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ABSTRACT
Background. Human sapovirus (SaV) is an etiologic agent of acute gastroenteritis
(AGE) in all age groups worldwide. Genetic recombination of SaV has been reported
from many countries. So far, none of SaV recombinant strain has been reported from
Thailand. This study examined the genetic recombination and genotype diversity of
SaV in children hospitalized with AGE in Chiang Mai, Thailand.
Methods. Stool samples were collected from children suffering from diarrhea who
admitted to the hospitals in Chiang Mai, Thailand between 2010 and 2018. SaV was
detected by RT-PCR and the polymerase and capsid gene sequences were analysed.
Results. From a total of 3,057 samples tested, 50 (1.6%) were positive for SaV. Among
positive samples, SaV genotype GI.1 was themost predominant genotype (40%; 20/50),
followed by GII.1 and GII.5 (each of 16%; 8/50), GI.2 (14%; 7/50), GIV.1 (4%; 2/50),
and GI.5 (2%; 1/50). In addition, 4 SaV recombinant strains of GII.1/GII.4 were
identified in this study (8%; 4/50).
Conclusions. The data revealed the genetic diversity of SaV circulating in children
with AGE in Chiang Mai, Thailand during 2010 to 2018 and the intragenogroup SaV
recombinant strains were reported for the first time in Thailand.

Subjects Virology, Epidemiology, Infectious Diseases, Pediatrics
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INTRODUCTION
Sapovirus (SaV) is one of the important pathogens that cause outbreaks and sporadic
cases of acute gastroenteritis (AGE) in people of all ages worldwide (Torner et al., 2016).
Prevalences of SaV infection have been reported between 0.2% and 39% in children with
AGE (Magwalivha et al., 2018) and between 2.2% and 15.6% in all age groups (Oka et al.,
2015; Varela et al., 2019). SaV belongs to genus Sapovirus of the Caliciviridae family. SaV
particle is a small, non-enveloped with 30–35 nm in diameter. SaV has a positive-sense,
single stranded RNA genome of about 7.1–7.7 kb in length which contains two open
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reading frames (ORFs) (Green, 2013; Oka et al., 2016). ORF1 encodes for nonstructural
proteins (NS1, NS2, NS3, NS4, NS5, and NS6-NS7) and the major capsid protein (VP1).
ORF2 encodes for a minor capsid protein (VP2) (Oka et al., 2015). Based on the entire
nucleotide sequence of VP1 region, SaV can be classified into 19 genogroups (GI-GXIX)
and only four genogroups (GI, GII, GIV, and GV) known to infect human (Yinda et
al., 2017). Human SaV can be further divided into 18 genotypes (GI.1 to GI.7, GII.1
to GII.8, GIV.1, GV.1, and GV.2) (Kagning Tsinda et al., 2017; Liu et al., 2016; Oka et
al., 2012; Oka et al., 2015; Xue et al., 2019) with one additional genotype of GII.NA that
has been reported recently (Diez-Valcarce et al., 2019). Among these, SaV GI and GII
are the most prevalent genogroups detected worldwide while other genogroups have
been rarely detected (Magwalivha et al., 2018). Like noroviruses, several SaV recombinant
strains of both intragenogroup and intergenogroup recombinations have been reported
(Chanit et al., 2009; Lasure & Gopalkrishna, 2017; Liu et al., 2015). Within SaV genome,
recombination generally occurs in the ORF1, particularly at the junction between the
polymerase (NS7) and capsid (VP1) genes (Hansman et al., 2005; Katayama et al., 2004;
Phan et al., 2006). Some of SaV recombinant strains have been documented to associate
with the outbreaks (Hansman et al., 2007; Lee et al., 2012). In Thailand, SaV infection in
children with diarrhea has been reported previously, however, none of SaV recombinant
strain has been reported previously. Therefore, this study aimed to investigate the genetic
recombination and genotype diversity of SaV circulating in children hospitalized with AGE
in Chiang Mai, Thailand from 2010 to 2018.

