 norovirus
was detected in Guangdong on August 2013 (GD-JM_2013;

Figure 3A), and replacement of the GD-JM_2013 variant by
the GII.17_Epi_2014-2015 lineage coincided with a sharp increase in the effective number of infections. However, only
1 lineage from the 2014–2015 season has been observed in
the winter of 2015–2016, leading to a sudden loss of viral genetic diversity ( possible population bottleneck), resulting a steep
decline in the skyline plot near the present.
The Markov jump history through time generated by
the discrete phylogeographic analysis was used to quantify
among-location changes along each phylogenetic branch.
Figure 3C shows all virus lineage movements that were statistically well supported (Bayes factor >3). Hong Kong appears
to have acted as an epicenter during local GII.17 outbreaks. In
total, 82% of virus lineage movements during the evolutionary history of GII.17 were away from Hong Kong and toward
other cities in Guangdong. Speciﬁcally, the estimated number
of GII.17 lineage movements was high for Hong Kong to
Jiangmen (n = 10.7), Hong Kong to Guangzhou (n = 9.0),
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Table 1. Evolutionary Parameters for the GII.17 VP1 Gene Inferred by
Bayesian Analysis
Data Set

Parameter

GII.17_Kawasaki_2014
(n = 178)

GII.17 Full
(n = 212)

RdRp genotype(s)
Evolutionary rate, ×10−3
substitutions/site/yeara
TMRCAa
Coefficient of variationa

GII.P17

GII.P4, GII.P16, GII.Pe

5.68 (3.76–7.87)

4.83 (3.36–6.36)

2001 (1989–2008)

1944 (1897–1968)

0.98 (0.48–1.38)

1.07 (0.72–1.46)

Abbreviations: RdRp, RNA-dependent RNA polymerase; TMRCA, the most recent common
ancestor.
a

Data are median of the posterior distribution (95% highest posterior density credible
interval).

Hong Kong to Dongguan (n = 6.2), and Hong Kong to Zhuhai
(n = 5.4).
DISCUSSION

GII.17 was, until 2014, a rarely detected norovirus genotype,
with only limited cases of infection documented since 1978
[6, 30]. However, a novel lineage, termed GII.17_Kawasaki,
emerged in August 2013 in Guangdong, where it replaced
GII.4 and caused a signiﬁcant increase in AGE outbreaks during
the winter of 2014–2015 [10]. Epidemics caused by this lineage
were detected almost simultaneously in several provinces of
China, and sporadic infection cases were also reported worldwide [6]. In November 2015, outbreaks of GII.17 reemerged
in Guangdong, providing evidence that the virus had persisted
in local populations. Here we undertook continuous surveillance, virus genome sequencing and phylogenetic analysis to
characterize the origin, evolution, and transmission of GII.17
norovirus.
Owing to its previously low epidemic activity, the evolutionary dynamics of GII.17 have not been previously been studied in
detail. Chen et al [13] recently reported a relatively high rate of
evolutionary change for GII.17. In present study, we characterized the evolution of GII.17 using 2 data sets, one comprising all
GII.17 strains and one comprising only the newly emerged
GII.17_Kawasaki lineage.
GII.17 appears to exhibit signiﬁcant heterogeneity in rate of
evolutionary change among branches. The Bayesian phylogenetic analysis of both data sets gave high values for the coefﬁcient of variation parameter (Table 1). In addition, rooting the
full data set phylogenetic tree on the oldest strain GII.17_
GUF_1978 is problematic (Supplementary Figure 2). These results suggest that GII.17 evolves at a variable rate; this variance
may be caused by different factors. First, the variation may reﬂect the fact the phylogeny includes both well-sampled epidemic lineages as well as long internal branches that might represent
the persistence of noroviruses in their natural reservoir, which is
as yet unknown (Figure 2). A similar model has been proposed
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for the Ebola virus in West Africa; the Ebola virus rate of evolutionary change during the 2014 epidemic was higher than the
rate between outbreaks, which represents transmission in the
zoonotic reservoir [31]. Second, it is also possible that variation
in the rate of evolutionary change in the VP1 gene is affected by
recombination, because recombination results in the same VP1
lineage being associated with different RdRp proteins. As shown
in Supplementary Figure 1 and Table 1, 3 GII.17_A strains
adopt 3 different RdRp proteins (GII.P4, GII.P16, and GII.
Pe). The RdRp of GII.17_Kawasaki is divergent from those previously identiﬁed and named GII.P17 [12]. Recombination between RdRp and VP1 may have allowed GII.17 to acquire a
RdRp with a lower ﬁdelity and/or increased replicative ability,
resulting in a higher rate of evolutionary change for the
GII.17 VP1 gene. The molecular clock results suggest that the
GII.17_A and GII.17_Kawasaki lineages shared a common
ancestor some time ago ( point estimate = 1944; Table 1 and
Figure 2).
In recent decades, the worldwide predominance of the GII.4
genotype in norovirus epidemics suggests that GII.4 noroviruses
may possess greater viral ﬁtness in human populations as compared to other norovirus genotypes. GII.4 norovirus has a high
rate of evolutionary change, which may increase its ability to
evade immune responses [2]. We estimated the rate of evolutionary change of GII.17 VP1 to be 5.68 × 10−3 substitutions/
site/year (95% HPD, 3.76×10−3–7.87×10−3) for the GII.17_
Kawasaki lineage, and 4.83 × 10−3 substitutions/site/year (95%
HPD, 3.36×10−3–6.36×10−3) for the GII.17 full data set
(Table 1). For both data sets, the rate of evolutionary change
of GII.17 is comparable to that estimated for GII.4 VP1 sequences (5.3–6.3 × 10−3 substitutions/site/year) [32, 33] and is
higher than that estimated for the GII.3 (1.961 × 10−3 substitutions/site/year) and GII.7 (2.36 × 10−3 substitutions/site/year)
genotypes [33]. Therefore, the capacity of GII.17 to evolve,
adapt, and undergo antigenic drift may equal to that of the
GII.4 genotype.
Elucidating the circulation pattern of viruses from genomic
data provides valuable information for epidemic prediction
and management. The most signiﬁcant feature of the GII.4 epidemic during the last decade is its epochal nature, with periods
of epidemic stasis followed by the emergence of a novel GII.4
variant coinciding with a new epidemic peak [32, 34–36]. A similar behavior is exhibited in our study by the GII.17_Kawasaki
lineage. To begin, the preepidemic GII.17 strains (GD-JM_
2013–like viruses) were detected around August 2013 and
caused only a few sporadic infections. Next, the GD-JM_
2013–like viruses were replaced with GII.17_Epi_2014-2015
variants and coincided with the occurrence of a series of
amino acid changes (Figure 3A and Supplementary Figure 5A);
the GII.17_Epi_2014-2015 variants were associated with the epidemic spread of GII.17 in Guangdong. The Bayesian skyline
plot analysis also shows a sharp rise in viral effective population

