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Abstract. Rotavirus group A (RVA) is the major cause of acute diarrhea in
children under 5 years of age. As viral genotypic distribution changes over
time, prevalence, genotype and antigenic site of RVA were determined in stool
samples collected at Siriraj Hospital, Mahidol University, Bangkok, Thailand
during 2016-2017. Prevalence of RVA was 12.3%, highest among children 0-6
months of age (42%) and 1-2 years of age (34%) in 2016 and 2017 respectively;
peak of infection was from February to April; six genotypes were found, 89%
being G3P[8]; antigenic site comparison of VP4 and VP7 proteins showed
highest number of amino acid substitutions at 8-1 and 8-3 epitopes in VP4
protein, and 7-1b epitope in VP7 protein compared to two vaccine strains;
and phylogenetic analysis revealed VP4 genes clustering into P8 and P4 gen-
otypes, and VP7 genes into G2, G3, and G9 genotypes. There is no significant
difference between RVA genotype and patient demographics. Vomiting and
dehydration were associated (although weakly significant due to low number
of patients) with G2P[8] or G8P[8] strain infection. This study indicates the
genotypic distribution changes over times. Comparison of amino acid at the
antigenic sites between circulating strains and vaccine strains showed several
amino acid differences.
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INTRODUCTION

Rotavirus (RV) is the major cause of
acute diarrheal disease and gastroenteritis
in children under 5 years of age, leading
to more than 200,000 deaths annually
worldwide (Cox and Christenson,
2012; Kavitha et al, 2016; Luchs and
Timenetsky Mdo, 2016; Clark et al, 2017).
RV is anon-enveloped, double-stranded
RNA virus belonging to family
Reoviridae, genus Rotavirus (CDC,
2015). Globally, RV group A (RVA) is
the most common cause of diarrhea in
young children. Based on viral surface
glycoproteins VP7 and VP4, RVA is
classified into 2 major serotypes (or
strains), G and P respectively (Cox and
Christenson, 2012; Phan et al, 2016), with
atleast36 G-and 51 P-types (RCGW, 2019).
In order to characterize and identify
rotavirus strains, a classification system
has been designed based on combination
of G- and P-types. G1P[8] is the most
prevalent strain worldwide, followed by
G2P[4], then G4P[8], G3P[8], and GI9P[8]
(Bernstein, 2009; Chen et al, 2012; Luchs
et al, 2016; Nirwati et al, 2016; Moussa
et al, 2017). Novel strains of human
RVA can occur through interspecies
transmission from animal to humans or
genetic reassortment (Kirkwood, 2010;
Gasparinho et al, 2017).

Human RVA G and P types
circulating in Thailand have varied over
time. More than nine different RVA
strains were identified in the country
from 2009 to 2014 (Khananurak et al,
2010; Maiklang et al, 2012; Chieochansin
et al, 2016). Rotavirus infection also
exists in several animals, such as cat, cow
and pig (Chieochansin et al, 2016). Thus,
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information on genotypic fluctuations
in humans (and animals) need to be
updated to provide optimal prevention
and control of RVA infections in the
country.

Here, prevalence of human RVA at
the molecular level were investigated
in stool samples obtained from Siriraj
Hospital, Mahidol University Bangkok
during 2016-2017 to determine the amino
acid sequences at antigenic sites among
circulating and vaccine strains. The
findings should help to understrand the
molecular epidemiology and genotypic
distribution of rotavirus A in Siriraj
Hospital, Thailand during 2016-2017.

MATERIALS AND METHODS

Clinical samples collection

Stool samples (n = 1,220) were
collected from patients aged 1 month
to 11 years who were diagnosed with
diarrhea or acute gastroenteritis from
January 2016 to December 2017 and
investigated for rotavirus infection
using a rapid test (Operon-Inmuno &
Molecular Diagnostics, Zaragoza, Spain)
at the Virology Laboratory, Microbiology
Department, Faculty of Medicine Siriraj
Hospital, Mahidol University, Bangkok.
Samples were dispersed in 2 ml aliquots
of 10% phosphate-buffered saline (PBS)
and stored at -80°C until used.

