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Abstract. Nationwide epidemics due to norovirus (NoV) infections occur periodi-
cally in the winter season in the northern hemisphere. NoV outbreaks also have
been reported in Thailand. In this study, 564 stool specimens were collected from
patients with acute gastroenteritis in northeastern Thailand from October 2013 to
May 2015. Partial genome sequences of the N-terminal Shell region of NoVs in
the specimens were amplified revealing the majority of NoV cases were detected
in samples from December 2013 to February 2014, and from March to April,
2015. The average humidity from December to April is the lowest every year in
Thailand, suggesting a possible relationship between the occurrence of norovirus
infection and low humidity. Six of 17 GI NoVs were grouped in GI.4 genotype,
while 20/30 GII NoVs belonged to GIL.4 cluster, of which 19 were closely related
to Sydney_2012, a novel GII.4 variant spreading globally since early 2012, while
5/30 GII strains were grouped in GIL.17 cluster, which was identified as a new
emerging epidemic strain in 2014. The distribution of genogroups and genotypes
in NoV in northeastern Thailand was consistent with those of other countries.
Economic globalization has increased movements of people among countries
so that NoV could easily have been carried into Thailand from other countries.
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Norovirus (NoV) is a major etiologi-
cal agent of both outbreaks and sporadic
cases of acute gastroenteritis worldwide
(Hutson et al, 2004; Estes et al, 2006). The
virus causes diarrhea in patients of all
ages with severe outcomes in infants,
children, the elderly, and individuals
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with chronic diseases (Hutson et al, 2004;
Estes et al, 2006). NoV is relatively stable
in water containing chlorine (Keswick
et al, 1985) and is prevalent in the natural
environment (Hutson et al, 2004; Estes
et al, 2006). Viral transmission occurs
through ingestion of contaminated food
and water (Hutson et al, 2004; Estes et al,
2006). NoV also spreads by direct person-
to-person contact and by exposure to
contaminated airborne vomitus droplets
in a semi-closed community (Hutson et al,
2004; Estes et al, 2006). NoV commonly
causes asymptomatic infection (Garcia
et al, 2006; Monica et al, 2007; Ozawa et al,
2007) where the viral load of the carriers
is similar to that of symptomatic individu-
als (Ozawa et al, 2007). These character-
istics allow NoV to spread rapidly and
extensively in subjects going about their
daily activities and thereby raising major
public health concerns in many countries.

NoV is a non-enveloped virus be-
longing to the family Caliciviridae. NoV
has a single-stranded, positive-sense,
polyadenylated RNA genome of about
7.5 kilobases (Xi et al, 1990). The RNA ge-
nome encodes three open reading frames
(ORFs), namely, ORF1, ORF2, and ORF3.
Asis common in RNA viruses, NoV in na-
ture is genetically and antigenically highly
diverse (Katayama et al, 2002; Kageyama
et al, 2004; Hansman et al, 2006). Although
the International Committee on Taxono-
my of Viruses has yet to reach a universal
classification scheme, NoV is tentatively
divided into five genogroups (GI to GV)
and >25 genotypes based on the similarity
to ORF2 capsid sequence. Among these,
genogroup Il genotype 4 (GIL.4) is particu-
larly important to public health, because
this genotype has been the leading cause
of NoV-associated acute gastroenteritis in
humans since the middle 1990s in Asia,
Australia, Europe, and North America
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(Kroneman et al, 2006; Phan et al, 2006;
Bull et al, 2007; Ho et al, 2007; Motomura
et al, 2008; Motomura et al, 2010).

As seen in many countries, nation-
wide epidemics of NoV infections pe-
riodically occur in the winter season in
the northern hemisphere (Hutson et al,
2004; Estes et al, 2006). Previous studies in
Thailand reported NoVs exist in various
natural environments (Inoue et al, 2016)
and several NoV outbreaks have occurred
(Guntapong et al, 2004; Hansman et al,
2004; Phumpholsup et al, 2015), with a
recent appearance of GII.17, aminor NoV
genotype (Phumpholsup et al, 2015; Inoue
et al, 2016; Boonchan et al, 2017).

The purpose of this study was to inves-
tigate whether norovirus was the cause of
gastroenteritis outbreaks in Thailand, and
if so, which strains were present. In order
to obtain the genetic variations of the NoV
strains circulating in Thailand, we deter-
mined 47 partial genome sequences of NoV
variants from stool samples gathered from
acute gastroenteritis patients at two sites
in northeastern Thailand during October
2013 to May 2015.

MATERIALS AND METHODS

Stool specimens

A total of 564 stool specimens were
collected from individuals of various ages
with acute gastroenteritis admitted to
Phen Hospital (487 specimens) and Srivi-
lai Hospital (77 specimens), two different
regional public hospitals in northeastern
Thailand between October 2013 and May
2015. All stool specimens were stored at
-80°C until used.

