2022

Genotype A

1000

Iritani et al.

0C12020001a
0C11021002a
0C11021001a
0C€10119020a
0C04169022a
0C04169018a
0C02172025a
0C02032013a
0C02032012a
0C01019011a
0C01017025a
0C01017018a
— 0C03027001a
0C03026002a
0C10040001a
0c08028012a
0C0B8028007a
0C01017028a
0C01017022a
0C01017019a
0C03196030a
RN57 (DQL45760)

L R380 (DQL45762)
— J-4397/02 (EF079149)

684/98 (AB092831)
I_L 0C11028002a
0C05026024a

982

Genotype B
0.01

0C03009008a
{:——0001013029a
!0C01012031a
0C01012024a
Al1156/87 (AB079268)
846/88 (ABO10145)
488/97 (ABD92833)
Chshe5 (FJ890516)

oco8008001a
Rn48 (DQL45759)

Genotype C

Fig. 1. Phylogenetic analysis of the partial 3CD-encoding gene (367 nucleotide sequence) of
aichiviruses using the neighbor-joining method. The aichivirus strains in this study are

presented in boldface. The bootstrap values for

the genotype are indicated on the branches. The

scale shows the number of substitutions per site.

analyzed. Oberste et al. [2005] classified EVs into the
same serotype when they had at least 75% nt identity
in the VP1 sequence. Phylogenetic analysis of complete
VP1 nt sequences among HEV-C viruses also showed
that strain OC01017025e was classified into the CVA19
cluster (Fig. 3). Therefore, it was concluded that these
two HEV-C strains were type CVA19. Isolation of these
two strains using five cell lines (A549, BEAS-2B, LLC-
MK2, RD-18S, and Vero E6) by three blind passages
with more than 7 days’ incubation was unsuccessful
(data not shown). Of the five EV strains, strain EV76
was detected in a single isolate. This EV-positive
outbreak occurred in January 2001. RVC, EAdVs,
HPeVs, and HBoVs were not detected in this study.
The number of virus-positive patients in five out-
breaks (0C01012, OC01017, OC08005, OC08028, and
0C11021) increased by investigation of other enteric
viruses excluding NoVs (Table III). Outbreak
0C08005 was NoV-negative and SaV-positive (data
not shown). In outbreaks 0C01012 and 0OC01017
with few NoV-positive patients, investigation of other
enteric viruses increased the number of virus-positive
‘patients from three (37.5%) to five (62.5%) in out-

J. Med. Virol. DOI 10.1002/jmv

break OC01012 and from two (10.5%) to nine (47.4%)
in outbreak OCO01017. In outbreaks OCO08028 and
0C11021, all patients were virus-positive by investi-
gation of other enteric viruses.

DISCUSSION

In this study, NoV and five other viruses were
detected in fecal specimens from patients aged >18
years in oyster-associated gastroenteritis outbreaks,
indicating the high prevalence of NoV infection from
the consumption of oysters. Of these virus-positive
samples, 14.7% contained both NoV and other virus-
es, suggesting the occurrence of mixed infections
associated with contaminated oysters. In cases with
single-virus infection, which were negative for other
viral and bacterial pathogens, the virus was sus-
pected as the causative agent of gastroenteritis.

AiV was detected frequently in oyster-associated
gastroenteritis outbreaks [Yamashita et al., 2000;
Le Guyader et al., 2008; Nakagawa-Okamoto et al.,
2009]. The present study also showed that AiV was
the most common virus after NoV, and 31.0% (9/29
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Fig. 2. Phylogenetic analysis of the partial viral protein (VP) 1 gene (approximately 300
nucleotide sequence) of human enteroviruses using the neighbor-joining method. Five enterovi-
rus strains detected in this study are presented in boldface. The bootstrap values for the genetic
group are indicated on the branches. The scale shows the number of substitutions per site. The
GenBank accession numbers for the reference strains used in this analysis are shown in
parentheses. CVA, coxsackievirus A; EV, enterovirus; CVB, coxsackievirus B. CVB1 was used as

the outgroup.
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Fig. 3. Phylogenetic analysis of complete VP1 gene sequences
of human enterovirus C using the neighbor-joining method. An
enterovirus strain, OC01017025e, detected in this study is
presented in boldface. The bootstrap values for the genetic
cluster related with OC01017025e strain are indicated on the
branches. The scale shows the number of substitutions per site.
The GenBank accession numbers for the reference strains used
in this analysis are shown in parentheses. CVA, coxsackievirus
A; PV, poliovirus; EV71, enterovirus 71. EV71 was used as the
outgroup.

