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During the 2016—17 winter season in Japan, human noro-
virus GlI.P16-GlI.2 strains (2016 strains) caused large out-
breaks of acute gastroenteritis. Phylogenetic analyses sug-
gested that the 2016 strains derived from the GII.2 strains
detected during 2010-12. Immunochromatography be-
tween 2016 strains and the pre-2016 GII.2 strains showed
similar reactivity.

orovirus is a major cause of acute gastroenteritis in

humans and is genetically classified into 7 genogroups
(GI-GVII). Among them, norovirus GI, GII, and GIV in-
fect humans, and human norovirus (HuNoV) has many
genotypes (/). GII viruses are common and have 22 con-
firmed genotypes (/).

In Infectious Diseases Weekly Report (https://www.
niid.go.jp/niid/en/idwr-e.html), the Japanese national sur-
veillance system reports the number of patients with acute
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gastroenteritis and their pathogenic agents who were ex-
amined at clinics or hospitals of the sentinel surveillance
medical institutes (=3,000 institutions). This report indi-
cated that HuNoV GII.2 was the third or fourth most preva-
lent genotype during the past 5 seasons (2011-2016), but
became the predominant strain during the 2016—17 season.
Of note, the total number of children with acute gastroen-
teritis in 2016—17 was the second largest over the past 11
epidemiologic seasons (2,3).

On the basis of these observations, we used the full
length of the RNA-dependent RNA polymerase (RdRp)
region and capsid (VP1) gene to study the phylogeny of
HuNoV strains detected during 2016—17 winter season
(2016 strains). We also determined the immunoreactivi-
ties of the variant strains by various immunochromatogra-
phy (IC) kits and the bioluminescent enzyme immunoas-
say (BLEIA).

The Study

In this study, we analyzed 26 GII.2 strains detected dur-
ing October 2016-January 2017. Of those, we analyzed 19
strains for their phylogeny, and examined 7 strains by IC and
BLEIA (4). We collected samples from the patients (children
and adults) with acute gastroenteritis (mean +SD age 9.2 +
12.0 years). Because we could not collect adequate amounts
of fecal specimens in some instances, we could not perform
sequence analyses for all of them. Moreover, to compare the
sensitivities of IC and BLEIA for the previous and current
GII.P16-GII.2 strains, we conducted these tests using 2 fecal
specimens containing GIL.P16-GIL.2 virus detected in 2009.
These specimens, stored at —80°C, were obtained from clin-
ics or hospitals, such as the sentinel surveillance medical in-
stitutions in Ibaraki Prefecture and Kawasaki City in Japan.
We obtained written informed consent from the patients or
their guardians for the samples. The study protocols were
approved by the National Institute of Infectious Diseases for
Public Health Ethics Committees (No. 576).

We performed viral RNA extraction and reverse tran-
scription PCRs as described (5). To analyze the complete
RdRp region and VP1 gene, we used primer-walking meth-
ods with primers designed by the PrimaClade server (online
Technical Appendix Table 1, https://wwwnc.cdc.gov/EID/
article/24/1/17-0284-Techapp1.pdf) (6) and performed se-
quencing as described (5). To determine the genotype of
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the current virus, we used Norovirus Genotyping Tool ver-
sion 1.0 (7). The accession numbers of the current strains
are listed in Technical Appendix Table 2. To construct
the phylogenetic tree, we collected complete sequences of
the VP1 gene and RdRp region of HuNoV from GenBank
(online Technical Appendix Table 2). We used 61 refer-
ence strains for phylogenic analysis of the VP1 gene and
70 strains for the RdRp region. We selected the best sub-
stitution models using the Bayesian information criterion
(BIC) method by MEGA 6.0 (http://www.megasoftware.
net (8). Using sequences from both regions, we inferred
phylogenetic trees by the maximum-likelihood method as
implemented in MEGA 6.0 (8).

