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ABSTRACT

Norovirus is a leading etiological agent of virastroenteritis. Because of relatively
mild disease symptoms and frequent asymptomatiectioins, information on the
ecology of this virus is limited. Our objective was examine the genetic diversity of
norovirus circulating in the human population byame of genotyping the virus in
municipal wastewater. We investigated norovirusogeoups | and 1l (Gl and GlI) in
municipal wastewater in Japan by pyrosequencingcuahtitative PCR (QPCR) from
November 2012 to March 2013. Virological surveittanfor gastroenteritis cases was
concurrently conducted in the same area. A totdbwofteen distinct genotypes in total
(Gl.1, 3, 4, 6,7, GlIl.2, 4, 5, 6, 7, 12, 13, 14dal7), with up to eight genotypes
detected per sample, were observed in wastewaieg ypgrosequencing; only four
genotypes (Gl.6, Gll.4, 5, and 14) were obtain@anficlinical samples. Seventy-eight
percent of norovirus-positive stool samples comdi1l.4, but this genotype was not
dominant in wastewater. The norovirus Gll.4 Syd@@¢2 variant, which appeared and
spread during our study period, was detected irh llbe wastewater and clinical
samples. These results suggest that an environhregeoach using pyrosequencing
yields a more detailed distribution of norovirushgg/pes/variants. Thus, wastewater
monitoring by pyrosequencing is expected to provase effective analysis of the
distribution of norovirus genotypes causing symmbmand asymptomatic infections

in human populations.
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1. INTRODUCTION

Noroviruses (familyCaliciviridae, genusNorovirus) are one of the leading causative
agents for acute gastroenteritis around the woltdtoviruses, which cause diarrhea and
vomiting, affect individuals of all ages and aransmitted primarily through fecal-oral,
aerosol-vomitus, or direct-contact routes (Glasa.e2009). Although the infection can
be fatal in vulnerable populations such as infaatsl the elderly, asymptomatic
infections are also common (Glass et al., 2009)td&JB00,000 deaths occur annually
among children under the age of five in developaogintries (Patel et al., 2008).
Outbreaks most frequently occur during cold weafAdimed et al., 2013; Lopman et
al., 2009; Mounts et al., 2000), and this seastynalialso observed in Japan (Mounts et
al., 2000; Siebenga et al., 2009; Yoneda et all4RONoroviruses are classified into
five genogroups (GI-GV), which are further subdaddinto at least 35 genotypes
(Centers for Disease Control and Prevention, 2@hkng et al., 2006). Among these,
human disease is caused by Gl, GllI, and GIV (Rstal., 2009; Zheng et al., 2006). In
recent years, most outbreaks have been causedllge@itype 4 (Gll.4) (Glass et al.,
2009; Patel et al., 2009; Siebenga et al., 20092012, a new Gll.4 variant called
Sydney 2012 was detected in Australia and rapidhgad to many countries (Chan et
al., 2014; Eden et al., 2013; Fonager et al., 2Gi&mmanco et al., 2013; Leshem et al.,
2013Db; Mai et al., 2013; Rahman et al., 2013; Viegal., 2014).

Virological surveillance is commonly conducted fpastroenteritis cases to detect the
occurrence of norovirus. However, in this approasiroviruses can only be identified
in patients who seek medical care; asymptomatectidns are not detected. Moreover,
enteric viral identification at medical facilitigs not mandatory, even in developed

countries. Thus, the number of norovirus infectiand the genotypes circulating in the
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human populations and water environment are ndtumelerstood.

Because human noroviruses (Gl, Gll and GIV) ard-Bpscific and cannot replicate in
other organisms, the presence of the virus in nipmicwastewater indicates the
presence of infected individuals in the area. Basedhis supposition, many studies
have been conducted on norovirus occurrence anotyyes in wastewater and other
environmental water (Aw and Gin, 2010; Blanco Fedex et al., 2011;
Hernandez-Morga et al., 2009; Katayama et al., 26@@jima et al., 2012; 2010; La
Rosa et al., 2010; Lee et al., 2012; Lee et al12Mans et al., 2013; Pérez-Sautu et al.,
2012). Only a few studies have investigated nousvoccurrence and genotypes in both
human populations and the water environment as#me time (Kremer et al., 2011;
Rajko-Nenow et al., 2013; Ueki et al., 2005). Hoem\because these studies only
sequenced a few clones from each sample by dieggtesicing or cloning-sequencing,
researchers may have just detected the predomgeanatypes. Considering the wide
molecular diversity and rapid evolution of the naros genome (Bok et al., 2009; Bull
et al., 2007; Eden et al., 2014; Zheng et al., 2006vould be highly advantageous to
develop a novel approach capable of detecting plelgenotypes is desired.
Next-generation sequencing (NGS), a high-throughpequencing technique, has
recently been applied to study viral diversity,caiger novel viruses, and monitor viral
evolution in humans and the environment (Barzoal.e2011; Cantalupo et al., 2011).
This technique allows a large number of nucleodguences to be obtained from a
single sample. Therefore, we expected that NGSddoeilused to determine the detailed
distribution of norovirus genotypes in wastewater.

The present study aimed to investigate the genaigitamics of norovirus in an

urbanized part of Japan. Specifically, we performieological monitoring of municipal
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wastewater using pyrosequencing, an NGS technolNgyoviruses Gl and Gll in
wastewater samples were genotyped using pyroseigqgeaod also quantified using
quantitative PCR (gPCR). In parallel, we conductamblogical surveillance for
gastroenteritis cases in the catchment area tsiigate the number of patients admitted
to the hospital with norovirus infection and toetetine norovirus genotypes in patient
stools. This study was conducted from 2012 to 2@iB8jng an interval when the
norovirus Gll.4 Sydney 2012 variant was spreadmghe study area, permitting us to
simultaneously detect the shift in predominantasts in both wastewater and patients.
To the best of our knowledge, this is the firstagoncerning molecular genotyping of

noroviruses in wastewater using pyrosequencing.

2. MATERIALSAND METHODS

2.1. Study design

This study was conducted from November 2012 to Ka2013 in the town of

Matsushima in northeastern Japan’s Miyagi Prefectds of March 2013, the town had
15,141 inhabitants and one municipal wastewateatrtrent plant, which received
wastewater from 67.1% of the population. Therefawe internal medicine clinics in the

town, one of which participated in our virologiclrveillance for gastroenteritis cases.

2.2. Analysis of norovirusesin wastewater samples

2.2.1. Sample collection

Primary effluents were collected at the wastewéateatment plant every week from
November 14, 2012 (the #6veek of 2012), to March 13, 2013 (thé"Meek of 2013),

except for the % week of 2013; thus a total of 17 weekly sampleseveollected and
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analyzed. The grab samples (250 mL each) werectetiearound 10 a.m., transported

to the laboratory on ice, and stored in a deezéeg-80 °C) until analyzed.

2.2.2. Virus concentration and nucleic acid extosct

To process each weekly specimen, noroviruses wemevered from 40 mL of the
primary effluent sample and concentrated using plodyethylene glycol (PEG)
precipitation method. Prior to the recovery andosmtration process, a known amount
(approximately 18 genome copies) of the murine norovirus strain 83-RMNV),
provided by Prof. Yukinobu Tohya (Nihon Universityapan), was spiked into each
sample as a processing control. Each sample waly geixed with 3.2 g of PEG 6000
(Wako Pure Chemical Industries, Osaka, Japan) a2 @ of NaCl (Kanto Kagaku,
Tokyo, Japan) using a magnetic stirrer for 12 B &€, then centrifuged at 9,009 %or
30 min at 4 °C. Each pellet was resuspended in hdterilized, deionized water and
mixed using a vortex mixer for 1 min. The resusmgehgellets were centrifuged at
10,000>g for 10 min at 4 °C and the supernatants were delieas virus concentrates.
Ribonucleic acid was extracted using QlAamp VirdlRmini Kit (Qiagen, Hilden,
Germany) with QlAcube (Qiagen), and cDNA was sysibed using iScript Advanced
cDNA Synthesis Kit (Bio-Rad, Hercules, CA, USA) wia Veriti 96-well Thermal
Cycler (Thermo Fisher Scientific, Waltham, MA, USfllowing the manufacturer’s

instructions.