strains) of AiV-associated outbreaks were single
infections, indicating that this virus is a causative
agent of gastroenteritis. However, further studies are
needed to clarify the importance of AiV in human
gastroenteritis because very few studies have exam-
ined this virus. SaV is considered as a causative
agent of acute gastroenteritis in children and adults
[Hansman et al., 2007]. Recently, SaV-associated out-
breaks in adults have been reported worldwide,
mostly in healthcare settings [Pang et al., 2009;
Svraka et al., 2010]. Furthermore, SaV-associated
outbreaks after consumption of shellfish have oc-
curred [Nakagawa-Okamoto et al.,, 2009; Iizuka
et al.,, 2010], and the existence of SaVs has been
confirmed in shellfish [Hansman et al., 2008; Ueki
et al., 2010]. AstV is a common cause of gastroenteri-
tis in children [Walter and Mitchell, 2003], but it is
relatively uncommon in adults [Pager and Steele,
2002; Liu et al., 2010]. Although there are not many
reports of = AstV-associated food-borne outbreaks,
some outbreaks related to the consumption of shell-
fish or contaminated water have been reported
[Seymour and Appleton, 2001; Nakagawa-Okamoto
et al., 2009]. In this study, AiV, SaV, and AstV were
detected in several outbreaks and were associated
with single infections. These findings demonstrate
that it is necessary to examine for these three viruses
in human gastroenteritis cases associated with oyster
consumption when NoV has been excluded.

The detection of EVs from shellfish or fecal speci-
mens of patients with shellfish-associated gastroen-
teritis has been reported in previous studies, but
most of these EV strains were not characterized

J. Med. Virol. DOI 10.1002/jmv
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TABLE III. Details of Viruses Detected in Four Selected Outbreaks
Number of virus-positive patients (%)

. ] Total number of
Outbreak Number tested NoV AiV AstV EV Others virus-positive patients (%)
0C01012 8 3 (37.5) 2 0 0 0 5 (62.5)
0C01017 19 2 (10.5) 5 3 5 0 9% (47.4)
0C08028 4 2 (50.0) 2 0 0 0 4 (100)
0C11021 3 2 (66.7) 2 0 0 0 3% (100)

#Includes co-detections.

[Christensen et al., 1998; Le Guyader et al., 2000,
2008; Umesha et al.,, 2008; Benabbes et al., 2013].
Five EV strains in this study were characterized into
three rare genotypes, CVAl, CVA19, and EV76. In
Japan, the detection of CVA1 has been reported since
1982, and the most recent detection was in 2005 in
the Infectious Agents Surveillance Report (IASR) by
the National Infectious Diseases Surveillance Center
(http://www.nih.go.jp/niid/ja/typhi-m/iasr-reference/230-
iasr-data/2968-iasr-table-v-p.html). No detections of
CVA19 and EV76 have been reported in the IASR
since 1981. In previous reports [Oberste et al., 2005;
Begier et al., 2008; Chitambar et al., 2012], these three
EV types were detected in fecal specimens from
patients with gastroenteritis. However, Begier et al.
[2008] described that it was ambiguous whether CVA1
infection caused the illness, and there have been very
few studies on these three EV types. There is a need
more studies to determine whether these EVs are

related to gastroenteritis or other illnesses. The detec- .

tion of rare types of EVs from the patients with
oyster-associated gastroenteritis in this study and
from the oysters in a previous report [Choo and
Kim, 2006] suggested that these rare types of EV
circulate in human populations inconspicuously and
one of their transmission modes could be the consump-
tion of contaminated oysters. ‘

Rapid identification of pathogens is important for
the development of means for control and prevention.
The present study is useful for establishing an
efficient approach for the identification of viral patho-
gens in oyster-associated gastroenteritis in adults.
Our proposed approach is as follows: the first exami-
nation should be for NoV, and second for AiV, SaV,
and AstV when negative or low rate of positive in the
examination of NoV. Other viruses should be exam-
ined in consideration of the description of the patient
or the outbreak.
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In the winter of 2014/15 a novel Gil.P17-Gll.17 norovi-
rus strain {Gll.ay Kawasaki 2014) emerged, as a major
cause of gastroenteritis outhreaks in China and Japan.
Since their emergence these novel GI.P17-Glliy
viruses have replaced the previously dominant Gll.4
genotype Sydney 2012 variant in some areas in Asia
but were only detected in a limited number of cases on
other continents. This perspective provides an over-
view of the available information on Gll.17 viruses in
order to gain insight in the viral and host character-
istics of this norovirus genotype. We further discuss
ihe emergence of this novel Gli.P17-Gll.17 norovirus
in context of current knowledge on the epidemiology
of noroviruses. It remains to be seen if the currently
dominant norovirus strain Gll.4 Sydney 2012 will be
replaced in other parts of the world. Nevertheless,
the public health community and surveillance systems
need to be prepared in case of a potential increase of
norovirus activity in the next seasons caused by this
novel GIl.P17-Gil.17 norovirus.

In this issue of Eurosurveillance, observations from
Japan are reported on an unusual prevalence of a pre-
viously rare norovirus genotype, Gll.17, in diarrheal
disease outbreaks at the end of the 2014/15 winter
season [1], similar to what was observed for China
[2,3]. Norovirus is a leading cause of gastroenteritis [4].

Article submitted on 09 June 2015 / published on 02 July 2015

Although the infection is self-limiting in healthy indi-
viduals, clinical symptoms are much more severe and
can last longer in immunocompromised individuals,
the elderly and young children [5,6].