Phylogeny and Immunoreactivity of NoV 2016 Strains

To explore the immunoreactivities of 2016 strains, we
used 7 fecal specimens from the patients with acute gastro-
enteritis attributed to the 2016 strains to assess relationships
among these strains’ genome copy numbers and the sensi-
tivities of 5 commercial IC kits: ImmunoCatch-Noro (Eik-
en Chemical, Tokyo, Japan); Quick Chaser-Noro (Mizuho
Medy, Tosu-shi, Japan); Quick Navi-Noro 2 (Denka Seiken,
Tokyo, Japan); GE test Noro Nissui (Nissui Pharmaceutical,
Tokyo, Japan); RIDA QUICK Norovirus (R-Biopharm AG,
Darmstadt, Germany). In addition, we evaluated the BLEIA
(Eiken Chemical, Tokyo) to compare sensitivities for the IC
kits to the 2016 strains. We quantified HuNoV genome num-
bers by using a real-time PCR (9). Furthermore, to test the
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Figure 1. Phylogenetic tree for the capsid (VP1) gene in human norovirus Gl strains. The tree was constructed by using the maximum-
likelihood method. Bold letters denote Gll.2v strains. Numbers at branch nodes show bootstrap values with >70% support. Scale bar

represents number of nucleotide substitutions per site.

Emerging Infectious Diseases * www.cd

c.gov/eid « Vol. 24, No. 1, January 2018 145



DISPATCHES

sensitivity of the IC kits and BLEIA with the GII.2 strains
before and during the 20162017 winter season, we used 2
fecal specimens collected in 2009-10.

The genotype of HuNoV detected in the 2016-17
season was GII.P16-GII.2. The maximum-likelihood tree
of the VP1 genes formed many clusters (Figure 1). The
2016 strains diverged from common ancestors of the GII.
P16-GII.2 cluster detected in 2010—12. The phylogenetic
tree of the RdRp coding region also formed many clusters
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Figure 2. Phylogenetic tree for the RNA-dependent RNA polymerase (RdRp) region in human norovirus Gll strains. The tree was
constructed by using the maximum-likelihood method. Bold letters denote GIl.2v strains. Numbers at branch nodes show bootstrap
values with >70% support. Scale bar represents number of nucleotide substitutions per site.
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Phylogeny and Immunoreactivity of NoV 2016 Strains

Table. Sensitivities of 5 immunochromatography kits and the BLEIA for 2016 and pre-2016 GII.P16-GlI2 norovirus strains*

Virus Norovirus immunochromatography kit test results

genome, ImmunoCatch- Quick Quick Navi- GE test RIDA BLEIA
Sample ID copies/g Noro Chaser-Noro Noro 2 Noro Nissui  QUICK  result
Kawasaki181, 2016 strains 9.12 x 10° + + + + + +
Kawasaki159, 2016 strains 7.47 x 108 + + + - + +
Kawasaki163, 2016 strains 2.30 x 107 + + — — + +
Kawasaki173, 2016 strains 1.31 x 107 + - — — — +
Kawasaki125, 2016 strains 2.26 x 108 - — - — _ +
Kawasaki175, 2016 strains 1.82 x 10° - - - - - -
Kawasaki177, 2016 strains 3.16 x 10° - - — - - -
Ibaraki09-1095, pre-2016 GII.P16-GIl.2  8.09 x 10’ + - — — _ T
Ibaraki09-965, pre-2016 GII.P16-GlI.2 1.40 x 107 + - - — - +

*Kit manufacturers: ImmunoCatch-Noro, Eiken Chemical, Tokyo, Japan; Quick Chaser-Noro, Mizuho Medy, Tosu-shi, Japan; Quick Navi-Noro 2, Denka
Seiken, Tokyo, Japan; GE test Noro Nissui, Nissui Pharmaceutical, Tokyo, Japan; RIDA QUICK Norovirus, R-Biopharm AG, Darmstadt, Germany.
BLEIA, bioluminescent enzyme immunoassay; ID, identification information; +, positive; —, negative.

To examine the antigenicity between 2016 strains and
pre-2016 GII.2 strains, we assessed the relationship be-
tween the quantities of GII.2 genome and the results of the
IC kits and BLEIA (Table). The IC kits we used in this
study all showed the 2016 strains positive, when ~10'
copies/g of viral genome were in each sample. The reac-
tivities of these kits against lower copy numbers of 2016
strains and pre-2016 GII.2 strains were significantly dif-
ferent. For example, 1 kit (ImmunoCatch-Noro) was >100
times more sensitive than another kit (GE test Noro Nissui)
used in this study. BLEIA could detect samples with 2016
strains of genome copy number of =2.3x10° copies/g in fe-
cal samples.