2.2.3. Norovirus quantification using gPCR assay
Norovirus Gl and GIlI were detected by gPCR using @FX96 Real-Time PCR

Detection System (Bio-Rad). The gPCR was perforosdg SsoFast Probes Supermix
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(Bio-Rad) and the following primers and probes: ABGCOGI1R, RING1(a)-TP, and
RING1(b)-TP for Gl; and COG2F, COG2R, and RING2AB-T5-FAMTGG GAG
GGS GAT CGC RAT CT-TAMRA-3) for GllI (Aoki et al.2010; Ministry of Health ,
Labour and Welfare, 2007; Kageyama et al.,, 200&chE20uL reaction mixture
contained JuL of cDNA, 10uL of SsoFast Probes Supermix (Bio-Rad), and thegns
and probes specified in the references. The PCRngyconditions were 10 min at
95 °C, followed by 50 cycles of 15 s at 95 °C, Gl 56 °C, and 30 s at 72 °C.

The number of norovirus genome copies was detednum@ng a standard curve
generated from a 10-fold serial dilution of stamd®@NA (1 — 10 copies/well).
Synthesized oligonucleotide of the target regiorth@N Gene Research Laboratories,
Sendai, Japan) was used as the standard DNA. A ¢ifnguantification cycle value
(LOQ) was set at 40 to follow the MIQE guidelin@&uétin et al., 2009). Each sample
was measured in triplicate. The geometric mean awopyber in the sample was
converted to concentration in the wastewater sanvplen all replicated quantification
cycle (Cq) values were less than 40. The concemiatof norovirus genome in the
wastewater samples were calculated without recovatgs. When one or more
replicated Cqg value(s) was more than 40, the cporeding concentration was recorded
as below LOQ. If all replicates were negative, twgresponding concentration was
recorded as “not detected”. In order to evaluakraVrecovery rates, the MNV spiked
into each sample as a processing control was alaotifjed using gPCR (Hata et al.,
2011; Kitajima et al., 2008). The overall recoveaye was calculated by dividing the
copy number of the MNV detected in the virus coticga by the copy number of the
MNV spiked into the sample. The recovery rates eanffom 2% to 19% (geometric

mean: 8%, n = 17).
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2.2.4. Amplification for pyrosequencing

Semi-nested PCR was performed using primers asAfellThe primers for the first and
second PCR were COG1F/G1SKR and G1SKF/G1SKR fora@d, COG2F/G2SKR
and G2SKF/G2SKR for Gll (Kageyama et al., 2003;iKaj et al., 2002). For the first
PCR, the 5QiL reaction mixture contained Lo of cDNA, 25 uL of Q5 Hot Start
High-Fidelity 2x Master Mix (New England Biolabgswich, MA, USA), and 25 pmol
of both forward and reverse primers. For the sed®@®, the 10QtL reaction mixture
contained 2L of the first PCR product, 50L of Q5 Hot Start High-Fidelity 2x Master
Mix (New England Biolabs), and 50 pmol of both famd and reverse primers.
Amplification by PCR for both the first and secdR@R was performed using a Veriti
96-well Thermal Cycler (Thermo Fisher Scientifiohith reactions initiated by
incubation for 30 s at 98 °C, followed by 25 cyctéslO s at 98 °C, 30 s at 50 °C, and
30 s at 72 °C, with a final extension for 30 s 2t°C. The semi-nested PCR product
sizes for Gl and GlIl were approximately 330 bp 846 bp, respectively.

The semi-nested PCR products were visualized usjjagose gel electrophoresis, and
samples with a band at the expected position wenefigd and submitted for
pyrosequencing. Purification consisted of conceimiga90 uL of the nested-PCR

product to 30uL using the QIAquick PCR Purification Kit (Qiagem)ith QlAcube

(Qiagen).

2.2.5. Pyrosequencing
In order to perform pyrosequencing on the norovauosplicons using the GS Junior

system (Roche Applied Science, Penzberg, Germanyjue adaptors were ligated to
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both the 5and 3 ends of the amplicons by fusion PCR. The fusiome@rs consisted of
FLX Titanium Primer A (25-mer sequence used for #exuencing), Multiplex
Identifier (10-mer sequence for barcoding each $anG1SKF or G2SKF primer
sequences as forward primers, and FLX Titanium &riB1(25-mer sequence used for
the sequencing) and G1SKR or G2SKR primer sequeasegverse primers. The
100-uL reaction mixture contained 10 of the purified nested-PCR products, |g0of
Q5 Hot Start High-Fidelity 2x Master Mix (New EnglhBiolabs), and 50 pmol of both
forward and reverse primers. The PCR reactions werformed using a Veriti 96-well
Thermal Cycler (Thermo Fisher Scientific), and t&drwith 30 s at 98 °C, followed by
5 cycles of 10 s at 98 °C, 30 s at 50 °C, and 8072 °C, with a final extension for 30 s
at 72 °C.

Ninety microliters of the fusion PCR products wergified and concentrated to 3
using QIAquick PCR Purification Kit (Qiagen) with I&ube (Qiagen). DNA
concentrations of the nested PCR products were uregisusing the Quant-iT
PicoGreen dsDNA Assay Kit (Thermo Fisher Scienfifiath infinite M1000 PRO
(TECAN, Mannedorf, Switzerland). Three to five sdagpwith identical Multiplex
Identifier sequences were mixed for the individpgtosequencing runs using the GS
Junior system (Roche Applied Science) with theniiten emPCR Kit (Lib-L) and the
GS Junior Titanium Sequencing Kit (Roche AppliedieSce) following the

manufacturer’s instructions.

2.2.6. Bioinformatic analysis
Although NGS provides large numbers of sequencdstethe sequence data contains

non-target sequences such as ambiguous reads wigk and chimeric sequences.
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These artifacts are produced during nested-PChamsequencing, and could result in
overestimation of genetic diversity (Quince et 28D11). Therefore, the bioinformatic
analysis was performed as follows using QIIME 1$&b@ware (Caporaso et al., 2010).
Quality filtering and primer sequence removal weerformed using the software
package split_library.py with a minimum quality searameter of 25. Sequences with
incorrect nucleotides produced in the nested-PCiRtha pyrosequencing steps were
corrected using the denoiser.py package. Chimeqoences (sequence formed by two
or more sequences) were removed using the Persttusue (Quince et al., 2011) after
removing reverse primers using the split_librarypgckage. Sequences were then
clustered into operational taxonomic units (OTUa$dd on a minimum 97% similarity
in nucleotide sequence using the pick_otus.py ppekand a representative sequence of
each OTU was selected using the pick_rep_set.pgyagac

Genotypes and variants of the representative segsewere identified using the
Norovirus Genotyping Tool Version 1.0 (Kronemarakf 2011). When not assigned to
any genotypes by the tool, sequences were subjdotedomology search using
BLASTN, and the genotype or variant of top-hit sagres with the highest similarity
(exceeding a minimum of 97%) was assigned. If @gisequence could not be assigned
using either the Norovirus Genotyping Tool or BLA§Tthat sequence was categorized
as “not assigned”.

The diversity of the norovirus strains (OTUS) ircleavastewater sample was evaluated
using a rarefaction curve generated by the Analy®arefaction 2.0 software

(http://strata.uga.edu/software/).