The Norovirus genus comprises seven genogroups (G),
which can be subdivided in more than 30 genotypes
[7]. Viruses belonging to the GI, Gll and GIV geno-
groups can infect humans, but since the mid-1990s
Gll.4 viruses have caused the majority (ca70-80%)
of all norovirus-associated gastroenteritis outbreaks
worldwide [8-10].

Gll.4 viruses can continue to cause widespread disease
in the human population because they evolve through
accumulations of mutations into so-called drift vari-
ants that escape immunity from previous exposures
[11]. Contemporary Gll.4 noroviruses also demonstrate
intra-genotype recombination near the junction of
open reading frame (ORF) 1 and ORF2, which is likely
to foster the emergence of novel Gll.4 variants [12]. In
addition, the binding properties of Gll.4 viruses have
altered over time, resulting in a larger susceptible host
population [13].
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FIGURE 14

World map showing areas where GII.17 norovirus strains have been detected, 1978-2015

sz Detection of the novel Gll.17 virus in environmental samples

=21 The novel Gll.17 is the predominant genotype

=52 Sporadic detection of the novel Gll.17 virus

== Major outbreaks of the novel Gll.17 virus

A Sporadic detection of Gll.17 viruses from before the emergence of the novel Gll.17 virus

Emergence and geographical spread of
GII.17 genotype noroviruses

Viruses of the Gll.17 genotype have been circulating
in the human population for at least 37 years; the first
Gll.17 strain in the National Center for Biotechnology
Information (NCBI) databank is from 1978 [14]. Since
then viruses with a Gll.17 capsid genotype have spo-
radically been detected in Africa, Asia, Europe, North
America and South America (Table, Figure 1). The virus
appears to be clinically relevant, as it has been asso-
ciated with acute gastroenteritis (AGE) in children and
adults, and with chronic infection in an immunocom-
promised renal transplant patient [15] and a leukaemia
patient (unpublished data). In the United States (US),
only four Gll.17 outbreaks were reported between 2009
to 2013 through CaliciNet, with a median of 11.5 people
affected by each outbreak [16]. In Noronet, an informal
international network of scientists working in public
health institutes or universities sharing virological, epi-
 demiological and molecular data on norovirus, Gll.17
cases were also sporadically reported in Denmark and
South Africa during this period [17].

More widespread circulation of Gll.17 was first reported
for environmental samples in Korea from 2004 to 2006.
This information was published in a report in 2010 by
the Korean Food and Drug Administration (KFDA) and
was cited by Lee et al. [18], but the original docu-
ment describing this finding is not publicly available
and there are no matching clinical reports. From 2012
to 2013 a novel Gll.17 virus accounted for 76% of all
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detected norovirus strains in rivers in rural and urban
areas in Kenya [19]. In the winter of 2014/15, geneti-
cally closely related Gll.17 viruses were first detected
in AGE outbreaks in the Guangdong province in China
in schools, colleges, factories and kindergartens [3].
Sequence analyses demonstrated that 24 of the 29
reported outbreaks during that winter were caused
by Gll.17. A large increase in the incidence of AGE out-
breaks was also reported; 29 outbreaks associated

- with 2,340 cases compared with nine outbreaks and

949 cases in the previous winter when Gll.4 Sydney
2012 still was the dominant genotype [3].

During the same winter there was also an increase in
outbreak activity in Jiangsu province, which could be
attributed to the emergence of this novel Gll.17 [2].
This triggered us to investigate the prevalence of Gll.17
in other parts of the world by means of a literature
study and by inviting researchers collaborating within
Noronet to share their data on Gll.17. Currently, in Asia,
in addition to Guangdong and Jiangsu [2,3], the novel
Gll.17 is also the predominant genotype in Hong Kong
(unpublished data) and Taiwan [20], while in Japan, a
sharp increase in the number of cases caused by this
novel virus has been observed during the 2014/15
winter season [1]. Related viruses have been detected
sporadically in the US [21] (http://www.cdc.gov/norovi-
rus/reporting/calicinet/index.html), Australia, France,
Italy, Netherlands, New-Zealand and Russia (unpub-
lished data, www.noronet.nl) (Figure 1). In France the
novel Gll.17 virus appeared at the beginning of 2013,

www.eurosurveillance.org
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TABLE A