MATERIALS & METHODS
Sample collection
Stool samples were collected from children who admitted to hospitals with AGE during the
period 2010 to 2018 from five major hospitals in Chiang Mai province, northern Thailand,
including Maharaj Nakorn Chiang Mai Hospital, Sriphat Medical Center, Nakornping
Hospital, Sanpatong Hospital, and Rajavej Chiang Mai Hospital. The age of patients
enrolled in this study ranged from neonate to 15 years old. Acute gastroenteritis was
defined by watery diarrhea with three or more stool episodes per day for less than 14
days (Green, 2013). All specimens were stored at −20 ◦C until investigation. This work
was conducted under the approval of the Research Ethics Committee of the Faculty of
Medicine, Chiang Mai University (MIC-2557-02710). The written informed consent form
was obtained from parents before samples were collected from their children

Detection of SaV by RT-PCR
Viral nucleic acid was extracted from 200 µl of the supernatant of a 10% stool suspension
prepared in phosphate-buffered saline (pH 7.4) using the Geneaid Viral Nucleic Acid
Extraction Kit II (Geneaid, Taiwan) according to the manufacturer’s protocol. The
viral RNA was reverse transcribed to cDNA using random hexamer primers and
RevertAidTM reverse transcriptase (https://www.thermofisher.com/, USA) according
to the manufacturer’s instruction. SaV was screened by conventional PCR method using
GoTaq DNA polymerase (Promega, USA) with primers SLV5731 and SLV5749 (Table 1)
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Table 1 Oligonucleotide primers used for amplification of SaV capsid and polymerase genes.

Primer Sequence (5′–3′) Direction Target
gene

Position in SaV genome
(Accession no: X86560)

Reference

SLV5317 CTCGCCACCTACRAWGCBTGGTT Forward VP1 5083–5105 Yan et al. (2003)
SLV5749 CGGRCYTCAAAVSTACCBCCCCA Reverse VP1 5494–5516 Yan et al. (2003)
Sapp36 GTTGCTGTTGGCATTAACA Forward RdRp 4273–4291 Berke et al. (1997)
Sapp128 GATTACACCAAATGGGATTCCAC Forward RdRp 4354–4376 Martinez et al. (2002)
SaV1245R CCCTCCATYTCAAACACTA Reverse RdRp 5159–5177 Harada et al. (2013)
SV-r-c GCATTGTAGGTGGCGAGAGCC Reverse RdRp 5079–5099 Honma et al. (2001)

targeting capsid region (VP1 gene) as described previously (Yan et al., 2003). The PCR
cycling condition was as follows: initial denature at 94 ◦C for 3 min, 35 cycles step of
denature at 94 ◦C for 1 min, anneal at 58 ◦C for 1 min, and extend at 72 ◦C for 1 min,
followed by final extension at 72 ◦C for 10 min. Amplicon size of 434 bp was separated on
1.5% agarose gel electrophoresis and stained with nucleic acid staining solution (RedSafe,
INtRON Biotechonology, South Korea) before subjecting to visualize under ultraviolet
transilluminator. In addition to SaV screening, the same set of stool specimens were
also tested for several other diarrhea-causing viruses, including rotavirus, norovirus,
astrovirus, adenovirus, enterovirus, parechovirus, and Aichivirus using the protocol
described previously (Khamrin et al., 2011).

Sequence analysis and genotype identification
A Gel/PCR DNA Fragment Extraction Kit (Geneaid, Taiwan) was used to purify amplicons
of SaV-capsid gene according to the manufacturer’s protocol. All purified PCR products
were direct sequenced using Applied Biosystems BigDye R© Terminator Cycle Sequencing
Kit v3.1 (Life Technologies, USA) with forward and reverse primers SLV5731 and SLV5749,
and analyzed by using Applied Biosystems 3100 Genetic Analyzer (Life Technologies, USA).
Nucleotide sequences of partial capsid gene were analyzed manually using BioEdit and
Clustal X softwares. Identification of virus genotype was initially determined by using
the BLAST Tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and Human Calicivirus Typing
Tool (https://norovirus.ng.philab.cdc.gov/) and confirmed by phylogenetic analysis using
MEGA7 software package (Kumar, Stecher & Tamura, 2016). The tree was statistically
supported by bootstrapping with 1,000 replicates.