2.3. Analysis of norovirusesin clinical samples

10
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2.3.1. Sample collection and norovirus screening

Virological surveillance for gastroenteritis casess conducted at an outpatient Internal
Medicine and Pediatrics clinic in Matsushima. Rasewith diarrhea who visited the
clinic from the 48 week in 2012 to the 3week in 2013 (96 patients) were included in
this study.Rectal swabs were collected from the patients aft#aining informed
consent. The samples were stored at 2-8 °C andféraed to the authors’ laboratory
weekly.

The samples were tested for norovirus using atme@-PCR assay. Each rectal swab
was moistened in 1 mL of phosphate-buffered salmel ribonucleic acid extraction
was performed using the QIAamp Viral RNA Mini KQiagen) with QlAcube (Qiagen).
cDNA was synthesized using SuperScript Ill ReveFsanscriptase (Thermo Fisher
Scientific) following the manufacturer’s instruati®. Noroviruses were detected by
real-time PCR (Kageyama et al., 2003) using theVitagFast Advanced Master Mix
(Thermo Fisher Scientific) and the Applied Biosys$e7500 Real-Time PCR System
(Thermo Fisher Scientific) following the manufa&us instructions. The PCR cycling
conditions were 2 min at 50 °C and 20 s at 95 &@owWed by 45 cycles of 3 s at 95 °C
and 35 s at 60 °C. In addition to norovirus, theels of sapovirus, astrovirus and
rotavirus were also tested (Heim et al., 2003; @kal., 2006; Pang et al., 2004) for

reference.

2.3.2. Analysis of genotypes and variants
The norovirus-positive stools were assessed usagge& sequencing. The capsid
N/S-encoding domain of the norovirus genome inrtbmvirus-positive stool samples

was amplified by single-round PCR or nested PCRguBx Taq (Takara Bio, Otsu,

11
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Japan) and the primers p290, COG1F, COG2F, G1SKRG2SKR, to determine the
Gl and GIl strain genotypes (Jiang et al., 1999gé¢@mma et al., 2003; Kojima et al.,
2002). The PCR products were purified using QIARUECR Purification Kit (Qiagen)
with QIAcube (Qiagen), and then subjected to segugnreactions using the BigDye
Terminator v1.1 Sequencing Kit (Thermo Fisher Sdfiep following the
manufacturer’s instructions. The reaction produetsre purified using BigDye
TXTerminator Purification Kit (Thermo Fisher Scidit) followed by sequencing using
the Applied Biosystems 3130 Genetic Analyzer or BT3DNA Analyzer (Thermo
Fisher Scientific) according to the manufacturénstructions. Multiple alignment and
data cleaning were performed using MEGAS5 softwaramura et al., 2011). The
genotyping was performed using the Norovirus Typliogl Version 1.0 (Kroneman et

al., 2011).

2.4. Phylogenetic analysis

In order to compare Gll.4 sequences obtained froastewater samples to those
obtained from clinical samples, phylogenetic analygas carried out. The sequences
were analyzed using ClustalW; bootstrapped phyletierirees were then constructed
by the maximum likelihood method with 1,000 bodaptreplications using MEGAS
software (Tamura et al., 2011). The genetic digamneere calculated using the Kimura

2-parameter method.

2.5. Nucleotide sequence accession numbers

Nucleotide sequence data from wastewater sampldschmcal samples has been

deposited in the DDBJ/EMBL/GenBank databases urttler accession numbers

12
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DRA002609 and LC060872-LC060903, respectively.

3. RESULTS

3.1. Norovirusesin wastewater samples by gPCR

The concentrations of noroviruses Gl and Gll interasiter samples, as determined by
gPCR, are shown in Fig. 1. Norovirus Gl was detkdteall samples throughout the
study period, with the concentrations ranging up 8@ x 10 copies/mL. The
concentrations were relatively high between Decerdbe 2012 and January 16, 2013
and between February 27, 2013 and March 13, 201B.w@s first detected on
December 12, and the concentrations were relativiglly (up to 1.3 x 10copies/mL)

from January 9, 2013, to February 20, 2013, exoe@tanuary 23, 2013.

3.2. Norovirusesin wastewater samples by pyrosequencing

In our study, 17 samples were analyzed by pyrosexug for Gl and Gll, and a total of
999,097 reads (with means of 17,183 reads for @144n587 reads for Gll per sample)
were obtained. Pyrosequencing produces a high msmifereads, but these reads
typically contain artifacts such as sequences witlorrect nucleotides and chimeric
sequences generated during nested-PCR and pyrosemgieThese artifacts must be
addressed through correction (denoising) or rem¢{slaiimera removal). On average,
chimera removal eliminated 0.7% of Gl reads and®@3.3f Gll reads. Following
denoising and chimera removal, the mean numbe@Tafs per sample was 5 for Gl
and 32 for Gll. On the basis of the number of OTGH, exhibited a higher diversity

than Gl in wastewater samples. All rarefaction egrexcept one reached or almost

13
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reached a plateau. The rarefaction curve generated Gl strains in the sample
collected on November 14, 2012 (the lowest conaéiotr of Gl in wastewater samples)
did not reach a plateau. This result indicates that sequencing was nearly deep
enough to understand the diversity of norovirus.

The representative sequences of the OTUs were ygmwusing the Norovirus Typing
Tool and BLASTn search. Figure 2 shows ratios efritbmber of reads assigned to each
genotype/variant divided by the number of readstifled as norovirus in each sample.
Because sequences were obtained through nestedaR€CIRyrosequencing, genotype
distributions (number of reads for each genotyfeaioed by pyrosequencing were not
expected to be identical with the actual valueshm wastewater samples. Therefore,
ratios exceeding 10% were denoted as high ratiott€en genotypes in total and up to
eight genotypes per wastewater sample (collectedamouiary 9, 2013) were detected.
No norovirus sequence was obtained on several ((de&mber 21, 28, and December
12, 2012, for GI; November 21 and 28, 2012, for)G#lthough noroviruses were
detected by gPCR and nested-PCR products werevelsat target length in samples
from these dates. The numbers of sequences obthmadthe samples was very low
(less than 100 reads), and these sequences wesga@émuring the quality filtering and
chimera removal steps following pyrosequencing.sTthe nested-PCR products were
inferred as non-specific products.

Norovirus Gl was identified in 1glamples by pyrosequencing, including five genotypes
(Gl.1, 3, 4, 6, and 7). Gl.4 was the most frequeddtected genotype in 53% (9/17) of
the samples and occurred at high ratios (>10%)ghtesamples. GI.7 was detected in
47% (8/17) of the samples but occurred at higlosabinly on December 28, 2012, and

March 13, 2013. GI.3 was intermittently detecte@@%o (5/17) of the samples in 2013

14



333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

at high ratios, whereas GIl.1 was detected in 12#7§2of the samples but only
observed in 2012. GI.6 was detected in 12% (2/Tthe samples on December 28,
2012 and January 9, 2013.

Nine GII genotypes (Gll.2, 4, 5, 6, 7, 12, 13, Bhd 17) were detected in 14
wastewater samples. Single genotypes (Gll.2 orl@)lper sample were detected at the
beginning of the monitoring period (November 14,120and December 5, 2012,
respectively); multiple genotypes per sample watected starting from December 12,
2012. GII.2 and GII.4 were the most frequently detd genotypes (11/17 samples,
65% for both genotypes), followed by GIl.14 (10/$&mples, 59%). All of these
genotypes appeared at high ratios, except for ®H.danuary 9, 2013. Other genotypes
were less frequently detected, namely GII.5 (4/24%), GII.7 (4/17, 24%), GII.17
(4117, 24%), GII.6 (2/17, 12%), GIl.12 (1/17, 6%nd GII.13 (1/17, 6%); these
genotypes appeared only in 2013.

Three GIll.4 variants were detected, namely Den F&86b (3/17, 18%), New Orleans
2009 (1/17, 5.9%), and Sydney 2012 (10/17, 59%)).ttidee variants were detected
until the third week of 2013, but only the Sydnéi 2 variant was detected thereatfter,
implying that Sydney 2012 became the predominananafrom the fourth week of

2013.