Overview of detected GII.17 norovirus strains worldwide, 1978-2015

French Guiana | Single location 1978 GIl.P4 | Gllaz | Children with AGE 1 strain - Pag'*szgs)me 'jfgg;?fg’ [14]
. . . 1997 _ R . . _ 5’-end ORF2
Brazil Rio de Janeiro (1994-2008) Gll.17 Children with AGE 3/52 strains (300 bp) JN600531 [31]
Kenya Nairobi 199942000 - Gll.ay lx}iﬁgf'\sni;glligg 1/11 strains - 5 (gzg (;g)Fz KF279387 [32]
. R R . Partial ORF1/2
France Briangon 2004 GIl.P13 Gll.1y Child with AGE 1 strain - (1,361 bp) EF529741 Data not shown
KC736582,
Paraguay Asuncion 2004—-2005 - Gll.17 AGE |ny<;:|rl§)ren s 5/29 strains - 3 é';g bOSFz EE;;Z??;’ [33]
KC736569
. States of Acre 2005 . 3’-end ORF2 JN587118
Brazil (Brazil) (2005-200) - Gll.17 AGE 2/62 strains - (215 bp) IN587117 [34]
Predominant
. AGE evacuees . ORF2 and 3 (2,459
United States Houston 2005 - Gll.1y . N genotype in an Sewage DQ438972 [35]
hurricane Katrina outbreak bp)
. Single location - .
Argentina (Argentina) 2005-2006 - Gll.ay River samples 1/33 strains - - [36]
. , Kj179752,
. State of Rio de 2005-2006 3’-end ORF2
Brazil Janeiro (2004-2011) Gll.1z Outbreaks of AGE | 3/112 outbreaks (214 bp) I(KJJ11779977553;: [37]
Nicaragua Léon 2005-2006 - Gll.17 AGE 1 strain - 5 (222 ng)Fz EU780764 [26]
France Sommiéres 2006 Gll.P13 Gll.17 AGE 1 strain Foodborne Pa(ritlgég)l;;;/z EF529742 Data not shown
Thailand Lopburi 2006-2007 - Gll.ay AGE 2 strains - 5 (zgg SS)FZ 2%1222252’ [38]
. 2007 . _ Partial ORF1/2
China Wuhan (2007-2010) GII.P13 Gll.1y AGE 1/488 strains (1,096 bp) JQ751044 [39]
. R . : 5’-end ORF2 P
Mexico Mexico City 2007 - Gil.1y - - Waterborne (1,337 bp) JF970609 NCBI
Switzerland Ziirich 2008 - Gll.ay Rena[l);zii:nstplant 1/9 strains - a SgRgF?Jp) 6Q266696 [15]
Nicaragua Léon 2008 - Gll.ay AGE my?::;:l)ren s 2/38 strains - 5 (222 SE)FZ EU780764 [40]
South Korea Seoul 2010 - Gll.1 AGE 1/710 strains - 5™-end ORF2 JQ 48 [41]
(2008-2011) 7 7 (209) 94434
. . 2009 _ . . _ 3’-end ORF2 JXo47021,
Brazil Quilombola (2008-2010) Gll.1y Children (<10 years) 2/16 strains (215 bp) 1X047022 [42]
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Overview of detected GI1.17 norovirus strains worldwide, 1978-2015

Southwestern .
X : Healthy children and . Partials ORF1/2 JF802504~
Cameroon region of 2009 Gll.P13 Gll.az e 4/15 strains - [43]
Cameroon HIV positive adults (1,024 bp) JF802507
Children after ‘ .
Guatemala Tecpan 2009 - Gll.ay waterborne outbreak 1/18 strains Waterborne - - [44)]
. AGE in children (<5 . 5'-end ORF2
Burkina Faso Ouagardougou 2009-2010 Gll.17 years) 1/36 strains (287 bp) X416 405 [27]
Netherlands Single location 2002-2007 - Gll.17 Nosocomial 3/264 strains Nosocomial - - [45]
South Korea South Korea 2010 - Gll.17 Groundwater 2/7 strains - 5™-end ORF2 KC915021- [18]
samples (311 bp) KC915022
Ireland Ireland 2010 - Gll.1y Influent waste water 4/24 strains - (go.zel?)) JQ362530 [46]
KC495680,
KC495686,
KC495672-
. . _ N . _ 5’-end ORF2 KC495674,
South Africa South Africa 2010-2011 Gll.17 Waste water 9/69 strains (05 bp) KC495664, {471
KC495657,
KC495655,
KC495640
South Korea Jinhae Bay 2010-2011 - Gll.1y Oysters 1 strain - - - [48]
Oujda _ AGE in children (<5 . _ 5’-end
Morocco (Morocco) 2011 Gll.1y years) 1/42 strains (205 bp) KJ162374 [49]
. Johannesburg ‘ _ Partial ORF1/2
South Africa (South Africa) 2011 Gll.P16 Gllay AGE (1,010 bp) KC962460 [50]
. Healthy adults and | . Partial ORF1/2
- . . . - K
Cameroon Limbe 2011-2012 GIl.P3 Gll.17 Children 4/100 strains 653 bp) 1946403 [51]
KF916584—
_ _ . _ 5’-end ORF2 KF91658s,
Kenya Kenya 2012-2013 Gll.1y Surface water 16/21 strains (306 bp) KF808227— [19]’
KF808254
»end KC413386
South Korea Gyeonggi 2012 - Gll.17 AGE outbreak 1 strain Waterborne 5 KC413399- [22]
(205 bp) KC -
413403
. Guangdong _ _ _ 5’-end KP718638-
China province 2014-2015 Gll.17 AGE outbreaks 24/29 outbreaks (249 bp) KP718738 [3]
United States Gaithersburg 2014 GlH.P17 Gliay AGE I;;:;Sld of 3 1 strain - Pagrya;lziel;l‘%me KRo83017 [21]
. Jiangsu _ ; _ ‘ _ KR270442~
China province 2014-2015 | Gll.P17 Gll.1z Outbreaks of AGE 16/23 outbreaks KR270449 [2]




but since then, it has not resulted in an increase in AGE
outbreaks as observed in China, nor replaced the pre-
dominant Gll.4 in the last seasons (data not shown).