Recombination analysis
To examine genetic recombination of SaV strains detected in this study, the polymerase
(RdRp) region was amplified by using primers shown in Table 1. The PCR amplification
was carried out under the same condition as used for the VP1 amplification except for the
annealing step which was performed at 45 ◦C for 1 min. Amplicon sizes of the amplified
RdRp region were varied depending on the used primers (746 bp, 824 bp, 827 bp, or 905
bp) shown in Table 1 (Berke et al., 1997; Harada et al., 2013; Honma et al., 2001; Martinez
et al., 2002). Phylogenetic tree of the partial capsid gene sequences was constructed by using
the Maximum Likelihood method based on the Kimura 2-parameter model. Phylogenetic
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tree of the partial RdRp region was inferred by using the Maximum Likelihood method
based on the General Time Reversible model. To predict the putative recombination point
for SaV recombinant strains, nucleotide sequences of the polymerase and capsid genes,
spanning the RdRp-VP1 junction region (positions 5078-5265 according to SaV genome of
accession no. X86560), were analyzed. The possible recombination point of SaV strain was
determined by using SimPlot software v.3.5.1 (Lole et al., 1999). In addition, the confidence
interval for recombination between the query strain and parent strains was examined by
the Recombination Detection Program v.4.71 (RDP4) complemented with the Max-Chi
test to confirm the significant events (p< 0.01) (Martin et al., 2015).

Nucleotide accession number
Nucleotide sequences of the polymerase and capsid regions of SaV strains detected in this
study were deposited in the GenBank database under the accession numbers MN245671 to
MN245579 and MN253492 to MN253541 for the polymerase and capsid gene sequences,
respectively.

RESULTS
Prevalence of SaV
A total of 3,057 stool samples collected between 2010 and 2018 were screened for the
presence of SaV. The average of SaV detection rate over the study period of nine years was
1.6% (50 out of 3057) (Table 1). From 2010 to 2015, SaV was detected at low prevalence
(0-1.8%). After that, the prevalence of SaV infection increased year by year to 2.2%, 2.5%,
and 2.8% in 2016, 2017, and 2018, respectively. There was no specific seasonal pattern
of SaV detection observed in this study. The age of SaV-infected patients varied from 8
months up to 11 years (Table 2). Among 50 SaV positive cases, 26 (52%) were male and
24 (48%) were female. All SaV positive samples were also tested for the presence of other
enteric viral pathogens. The results showed that majority of cases were single infection with
SaV (74%, 37 out of 50) whereas the rest of cases (26%, 13 out of 50) were co-infected with
other enteric viruses including rotavirus, norovirus, adenovirus, parechovirus, enterovirus,
or astrovirus (Table 3).

Molecular characterization of SaV and phylogenetic analysis
The partial capsid gene sequence (308 nucleotides) of 50 SaV strains were analyzed to
identify genotype of the virus. Seven different genotypes were identified in the present study:
GI.1 (20), GI.2 (7), GI.5 (1), GII.1 (8), GII.4 (4), GII.5 (8), and GIV.1 (2). Phylogenetic
analysis revealed that 20 SaV GI.1 strains were clustered with the GI.1 strains reported
previously from USA, Korea, Japan, and Brazil (Fig. 1) and showed 97.4–99.6% nucleotide
homology to theses strains. Seven SaV GI.2 strains were grouped together with the GI.2
strains reported previously fromBrazil andUSAwith highest nucleotide sequence similarity
(98.7–100%). GI.5 strain was closely related to the GI.5 Ehime643 strain detected previously
in Japan (99.0% nucleotide sequence identity). Eight GII.1 strains shared high similarity
(90.3–95.0% nucleotide sequence identities) with GII.1 strains detected previously in
United Kingdom, USA, India, Japan, and Thailand. Four GII.4 strains were closely related
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Table 2 Prevalence and genotype distribution of sapovirus detected in children with acute gastroenteritis in ChiangMai, Thailand from 2010
to 2018.