3.3. Norovirusdetection and clinical sample characteristics

Figure 3 shows the number of outpatients identifigth gastroenteritis and norovirus
infection. In total, 96 stool samples were colldcteom patients with gastroenteritis
from the 4% week in 2012 to the Bweek in 2013. Among these, 32 samples (33%)

contained norovirus, including 4 cases of Gl (13%%)l 28 cases of Gll (87%). Other
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viruses were detected in 21 of 63 norovirus-negas@mples, including sapovirus (12
samples), astrovirus (7 samples), and rotavirusaf@ples). Although the number of
samples was low to show an epidemic curve, the euarob norovirus-positive stool

samples peaked between thé"4gd 50 week of 2012, with the highest number of
cases detected during thés@eek (5 cases).

Norovirus GI.6 was the only Gl genotype detectednfipatients (n = 4), while three Gl

genotypes [GIl.4 (n = 25), GI.5 (n = 1), and G4.(n = 2)] were detected. Norovirus
Gll.4, the predominant genotype (25 samples, 78f6Juded three variants: Sydney
2012 (18 samples, 72%), Den Haag 2006b (6 sanipés), and New Orleans 2009 (1
sample, 4%) (Fig. 4). At the beginning of the stymyiod, the Sydney 2012 and Den
Haag 2006b variants appeared to be co-circulabnty, a single case of New Orleans
2009 was detected in this interval. After thé“sReek of 2012, only the Sydney 2012
variant was detected (Fig. 3). Although the numdsieclinical samples was low, our

results suggest a shift occurred towards predomeby the Gll.4 variant.

3.4. Comparison between wastewater samples and clinical samples

Fourteen genotypes were detected in wastewaterlsgmyghereas only four genotypes
were detected in stool samples (Figs. 2-5). Allaggpes detected from stool samples
(Gl.6, Gll.4, GII.5, and GlI.14) also were detectedvastewater. Noroviruses Gll.4 and
Gll.14 were detected in 65% and 59% of the wastewaamples, respectively.
Genotype GII.5, which was detected in one stoolplamollected during the"8week

of 2013, also was detected in wastewater duringvenlapping interval (the'7 9", and
10" weeks of 2013). In contrast, GII.2 was detecteligt ratios throughout the study

period in 65% of wastewater samples but neveraalsamples. Furthermore, GI.6 was
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404

exclusively detected in four Gl-positive stool saesp whereas GIl.6 was detected in
only two wastewater samples (12%). The wastewatetamed various genotypes that
were not observed in the virological surveillantgastroenteritis cases.

The prevalence of Gll.4 variants showed similargeral trends between wastewater
(Fig. 2) and clinical samples (Fig. 3) in our styagriod. Three variants (Den Haag

2006b, New Orleans 2009, and Sydney 2012) werectgekethe Sydney 2012 variant

was the most frequently detected in both typesamhdes. All three variants were

detected at the beginning of the study period, bothastewater and stool samples, but
only Sydney 2012 was detected later in the studioggeHowever, there were some

notable differences in the timing of this shift.eT8ydney 2012 variant was exclusively
detected in stool samples during and after tHé B@ek of 2012, whereas other variants
were detected from wastewater until tffév@eek of 2013.

Fig. 5 shows a phylogenetic tree derived using4G$lequences obtained from the
wastewater and stool samples. Given that the wastewamples yielded large numbers
of OTUs, representative sequences of OTUs contamiare than 1000 reads were used
for the phylogenetic analysis. All the sequencesified as the same variant clustered
on distinct branches. These results indicated tetotypes/variants detected in

wastewater using pyrosequencing indeed reflectestragnteritis cases in human

populations.

4. DISCUSSION
In this study, we used pyrosequencing and gPCRssess the genomic diversity of
noroviruses using virological monitoring of both st@water and clinical samples,

including analysis of genotypes and concentration wastewater. \Wastewater
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monitoring allowed us to identify in detail the drgity of norovirus genotypes. This
incuded a total of 14 different genotypes, as vesll on samples, which by itself
contained eight genotypes (January 9, 2013). Sam@qus attempts have been made
to show the relationship between noroviruses ire$eand their presence in the water
environment (Kremer et al., 2011; Rajko-Nenow et 2013). However, because those
previous studies used direct-sequencing or cloeew:encing methods to genotype
noroviruses from environmental samples, the respetdboratories detected only one
or two genotypes in a given sample. Thus, detectray have been limited to
predominant genotypes only. Although it is posstbleletect multiple genotypes using
cloning-sequencing, this requires large amountslarfing and considerable cost and
effort.

We additionally note that the use of NGS, as enmgaloy the present work, could also
be used to evaluate wastewater treatment proceasimgvater quality. A recent study
reported that distinct norovirus genotypes may lexkiifferent tolerances in wastewater
treatment processing and different accumulatioasrat oysters (Rajko-Nenow et al.,
2013). Detection of multiple genotypes using NGSuldcenhance investigations such
as genotype-dependent tolerance in wastewater meeat processes and oyster
environments.

Norovirus Gll.4 was detected most frequently inokamples (78%), but this variant
did not dominate in wastewater samples. One p@ssikplanation for this seemingly
contradictory finding is that Gll.4 is more likelp cause symptomatic infection as
compared with other genotypes (Barreira et al. 02@Llicardo et al., 2010; Okabayashi
et al., 2008). Because the clinical samples wetaiméd from symptomatic patients

who sought medical care, Gll.4 is expected to eatied more frequently. In contrast,
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all genotypes causing both symptomatic and asymgtionmfection are deposited in
wastewater. Similarly, previous studies reporteat the GI concentration in wastewater
was comparable to that of Gll in wastewater (Katageet al., 2008; Kitajima et al.,
2012; Nordgren et al., 2009), but Gll genotypeseanmpst frequently detected in stool
samples (Chan et al., 2006; Fukuda et al., 200&w@zet al., 007). Consistent with
these results, other studies have reported thataleyenotypes that were not detected in
patient stool samples were observed in wastewatpokuted river water (Aw et al.,
2009; Rajko-Nenow et al., 2013).

Due to the low number of samples, the epidemicdtr@inGll.4 variants may not have
been well represented by our study. Nonethelessnated that three GIl.4 variants
(Den Haag 2006b, New Orleans 2009, and Sydney 20&P¢ detected early in our
study period, and the Sydney 2012 variant was thzten the late study period in both
environmental and clinical samples. The Sydney 20&#ant is known to differ
antigenically from other Gll.4 variants (Debbinkadt, 2013) and to cause more severe
clinical symptoms compared to other genotypes am@nts (Leshem et al., 2013b; Mai
et al., 2013). This property has resulted in itesgance as the predominant strain in
Japan and other countries (Fioretti et al., 20Dbhager et al., 2013; Giammanco et al.,
2013; Leshem et al., 2013b; Rahman et al., 2013).

Norovirus-positive patients were detected from #E" week of 2012, but Gl
noroviruses were first detected in wastewater friva 50" week of 2012. This
difference may, in part, reflect the fact that loigical surveillance is based on symptom
onset, whereas wastewater concentration refleats nilbimber of people shedding
norovirus at the time that the samples were catéciTherefore, the detection of

norovirus Gl in wastewater may have been delayedeiation to its incidence in
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clinical samples. Indeed, norovirus shedding isvkmao continue for 9-56 days after
infection (Aoki et al., 2010; Atmar et al., 20083 €t al., 2008).