size after this replacement event. Following the dominance
GII.17 in outbreaks during the 2014–2015 epidemic season,
we observed more-limited GII.17 outbreaks during winter
2015–2016, although data for that season are incomplete. This
coincides with a notable decrease in viral genetic diversity in the
skyline plot; this viral population bottleneck could result from
herd immunity against GII.17 or from seasonal variation in
transmission. A similar pattern has been observed for GII.4_
2004 and GII.4_2006a variants; speciﬁcally, the emergence of
a genetically and antigenically novel GII.4 variant was followed
by an epidemic peak and later diminishment [32]. In addition,
spontaneous mutations in the capsid gene contribute to a long
branch between the preepidemic GII.17 strains and the
GII.17_Epi_2014-2015 strains (Figure 3A and Supplementary
Figure 3). This phylogenetic feature is also frequently observed
during GII.4 evolution and is associated with antigenic shift and
possible immune evasion [32, 34]. We assessed the potential
function of amino acid substitutions during GII.17 evolution
by comparing preepidemic, epidemic 2014–2015, and reemerged 2015–2016 viral strains (Supplementary Figure 5A)
and mapped the locations of these changes onto the homodimeric crystal structure of the GII.4 P domain (strain VA387;
Protein Data Bank accession number 2OBT [37]). We found
that 8 of these substitutions were located in previously identiﬁed
epitopes of potential functional importance (Supplementary
Results and Discussion) and may possibly inﬂuence the antigenicity, pathogenicity, and infectivity of the viruses.
Our phylogeographic analysis of GII.17 in Guangdong suggests that Hong Kong was an epicenter during the GII.17 outbreaks in 2014–2015 (Figure 3). Virus translocations from
Hong Kong to 4 other cities in Guangdong are frequently observed throughout the GII.17 phylogeny (Figure 3A and 3C),
even though these locations are not geographically proximate.
Crucially, random downsampling of overrepresented locations
gives consistent estimates of the inferred locations of major
nodes in the phylogeny (Supplementary Figure 4) and of viral
lineage movements (Supplementary Table 2), although the 95%
conﬁdence intervals for the number of estimated movement
events were increased in the downsampled data sets owing to
smaller sample sizes. This indicates that our results are robust
and that the ancestral locations and movement events that we
infer for the real data are not simply reﬂecting the relative frequency of sampling locations.
The major reservoir(s) of GII.17 that contribute to transmission among Hong Kong and Guangdong coastal cities are still
unknown. Seawater intrusion into freshwater aquifers, which always occurs during the winter season in the Pearl River Delta,
may partially contribute to virus spread, as it causes pollution
of inshore shellﬁsh cultivation. Indeed, the new variant of
GII.17_Epi_2014-2015 was identiﬁed in cultured oysters as
early as March 2014 (X. W. Zhong, unpublished data). Recent
norovirus sequences from Korea (KT383964 and KT438801)

also suggest the presence of GII.17 in seawater and short-necked
clams during March 2014–March 2015. Taken together, these
results suggest that GII.17 noroviruses in the environmental
water and farmed seafood of coastal cities should be closely
monitored for future disease control and prevention.
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