Years Total samples Positive samples (%) SaV genotypes

GI.1 GI.2 GI.5 GII.1 GII.5 GIV.1 GII.1/GII.4

2010 109 2 (1.8) 2 – – – – – –
2011 302 0 – – – – – – –
2012 341 2 (0.6) – – – – – 1 1
2013 280 4 (1.4) 2 – – 1 – – 1
2014 268 0 – – – – – – –
2015 335 6 (1.8) 3 3 – – – – –
2016 508 11 (2.2) 6 3 – – 2 – –
2017 278 7 (2.5) 3 – – 2 – – 2
2018 636 18 (2.8) 4 1 1 5 6 1 –
9 years 3057 50 (1.6) 20 7 1 8 8 2 4

to GII.4 strains reported from Philippines and Peru (94.5–97.1% nucleotide identities). All
GII.5 strains shared highest similarity (90.3–95.0%) with the GII.5 SataRosa3693/2015/GT
strain detected in Guatemala. The CMH-N061-12 SaV GIV.1 strain displayed 97.9–99.6%
nucleotide identities to GIV.1 strains reported previously from USA and Japan while
CMH-N028-18 SaV GIV.1 strain shared 87.1–87.8% sequence homology with those of the
SaV GIV.1 reference strains.

Recombination analysis
In the SaV genome, recombination event typically occurs between the polymerase (RdRp)
and capsid (VP1) genes. To investigate the genetic recombination of SaV strains detected
in this study, we further amplified the polymerase gene of the viruses. The partial RdRp
gene sequence (745 nucleotides) was successfully obtained from 49 of 50 SaV-positive
samples. Phylogenetic tree of the partial RpRp region of 49 SaV strains was constructed
(Fig. 2) and the results showed that all strains, except for four GII.4 strains (CMH-S057-
17, CMH-S050-17, CMH-N021-13, and CMH-N145-12), were clustered into the same
genotypes assigned by the capsid gene sequence as shown previously in Fig. 1. Based in
the capsid gene sequence (Fig. 1), CMH-S057-17, CMH-S050-17, CMH-N021-13, and
CMH-N145-12 were assigned as the GII.4 genotype whereas based on the RdRp sequence
they clustured together with SaV GII.1 reference strains and shared 91.8–95.0% nucleotide
sequence identities. The data suggested that these four SaV strains were the SaV GII.1/GII.4
recombinant strains. To predict the putative recombination point for SaV recombinant
strains, SimPlot software was used. The similarity plot of SaV recombinant strains detected
in this study are shown in Fig. 3. Two recombination break points were identified at
positions 5088 and 5091 within the RdRp-VP1 junction region (nucleotide positions
5078-5265). The CMH-145-12 and CMH-N021-13 strains showed the same recombination
point at position 5088 (p= 1.572×10−14 and p= 1.496×10−12, respectively) while other 2
strains (CMH-S050-17 and CMH-S057-17) displayed the recombination point at position
5091 (p= 2.334×10−14 and p= 2.322×10−14, respectively).
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Table 3 General information of patients and genotypes of sapovirus based on polymerase and capsid nucleotide sequences.