Conclusions

We describe the phylogeny and immunoreactivity of
the strains that suddenly emerged in Japan in 2016.
As shown in the trees, the 2016 strains diverged from
the HuNoV GII.P16-GII.2 detected in 2010—12, rather
than that detected in 2015. Tohma et al. showed that
the GII.P16 strains circulating in the 2016—17 winter
season carried 4 amino acid mutations (S293T, V332I,
K357Q, and T360A) in their polymerase from pre-
2016 GII.P16-GII.2 strains (/0). Among them, all 2016
strains had amino acid mutations (S293T, K357Q, and
T360A), and 17 of the 19 strains also had the V3321 mu-
tation. Moreover, some reports suggested that the GII.
P16-GII.2 strains detected in 2016 were a new recom-
binant strain, and both the RdRp region and VP1 gene
sequences of our strains and the new strains were similar
(identity ~98%—-99%; data not shown), although the ana-
lyzed sequence lengths were different (/7,72). However,
in this study, we could not obtain clear data for the re-
combinant strains.

Previous reports showed that IC kits were posi-
tive for most of the HuNoV GII genotypes in clinical
samples (fecal specimens), corresponding to around 10’
copies of norovirus genome per gram in the fecal speci-
men (/3,14). In contrast, another report showed that the
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reactivity of the pre-2016 GII.2 strains was lower than
other genotypes (/5). We obtained similar data on the
sensitivity in each kit between the pre-2016 GII.P16-
GII.2 and 2016 strains. However, we saw substantially
different sensitivities among these IC kits (maximum
100-fold). Our findings show that the IC kits may be
valuable for detecting the GII.P16-GII.2 strains, includ-
ing pre-2016 GII.2 and 2016 strains, on a case-by-case
basis or as a backup test in the laboratories with a rapid
bedside norovirus diagnosis.

The 2016 NoV strains caused outbreaks of acute gas-
troenteritis in many countries (2,/0—12). Additional mo-
lecular epidemiologic analyses are needed to track the epi-
demics and to better understand the viral evolution.
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Technical Appendix
Technical Appendix Table 1. Primers used in this study
Coding region Primer Sequence, 5'>3'
RdRp Gll.P16-PCR-1F CCCAAARCCAATYAGACCAGATGT
Gll.P16-Seq-1F AGAATGGGRACACACGCAA
Gll.P16-Seq-2F AYGAGCCTGCCTACCTYGG
GlI.P16-Seq-3F HCTGCTYTGGGGCTCTGA
Gll.P16-Seq-4F AAGTCACCAAHCTGTCYCCTGACAT
GlI.P16-Seq-5F ACTYAAAGAAGGTGGGATGGACT
G2-SKR (1) CCRCCNGCATRHCCRTTRTACAT
VP1 Gll.2-PCR-Seq-1F AYYTGAGCACGTGGGAGG
G2-SKF (1) CNTGGGAGGGCGATCGCAA
G2-SKR (1) CCRCCNGCATRHCCRTTRTACAT
Gll.2-Seq-2F YAAGTTRGTCTTCGCCGC
Gll.2-Seq-3F CCAGTGTCYATAGAYCAGATGTAC
Gll.2-Seg-4R CAGAAGGGGCRAGRTTTGT
Gll.2-PCR-Seg-5R GAACYRAGCCCATTGCTGA

Technical Appendix Table 2. Norovirus strains used in this study
GenBank Coding region

Strain -
accession no.

Pre-2016 strains

Hu/GII/1JP/2011/GI1.P16-Gll.2/Osaka9 LC209448 RdRp
Hu/GII/JP/2012/GII.P16-Gll.2/Miyagil LC145787 RdRp, VP1
Hu/GII/JP/2011/GII.P16-Gll.2/Yamaguchi4 LC209468 RdRp
Hu/GII/JP/2011/GII.P16-Gll.2/Osaka023 LC209453 RdRp
Hu/GII/1JP/2011/GI1.P16-GlI.2/Ehime45 LC209479 RdRp
Hu/GII/JP/2011/GII1.P16-Gll.2/Hiroshima26 LC209471 RdRp
Hu/GII/JP/2010/GII.P16-Gll.2/Kanagawa51 LC209459 RdRp, VP1
Hu/GII/JP/2011/GII.P16-Gll.2/Hokkaido17 LC209467 RdRp
Hu/GII/1JP/2012/GI1.P16-GlI.2/Ehime46 LC209478 RdRp
Hu/GII/JP/2011/GII.P16-GII.2/Osaka26 LC209449 RdRp
Hu/GII/JP/2012/GII.P16-Gll.2/Saitamal121 LC209446 RdRp

