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Norovirus (NoV) is an important pathogen causing acute gastroenteritis worldwide. The purpose of the
present study was the molecular characterization of NoV. A total of 408 stool specimens collected from hospitalized children associated with acute gastroenteritis in Chiang Rai, Thailand, 2015-2017 were investigated for the presence of NoVs by RT-PCR. NoV GII was detected in 32 samples (7.8%). Five distinct
genotypes were identified, including GII.4 (13/32, 40.6%), GII.3 (11/32, 34.3%), GII.17 (4/32, 12.5%), GII.2 (2/32,
6.3%), and GII.14 (2/32, 6.3%). NoV infection occurred mostly in young children under 3 years of age (31/32,
96.9%) and showed the main peak in summer months from March to April (18/32, 56.3%). Phylogenetic analysis revealed that all 13 GII.4 strains clustered with GII.4 Sydney 2012 variant. Representative GII.3 strains
were analyzed as a recombinant GII.3P[12] strain. Several amino acid differences were found in the antigenic epitopes and antibody binding sites of the VP1 capsid of the GII.3P[12]. Homology modeling of the P
domain of the GII.3P[12] strain demonstrated that 10/13 amino acid differences were predicted to be
located on the surface-exposed area of the capsid structure. These amino acid changes might affect the
infectivity and the antigenicity of the recombinant GII.3P[12]. The prevalence of GII.4 Sydney 2012 and
recombinant GII.3P[12] strains indicates the genetic diversity of circulating NoVs in Thailand, emphazing
the importance of continuous surveillance to mornitor newly emerging NoV strains in the future.
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Introduction
Human norovirus (NoV) has been recognized as one of
the main causative agents of non-bacterial acute gastroenteritis [1]. NoV possesses a single-stranded RNA
genome of approximately 7.5 kb in length, which is
divided into 3 open reading frames (ORFs). ORF1
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encodes the nonstructural viral proteins, including
nucleoside triphosphatase, 3C-like protease, and RNAdependent RNA polymerase (RdRp). ORF2 and ORF3
encode the major capsid VP1 protein and the minor capsid VP2 protein, respectively. The VP1 protein can be
further divided into a shell (S) domain and a protruding
(P) domain. The P domain is subdivided into a highly
variable P2 subdomain, which is flanked on either side
by more conserved P1-1 and P1-2 subdomains. Because
the P2 subdomain, as a target for neutralizing antibodies and receptor binding sites for histo-blood group anti-
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gens (HBGAs), is the most surface-exposed region of the
NoV capsid, most newly emerging NoV variants frequently contain altered nucleotide sequences and amino
acid residues in this region [2−5].
Based on VP1 amino acid sequence diversity, the
number of genogroups in the genus Norovirus has been
classified into 10 genogroups (GI-GX), which can be
further typed into 49 confirmed capsid VP1 genotypes (9
GI, 27 GII, 3 GIII, 2 GIV, 2 GV, 2 GVI, and 1 genotype
each for GVII, GVIII, GIX, and GX). Based on nucleotide
diversity in the RdRp region, NoV can be typed into 60
P-genotypes (14 GI, 37 GII, 2 GIII, 1 GIV, 2 GV, 2 GVI, 1
GVII, and 1 GX). Globally, GII.4 has been the most
common genotype. Because of the high diversity of NoVs
and the rapid antigen drift, novel GII.4 variants have
emerged every 2−4 years, spread wildly, and replaced
earlier predominant variants. Over the past 20 years,
there were at least 8 new epidemic GII.4 variants,
including US95_96, Farmington Hill 2002, Asia 2003,
Hunter 2004, Yerseke 2006a, Den Haag 2006b, New
Orleans 2009, and Sydney 2012. GII.4 Sydney 2012 is
still the most contemporary GII.4 variant since it was
first reported in 2012 [6, 7].
Genetic recombination occurring during co-infections
is a common driving force for NoV evolution, allowing
the emergence of new variants that become the dominant strains and are able to escape herd immunity or
increase its fitness [4, 8]. Thus, dual-genotyping at the
highly conserved overlapping region between the RdRp
of ORF1 and the capsid VP1 protein of ORF2, ORF1/
ORF2 junction region, is increasingly recommended and
needed for tracking the evolutional mechanism of the
virus [6]. Recently, several reports have described an
increasing prevalence of a new recombinant GII.3P[12]
variant (GII.3 VP1 and GII.P[12] RdRp regions) in some
countries such as China and Thailand [4, 9−19]. The
main objective of the present study was the molecular
characterization of human NoVs among children with
acute gastroenteritis in Chiang Rai, Thailand during
2015−2017.