In 2013, GII.17 was detected in wastewater samplesJanuary 16, 23, 30, and
February 6, but this variant was not detected woolssamples or in the national
surveillance system for gastroenteritis in Japaindwur study period. Representative
nucleotide sequences of the largest Gll.17 OTUslyding >99% of GII.17 reads in
each sample) detected in three wastewater sampdesigry 23, 30, and February 6,
2013) were 100% identical. This sequence was 9%tichl (100% coverage) to the
strain detected in Okinawa, Japan, in 2012 (AcoesNio.: AB901276) and 99%-100%
identical (68%-94% coverage) to strains detectedasymptomatic food handlers
(Accession Nos. KF773972-3. KF773977, KF773989, lkRd74001) and groundwater
samples in the Republic of Korea in 2012 (Accesdios. KC413399-403; Cho et al.,
2014). However, there were no other sequencesiDDPBJ/EMBL/GenBank database
that were more than a 97% match with our sequeridesse results suggest that the
GII.17 strain caused local outbreaks across Eaatdsing 2012.

Moreover, G1.6 was the only Gl genotype detectedfaar of the stool samples.
Emergence of this genotype, which peaks duringstmemer, was reported in 2010 in
the United States (Leshem et al.,, 2013a). Altho@jt6 also was detected in two
wastewater samples, other Gl genotypes (GI.3, 4 vwaetected more frequently,
perhaps because our study, which was conducted Nowember to March, did not
include summer months.

Even after pre-processing, many OTUs were produmed ,up to eight genotypes were
detected in one wastewater sample, demonstratingigh genetic diversity of

noroviruses in wastewater. In contrast, only foan@ypes were detected in the stool
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samples. This discrepancy likely reflects the f#wat only one outpatient clinic
participated in our surveillance efforts. Moreowv@previous report indicated that 90%
of patients with norovirus infections do not see&dical care (Hall et al., 2013). These
factors limited the number of samples that couldabalyzed (n = 32). According to a
nationwide Japanese database, 19 genotypes weydeckpn Japan from September
2012 to August 2013 (National Institute of InfecisoDeseases, 2014). Thus, more stool
samples would have been needed for a detailed @agad§ infectious gastroenteritis
cases. However, considering the cost and efforolu@d in clinical surveillance,
wastewater monitoring could more easily provideetadied distribution of genotypes
circulating in the population. Another possible kxytion for the discrepancy is that
pyrosequencing was used for environmental samplesdx for the clinical samples.
Since wastewater recieves noroviruses from allepti in the served area, multiple
genotypes were expected. This is why NGS is beakfior detection of genotypes in
wastewater samples. In contrast, the aim of vingkdgsurveillance of gastroenteritis
cases is to identify a genotype/variant causingicdi symptom of each patient.
Because infection by multiple genotypes/variants reggse (Saito et al.,, 2014;
Thongprachum et al., 2014; Chan et al., 2015),dbreventional Sanger sequencing
method is preferable both in terms of cost and emmntal simplicity including
bioinformatics analysis. We have applied both pgoquencing and Sanger sequencing
to three of the stool samples, and the results \wgenetical: two samples contained a
single genotype/variant and the other containedgerotypes/variants, possibly caused
by co-infection (data not shown). To identify cdection, we always examined the
chromatograms obtained by Sanger sequencing, anfirroed that there were no

samples with ambiguous nucleotides (e.g. peaksuttipte bases in the same position).
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5. CONCLUSIONS

Our study showed that norovirus monitoring in mipat wastewater by
pyrosequencing could provide similar or better infation regarding temporal and
genomic dynamics of norovirus than the virologmaiveillance of gastroenteritis cases.
We demonstrated that ten more genotypes were ddteat wastewater samples as
compared with stool samples. Because novel genstgpeariants caused by genome
recombination are frequently reported, monitorifigraltiple genotypes is important,
even if the genotypes are not dominant. This ambre@uld also be useful in regions
where nationwide clinical investigation is difficubnd gastroenteritis surveillance
systems do not exist. Applying this approach inhsuegions would enhance
understanding of global movement of norovirusestthfew investigation, including
screening for other pathogens, is necessary toipemmlogical surveillance based on

municipal wastewater monitoring using NGS.

ACKNOWLEDGMENTS
We thank Mr. Yoshimitsu Konta for technical assis& on wastewater analysis and Dr.
Hitoshi Onodera for his support with virologicalrgeillance of gastroenteritis cases.

This study was supported by CREST from the Jap&én8e and Technology Agency.

22



520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

REFERENCES

Ahmed, S.M., Lopman, B.A., Levy, K., 2013. A Systdin Review and Meta-Analysis
of the Global Seasonality of Norovirus. PLoS ONEB5922.
doi:10.1371/journal.pone.0075922.s002

Aoki, Y., Suto, A., Mizuta, K., Ahiko, T., Osamu,afsuzaki, Y., 2010. Duration of
norovirus excretion and the longitudinal courseiadl load in norovirus-infected
elderly patients. J. Hosp. Infect. 75, 42—-46. dbit016/}.jhin.2009.12.016

Atmar, R.L., Opekun, A.R., Gilger, M.A., Estes, M, ICrawford, S.E., Neill, F.H.,
Graham, D.Y., 2008. Norwalk virus shedding afteperxmental human infection.
Emerg. Infect. Dis. 14, 1553-1557. doi:10.3201/4id0.080117

Aw, T.G., Gin, K.Y.H., 2010. Environmental survaitice and molecular
characterization of human enteric viruses in trapicban wastewaters. J. Appl.
Microbiol. 109, 716—730. doi:10.1111/j.1365-2672.aM4701.x

Aw, T.G,, Gin, K.Y.H., Ean Oon, L.L., Chen, E.X.,d&, C.H., 2009. Prevalence and
Genotypes of Human Noroviruses in Tropical Urbarf&e Waters and Clinical
Samples in Singapore. Appl. Environ. Microbiol. 4984-4992.
doi:10.1128/AEM.00489-09

Barreira, D.M.P.G., Ferreira, M.S.R., Fumian, T.Mhecon, R., de Sadovsky, A.D.1I.,
Leite, J.P.G., Miagostovich, M.P., Spano, L.C.,@0Ziral load and genotypes of
noroviruses in symptomatic and asymptomatic childneSoutheastern Brazil. J.
Clin. Virol. 47, 60—64. doi:10.1016/j.jcv.2009.112D

Barzon, L., Lavezzo, E., Militello, V., Toppo, alu, G., 2011. Applications of
next-generation sequencing technologies to diagnasology. Int. J. Mol. Sci. 12,

7861-7884. d0i:10.3390/ijms12117861

23



544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

Blanco Fernandez, M.D., Torres, C., Martinez, L&igrdano, M.O., Masachessi, G.,
Barril, P.A., Isa, M.B., Campos, R.H., Nates, SMhayed, V.A., 2011. Genetic
and evolutionary characterization of norovirus freewage and surface waters in
Cordoba City, Argentina. 11, 1631-1637. doi:10.1Pdfegid.2011.06.005

Bucardo, F., Nordgren, J., Carlsson, B., Kindb&igPaniagua, M., Mollby, R.,
Svensson, L., 2010. Asymptomatic norovirus infewion Nicaraguan children and
its association with viral properties and histodal@roup antigens. Pediatr. Infect.
Dis. J. 29, 934-939. d0i:10.1097/INF.0b013e31812d9f

Bull, R.A., Tanaka, M.M., White, P.A., 2007. Noraws recombination. J. Gen. Virol.
88, 3347-3359. doi:10.1099/vir.0.83321-0

Bustin, S.A., Benes, V., Garson, J.A., Hellemangidggett, J., Kubista, M., Mueller,
R., Nolan, T., Pfaffl, M.W., Shipley, G.L., Vandespele, J., Wittwer, C.T., 2009.
The MIQE guidelines: minimum information for pulditon of quantitative
real-time PCR experiments. Clinical Chemistry. #10i11373/clinchem.2008.112797

Cantalupo, P.G., Calgua, B., Zhao, G., HundesaMer, A.D., Katz, J.P., Grabe, M.,
Hendrix, R.W., Girones, R., Wang, D., Pipas, JA011. Raw sewage harbors
diverse viral populations. mBio 2, e00180-11-e06130
doi:10.1128/mBi0.00180-11

Caporaso, J.G., Kuczynski, J., Stombaugh, J. nggti, K., Bushman, F.D., Costello,
E.K., Fierer, N., Pefa, A.G., Goodrich, J.K., Garda.l., Huttley, G.A., Kelley,
S.T., Knights, D., Koenig, J.E., Ley, R.E., Lozupp&.A., McDonald, D., Muegge,
B.D., Pirrung, M., Reeder, J., Sevinsky, J.R., Daugh, P.J., Walters, W.A.,

Widmann, J., Yatsunenko, T., Zaneveld, J., Knight,2010. QIIME allows

24



567 analysis of high-throughput community sequencing.dsat. Meth. 7, 335-336.
568 doi:10.1038/nmeth.f.303

569 Centers for Disease Control and Prevention, 20ptlatéd norovirus outbreak

570 management and disease prevention guidelines. MVR&Romm. Rep. 60 (3),
571 1-15.