Page 1 of 4
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GenBank Coding region

Strain accession no.
Hu/GII/JP/2011/GII.2/Tokyo/10-4320 AB629946 VP1
Hu/GII/JP/2010/GII.P16-Gll.2/Ehime43 LC209481 RdRp, VP1
Hu/GII/U.S./2011/GII.P16-GII.2/HS255 KJ407074 RdRp, VP1
HU/GII/JP/2014/GII.P2-Gll.2/Yamaguchi014 LC209469 RdRp
HU/GII/JP/2004/GI1.P2-GIl.2/Tochigi87 LC209437 RdRp
Hu/GII/JP/2004/GII.P2-GlI.2/Tochigig6 LC209438 RdRp
HU/GII/JP/2004/GII.P2-Gll.2/Tochigi85 LC209436 RdRp
HU/GII/JP/2004/GII.P2-Gll.2/Hokkaido13 LC209464 RdRp
Hu/GII/JP/2004/GII.P2-GII.2/IMK04 DQ456824 RdRp, VP1
HU/GII/JP/2002/GII.2/0C02012 AB279555 VP1
HU/GII/NL/2002/GII.2/Heerlen7E AB281086 VP1
HU/GII/NL/2002/GII.2/Rotterdam39E AB281087 VP1
Hu/GII/NL/2001/GlI.2/Zwolle25E AB281085 VP1
HU/GII/NL/2003/GlI.2/Leeuwarden71 AB281088 VP1
Hu/GII/JP/2006/GlII.P2-GlI.2/Hokkaido14 LC209462 RdRp, VP1
HU/GII/NL/2005/GlI.2/Vaals87 AB281090 VP1
Hu/GII/NL/2005/GlI.2/Goes28 AB281089 VP1
HU/GII/JP/2006/GII.2/0OH06023 AB662863 VP1
HU/GII/JP/2008/GII.2/OH08019 AB662867 VP1
HU/GII/NL/2001/GII.2/Leeuwarden15 AB281084 VP1
HU/GII/1IP/1997/GI1.2/0C97049 AB279553 VP1
Hu/GI1/13P/2010/GII1.P2-Gll.2/Hokkaido16 LC209465 RdRp
HU/GII/JP/2010/GII.P2-Gll.2/Hiroshimal9 LC209473 RdRp
HU/GII/JP/2010/GII.P2-Gll.2/Hiroshimal8 LC209472 RdRp
Hu/GII/3P/2009/GI1.2/0C09103 AB662872 VP1
HU/GII/JP/2009/GII.2/OH09034 AB662885 VP1
HU/GII/JP/2008/GI1.2/OH08029—2 AB662869 VP1
HU/GI1/1JP/2008/GII1.2/0OH08009 AB662866 VP1
Hu/GI1/JP/2008/GI1.2/0C08124 AB662860 VP1
HU/GII/JP/2007/GII.2/OH07013 AB662865 VP1
HU/GII/JP/2009/GI1.2/0C09044 AB662862 VP1
Hu/GII/JP/2008/GII.P2-GlI.2/Hokkaido15 LC209463 RdRp, VP1
Hu/GII/JP/2004/GII.P12-GII.2/Tochigi92 LC209435 RdRp, VP1
HU/GII/JP/2005/GII.2/0C05041 AB662850 VP1
HU/GII/JP/2004/GII.2/0C04169 AB279568 VP1
HU/GII/IP/2002/GI1.2/Ina/02 AB195225 VP1
Hu/GII/JP/2015/GII.P2-Gll.2/Saitamal69 LC209440 RdRp, VP1
HU/GII/TW/2015/Gl1.2/15-DS-4 KT962983 VP1
HU/GII/JP/2013/GII.P16-GlI.2/Tochigi46 LC209431 RdRp
Hu/GII/JP/2012/GII.P16-Gll.2/Hokkaido18 LC209466 RdRp, VP1
Hu/GII/JP/2014/GII.P16-Gll.2/Aomori7 LC145798 RdRp, VP1
Hu/GII/JP/2014/GI1.P16-GlI.2/Akita8 LC145800 RdRp
Hu/GII/JP/2013/GI1.P16-Gll.2/Miyagi8 LC209455 VP1
Hu/GII/JP/2014/GII.P16-Gll.2/Miyagi2 LC145801 RdRp
Hu/GII/JP/2014/GII.P16-Gll.2/Kanagawa52 LC209458 RdRp
Hu/GII/JP/2014/GII.P16-Gll.2/Osaka4 LC145802 RdRp, VP1
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Strain