Based on sequence analyses of the ORF1-ORF2 junction
region, most diagnostic real-time transcription poly-
merase chain reactions (PCRs) will be able to detect
this novel Gll.17 virus, but it is not known whether the
same holds true for immunoassays. However, only a
small portion of norovirus outbreaks are typed beyond
the Gl and Gl classification, therefore it is possible
that Gll.17 is more prevalent than we currently suspect.

1]

Phylogenetic analyses and molecular
characterisation of the novel GII.17 viruses
Phylogenetic analysis of the viral protein 1 (VP1) of
Gll.17 strains in the NCBI database demonstrated at
least two clusters, with the novel Asian Gll.17 strains
grouping together with the Gll.17 strains detected in

AB983218,
LCo37415,
LCo43139,
LCo43167,
LC043168,
LCo43305

[T o
éf’n £ the surface water in Kenya (Figure 2,[21]) and in an
o2 o outbreak in 2012 in Korea [22]. Although the novel
= 'ﬁ £ Gll.17 clusters away from previously identified Gll.17
£ e strains, the amino acids changes in VP1 are not suf-
é ficient to separate it into a different genotype. For
° = only a limited number of Gll.17 strains the full VP1 has
[ & % been sequenced, which demonstrated three deletions
£ © and at least one insertion compared with previous
s 5 Gll.17 strains (comprehensive alignments are given in
g T G Fu et al. and Parra et al. [2,21]). The majority of these
= > N . .
" =% =2 changes could be mapped in or near major epitopes of
AR tznf 2 the VP1 protein and potentially result in antigenic drift
=t = . . .
%g EE or altered receptor-binding properties [21]. Most pub-
2 £ % g licly available Gll.17 sequences only comprise the VP1,
57T = % and most frequently the 5’-end of VP1 (C region), while
w ‘g = ﬁ = most of the observed diversity within the Gll.17 geno-
G} S o NIRRT . . . .
< e ®mO type is observed in the 3’-end of VP1 (D region) [23].
5 2s og
) S = et
E § E 32 Previously, viruses with a Gll.17 VP1 genotype con-
— o o o . .
g = €2 S % tained a Gll.P13 ORF1 genotype, although recombinants
aq o 55 £ 3 with an ORF1 Gll.P16, GlI.P3 and GII.P4 genotype have
= e . oo .o
§ =2 25 also been identified (Table). Sequence comparison
- ~ o % s § showed that the ORF1 region of the novel Gll.17 viruses
< 5 vy £33 was not detected before and cluster between GIl.P3
_5 £ & g 52 and Gll.P13 viruses [21]. Since this is the first orphan
‘g S g2 = S ORF1 sequence associated with Gll.17, it has been des-
i 28533 ignated GII.P17 according to the criteria of the proposal
<l = Loz C 2 : .
g v T3 gfg for a unified norovirus nomenclature and genotyp-
£ @ gs£g > ing [24]. The novel Gll.17 virus was termed Kawasaki
e R o .
4 8 E® ase 2014 after the first near complete genome sequence
s ] =28 g = (AB983218) submitted to GenBank. Noronet provides
z S =) g Ea a publicly available and widely used tool for the typ-
=z E E 2 w & ing of norovirus sequences (http://www.rivm.nl/mpf/
et ZEgE2 norovirus/typingtool). This typing tool was updated
O g $52LE to ensure correct classification of both ORF1 and ORF2
E s B % = i sequences of the newly emerged GlI.P17-Gll.17 viruses.
O Tl 9T @
3 ) > e .E
3 % § S §g The acquisition of a novel ORF1 could potentially result
3 &% 2238 in an increase in replication efficiency and may - in
o § £ f‘i £ g part - explain the incre.ase of the AGE outbrgak activity.
wl > e 8 o T2s Histo-blood group antigens (HBGAs) function as (co-)
g é g § oW = receptors for noroviruses. Alpha(z,2)fucosyltransferase
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FIGURE 2

Unrooted maximum likelihood phylogenetic tree based on the 5-end of virus protem 1 (VP1) sequences (C region) of GIL.17
noroviruses, available from the National Center for Biotechnology Information (NCBI)
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The tree was estimated under the general time reverSIble model using PhyML. Bootstrap values above 70% are given. Sequences from

Kenya are depicted in red and those from the recent outbreaks (2013—1015) reported in ASla in blue The scale bar represents nucleotide
substitutions per site.

i

2 (FUT2) adds an alpha-1,2 linked fucose on HBGAs,
and individuals lacking the FUT2 gene are referred to
as ‘non-secretors’, while those with a functional FUT2
gene are called ‘secretors’. Non-secretors have been

restrictions for Gll.17 viruses in infection of humans.
How the observed genetic changes have affected the
antigenic and binding properties of the novel Gli.17
strains, and hereby the susceptible host populatlon

shown to be less susceptible to infection with sev-
eral norovirus genotypes [25]. In studies investigat-
ing the genetic susceptibility to norovirus genotypes,
a secretor patient with blood type O Lewis phenotype
Le*®* and a secretor patient with blood type B Lewis
phenotype Le®® were positive for previously identified
Gll.1i7 viruses and no non-secretors were found
positive [26,27], suggesting that there could be genetic

remains to be discovered.