The study protocol was approved
by Siriraj Hospital Institutional Review
Board (COA no. 5i148/2016). As names
of patients were redacted prior to
collection of demographic and
clinical data, no prior written consent was
required.
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Amplification and sequencing of VP4
and VP7 genes

RNA was extracted from rotavirus-
positive stool samples (n = 150) using a
commercial viral nucleic acid extraction
kit (RBC Bioscience, Taipei, Taiwan).
VP4 and VP7 genes were amplified by
nested RT-PCR using two sets of primers
(Gomara et al, 2001; Simmonds et
al, 2008; Theamboonlers et al, 2014).
Amplification of each gene was
performed in a T100™ Thermal Cycler
(Bio-Rad, Hercules, CA) as follows:
95°C for 1 minute; 40 cycles of 94°C
for 30 seconds, 50°C (for CON3_F and
CON2_R primers), 48.3°C (for VP4F
and VP4R primers ), 55°C (for BEG9_F
and END9_R primers), or 49.5°C (for
VP7F and VP7R primers), and 72°C for
90 seconds; with a final step of 72°C for
10 minutes. Amplicons (877 bp of VP7
and 663 bp of VP4) were analyzed by
1.5% agarose gel-electrophoresis and 6X
Novel juices dye staining (GeneDireX,
Taipei, Taiwan). A mplicons were purified
using a Spin Column DNA Purification kit
(GenepHlow™ Gel/PCR Kit;
Geneaid Biotech Ltd, Taipei,
Taiwan) and directly sequenced (First
BASE Lab, Selangor Darul Ehsan,
Malaysia). Nucleotide sequences were
deposited at GenBank (accession nos.
MK873102-MK873401).

Data analysis

Genotype of VP4 and VP7
gene of rotavirus were identified
using a BLAST search of sequences
deposited at GenBank database and
subsequently confirmed using
RotaC*® software (Maes et al, 2009).
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Sequence alignment of circulating
rotavirus VP4 and VP7 was performed
using CLUSTALW software package
(Larkin ef al, 2007). Phylogenetic trees
were constructed using a neighbor-
joining (NJ) method employing
by MEGA 7.0 program package
(Kumar et al, 2016), with tree topology
constructs accomplished following 1,000
bootstrap iterations. Nucleotide
sequence data were analyzed for base
and amino acid substitution similarities
using a P-distance method (Mouna
et al, 2013). Amino acid sequences
at the antigenic site were compared
among circulating RVA strains and two
available vaccine strains, Rotateq (G3P[5]
(WI78-8), G2P[5] (5C2-9), G6P1[8]
(WI179-4)) and Rotarix (G1P[8]
(A41CBO52A)), using Bioedit
program (https://bioedit.software.
informer.com/7.2/).

RESULTS

Seasonality and demographics of
rotavirus infection

Overall prevalence of RVA in stool
samples from patients diagnosed with
diarrhea or acute gastroenteritis at Siriraj
Hospital, Mahidol University, Bangkok
from January 2016 to December 2017
was 12.3% (150/1,220 samples). In 2016,
rotavirus infection were detected in
study patients throughout the whole
year, with a major peak in March, at the
junction of cool and hot seasons, while
in 2017, two similar peaks of infection
were observed in February and April, but
there were no detected cases in August,
November, and December (Fig 1).
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Fig 1- Rotavirus A (RVA) and genotypes from stool samples of patients diagnosed with diarrhea or acute gastroenteritis at Siriraj
Hospital, Mahidol University, Bangkok Thailand (January 2016 - December 2017)
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In 2016, 62 and 38% of rotavirus
cases were among males and females
respectively, with the highest incidence
of infection among children 0-6 months
of age (42%) and lowest among
children >5 years of age (5%), while in
2017, 51and 49% were among males
and females respectively, with highest
(34%) and lowest (5%) incidence
occurringinchildren1-2and 3-4 yearsofage
respectively.

RVA strains and phylogenetic analysis

Six RVA strains (G3P[8], G2P[4],
G3P[4], G2P[8], GI9P[8], and G8P[8])
were identified by BLAST search and
confirmed using RotaC*’. G3[P8] (89%)
was the most predominant strain,
followed by G3P[4] (5%), then G2P[4]
(3%), and G2P[8], G8P[8] and GIP[8]
(each at 1%).