GenBank
accession no.

Coding region

Hu/GlI/JP/2014/GII.P16-GllI.2/Saitamal26
Hu/Gl11/JP/2013/GII.P16-GlI.2/Ehime9
Hu/GII/IP/2013/GII.P16-GlI.2/Ehime6
Hu/GII/JP/2014/GII.P16-GlI.2/Ehime4
Hu/GII/JP/2014/GII.P16-GlI.2/Ehime5
Hu/Gl1/JP/2012/GII.P16-GlI.2/Tochigi30
Hu/GII/IP/2012/GII.P16-GlI.2/Fukui2
Hu/GII/JP/2012/GII.P16-Gll.2/Saitama4
Hu/GII/JP/2012/GII.P16-GlI.2/Ehime2
Hu/Gl1/JP/2014/GII.P16-GlI.2/Tochigil7
Hu/GII/JP/2012/GII.P16-Gll.2/Saitama5
Hu/GII/JP/2012/GII.P16-GlI.2/Fukuil
Hu/GII/JP/2012/GII.P16-Gll.2/Osakacity5
Hu/GlI/JP/2012/GII.P16-GlI.2/Saitamal22
Hu/GII/JP/2012/GII.P16-GlI.2/Tochigi26
Hu/GII/JP/2012/GII.P16-GlI.2/Ehimel
Hu/Gl1/JP/2012/GII.P16-GlI.2/Hiroshimacity2
Hu/Gl1/JP/2014/GII.P16-GlI.2/Hiroshimacity6
Hu/GII/JP/2014/GII.P16-GllI.2/Hiroshimacity5
Hu/GII/JP/2012/GII.P16-GllI.2/Hiroshimacityl
Hu/GlI/JP/2013/GII.P16-GllI.2/Miyagi7
Hu/Gl1/JP/2012/GII.P16-GlI.2/Akita8
Hu/GII/TW/2011/GII.2ICGMH47
Hu/GII/JP/2013/GII.P16-Gll.2/Saitamal25
Hu/GlI/JP/2014/GII.P16-Gll.2/Osaka5
Hu/GII/JP/2010/GII.P16-GlI.2/Osaka019
Hu/GII/JP/2009/GII.P16-Gll.2/Kanagawa49
Hu/GII/JP/2009/GI1.2/0C09072
Hu/GII/JP/2008/GII.2/OH08020
Hu/GII/JP/2008/GII.2/0C08154
Hu/GII/NL/1999/GIl.2/Coevorden191S
Hu/GII/NL/2000/Gll.2/DenHaag37
Hu/GII/NL/2000/GII.2/Delft48M
Hu/Gl1/JP/2002/GI1.2/0CS020289
Hu/GII/UK/1989/GlI.2/Melksham
Hu/GII/U.S./1997/Gll.2/Chesterfield/434
Hu/GII/MYS/1978/GII.P2-GII.2/KL109
Hu/GlI/1976/GII.P2-GlI.2/Snow_Mountain
Hu/GII/JP/2014/Gll.Pe-Gll.2/Saitamal27
Hu/GII/JP/2005/GII.2/0C05010
Hu/GlI/U.S./2002/GII.2/TCH-560
Hu/GlI/U.S./2002/GI1I.2/INF2002
Hu/GII/JP/2002/GII.2/0C02022
Hu/GlI/JP/2004/GII.P22-GlI.2/OsakaNI
Hu/GlI/JP/2001/GI1.2/0C01243
Hu/GII/RUS/2011/GlI.P16/Novosibirsk/Nsk-N1648
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LC209441
LC209475
LC209477
LC145807
LC145808
LC209432
LC145790
LC145791
LC145797
LC209434
LC145792
LC145789
LC145793
LC209445
LC209433
LC145796
LC145794
LC145806
LC145805
LC145795
LC209456
LC145786
KC464505
LC209442
LC145803
LC209454
LC209461
AB662870
AB662868
AB662861
AB281081
AB281082
AB281083
AB279570
X81879
AY054300
JX846925
AY134748
LC209439
AB279569
KC998960
JQ320072
AB279556
DQ366347
AB279554
KF944111