572 Chan, M.C.W., Leung, T.F., Chung, T.W.S., Kwok, A.Kelson, E.A.S., Lee, N.,

573 Chan, P.K.S., 2015. Virus Genotype Distribution &ivdis Burden in Children and
574 Adults Hospitalized for Norovirus Gastroenteri2§,12-2014, Hong Kong. Sci Rep
575 5, 11507. doi:10.1038/srep11507

576 Chan, M.C.W., Leung, T.F., Kwok, A.K., Lee, N., @h#.K.S., 2014. Characteristics
577 of Patients Infected with Norovirus Gll.4 Sydneyl2Q0Hong Kong, China. Emerg.
578 Infect. Dis. 20, 664—667. doi:10.3201/eid2004.13145

579 Chan, M.C.W., Sung, J.J.Y., Lam, R.K.Y., Chan, B.KLee, N.L.S., Lai, RW.M,,

580 Leung, W.K., 2006. Fecal viral load and norovirgsaciated gastroenteritis. Emerg.
581 Infect. Dis. 12, 1278-1280. doi:10.3201/eid 120801830

582 Cho, H.G,, LEE, S.G., Kim, H.S., LEE, J.S., Park\MG Cheon, D.S., Jheong, W.H.,

583 Jho, E.H., LEE, J.B., Paik, S.Y., 2014. Acute gastteritis outbreaks associated
584 with ground-waterborne norovirus in South Koreairay2008-2012. Epidemiol.
585 Infect. 142, 1-6. doi:10.1017/S0950268814000247

586 Debbink, K., Lindesmith, L.C., Donaldson, E.F., @ogini, V., Beltramello, M., Corti,

587 D., Swanstrom, J., Lanzavecchia, A., Vinjé, J.,iBa&R.S., 2013. Emergence of
588 new pandemic Gll.4 Sydney norovirus strain coresatith escape from herd
589 immunity. J. Infect. Dis. 208, 1877-1887. doi:1®@30nfdis/}it370

25



590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

Eden, J.-S., Hewitt, J., Lim, K.L., Boni, M.F., M., Greening, G., Ratcliff, R.M.,
Holmes, E.C., Tanaka, M.M., Rawlinson, W.D., WhReA., 2014. The emergence
and evolution of the novel epidemic norovirus Gilatiant Sydney 2012. Virology
450-451, 106-113. doi:10.1016/j.virol.2013.12.005

Eden, J.-S., Tanaka, M.M., Boni, M.F., RawlinsonpP& White, P.A., 2013.
Recombination within the pandemic norovirus Glinkhge. J. Virol. 87, 6270—
6282. doi:10.1128/JV1.03464-12

Fioretti, J.M., Bello, G., Rocha, M.S., Victoria,. M.eite, J., 2014. Temporal Dynamics
of Norovirus GlI. 4 Variants in Brazil between 2084d 2012. PLoS ONE 9,
€92988. doi:10.1371/journal.pone.0092988.t001

Fonager, J., Hindbaek, L.S., Fischer, T.K., 201&i& emergence and antigenic
diversification of the norovirus 2012 Sydney vatisnDenmark, October to
December, 2012. Eurosurveillance 18, 2-5.

Fukuda, S., Takao, S., Shigemoto, N., TanizawaS¥no, M., 2009. Transition of
genotypes associated with norovirus gastroenteutisreaks in a limited area of
Japan, Hiroshima Prefecture, during eight epideseasons. Arch. Virol. 155, 111—
115. doi:10.1007/s00705-009-0528-0

Giammanco, G.M., De Grazia, S., Tummolo, F., BonkraCalderaro, A., Buonavoglia,
A., Martella, V., Medici, M.C., 2013. Norovirus G#/Sydney/2012 in ltaly, winter
2012-2013. Emerg. Infect. Dis. 19, 1348-1349. db8201/eid1908.130619

Glass, R.l., Parashar, U.D., Estes, M.K., 2009.0Mious gastroenteritis. N. Engl. J.

Med. 361, 1776-1785. doi:10.1056/NEJMra0804575

26



612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

Hall, A.J., Lopman, B.A., Payne, D.C., Patel, M.K8astafaduy, P.A., Vinjé, J.,
Parashar, U.D., 2013. Norovirus Disease in theddn8tates. Emerg. Infect. Dis.
19, 1198-1205. doi:10.3201/eid1908.130465

Hata, A., Katayama, H., Kitajima, M., Visvanath&nh, Nol, C., Furumai, H., 2011.
Validation of Internal Controls for Extraction aAdnplification of Nucleic Acids
from Enteric Viruses in Water Samples. Appl. EngirMicrobiol. 77, 4336—-4343.
doi:10.1128/AEM.00077-11

Heim, A., Ebnet, C., Harste, G., Pring-Akerblom, Z003. Rapid and quantitative
detection of human adenovirus DNA by real-time P@RJVed. Virol. 70, 228-239.
doi:10.1002/jmv.10382

Hernandez-Morga, J., Leon-Felix, J., Peraza-Ga&ayGil-Salas, B.G., Chaidez, C.,
2009. Detection and characterization of hepatitigrAs and Norovirus in estuarine
water samples using ultrafiltration--RT-PCR inteégchmethods. J. Appl. Microbiol.
106, 1579-1590. doi:10.1111/}.1365-2672.2008.04125.

Jiang, X., Huang, P.W., Zhong, W.M., Farkas, T.bi@uD.W., Matson, D.O., 1999.
Design and evaluation of a primer pair that detboth Norwalk- and Sapporo-like
caliciviruses by RT-PCR. J. Virol. Meth. 83, 145415

Kageyama, T., Kojima, S., Shinohara, M., Uchidg,Fukushi, S., Hoshino, F.B.,
Takeda, N., Katayama, K., 2003. Broadly reactive laighly sensitive assay for
Norwalk-like viruses based on real-time quantigatigverse transcription-PCR. J.
Clin. Microbiol. 41, 1548-1557. doi:10.1128/JCM 4.1548-1557.2003

Katayama, H., Haramoto, E., Oguma, K., YamashitaTHjima, A., Nakajima, H.,

Ohgaki, S., 2008. One-year monthly quantitativereyiof noroviruses,

27



635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

enteroviruses, and adenoviruses in wastewaterctetldrom six plants in Japan.
Water Res. 42, 1441-1448. doi:10.1016/j.watres.2@F29

Kitajima, M., Haramoto, E., Phanuwan, C., Katayahha,Furumai, H., 2012.
Molecular detection and genotyping of human normas in influent and effluent
water at a wastewater treatment plant in Japakp@. Microbiol. 112, 605-613.
doi:10.1111/j.1365-2672.2012.05231.x

Kitajima, M., Oka, T., Haramoto, E., Phanuwan, Takeda, N., Katayama, K.,
Katayama, H., 2010. Genetic diversity of genogrbiporoviruses in wastewater
in Japan. Lett. Appl. Microbiol. 52, 181-184.
doi:10.1111/j.1472-765X.2010.02980.x

Kitajima, M., Tohya, Y., Matsubara, K., Haramot, Btagawa, E., Katayama, H.,
Ohgaki, S., 2008. Use of murine norovirus as a heweogate to evaluate
resistance of human norovirus to free chlorinendiésition in drinking water supply
system. Environ. Eng. Res. 45, 361-370. (in Jaggnes

Kojima, S., Kageyama, T., Fukushi, S., Hoshino,.FShinohara, M., Uchida, K.,
Natori, K., Takeda, N., Katayama, K., 2002. Genogrspecific PCR primers for
detection of Norwalk-like viruses. J. Virol. Mett00, 107-114.