Questionnaire information was de-
identified and re-coded so that no infor-
mation could be linked to any individual
participant. The protocol of this study
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was reviewed and approved by the Ethics
Committee of the Institute for the Devel-
opment of Human Research Protections
(IHRP), Thailand (Permit no.0032).

Viral RNA extraction, amplification and
determination of nucleotide sequence
A10% (w/v) fecal suspension in phos-
phate-buffered saline pH 7.2 (PBS) was
centrifuged at 10,000¢ for 10 minutes and
RNA extracted from the 10% (w/v) fecal
suspension using QIAamp Viral RNA kit
(QIAGEN, Hilden, Germany) according
to the manufacturer’s instructions and
stored at -80°C until used. RT-PCR was
performed using QIAGEN One-Step PCR
(QIAGEN) together with primer, G2SKR
(anti-sense) (5'-CCRCCNGCATRHCCRT-
TRTACAT-3') (H: Not G, R; Aor G, N; any
nucleotides). In brief, the 50-ul reaction
mixture contained 5 ul of viral RNA, 2.0
ul of each primer (20 uM), 10.0 ul of 5X
reaction buffer, 2.0 ul of ANTPs (10 mM),
and 2.0 ul of enzyme mixture. The solu-
tion was incubated at 50°C for 30 minutes
followed by 15 minutes at 95°C. Thermo-
cycling was conducted in GeneAmp PCR
System 9700 (Thermofisher, Waltham,
MA) as follows: 30 cycles of 94°C for 30
seconds, 50°C for 30 seconds and 72°C
for 1 minute. Nested PCR was performed
using Ex-Taq system (TaKaRa Bio, Shiga,
Japan). For amplification of a fragment
of NoV GI the outer primer pair was
COG-1F (sense) (5'-CGYTGGATGCGNT-
TYCATGA-3') and G1SKR (anti-sense)
(5'-CCAACCCARCCATTRTACA-3'), and
inner primer pair, G1SKF (sense) (5'-CT-
GCCCGAATTYGTAAATGA-3') and
GISKR (Y; C or T). For amplification of a
fragment of NoV GII the outer primer pair
was COG-2F (sense) (5'-CARGARBCNAT-
GTTYAGRTGGATGAG-3') and G25SKR
(anti-sense) (5'-CCRCCNGCATRHCCRT-
TRTACAT-3') and the inner primer pair,
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G2SKF (sense) (5'-CNTGGGAGGGC-
GATCGCAA-3") and G2SKR (anti-sense)
(B; Not A) (Kojima et al, 2002; Kageyama
et al, 2003). A 5-ul volume of the RT-PCR
product was added to 45 ul of the reaction
mixture containing 2.0 ul of each primer
(20 uM), 5.0 ul of 10X reaction buffer, 1.0
ul of dNTPs (10 mM), and 1.0 ul of Ex
Taq enzyme (5 U/ml). Thermocycling was
performed in GeneAmp PCR System 9700
(Thermofisher) for 30 cycles of 94°C for 30
seconds, 55°C for 30 seconds, and 72°C for
1 minute. Amplicons were purified using
QIAquick PCR purification kit (QIAGEN,
Hilden, Germany) and directly sequenced
using an automated ABI 3100 Analyzer
(Thermofisher). The DDB]J accession
numbers of the sequences are LC312716
- LC312762).

Quantitative (q)PCR

QPCR was carried out in a 50-ul vol-
ume reaction mixture containing of 5 ul
cDNA, 25 ul of TagMan Universal PCR
Master Mix (Thermofisher) containing
dUTP and uracyl N-glycosylase (UNG),
400 nM primer COGIF (5-CGYTGGATG-
CGNTTYCATGA-3') and primer COGIR
(5'-CTTAGACGCCATCATCATTYAC-3'),
and 5 pmol of RING1-TPA [5'-(FAM)
AGATYGCGATCYCCTGTCCA(TAM-
RA)-3'] and RINGI1-TPB [5'-(FAM)AG-
ATCG CGGTCTCCTGTCCA(TAMRA)-3']
fluorogenic probes for NoV GI detection.
For NoV GII detection, 400 nM primer
COG2F (5-CARGARBCNATGTTYAGRT-
GGATGAG-3") (B; not A) and COG2R
(5'-TCGACGCCATCTTCATTCACA-3'),
and 5 pmol of RING2-TP [5-(FAM)TGG-
GAGGGCGATCGCAATCT(TAMRA)-3']
fluorogenic probe were used. Thermo-
cycling was performed in an ABI 7500
Real-Time PCR Systems (Thermofisher)
as follows: 50°C for 2 minutes (to activate
UNG); 95°C for 10 minutes; 45 cycles of
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Total sample
(2013 Oct ~ 2015 May )