Materials and Methods
Patients and specimen collection
During March 2015 to February 2017, a total of 408
fecal specimens from pediatric children with acute
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gastroenteritis aged under 5 years admitted to Chiangrai
Prachanukroh Hospital in Chiang Rai, Northern
Thailand were collected for NoV identification. Acute
gastroenteritis was marked by watery diarrhea ≥3
episodes in a 24-h period before the visit. The specimens
were frozen at -20℃ until use. Study protocol of this
study was approved by the Ethics Committee, Chiangrai
Prachanukroh Hospital (CR 0032.102/6497 and CR
0032.102/ 34017).
Viral RNA genome extraction and NoV detection
Fecal suspensions (10% w/v) were prepared in distilled
water and then centrifuged for 10 min at 7,000 g. RNA
genomes were extracted using Viral Nucleic Acid
Extraction Kit II (Geneaid, Taiwan), according to the
manufacturer’s recommendations. Reverse transcription
(RT) was performed with the extracted RNA template to
synthesize cDNA using ReverTra Ace® qPCR-RT Master
Mix (Toyobo, Japan). NoV genogroup I and II, as the
major genogroup that infects humans, were detected by
the first-round multiplex RT-PCR using 5x HOT
FIREPol Blend Master Mix (Solis BioDyne, Estonia)
with the following primers: G1SKF/G1SKR [20] for NoV
GI and COG2F/G2SKR [20, 21] for NoV GII, yielding
amplicons of 344 bp and 387 bp, respectively. The
second-round semi-nested PCR was performed to
amplify PCR product of 330 bp of NoV GII with primers
G2SKF/G2SKR [20]. NoV-positive samples were
examined by gel electrophoresis with 1.5% agarose gel
in TAE buffer, stained with RedSafe® Nucleic Acid
Staining Solution (20,000x) (iNtRON Biotechnology,
Korea), and observed under UV light. The primers used
for the NoV detection are shown in Table S1.
NoV Genotyping and phylogenetic analysis
The PCR products of the NoV-positive samples were
purified using Gel/PCR DNA Fragments Extraction Kit
(Geneaid, Taiwan) and then sequenced using BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems,
Germany) in an automated ABI Prism 310 Genetic
Analyzer (Applied Biosystems). NoV genotypes were
analyzed by phylogenetic analysis based on partial
nucleotide sequences of the capsid VP1 gene and NoV
reference sequences from GenBank database. Phylogenetic trees were constructed using the neighbor-joining
method in MEGA (version 7) with bootstrap analysis of
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1,000 replicates of the sequence alignment datasets. The
nucleotide sequences of the analyzed NoV strains had
been submitted to the GenBank database under accession number MH430952-MH430983.
Investigation of potential recombination of GII.3 NoVs
Partial RdRp and full-length capsid VP1 genes of
identified 3/11 GII.3 NoV strains were amplified to
investigate the possible recombination. The first-round
RT-PCR with JV21/G2SKR (1,111 bp) [20, 22] and the
second-round semi-nested PCR with Hep172/G2SKR
(618 bp) [20, 23] were performed to amplify the RdRp
gene using 5x HOT FIREPol Blend Master Mix (Solis
BioDyne, Estonia). To amplify the full-length VP1 gene,
the first-round RT-PCR with COG2F/GV132R (1,751 bp)
[21, 24] was performed. The second-round semi-nested
PCR was carried out to amplify the 5′-end VP1 gene with
COG2F/NVGII3R (1,049 bp) [21] and the 3′-end VP1
gene with NVGII3F/GV132R (922 bp) [24]. All the PCR
products were purified and then sequenced using the
PCR primers as sequencing primers. The primer
sequences are shown in Table S1. Phylogenetic tree
based on the partial RdRp nucleotide sequences of the 3
GII.3 strains was constructed. SimPlot software (version
3.5.1) was used to compare the recombinant NoV
sequences.
Amino acid comparison and homology modeling of the P
domain of the capsid VP1 protein of the GII.3 NoV
Amino acid sequences of the VP1 protein of the GII.3
strains analyzed in this study were compared with that
of the prototype GII.3 strain and other reference strains
to identify the amino acid differences in P domain,
HBGAs binding sites, and antibody binding sites.
Homology modeling of P domain of GII.3 VP1 capsid was
constructed using the P domain structure of GII.3-TV24
(PDB: 6IR5) as a template using the UCSF Chimeraand ChimeraX-Molecular Modeling systems. First,
BLAST protein analysis using the Chimera software
demonstrated high amino acid sequence similarity of
95.1% between the GII.3 target and the TV24 template,
indicating that the 6IR5 was an appropriate template to
generate homology models. Second, for comparative
modeling of the P domain, a monomer was first predicted by the Chimera interface to Modeller. A dimer of
the P domain model was then generated by matchmak-
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ing of each monomer model onto chain A and C in the
tetramer structure of the 6IR5.PDB1 biological assembly
1 using the ChimeraX software. Finally, amino acid differences present on the exposed-surface area of the modeled P domain structures were highlighted using the
Chimera.