From comparison of the
collected 150 sequences of VP4 genes
(belonging to RVA P-type) with
reference and vaccine strains deposited
with GenBank, phylogenetic tree of
P8-types revealed clustering into four
lineages, with all circulating strains
belonging to lineage III (Fig 2A).
One isolate (SiRAV-676/G3P8_2017)
closely related to a RVA strain previously
detected at Khon Kaen Province,
Thailand in 2011 (CU-B1073_2011), two
(SiIRAV-004/G3P8_2016 and SiRAV-610/
G3P8_2017) to a G1P[8] strain reported
from Thailand in 2015 (Ash-B42_2015).
Phylogenetic tree of P[4]-type isolates
showed clustering into five lineages,
54% (6/11 isolates) in lineage III. One
isolate (SiIRAV-331/G2P4_2016) was
closely related to two human rotavirus
isolates previously detected in
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Thailand in 2014 (LS-202 and LS-L7) and
G3P[4] isolates (SiRAV-1114/G3P4_2017
and SiRAV-1089/G3P4_2017) were
closely related to a G2P[4] isolate from
Chiang Mai Province detected in 2007
(CMHO043/07_2007, CMH049/07_2007).

Phylogenetic tree of 150 VP7
gene sequences (belonging to G-type)
demonstrated clusters of four genotypes
(G3, G2, G8, and G9). G3 isolates were
clustered into two lineages, with 49.65%
belonging to lineage I (sub-lineage Ib)
and 50.35% belonging to lineage III.
One isolate (SiRAV-461/G3P8_2016)
was closely related to G3P[9] found at
Khon Kaen Province, Thailand in 2011
(CU-B1263/KK_2011) (Fig 2B).
G2 isolates (1 =4) were clustered into two
lineages, with two isolates in lineage II
and two in lineage IV. The single
G8 isolate belonged to lineage I and
clustered with strains from Thailand and
Vietnam found in 2014 (CU-B1888_2014,
RVN1149/2014 _2014). G9isolates (n =2)
belonged to lineage III and closely
related to a strain found in Chiang
Mai Province, Thailand in 2005
(CMHO017_2005).

Four oral, live, attenuated rotavirus
vaccines (Rotarix, RotaSiil, RotaTeq, and
Rotavac) are available internationally
(WHO, 2020). RotaTeq is a pentavalent
vaccine composed of a bovine strain
and human G1-G4 and P1A[8] strains
and Rotarix is a monovalent vaccine
produced from G1P1A[8] human strain.
Average identity of VP7 amino acids
between RVA circulating strains and
RotaTeq was 95 and 94% among G2
and G3 strains respectively. Average
identity of P[8] amino acids between
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circulating strains and RotaTeq was 94%
and 90% when compared with Rotarix.
Circulating P[4] strains showed 85 and
83% identity with RotaTeq and Rotarix
respectively.

Antigenic site amino acids comparison

Both VP4 and VP7 proteins can
induce the production of neutralizing
antibodies (Ludert et al, 2002). VP7
antigenic residues can be divided into
three antigenic epitopes, namely, 7-1a,
7-1b, and 7-2. Comparison of VP7
antigenic amino acids between G3
circulating strains and RotaTeq G3P[5]
(WI178-8) is shown in Fig 3A. G3P[8]
strain revealed changes in one, four,
and two amino acid position(s) in
epitope 7-1a, 7-1b, and 7-2, respectively;
in G3P[4] strains, changes in one,
four, and one amino acid position(s),
respectively; in GOP[8] strains, changes in
four, five and two amino acid positions
respectively; and in G8P[8] strains,
changes in four, four and three
amino acid positions, respectively. In
comparison with RotaTec G2P[5]
(5C2-9), circulating G2P[4] strains carried
changes in two and one amino acid
position(s) in epitope 7-la and 7-1b
respectively, and G2P[8] strains carried
changes in two and two amino acid
positions respectively, while all G2
strains had no changes in epitope 7-2
(Fig 3A). Overall, the highest number of
amino acid substitutions mostly occurred
in epitope 7-1b.