Kremer, J.R., Langlet, J., Skraber, S., WeicherdhgWeber, B., Cauchie, H.M., De
Landtsheer, S., Even, J., Muller, C.P., HoffmanpMossong, J., 2011. Genetic
diversity of noroviruses from outbreaks, sporadisas and wastewater in
Luxembourg 2008-2009. Clin. Microbiol. Infect. 1171,73-1176.
doi:10.1111/j.1469-0691.2010.03407.x

Kroneman, A., Vennema, H., Deforche, K., d Avoodn, H., Peflaranda, S., Oberste,

M.S., Vinjé, J., Koopmans, M., 2011. An automatedajyping tool for

28



659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

enteroviruses and noroviruses. J. Clin. Virol. B21-125.
doi:10.1016/j.jcv.2011.03.006

La Rosa, G., laconelli, M., Pourshaban, M., MusciM., 2010. Detection and
molecular characterization of noroviruses from fsesvage treatment plants in
central Italy. Water Res. 44, 1777-1784. doi:10610datres.2009.11.055

Lee, G.-C., Jheong, W.-H., Jung, G.S., Oh, S.-Am,iM.-J., Rhee, O.-J., Park, S., Lee,
C.H., 2012. Detection and molecular characterizadibhuman noroviruses in
Korean groundwater between 2008 and 2010. Foodrdnwirol. 4, 115-123.
doi:10.1007/s12560-012-9084-y

Lee, H., Kim, M., Lee, J.E., Lim, M., Kim, M., Kind.-M., Jheong, W.-H., Kim, J., Ko,
G., 2011. Investigation of norovirus occurrencgroundwater in metropolitan
Seoul, Korea. Sci. Total Environ. 409, 2078-2084.
doi:10.1016/j.scitotenv.2011.01.059

Leshem, E., Barclay, L., Wikswo, M., Vega, E., Gragus, N., Parashar, U.D., Vinjé,
J., Hall, A.J., 2013a. Genotype GI.6 norovirus,tediStates, 2010-2012. Emerg.
Infect. Dis. 19, 1317-1320. doi:10.3201/eid1908443D

Leshem, E., Wikswo, M., Barclay, L., Brandt, E.oi%t, W., Salehi, E., DeSalvo, T.,
Davis, T., Saupe, A., Dobbins, G., Booth, H.A., g&gC., Garman, K., Woron,
A.M., Parashar, U.D., Vinjé, J., Hall, A.J., 2018iftects and clinical significance
of Gll.4 Sydney norovirus, United States, 2012-2@merg. Infect. Dis. 19, 1231
1238. doi:10.3201/eid1908.130458

Lopman, B., Armstrong, B., Atchison, C., Gray, ,J2D09. Host, Weather and

Virological Factors Drive Norovirus Epidemiologyiriie-Series Analysis of

29



682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

Laboratory Surveillance Data in England and WdktS ONE 4, e6671.
doi:10.1371/journal.pone.0006671.s002

Mai, H., Jin, M., Guo, X., Liu, J., Liu, N., Con¥,, Gao, Y., Wei, L., 2013. Clinical
and Epidemiologic Characteristics of Norovirus &lBydney during Winter 2012—
13 in Beijing, China following Its Global Emergenéd_oS ONE 8, e71483.
doi:10.1371/journal.pone.0071483.t002

Mans, J., NetshilKWETA, R., Magwalivha, M., van ZyW.B., TAYLOR, M.B., 2013.
Diverse norovirus genotypes identified in sewagkdped river water in South
Africa. Epidemiol. Infect. 141, 303-313. doi:10.70380950268812000490

Ministry of Health, Labour and Welfare, 2007. Deiec protocol of norovirus. Notice
no. 0514004, Safety Division, Pharmaceutical anodF8afety Bureau, Ministry of
Health, Labour and Welfare.
[http://mwww.mhlw.go.jp/topics/syokuchu/kanren/kardi031105-1a.pdf (in
Japanese)]

Mounts, A.W., Ando, T., Koopmans, M., Bresee, IN&el, J., Glass, R.I., 2000. Cold
Weather Seasonality of Gastroenteritis Associatétal Morwalk-like Viruses. J.
Infect. Dis. 5, S284-287.

National Institute of Infectious Deseases, 2014t@anteritis viruses detected from
patients in Japan, 2004-2014. Infectious Agentsé&ileince Report, Sep. 29th
2014. [https://nesid3g.mhlw.go.jp/Byogentai/Pdf&®s).pdf. (in Japanese)]

Nordgren, J., Matussek, A., Mattsson, A., Svenskagriindgren, P.-E., 2009.
Prevalence of norovirus and factors influencingiziconcentrations during one
year in a full-scale wastewater treatment planttéVRes. 43, 1117-1125.

doi:10.1016/j.watres.2008.11.053

30



706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

Oka, T., Katayama, K., Hansman, G.S., Kageyamadawa, S., Wu, F.-T., White,
P.A., Takeda, N., 2006. Detection of human sapsuayreal-time reverse
transcription-polymerase chain reaction. J. MedoNi78, 1347—-1353.
doi:10.1002/jmv.20699

Okabayashi, T., Yokota, S.-I., Ohkoshi, Y., Ohu¢hi, Yoshida, Y., Kikuchi, M., Yano,
K., Fujii, N., 2008. Occurrence of norovirus infects unrelated to norovirus
outbreaks in an asymptomatic food handler popuiatioClin. Microbiol. 46,
1985-1988. d0i:10.1128/JCM.00305-08

Ozawa, K., Oka, T., Takeda, N., Hansman, G.S., 2R0vovirus infections in
symptomatic and asymptomatic food handlers in Japadlin. Microbiol. 45,
3996-4005. doi:10.1128/JCM.01516-07

Pang, X.L., Lee, B., Boroumand, N., Leblanc, Beiksaitis, J.K., Yu Ip, C.C., 2004.
Increased detection of rotavirus using a real tieverse transcription-polymerase
chain reaction (RT-PCR) assay in stool specimesma trhildren with diarrhea. J.
Med. Virol. 72, 496-501. doi:10.1002/jmv.20009

Patel, M.M., Hall, A.J., Vinjé, J., Parashar, U.RP009. Noroviruses: a comprehensive
review. J. Clin. Virol. 44, 1-8. doi:10.1016/,.j@@208.10.009

Patel, M.M., Widdowson, M.-A., Glass, R.l., Akazawa, Vinje, J., Parashar, U.D.,
2008. Systematic Literature Review of Role of Namases in Sporadic
Gastroenteritis. Emerg. Infect. Dis. 14, 1224-12811:10.3201/eid1408.071114

Pérez-Sautu, U., Sano, D., Guix, S., Kasimir, @& R.M., Bosch, A., 2012. Human
norovirus occurrence and diversity in the Llobreger catchment, Spain. Environ.