Results
NoV detection and genotype distribution
Of the 408 fecal samples tested, NoV GII was overall
detected in 32 samples (7.8%). Five distinct genotypes
were identified, including GII.2 (2/32, 6.3%), GII.3 (11/
32, 34.3%), GII.4 (13/32, 40.6%), GII.14 (2/32, 6.3%), and
GII.17 (4/32, 12.5%) (Fig. 1). The detection rate of NoV in
2016-2017 (21/138, 15.2%) was more prevalent than
2015-2016 (11/270, 4.1%). In 2015−2016, GII.4 was the
most prevalent genotype (8/11; 72.7%), followed by
GII.17 (2/11; 18.2%), and GII.2 (1/11; 9.1%). In 2016−
2017, the predominant genotype was GII.3 (11/21;
52.4%), followed by GII.4 (5/21; 23.8%), GII.14 (2/21;
9.5%), GII.17 (2/21; 9.5%), and GII.2 (1/21; 4.8%).
Age-related and seasonal distribution of NoVs
Most of infants and children with NoV infection were
in a 12- to 23-month-old group (17/32, 53.1%), followed
by a 6- to 11-month group (9/32, 28.1%), a 24- to 35month group (4/32, 12.5%), a 1- to 5-month group (1/32,
3.1%), and a 36- to 47-month group (1/32, 3.1%). (Fig. 2).
NoV infections occurred mostly in young children under
3 years of age (< 36 months old) (31/32, 96.9%).
NoV was detected in 9 months with the main peak
between March and April (18/32, 56.3%) (Table 1).

Fig. 1. NoV detection and genotype distribution.
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Fig. 2. Age-related distribution of patients with NoV infection.

Table 1. Monthly distribution of NoV-positive samples

Months

No. of samples tested
(n = 408)

No. of NoV-positive
samples (n = 32)

Mar

152

11

Apr

92

7

May

27

3

Jun

21

2

Jul

15

1

Aug

14

2

Sep

3

-

Oct

12

3

Nov

12

-

Dec

6

-

Jan

27

2

Feb

27

1

Phylogenetic analysis of NoVs
Phylogenetic analysis based on partial nucleotide
sequences of the VP1 genes of 32 NoV GII strains identified in the present study showed that 13 GII.4 sequences
as the most prevalent genotype clustered together with
GII.4 Sydney 2012 variants (Hu/CN/2012/GII.4/HK/
CUHK3655 and Hu/AU/2012/GII.4/Sydney/NSW0514)
(Fig. 3). Eleven GII.3 sequences as the second most
common genotype clustered together with the prototype
Hu/CA/1991/GII.3/TV24 strain, but they were more
closely related to Hu/ID/2016/GII.3/STM203, which was
a recombinant GII.3P[12] strain (GII.3 VP1 and
GII.P[12] RdRp genes). The remaining uncommon genotypes: GII.2, GII.14, GII.15, and GII.17 were also
appeared on the phylogenetic tree.