Public health implications

Based on the emergence and spread of new Gll.4 vari-
‘ants, we know that noroviruses are able to rapidly
spread around the globe [28,29]. The novel Gll.17 virus
has been detected in sporadic cases throughout the
world, but until now it has not resulted in an increase

- 279 —

www.eurosurveillance.org



in outbreak activity or replacement of Gll.4 Sydney
2012 viruses outside of Asia. Following the patterns
observed in the past years for Gll.4 noroviruses and
based on the data from China and Japan, an increase
in norovirus outbreak activity can be expected if the
currently dominant Gll.4 is replaced by Gll.17. Another
possibility — however — would be some restriction to
global expansion, as has been observed previously
for the norovirus variant Gil.4 Asia 2003 [29]. Such
restrictions could be due to differences in pre-existing
immunity, but could also be the result of differences
between populations in the expression of norovirus

receptors [29]. Based on current literature on the novel .

Gll.17 virus there is no indication that it will be more
virulent compared with Gll.4. Nevertheless, the public
health community and surveillance systems need to be
prepared in case of a potential increase of norovirus
activity by this novel Gll.17 virus.

Conclusions

Understanding the epidemiology of norovirus geno-
types is important given the development of vaccines
that are entering clinical trials. Current candidate vac-
cines have targeted the most common norovirus geno-
types, and it remains to be seen if vaccine immunity
is cross-reactive with Gll.17 viruses [30]. Contemporary
norovirus diagnostic assays may not have been devel-
oped to detect genotype Gll.17 viruses since this geno-
type was previously only rarely found during routine
surveillance. These assays need to be evaluated and
updated if necessary to correctly diagnose norovi-
rus outbreaks caused by the emerging Gll.17 virus.
Norovirus strain typing ideally should include ORF1
sequences and the variable VP1 ‘D’ region as well as
metadata on the host, like clinical symptoms, immune
status and blood group. This will allow us to better
study and monitor the genetic disposition, pathogene-
sis, evolution and epidemiology of this newly emerged
virus.
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Fig. 1 Phylogenetic tree of norovirus GII based on the capsid nucleotide sequences in' Okazaki City between

April 2007 and March 2013.
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ERBMLCHERALRE,
2.2.2 5% Hr=goTy oE#E

KIE Baxter #: 0 S%#ERAN v~ w7y v
#A| Gammagard] % F\ 7z, Alfresa Pharma %
POHA LT, )
2.2.3 RvYynLEY -

BAT FUKER2ELEBL TR VEE
L b DOBEBIRT, ANIHEPBEALE,
224 J2x/—NLZRNAHIHFTY F

TRIzol-LS (invitrogen) % £ f L 7z,

2.2.5 A5 LAKXORNAEFX Y F

QIAamp Viral RNA Mini Kit (Qiagen) &/ L
7o
2.2.6 BRARK

2.2.5 OfHF v MR O AVLEE F\W i,
2221 BEERIET NV HY—

RTmate (=v R P—r) 2EHALE,
2.2.8 DNase I (RT Grade) U RNase inhibitor
Sy RV OB EERLE,

229 75—+

ATALERA : FEECE K o-Amylase ¥97R  (Fnesiisd)
R L=,

# A A : o-Amylase Ultrapure (= » R 2 ¥— )
ZER L,

2210 BERNEE

FE2ARYITFR IS (FTRAUY) &
ALl
2.2. 11 #EEEER

ReverTra Ace (JR¥EEXS) ZMER L7,

2.2.12 / —=JL PCR iEE%E

Taq DNA Polymerase High Yield (75 A F—)
i LAV iaN
2.2.13 iRy P RE— FRA v F 49 2 PCR HEER

KOD FX Neo (WR#E#5) &RV,

2.2 4 BEERGICBV T34 37—
SUBNTTA<w—(9mer, FHTAA),
GISKR & G2SKR?, B O HBAR O W ERE K
BH 754 ~—PANR-G1 & PANR-G2 &\ 7z,
PANR-G1 X% 1 IZ7% L 7= PANR-Gla &