RdRp
RdRp
RdRp
RdRp
RdRp
RdRp
RdRp
RdRp
RdRp
RdRp
RdRp, VP1
RdRp
RdRp
RdRp
RdRp
RdRp
RdRp
VP1
RdRp
RdRp
RdRp
RdRp, VP1
VP1
RdRp
RdRp, VP1
RdRp
RdRp
VP1
VP1
VP1
VP1
VP1
VP1
VP1
VP1
VP1
RdRp, VP1
RdRp, VP1
RdRp, VP1
VP1
VP1
VP1
VP1
RdRp
VP1
RdRp



GenBank Coding region

Strain accession no.
HU/GII/RUS/2012/GII1.P16/0Omsk/01370 KT779557 RdRp
HU/GII/RUS/2012/GI1.P16/Smolensk/S12—31 KF895841 RdRp
HU/GII/TW/2013/GlI.P16/New/Taipei/13-BA-1 KM036380 RdRp
Hu/GII/JP/2016/Gll.P16/Kawasakil94 LC175468 RdRp
Hu/GII/JP/2002/GII.P16/Saitama/T87 KJ196286 RdRp

2016 strains
Hu/GII/JP/2016/GII.P16-Gll.2/Kawasakil129 LC215413 RdRp, VP1
Hu/GII/JP/2016/GI1.P16-Gll.2/Kawasakil51 LC215414 RdRp, VP1
Hu/GII/JP/2016/GII.P16-Gll.2/Kawasakil21l LC215415 RdRp, VP1
Hu/GII/JP/2015/GII.P16-Gll.2/Ibaraki197 LC213885 RdRp, VP1
Hu/GII/JP/2016/GII.P16-Gll.2/Ibaraki253 LC213886 RdRp, VP1
Hu/GII/1JP/2016/GI1.P16-GlI.2/Ibaraki267 LC213887 RdRp, VP1
Hu/GII/JP/2016/GII.P16-Gll.2/Ibaraki273 LC213888 RdRp, VP1
Hu/GII/JP/2016/GII.P16-Gll.2/Ibaraki290 LC213889 RdRp, VP1
Hu/GII/JP/2016/GII.P16-Gll.2/Ibaraki324 LC213890 RdRp, VP1
Hu/GII/JP/2016/GI1.P16-GlI.2/Ibaraki329 LC213891 RdRp, VP1
Hu/GII/JP/2016/GII.P16-Gll.2/Ibaraki374 LC213892 RdRp, VP1
Hu/GII/JP/2016/GII.P16-Gll.2/Ibaraki412 LC213893 RdRp, VP1
Hu/GII/JP/2016/GII.P16-Gll.2/Ibaraki423 LC213894 RdRp, VP1
HU/GII/JP/2016/GII.P16-GlI.2/Ibaraki4 72 LC213895 VP1
Hu/GII/JP/2016/GII.P16-Gll.2/Ibaraki518 LC213896 RdRp, VP1
Hu/GII/JP/2016/GII.P16-Gll.2/Ibaraki536 LC213897 RdRp, VP1
Hu/GII/JP/2016/GII.P16-Gll.2/Ibaraki602 LC213898 RdRp, VP1
Hu/GII/1JP/2016/GI1.P16-GlI.2/Ibaraki607 LC213899 RdRp, VP1
Hu/GII/JP/2016/GII.P16-Gll.2/Ibaraki636 LC213900 RdRp, VP1
Hu/GII/JP/2016/GII.P16-Gll.2/Ibaraki658 LC213901 RdRp, VP1
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