Fig. 3. Phylogenetic analysis of VP1 nucleotide sequences
of detected NoVs. Phylogenetic tree was analyzed based on
the partial nucleotide sequences of the capsid VP1 gene. NoV
detected in the present study are labeled with ▲. The tree was
constructed by neighbor-joining method and percent bootstrap support was indicated by the values at each node. The
values less than 75 are omitted and the bar indicates the variation scale.

Identification of recombinant GII.3 NoVs
Because the GII.3 strains showed a close phylogenetic
relationship with the recombinant GII.3P[12] strain in
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the phylogenetic tree as mentioned above, the partial
RdRp (270 bp) and full-length capsid VP1 (1,647 bp)
genes of selected 3/11 GII.3 strains were sequenced and
analyzed in order to identify the possible recombinant
event. Analysis found that nucleotide sequences of these
3 GII.3 strains shared high nucleotide similarity (98.3−
99.9%) with each other. Result of BLAST search
revealed that these GII.3 strains shared the highest
nucleotide similarity (99.4%) with previously reported
GII.3P[12] strains: Hu/CN/2015-16/GII.3P[12]/HNZZ1040
and Hu/CN/2017/GII.3P[12]/SZ17013. Phylogenetic tree
demonstrated the RdRp genes of the 3 GII.3 strains clustered with previously published GII.P[12] strains: Hu/
ID/2016/GII.3P[12]/STM203 and Hu/JP/2005/GII.12P[12]/
Sakai-04179 (Fig. 4). SimPlot analysis of RdRp-capsid
nucleotide sequences using 2 reference strains: Hu/CA/
1991/GII.3P[3]/TV24 and Hu/JP/2001/GII.12P[12]/
Saitama/T15 confirmed a sudden drop in nucleotide similarity after ORF1, suggesting the ORF1/ORF2 junction
region as a potential recombination breakpoint (Fig. 5).
Fig. 4. Phylogenetic analysis of RdRp nucleotide sequences
of GII.3 NoVs. Phylogenetic tree was analyzed based on the
partial nucleotide sequences of the RdRp gene. NoV GII.3
analyzed in the present study are labeled with ▲. The tree was
constructed by neighbor-joining method and percent bootstrap support was indicated by the values at each node. The
values less than 75 are omitted and the bar indicates the variation scale.

Amino acid sequence analysis and homology modeling of
the P domain of GII.3P[12]
In an attempt to understand the molecular basis of
amino acid variation on the P domain of the capsid VP1
protein, amino acid sequences of the 3 recombinant
GII.3P[12] strains (Hu/TH/2016/GII.3P[12]/2CR27, Hu/
TH/2016/GII.3P[12]/2CR28, Hu/TH/2016/GII.3P[12]/

Fig. 5. Identification of recombinant GII.3 NoVs. The similarity plot was constructed using the representative Hu/TH/2016/
GII.3P[12]/2CR28 strain. The similarity score of 200 nucleotides sliding window and 20 site step were used. The recombinant site is
suspected to be located within the ORF1/2 overlap region, as shown by the arrow.
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Fig. 6. Amino acid comparison and homology modeling of the P domain of GII.3P[12]. (A) Amino acid comparison. Amino acid
sequences of the P domain were aligned and compared between Chiang Rai GII.3P[12] and prototype GII.3P[3] strains. Pink refers
to amino acid differences across the P domain. Cyan refers to HBGAs binding sites. Orange refers to antibody binding sites. Red refers
to residues that were predicted to be located on the surface-exposed P2 subdomain. (B) Homology modeling. The surface-exposed
residues of the GII.3P[12] that differ from the prototype GII.3P[3] strain are presented in red for chain A and blue for chain C.