Microbiol. 14, 494-502. doi:10.1111/j.1462-2920.2@P642.x

31



729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

Quince, C., Lanzen, A., Davenport, R.J., Turnbalrgh,, 2011. Removing noise from
pyrosequenced amplicons. BMC Bioinformatics 12, 38.
doi:10.1186/1471-2105-12-38

Rahman, M., Nahar, S., Afrad, M.H., Faruque, A.SAzim, T., 2013. Norovirus
Variant Gll. 4/Sydney/2012, Bangladesh. Emerg.dnfBis. 19, 1347-1348.
doi:10.3201/eid1908.130227

Rajko-Nenow, P., Waters, A., Keaveney, S., Flann&ryTuite, G., Coughlan, S.,
O'Flaherty, V., Dore, W., 2013. Norovirus genotypessent in oysters and in
effluent from a wastewater treatment plant durimgseasonal peak of infections in
Ireland in 2010. Appl. Environ. Microbiol. 79, 257387
doi:10.1128/AEM.03557-12

Saito, M., Goel-Apaza, S., Espetia, S., VelasgDezCabrera, L., Loli, S., Crabtree,
J.E., Black, R.E., Kosek, M., Checkley, W., Zimit,, Bern, C., Cama, V., Gilman,
R.H., Norovirus Working Group in Peru, 2014. Muléimorovirus infections in a
birth cohort in a Peruvian Periurban communitynCinfect. Dis. 58, 483—-491.
doi:10.1093/cid/cit763

Siebenga, J.J., Vennema, H., Zheng, D.P., Vinjéeg, B.E., Pang, X.L., Ho, E.C.M.,
Lim, W., Choudekar, A., Broor, S., Halperin, T.,98al, N.B.G., Hewitt, J.,
Greening, G.E., Jin, M., Duan, Z.J., Lucero, Y.R@an, M., Hoehne, M., Schreier,
E., Ratcliff, R.M., White, P.A., Iritani, N., ReuteG., Koopmans, M., 2009.
Norovirus illness is a global problem: emergencg spread of norovirus Gll.4
variants, 2001-2007. J. Infect. Dis. 200, 802—&i32:10.1086/605127

Tamura, K., Peterson, D., Peterson, N., StechelN&, M., Kumar, S., 2011. MEGAS:

molecular evolutionary genetics analysis using mmaxn likelihood, evolutionary

32



753

754

755
756
757
758

759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

775

776

777

distance, and maximum parsimony methods. Mol. Bgbl. 28, 2731-2739.

doi:10.1093/molbev/msrl21

Thongprachum, A., Chan-it, W., Khamrin, P., Sapkopa, P., Okitsu, S., Takanashi, S., Mizuguchi, M.,
Hayakawa, S., Maneekarn, N., Ushijima, H., 2014ledolar epidemiology of norovirus associated
with gastroenteritis and emergence of norovirus43tariant 2012 in Japanese pediatric patients.

Infection, Genetics and Evolution 23, 65-73. dail0d6/j.meegid.2014.01.030

Tu, E.T.V,, Bull, R.A., Greening, G.E., Hewitt, yon, M.J., Marshall, J.A., Mclver,
C.J., Rawlinson, W.D., White, P.A., 2008. Epidenutsastroenteritis during
2006 Were Associated with the Spread of NorovirusAiG/ariants 2006a and
2006b. Clin. Infect. Dis. 46, 413-420. doi:10.1 @259

Ueki, Y., Sano, D., Watanabe, T., Akiyama, K., Oaur., 2005. Norovirus pathway in
water environment estimated by genetic analyssrains from patients of
gastroenteritis, sewage, treated wastewater, weger and oysters. Water Res. 39,
4271-4280. doi:10.1016/j.watres.2005.06.035

Vega, E., Barclay, L., Gregoricus, N., Shirley, S ke, D., Vinjé, J., 2014. Genotypic
and epidemiologic trends of norovirus outbreaktheUnited States, 2009 to 2013.
J. Clin. Microbiol. 52, 147-155. do0i:10.1128/JCM68D-13

Yoneda, M., Okayama, A., Kitahori, Y., 2014. Epidelogical Characteristics of
Norovirus Associated with Sporadic Gastroenteati®ong Children from the
2006/2007 to 2011/2012 Season in Nara Prefectapan] Intervirology 57, 31-35.
doi:10.1159/000353852

Zheng, D.P., Ando, T., Fankhauser, R.L., Beard, FGf&ss, R.1., Monroe, S.S., 2006.
Norovirus classification and proposed strain nortegnee. Virology 346, 312—-323.

doi:10.1016/j.virol.2005.11.015

33



778

779

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

796

797

798

799

800

801

FIGURE LEGENDS

Fig. 1 Concentrations (as determined by gPCR) of noro\gamotypes | and Il (Gl and
Gll) in wastewater samples collected at the indidantervals.

< LOQ, below the limit of quantification; ND, noetected.

Fig. 2 Genotypes and GIllI.4 variants identified from wastr samples.
The numbers show ratios calculated as the numbereafls assigned to each
genotype/variant divided by the number of readstifled as norovirus in each sample.

Heat map (color coding) is as indicated.

Fig. 3 Number of infectious gastroenteritis cases andwiars-positive/negative stool
samples collected each week.

For a given interval, the number of infectious gaestteritis cases in the clinic is plotted
as solid line (asterisk (*)); the numbers and vasaof norovirus are plotted as a bar
graph with color coding as indicated. Discordaneénmeen the number of the stool
samples and number of the infectious gastroergaréises in a given week reflects the

number of stool samples that could not be obtafoednalysis.

Fig. 4 Genotypes and Gll.4 variants detected in stool $ssnp

Fig. 5 Phylogenetic tree of Gll.4 sequences obtained fn@stewater samples and

clinical samples. The number on each branch shegbaotstrap value. Because many

OTUs were obtained from the wastewater samplesgeseptative sequences of OTUs
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from the wastewater samples are designated wittesatarting with “W”, followed by
date, variant (2006b, Den Haag 2006b; 2009, Newdadd 2009; 2012, Sydney 2012),
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obtained from the clinical samples are designatigldl mames starting with “P”,
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are designated with names starting with “1.4” éelled by accession number (e.g.,
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Fig. 1 Concentrations (as determined by qPCR) of norovirus genotypes I and II (GI and GII) in
wastewater samples collected at the indicated intervals.

< LOQ, below the limit of quantification; ND, not detected.



year 2012 2013
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Fig. 2 Genotypes and GII.4 variants identified from wastewater samples.

The numbers show ratios calculated as the number of reads assigned to each genotype/variant

divided by the number of reads identified as norovirus in each sample. Heat map (color coding) is as

indicated.
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Fig. 3 Number of infectious gastroenteritis cases and norovirus-positive/negative stool samples
collected each week.

For a given interval, the number of infectious gastroenteritis cases in the clinic is plotted as solid line
(asterisk (*)); the numbers and variants of norovirus are plotted as a bar graph with color coding as
indicated. Discordance between the number of the stool samples and number of the infectious
gastroenteritis cases in a given week reflects the number of stool samples that could not be obtained

for analysis.
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FIG 4 Genotypes and GII.4 variants detected in stool samples.
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Fig. 5 Phylogenetic tree of GI1.4 sequences obtained from wastewater samples and clinical samples.
The number on each branch shows the bootstrap value. Because many OTUs were obtained from the
wastewater samples, representative sequences of OTUs containing more than 1000 reads were used
for the analysis. The sequences obtained from the wastewater samples are designated with names
starting with “W?”, followed by date, variant (2006b, Den Haag 2006b; 2009, New Orleans 2009;
2012, Sydney 2012), and identification number of OTU (e.g., W_Dec28 2012 _OTU1). The
sequences obtained from the clinical samples are designated with names starting with “P”, followed
by variant and date of onset (e.g., P_2006b_Nov29). The reference sequences are designated with

names starting with “I1.4” followed by accession number (e.g., 11.4|2012|1X459908).



Highlights

1. Pyrosequencing revealed diverse Norovirus genotypes in wastewater.

2. Ten more genotypes were detected in wastewater (14) than in patients’ stools (4).
3. Spread of Norovirus GII.4 Sydney variant was observed in both sample types.

4. A rare strain of Norovirus GII.17 was detected in wastewater.

5. The developed method is applicable to any types of environmental samples.