I: Phen hospital; 487

—_—

Srivilai hospital; 77

Norovirus positive cases

133 cases (23.6 %)

|

Sequence available

47 cases

specimens collected
from October 2013
to May 2015 from
hospitalized patients
in northeastern Thai-
land included 71
Gl-positive, 81 GII-

GI; 17 cases

I

GI.1; 2 cases
GI.3; 2 cases
GIL.4; 6 cases
GL5; 2 cases
GI.7; 3 cases
GIL.8; 1 case
GI unknown; 1 case

Fig 1-Determination and classification of norovirus genotypes from
patients with acute gastroenteritis admitted to two hospitals in

northeastern Thailand, 2013 - 2015.

95°C for 15 seconds and 56°C for 1 minute
(Kageyama et al, 2003; Kageyama et al,
2004). Amplification data were collected
and analyzed using a Sequence Detector
software version 1.6 (Thermofisher). NoV
GI- and GllI-specific standard curves were
generated by a 10-fold serial dilution (10!
to 107 copies) of purified NoV GI and GII
DNA plasmids. The cut-off value was 15
copies.

Phylogenetic analysis.

Neighbor-joining (Saitou and Nei
1987), maximum-likelihood and UPGMA
trees were generated with 100 bootstrap
replicates from the matrix numbers using
MEGA, version 5.0 (Kumar et al, 1994).
Partial genome sequences of the global
and Japanese epidemic GI or GII subtypes
were included.

RESULTS

NoV-positive samples from 133 stool
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GIL4 Sydney 2012; 19 cases
GII.4 New Otrleans; 1 case

GII unknown; 2 cases

positive and 19 both
GI- and GlI-positive
samples (Fig 1). Fif-
\ ty-seven (43%) cases
occurred between
December 2013 and
February 2014, and
43 (32%) between
January 2015 and
April 2015 (Fig 2).
Fifty-nine (44%) pa-
tients were <5 years
old and 27 (20%)
were in the 50-79 age
group (Fig 3).

The average temperature in the dry
season from December 2013 to February
2014 was low, and the average humidity
was consistently low (Fig 2). On the other
hand, the temperature between January
and April, 2015, especially March and
April, was high (~30°C), but the humidity
remained low.

GI1.3; 2 cases
GIL.6; 1 case

GII.17; 5 cases

Only 47 partial genome sequences of
NoV GI and GII strains were determined
as the remaining samples contained insuf-
ficient amplicon material. All 47 partial
genomes had no indels when compared
to sequences of reference strains. The
evolutionary relationships of the se-
quences were examined by phylogenetic
analysis. Sequences of well-recognized
reference strains from the global GI and
GII epidemics during the past ~20 years
were included as well. A representative GI
neighbor-joining tree shows that the ge-
nome sequences from the 2013-2015 sam-
ples in Thailand were mainly divided into
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Fig 2-Seasonality of NoV prevalence in northeastern Thailand. The
number of NoV cases is shown above each bar. Dots and block
lines indicate the average temperature and average humidity in
Udon Thani Province, respectively based on the Weather History
Website (https://www.wunderground.com).
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Fig 3-Distribution of age group of NoV infection in northeastern Thai-
land. Patients with NoV-positive stool samples are classed into
11 different age groups. The number of NoV cases for each age
group is shown.
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five genetic groups.
Six of 17 (35%) GI
sequences formed a
monophyletic group
within the GL.4 clus-
ter, and 5 (29%)
formed a monophy-
letic group within
the GL.7 cluster (Fig
4A). Arepresentative
GII neighbor-joining
tree shows that the
GII sequences were
mainly classified into
two major GII geno-
types, namely, GII.4
(20/30; 67%) and
GIIL.17 (5; 17%) group
(Fig 4B). Among the
GII.4 group, 19 (63%)
sequences formed a
monophyletic group
within GII.4 Syd-
ney_2012, a world-
wide pandemic
strain of 2012 - 2013
(Edenetal, 2013). One
particular sequence
from northeastern
Thailand in 2013
appeared in GII.4
New Orleans_2009,
which was prevalent
in Japan in 2009. The
five sequences clus-
tere3d in GII.17 were
identified previously
in Thailand in 2014
(Phumpholsup et al,
2015) and also were
reported in the out-
breaks in China and
Japan between 2014
and 2015 (de Graaf
et al, 2015; Han et al,
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CI4_AB042808_Chibat0 7P
= - GL.4
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(Bueng Kan) GI9_AB(39TH_SaitamaSZUGLIP
CI5_AJ2T7614_ MusgroveTK GI
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Fig 4-Phylogenetic relationship of among NoV strains. Neighbor-joining trees were constructed
based on 47 NoV N-terminal Shell domain partial nucleotide sequences (300 bases) derived
from (A) Gl and (B) GII. Bootstrap values >0.95 are indicated at the nodes of the tree. The gray
box indicates 2013-2015 NoV GI and GII sequences from Phen Hospital, Udon Thani Province
and white and gray box indicates 2013-2015 NoV GI and GII sequences, respectively from
Srivilai Hospital, Bueng Kan Province, northeastern Thailand.
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2015, Lu et al, 2015; Matsushima et al,
2015). The monophyletic relationships of
the GI and GII sequences were reproduc-
ible when the tree was constructed with
maximum likelihood and UPMGA algo-
rithms (data not shown).