2CR35) analyzed in this study were compared with
those of the prototype Hu/CA/1991/GII.3P[3]/TV24
strain. The results of the amino acid differences in the P
domain, HBGA binding sites, and antibody binding sites
were described as the following. The GII.3P[12] NoVs
contained 13 amino acid differences across the P domain
(12 in the most variable P2 and 1 in the P1-2 subdomains) (Fig. 6A, pink). It has been described that NoVs
are able to recognize HBGAs as putative receptors and
there are 3 HBGAs binding sites (I, II, III) of GII.3
strains [23] (Fig. 6A, cyan). All the HBGAs binding sites
remained conserved. In addition, at least 4 predicted
antibody binding sites (I-IV) in the P domain of GII.3
strains have also been proposed [23] (Fig. 6A, orange).
The comparison showed that the GII.3P[12] NoVs had 3
amino acid differences in the antibody binding sites II
(T381S), III (D385G), and IV (N415D).
Homology modeling of the dimer model of the P

domain demonstrated that 10 out of 13 amino acid residues (Fig. 6A, red) were predicted to be located at the
surface-exposed P2 domain (Fig. 6B, red on chain A and
blue on chain C).

Discussion
Diarrhea associated with a contagious NoV is a primary illness in pediatric patients aged under 5 years
and is considered as the second most common pathogen
of an important public health burden after rotavirus in
both developing and developed countries [1, 8, 9]. In this
study, surveillance of NoV was carried out by RT-PCR
from fecal specimens collected from hospitalized children
in Chiang Rai, Thailand during 2015−2017 (2-yearperiod). NoV GII was recognized as the causative agent
of the disease for 7.8% (32/408), which is consistent with
the results of previous surveys in Thailand with NoV
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infection rates ranging from 6.8% to 44.7% [9, 25−27].
However, the rate of NoV infection was lower than some
studies that investigated the virus in the same period of
time during 2015−2016. NoV was detected in 12.4%
(198/1,591) in Bangkok (Middle Thailand) and Khon
Kaen (Northeastern Thailand) [9], and 20.2% (170/843)
in Chiang Mai (Northern Thailand) [26]. This different
incidence might be at least affected by the number of
samples, methods used for sample collection and NoV
detection, and outbreak in each area.
NoV more frequently infected children under 3 years
of age according to epidemiological reports [8, 28]. In
accordance with this, the current study showed that
most children were infected with NoV between the ages
of 12 months to 23 months (51.1%) and patients under 3
years of age had higher rates (96.9%) of infection than
patients over 3 years of age (3.1%) (Fig. 2). This finding
implied that NoVs commonly infected patients in early
childhood, who might lack of anti-NoV immunity and
were more susceptible to NoV infection and the
decreased incidence of NoV infection in children older
than 3 years of age might be due to the presence of protective immunity against re-infection.
The seasonal pattern of NoV infection in this surveillance appeared in early summer between March and
April (18/32, 56.3%) (Table 1), which is in line with the
peak of rotavirus infection reported previously in Chiang
Rai [29, 30]. Table 1 also showed that 59.8% (244/408) of
the total samples were of March and April, suggesting
that the increase of diarrheal cases might be the result
of the increasing prevalence of diarrheal viruses during
summertime in Chiang Rai. Although NoV in Thailand
circulated throughout the year [25], the unique peak in
the summer found in the present study was in contrast
to the finding of other studies, which revealed that NoV
infection was usually detected in winter in Bangladesh
[31], Japan [8, 32], Thailand [25], UK [33], and USA
[34]. Cool and dry weather with low temperature of winter season potentially enhance the virus survival and
transmission [35, 36]. Nevertheless, some studies have
shown that NoVs exhibit mainly in summer months in
Brazil [37], Hong Kong [38], and Qatar [39]. These
reports show that seasonality of NoV varies in different
geographic regions. Taken together, the summer peak
indicates specific seasonal distribution of NoV in Chiang
Rai, highlighting the controversy about seasonality in