VP4 protein antigenic sites
reside in VP8* sequence, which can be
divided into four epitope regions, 8-1 to
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8-4, each containing the same amino acids
in RotaTeq G6P1[8] (W179-4) and Rotarix
G1P[8] (A41CBOb52A) vaccine strains.
In circulating G2P[4] strains, there were
changes in three, six, and one amino acid
position(s) in epitope 8-1, 8-3, and 8-4,
respectively; in G3P[4] strains, changes in
three, six and one amino acid position(s),
respectively; in G2P[8] strains, changes in
three, one and no amino acid position(s),
respectively; in G3P[8] strains, changes in
three, one and no amino acid position(s),
respectively; and in G9P[8] strains,
changes in three, one and no amino acid
position(s), respectively. There were no
changes in epitope 8-2. Overall, in P4
strains, the highest number of amino acid
substitutions mostly occurred in epitope
8-3, while highest number of amino
acid substitutions of P8 strains mostly
occurred in epitope 8-1. Interestingly,
G2P[4] and G3P[4] strains carried the
same amino acid change in the 10 amino
acid positions.

Association of RVA strains with clinical
features

There were no differences in
length of hospital stay or average body
temperature among patients infected
with one of the six RVA strains identified
(Table 1). Vomiting was associated with
all patients infected with G2P[4], G2P[8]
or G8P[8] strains, and dehydration with
all patients infected with G2P[8] or
G8P[8] strains (Table 1); however, the
number of such patients were low, and
their statistical significance compared
to the other patients should be treated
with caution.
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Fig 2 - Phylogenetic analysis of rotavirus A (RVA) VP4 (A) and VP7 (B) gene from circulating

strains, human rotavirus references, and vaccine strains
Phylogenetic trees were constructed using a neighbor-joining (NJ) m
value >50% is shown at node. Scale represents the branch length
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ethod. Bootstrap
with the unit of

number of base substitutions per site. (8) RVA from the study; (o) RVA vaccine strain.
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DISCUSSION

Although RVA infection occurs
through the year, a study in Thailand in
2014 reported the period of highest RVA
infection lasts from January to March
(Chieochansin et al, 2016), somewhat
earlier than observed in the present
study. RV is one of the most common
causes of diarrhea in young children,
being associated with other clinical
manifestations such as mild to moderate
fever and vomiting (Tai et al, 2012), and
children <5 years of age constituted the
major patient group at Siriraj Hospital
during the period of the study.

Although GI1P[8] is the most
prevalent strain worldwide
(Bernstein, 2009; Chen et al, 2012; Luchs
et al, 2016; Nirwati et al, 2016; Moussa et
al, 2017), G3P[8] was the predominant
genotype found in the present study and,
interestingly, no case of G1P[8] was
detected. This may be due to the natural
variability of circulating rotavirus strains
over time (Liu et al, 2014). There are no
significant associations of RVA strains
with age or gender. An earlier study
reported G4-types are associated with
vomiting and dehydration (Intusoma
et al, 2008), but the present study found
these presentations were confined to
patients infected with G2P[8] or G8P[8]
strains (albeit the numbers of such
patients were low), similar to a report
from Indonesia (Sudarmo et al, 2015). A
larger cohort of patients will be required
to definitively identify the causal RVA
strain(s).

A limitation of the study was
the lack of patients’ vaccination

Vol 52 No.2 March 2021

history (only available for three
patients), which would have allowed
interpretation of the amino acid
substitutions present in circulating
RVA VP4 and VP7 antigenic sites.
In order to evaluate RVA vaccine
efficacy among the different viral
genotypes, monitoring of vaccination
status and viral genotypes will be
required.

In conclusion, genotypic distribution
of rotavirus in Siriraj Hospital during
2016 to 2017 showed that G3P[8] was
the predominant genotype, while the
previously most prevalent genotype,
G1P[8], was absent. This indicates the
genotypic distribution changes over
times. Comparison of amino acid at
the antigenic sites between circulating
strains and vaccine strains showed
several amino acid differences.
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