PANR-Glb % 1:1 TERBALEZHDOTH 5,
PANR-G2 I35 1127 L 7= PANR-G2a, PANR-G2b,
K ONPANR-G2¢ % 2:1:1 TIRELEBDTH B,

2.3 RVYNLEY - bS5y THEOEEDFIR
EAWRBIEORNEZR 1ITRLT,

2.4 94 ILADERH

X1 °HELA-RERE (60 ul) 235 8.5uL &
EX Y , DNase I XU a-Amylase Ultrapure % % 1 pL,
RNase inhibitor % 0.25 uL , 5x¥ 85 buffer (E%
RICHM) 4L Mz 2%, BEKTHGESR
155uL &L, 37C 1047, 65C 50D A v *=
R—y g &fTolz, FD%, 774 ~— (8
WD H D) , dNTP, RTmate, K OHEHEREREL
BMLUTcDNAZERKR L (RGAE20pL) ,
AR L7z cDNA B#% 5 uL B9, COGIF? /
G1SKR?, ¥ 72 1% COG2F®/ G2SKR®™IZ X B 1st.
PCR &, GISKF/GISKR ¥ 7213 G2SKF/G2SKR
17 & % semi-nested RT-PCR #1T o7z, Z DIEIE
BR8N, BERAVWLND /—</PCRE,
FOVBERHEOBRBVWER Y NAX—b&E Y TFHFY
v PCR O #1To Tz, RINRESRMEIL, KO
EBOTHSD,

[/ —<n PCR]
94°C4 4y 1 V%47
94°C30 # —50°C30 # —72°C30 § 40 %1 7 v
72°C74 1¥A 7N

&1 FHEERGERT S/ 7—0ES

AR EeFl (5°—3°) R ENE

PANR-Gla | GTBCKMACATCAGCAATCA 58005818
PANR-G1b | GGKTCAAGSRYCCTAACATCWGCAATGA 58005827
PANR-G2a | TCYARWKKYCTWACATCTAYAATYAYRTGGGGGAACAT | 5502+-5539
PANR-G2b | ARDGTCCTAACATCWATAATYAYATGAGGGAACAT- 55025536
PANR-G2¢ | CTSACATCCACMAYYACRTGCGGRCACAT | 55025530

« PANR-Gla & PANR-G1b DREMBE L. Norwalk68 B DEFICHES T AEERECTREL,
« PANR-G2a, PANR-G2b. JU'PANR-G2c D% ENEIL, Camberwell BRDEEE B THRE L,
* PANR-Gla OEFIR D7 o F—5 4 L CRLULFEFERE (O I LNAEBSHTER LT,
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B 10g

100 pL

< EEELEE

<« FIRESOmL  (RALIBLEF TITH)

l EREED
l |
l

BERNE 15 4

l <+——a-Amylase 5K 0.125 ¢

(¢ ) 3,000 rpm 30 47

371C15 4> #E

] ' ) 3,000 rpm 20 5

EiE
l 5% Hr~wrna7 Y B 150 ul
XYY 1.0mL

l < BRI 250 uL
TRIzol-LS 750 pL.
l ‘ Zaumdis 200 pL
BLIEBE

C ' ) 12,000 rpm 15 43

lﬂ(f%

l — TZ /=) (KED 08 EE)

QIAamp Viral RNA Mini Kit D F AT 75 A4 LT RNA flH
BB TA~—I2X Y cDNA ZAR L.

1st.PCR & 2nd.PCR

1 o VILEY - Sy TEOBREFIE

[y hR¥—F&& vFF D PCR]
94°C4 4y 1HA 7V
94°C30 #— (55—50°C) 30 B —72°C30 # 5 %
A7 FTREBE vFETURE
94°C30 #-50°C30 #0-72°C30 # 40 %A 7 /L
72C74 1¥A 70 ‘
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PCR EY O S NVESIKE TTFRMEIL NNV
BRODONTZHEFTWIHLTY—I 2%
RAT, F7, Ist. PCR EWIZH L T real-time
PCR®? %17\, NoV $EMRMIEOH EL R
L7z, f#H L7 real-time PCR #EiT v =Bl

[LightCycler 350S] T, KIHNAEIL 20 uL Th 2,
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©e W A VA NoV-GIl/4 3.5x10% ~ 1.0x10% = v —/g
S YA gEE T
N 807 ENINFLA: Gammagard
L. 70-
-
Lo
3 60—
2 ‘30- .-“'x
| %
5 20~ “',.-‘
[T 1.0~ -
0o~ m o +
.wa 2 4 6 8 10 1 14 1 18 25 2 24 25 28 4 3‘2 34 3B 33 40 42 4 46
Cycle Number
B2 Nested real-time PCR (DiZigphfs
- 1st PCR %77 A4 =—COG2F / G2SKR IC TER L, ZOWIEENE S 74 ~— - Tu—7
&> b COG2F / COG2R / RING2-TP % i\ 7z real-time PCR THHH L7z,
3. #ER TIERSAEE K) &WILOBFEL,
.1 BEFEFTCHTIHMESADEE EHITRENENOSTORENERT 720,
BERZHEETI2-OD0OFHERARE LTEE HEEHAOERNG,
SERVAATHERIELEEZELL, PT]
Gammagard % T NoV [EUL#1T - = BED1E K=
R 2 IR L, SRICEB L, (5YE [PILT]
35 av’—/g & 10 = ¥—/g THREICHE LB TRIND, T TR, PIE[TIXENENT T