http://dx.doi.org/10.48022/mbl.2109.09001

Thailand, although the factors underlying the NoV seasonality have not been fully characterized. Other multiple factors that influence transmission efficacy in
human populations in the summer seasonality of NoVs
may include environmental, biological, host-behavioural
factors, climate, low population immunity, and emergence of novel antigenic variants [32, 33, 35, 36]. A great
knowledge of NoV epidemiological data provides a beneficial effect of disease control to diminish morbidity and
mortality as well as the costs of the public-health burden
associated with illness due to NoV. While the development of a broadly effective NoV vaccine is a high priority
[40], good hygiene practice in household and child-care
centers and avoiding consumption of raw oysters [41, 42]
are as well keys to prevent transmission and chance of
infection with the NoVs. In addition, molecular epidemiological study and genetic characterization have become
increasingly important to evaluate the genetic diversity
and evolutionary dynamics of NoVs.
Regarding genotypes of NoV, 5 NoV GII genotypes:
GII.2, GII.3, GII.4, GII.14, and GII.17 were identified
(Fig. 1). According to extensive epidemiological investigation of NoV infection in Thailand since 2000, GII.4 is
the most frequent genotype, followed by GII.3 [9, 25−27].
Similarly, GII.4 (13/32, 40.6%) was detected at high frequency, and GII.4 Sydney 2012 variant (11/11, 100%)
(Fig. 3) remained the most predominant variant in the
present work as found in previous reports from many
countries, including Thailand and Japan [9, 25−28].
Although the GII.4 Sydney 2012 variant still causes a
large number of cases, the recombinant GII.4 Sydney
2012 strains recombined in association with the RdRp
genotypes of GII.P[16] or GII.P[31] (formerly known as
GII.Pe) have spread globally [25, 27, 37]. Hence, it is
important and recommended to analyze the recombinant event of the most common GII.4 Sydney 2012 variant to track the novel recombinants that may be more
frequently responsible for future outbreaks.
Interestingly, GII.3 strains as the second most prevalent genotype (11/32, 34.3%) (Fig. 1) were analyzed to be
a GII.3P[12] recombinant strain, which had their RdRp
genes of GII.P[12] genotype (Fig. 4, 5). The increasing of
GII.3P[12] recombinant strains with a high percentage
in the present study is similar to the global trend of NoV
GII.3P[12] prevalence found in China and Thailand
[4, 9−19]. A recent study has shown that NoV GII.3
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strains recombined with different RdRp genotypes,
including GII.P[3], GII.P[12], GII.P[16], GII.P[21],
GII.P[29], and an undefined ancestral RdRp genotype
[4]. The finding of the GII.3P[12] in Thailand and several countries indicates the great variety of the recombinant GII.3 NoV over the past decade.
Amino acid alignment between the GII.3P[12] and the
prototype Hu/CA/1991/GII.3P[3]/TV24 strains revealed
several unique amino acid differences located on surfaceexposed area of the highly variable P2 subdomain
demonstrated by the homology models (Fig. 6A, 6B).
Antigenic drift through accumulation of point mutations
and natural selection/positive or negative selective pressures play important roles in driving force behind NoV
evolution. In this study, 3 (P304A, D385G, P389G) of
identified 5 sites (288, 304, 385, 389, 406) under selection [43−45] contained altered amino acid residues (Fig.
6A), suggesting that these changes may assist in
immune evasion, allowing the virus to survive. Moreover, the change of antibody biding profile of GII.3P[12]
NoVs bearing 3 amino acid differences (T381S, D385G,
N415D) (Fig. 6A) may affect specific recognition by preexiting antibody. However, further studies are required
to characterize the antibody binding properties of the
GII.3P[12] [44].
In conclusion, NoV is a contagious virus causing acute
gastroenteritis in young children under 3 years of age,
admitted to a hospital in Chiang Rai, Thailand. Infection
mainly peaked in March and April (summertime). The
high frequency of GII.4 Sydney 2012 variant dominated
in this study implies that this variant remains widespread in Thailand. The genetic analysis of the recombinant GII.3P[12] strain containing several amino acid
differences in the P2 subdomain and the antibody binding sites also provides significant insight into the evolutionary pattern that the virus might use to escape from
the host immunity.
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