DISCUSSION

In this study, 24% NoV-positive cases
were identified by qPCR among patients
with acute gastroenteritis admitted to
two hospitals in northeastern Thailand
between October 2013 and May 2015, a
prevalence consistent with that of other
Asian countries (Tang et al, 2013, Cho et al,
2014; Rahman et al, 2016). In addition, 47
partial genome sequences of NoV GI and
GII strains were obtained.

The majority of the NoV-positive
cases were detected between December
and January in 2013-2014, and between
March and April in 2015. The average
temperature and humidity of December
to March in Udon Thani was the lowest
in that year. The temperature of March-
April in 2014-2015 was nearly 30°C, but
the humidity was <60%, suggesting that
humidity was a possible important factor
for NoV prevalence. Norovirus adhesion
is mediated by interaction with hydropho-
bic residues normally exposed on the cap-
sid surface at pH 3-8, under physiological
ionic strength and low temperature (Sa-
mandoulgou et al, 2015); therefore, NoV
particles might be physically strong and
highly stable. However, the relationship
between humidity and viral stability is
unknown. Our results suggests that NoV
virion may retain strong virion structure
and high infectivity in cool and dry en-
vironment.

More than 40% of the NoV-positive
cases were detected among children less
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than 5 years old. One possible reason is
that children of <5 years old have not es-
tablished adequate gut-immunity against
viruses.

NoV GII.4 is a predominant genotype
that has causes outbreaks in Thailand
over the past two decades (Guntapong
et al, 2004; Hansman et al, 2004). Our phy-
logenetic studies identified the majority of
monophyletic GIL.4 subtypes as belonging
to GIL.4 2012_Sydney that is predomi-
nated in both Phen and Srivilai hospitals.
The distribution of the major genotypes
and subtypes is consistent with that in
many countries, including EU, Japan and
USA, where this strain caused outbreaks
during 2012-2013 (Eden et al, 2013; Zhang
et al, 2015; Mans et al, 2016). Our study
reveals that this strain was already pres-
ent in Thailand in October 2013. Similar
replacement of resident GII.4 by new GIL.4
variant strains has periodically occurred
in 2012-2013 global epidemic (Eden et al,
2013; Zhang et al, 2015; Mans et al , 2016).
Enhancement in the physical stability of
virions, viral infectivity or replication
capability in cells may explain the peri-
odical outgrowth of a new GII.4 variant
strain as described previously (Motomura
et al, 2008; Motomura et al, 2010). Thus,
such changes of GII.4 strains may explain
their outgrowth over other NoV geno-
types and genogroups. Interestingly, five
GII.17 strains detected in this study were
the same GII.17 that caused outbreaks
in China and Japan between December
2014 and March 2015 (de Graaf et al, 2015;
Han et al, 2015; Lu et al, 2015; Matsushima
et al, 2015). The sequences of GII.17 in the
study is closely related to those of GII.17
reported previously (Phumpholsup et al,
2015), suggesting that GII.17 already
existed and occurred in outbreaks in
Thailand in 2014. The GII.17 genotype is
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an emerging genotype with the potential
of global spread (de Graaf et al, 2015).
Our results indicate that the distribution
of NoV genotypes and subtypes in Thai-
land was consistent with those of other
countries, suggesting that NoV might
have been brought into Thailand from
other countries. Certainly globalization of
recent years has increased the movement
of individuals among countries.

In summary, we report for the first
time NoV genome information from
patients with acute gastroenteritis in
northeastern Thailand over a period of
20 months. Acute gastroenteritis is an
important public health problem in the
Southeast Asian countries including
Thailand. Our findings provide further
evidence for dynamic changes in the pe-
riodical outgrowth of new NoV variants
in the human population. The availability
of the genome sequence information of
new epidemic variants should help in
the development of diagnostic assays and
studies of the molecular biology of NoV in
relation to the virus natural history.
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