BOPNTNWBEZ &B¥bnd, —JF, Ist. PCR
EM%E ST A4~ —G2SKF / G2SKR IZ & 3
semi-nested RT-PCR CTHEEL, 7V o—X4
NELIKE CHRRB LI E 25, BYRE 3.5x102
a ¥ —/g ¥ TIX 344 bps OEEEAL FRADH S
ke (M3) . LL, 1.0x10* a2 —/g LT T
IR RRFRHABE Th o 7-, BARERNSY FBR
Db 3.5x10° a—/g DL —rnbARY R
EOVH LTy~ 2 RAEBFF LI 25,
HRIZH VT2 NoV D ERFITH D Z & H3FER
T& 72, RRIZ 35 a /g D L — 75 344 bps
WECMNETIHSOAVEZHOEL, 221
E¥END DNA BTRDOY— 27 U R BB LT
LIAHAT FUKE (FH) @ 16s VARV —
LDEEEFITH o7,

3.2 HEADEMAMRE
WEERGS PCR b, AN TV FAE—
YarThoaiT b, RnRzEMTLE 2

BEOSFORELWVWIZ LITD, #-T,

AT L MRRGRF TR LTCE

CFELTWAEE, [PTIEZALNRSALTEL
TNATVEALA L=V a Vi FORELT S,
TOENDL, NATYVFA L~ a UBRERIALL
TR TFOREEZRDZ &,

[PTI=K[P][T]

L%, BEEORBIETEDBEE, K BFT
Av—OFBEEICHEY L, BENRRERIER
HDIZKDBKRELRY, EFERIER DIT/NEL
25, LITAN, FEBAKGIZBHNTK /NS
NPolzl LThH, [TINEEMICRE T, &
RELTPTIDREL 2D, AMETERL T
WA RIEIX, NoV D[PTIL D & 7T EDPTINIX
EPRKRENEVD ZLIZRET S, BARELR
D NoVid Tzt —- « « | LWVoEFTH
LonTnadDIER LT, RNV FETHRAL
NET7HEIIABRTRAZETHAZENDBERIX
BRHRIC—RICRDB I ENLRO T L FA
SNB, ®oT, BrDT5 4 v—DERED
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100 b"ase < —

o
[=]
i
X
1Q
2]

BRI (3 —/g)

1.0x102

35 10 3

4+ o+ - —

Nested real-time PCRO K&

Bhai: X

HETRURHE

3 Semi-nested RT-PCR #iBEMD B S KE/ 2 —>
2D 1st. PCREWME, 754 <—G2SKF/G2SKR # A=

2nd. PCR CH#EE L7,

PCROKRIGEHE (WTFhvh KIZHE) KoHhE
HLTHRBRIZEES 2V, fIE, FHFEK
DGR 1 FHa0 1 (KICHY) Thd—Fh
T, BEWREN 1ER (THCHEY) boTti2b
X, T4~ OREERERCHESRATL
FHT LD (NoV ETHDEMZERL L
EREW) &

33BEERHERTSAT—0OBH

B % DT T A <—DREMESLPCR DKL
DHBCTRMEICHIGTERN D, Wik
B R Jis—1st. PCR—2nd. PCR @ 3 BRMED RS %
—ODHLDL LTHBMT2Z L THRROKRDE
R L7, bbb, FFERRSICHEERD
D, AR LIEENEFNORGERIZEITHIE
BARSORNRPEIRZXT THD, &AM,
ERKIZIE NoV & 7HE O IR 7 91518 B 2= 03 i
HENDZ R EBETRBRENL TV, £
IT, FERERISICAWS IS4 v—DEE:
Ll L7273 6, BHBIZ NoV DEET OB sk
HENBZFEEERELL,

FGUELT T —CHEBEERSEITS &,
10° a8 —/g DEIREBREBRY I AT
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BOVERERELNDZ OO, RIREHBRIZZR
DI ONBEICEINERE D T, PEG LRIED
FREFRBIZRD &0V ) WEBAKNT CILBE
ERTWEY, MA4DL—r3~6ITR/LEEE

D, RFrFFEFER—R L L 100 2 —/g
DUTOERBEBERY 7T, semi-nested
RT-PCR #{T-> CHb Ny RBRBEEINLT,
semi-nested real-time PCR T & HIENER D b/
Moz,

G2SKR D X 5 72 PCR LA L NoV B EHN T Z
f=—%E> L, THOBEFNEELE TEA
THZLEITHRAROER (K 3) EKTH
ol TVFLTTA v —CHEEREEITo
728B4 LT, semi-nested real-time PCR TiZ
HIBEARD bhie), BRIKENTHERZR VR
PBETET, BERTHENIRETH 7= (K
4 L—2 8~11), FIVETHELRLZBZ AV FE
PohHLTY =2 ALEEZA, L—2 8
L 9IE /A RXBETETHRARETHY, L—
Y10 & 11 B THED 165 VR Y — ADEFI
PR Sz,

PEOFRENL, BERERSDBER TPCR &
BERAERATIA—%2ANELILHREEL