Sample ID Collection date Age Gender RdRp genotype VP1 genotype Mix-infection

CMH-N018-10 12-Dec-2010 – Female GI.1 GI.1 –
CMH-S050-10 14-Dec-2010 – Female GI.1 GI.1 –
CMH-N061-12 11-Feb-2012 – Female GIV.1 GIV.1 –
CMH-N145-12 10-Aug-2012 – Male GII.1 GII.4 –
CMH-S004-13 Jan-2013 – Male GI.1 GI.1 –
CMH-S034-13 Apr-2013 – Female GII.1 GII.1 Rotavirus
CMH-N021-13 02-May-2013 – Male GII.1 GII.4 Rotavirus
CMH-N131-13 03-Oct-2013 – Female GI.1 GI.1 –
CMH-S152-15 16-Jun-2015 28 months Male GI.2 GI.2 –
CMH-S166-15 13-Aug-2015 35 months Female GI.1 GI.1 –
CMH-S252-15 20-Dec-2015 54 months Female GI.2 GI.2 –
CMH-S254-15 31-Dec-2015 32 months Female GI.2 GI.2 Norovirus
CMH-N006-15 09 -Jul-2015 7 months Male GI.1 GI.1 Adenovirus
CMH-N007-15 09 -Jul-2015 9 months Male GI.1 GI.1 Parechovirus
CMH-S108-16 29-Mar-2016 20 months Female GI.2 GI.2 –
CMH-S198-16 11-Aug-2016 32 months Male GI.1 GI.1 Enterovirus
CMH-S229-16 12-Sep-2016 20 months Male GI.1 GI.1 –
CMH-ST004-16 11-Jan-2016 27 months Female GI.2 GI.2 –
CMH-ST016-16 02-Feb-2016 22 months Male GI.1 GI.1 –
CMH-ST029-16 07-Feb-2016 143 months Female GI.2 GI.2 –
CMH-ST090-16 21-Mar-2016 26 months Female GI.1 GI.1 Norovirus
CMH-ST091-16 21-Mar-2016 8 months Female GII.5 GII.5 –
CMH-ST095-16 23-Mar-2016 8 months Female GII.5 GII.5 –
CMH-ST163-16 13-Aug-2016 24 months Female GI.1 GI.1 Parechovirus
CMH-ST199-16 12-Dec-2016 27 months Male GI.1 GI.1 Parechovirus
CMH-S003-17 22-Feb-2017 43 months Male GI.1 GI.1 Astrovirus
CMH-S023-17 04-Apr-2017 34 months Male GI.1 GI.1 –
CMH-S050-17 16-Jun-2017 16 months Female GII.1 GII.4 –
CMH-S057-17 21-Jun-2017 22 months Female GII.1 GII.4 –
CMH-S089-17 21-Jun-2017 12 months Female GI.1 GI.1 Enterovirus
CMH-S120-17 21-Nov-2017 16 months Male GII.1 GII.1 –
CMH-ST028-17 09-May-2017 24 months Male GII.1 GII.1 –
CMH-N028-18 02-Feb-2018 16 months Female GIV.1 GIV.1 Rotavirus, Parechovirus
CMH-N061-18 18-Feb-2018 26 months Female GI.5 GI.5 Rotavirus
CMH-N091-18 24-Jun-2018 18 months Male GII.1 GII.1 –
CMH-N104-18 10-Sep-2018 11 months Male GII.1 GII.1 –
CMH-R031-18 21-Oct-2018 24 months Female GI.1 GI.1 –
CMH-R076-18 21-Oct-2018 24 months Male GI.2 GI.2 –
CMH-R089-18 21-Oct-2018 43 months Male GII.5 GII.5 –
CMH-R140-18 21-Oct-2018 12 months Female GII.1 GII.1 –
CMH-S174-18 21-Nov-2018 48 months Male GI.1 GI.1 –

(continued on next page)
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Table 3 (continued)

Sample ID Collection date Age Gender RdRp genotype VP1 genotype Mix-infection

CMH-S175-18 21-Nov-2018 31 months Male GII.1 GII.1 –
CMH-ST097-18 16-Apr-2018 25 months Male GI.1 GI.1 –
CMH-ST169-18 27-Jun-2018 12 months Male GI.1 GI.1 –
CMH-ST189-18 27-Jul-2018 12 months Male GII.1 GII.1 –
CMH-ST202-18 15-Aug-2018 20 months Male GII.5 GII.5 –
CMH-ST207-18 17-Aug-2018 22 months Male GII.5 GII.5 –
CMH-ST247-18 10-Nov-2018 44 months Male GII.5 GII.5 –
CMH-ST266-18 15-Dec-2018 24 months Female – GII.5 –
CMH-ST270-18 29-Dec-2018 32 months Female GII.5 GII.5 –

Notes.
The highlighted samples are the ones in which recombinant sapoviruses were found.

SaV infection in different age groups of patients
Among SaV positive cases, the highest detection rate was seen in patients with the age of
2 to <3 years (40.5%), followed by 1 to <2 years (35.7%), less than 1 year (9.5%), 3 to
<4 years (7.1%), 4 to <5 years (4.8%), and more than 5 years (2.4%). In addition, this
study identified 6 different genotypes and one recombinant pattern of SaV. Distribution of
SaV genotypes detected in different age groups of patients is shown in Fig. 4. It was found
that GI.1 genotype was detected in all age groups except for patients with more than 5
years of age. The GII.5 was also identified in patients with age groups of less than 4 years.
Interestingly, recombinant SaV GII.1/GII.4 was detected in patients between 1 and 2 years
of age.

DISCUSSION
Enteric caliciviruses including noroviruses and sapoviruses are the major causes of AGE
of human in all age group worldwide (Khamrin et al., 2017; Lu et al., 2014; Neo et al.,
2017; Sala et al., 2014). The detection rate of SaV infection in many countries around the
world have been reported with a range from 0.2 to 39% in children and 2.2 to 15.6% in
all age groups (Magwalivha et al., 2018; Oka et al., 2015; Varela et al., 2019). In Thailand,
the prevalence of SaV was detected between 0% and 15.0% (Kumthip & Khamrin, 2018).
The overall SaV-positive rate reported in the present study during the period 2010 to
2018 (1.6%, ranged from 0 to 2.8%) is more or less the same as other similar studies
including Bangladesh (2.7%) (Dey et al., 2007), China (1.9%) (Ren et al., 2013), Vietnam
(1.4%) (Trang et al., 2012), and Thailand (1.2 and 1.9%) (Khamrin et al., 2017; Supadej et
al., 2019). However, when compared to the studies conducted in different geographical
regions, the prevalence of SaV detected in this study was lower than those reported from
Japan (4.8%), Philippines (7%), USA (5.4%), Italy (6%), Denmark (8.8%), Finland (9.3%),
Spain (15.6%), and Nicaragua (17%) (Biscaro et al., 2018; Bucardo et al., 2014; Chhabra et
al., 2013; Oka et al., 2015; Thongprachum et al., 2015; Varela et al., 2019). The variation of
SaV prevalence in different studies could be explained, at least in part, by the difference in
study locations, the detection methods, and the emergence of new epidemic strains. It was
noticed that our study as well as other studies that had similar SaV prevalence used single

Kumthip et al. (2020), PeerJ, DOI 10.7717/peerj.8520 7/17

https://peerj.com
http://dx.doi.org/10.7717/peerj.8520


CMH-S004-13

CMH-N131-13

CMH-S174-18

CMH-ST169-18

CMH-S023-17

MG012400 GI.1 Nashville9491/2014/US
CMH-N018-10

KP298674 GI.1 ROK62/2013/KR

CMH-S050-10

CMH-ST090-16

CMH-ST097-18

CMH-ST199-16

FJ823086 GI.1 7789/JP

CMH-S089-17

CMH-N006-15

CMH-S166-15

CMH-N007-15

KJ826503 GI.1 HP06/2009/BR
CMH-ST163-16 

CMH-S198-16 

CMH-S003-17

CMH-S229-16

CMH-ST016-16
CMH-R031-18

AJ606693 GI.4 Chiba000496/2000/JP

AB622435 GI.6 Tokyo08-2439/2008/JP

AB258428 GI.7 Ehime04-1680/2004/JP

AF194182 GI.3 Stockholm/318/97/SE

AB614356 GI.2 BR-DF01/2009/BR

CMH-S252-15
CMH-ST004-16

CMH-S254-15

CMH-S108-16
CMH-R076-18

CMH-S152-15

CMH-ST029-16

MG012442 GI.2 Oakland3023/2016/US

CMH-N061-18

DQ366345 GI.5 Ehime643/2000/JP

CMH-N028-18

DQ058829 GIV.1 Ehime1107/2002/JP

CMH-N061-12
MG012421 GIV.1 Nashville9489/2014/US

MG012459 GIV.1 Portland3631/2014/US

AJ606699 GV.1 Ehime01-1669/2001/JP

AB775659 GV.2 Nagoya/NGY-1/2012/JP

CMH-ST207-18

CMH-ST202-18

CMH-ST095-16

CMH-ST091-16

MG012450 GII.5 SantaRosa3693/2015/GT

CMH-ST270-18

CMH-ST247-18

CMH-ST266-18
CMH-R089-18

CMH-S057-17

CMH-S050-17

CMH-N021-13 

KP067444 GII.1/GII.4 PHL-TGO12-028/2012/PH

CMH-N145-12 

MG012446 GII.4 Lima1873/2016/PE

AB429084 GII.4 Kumamoto6/2003/JP

AJ786350 GII.3 Chiba040507/2004/JP

AY646855 GII.6 SaKaeo-15/2004/TH

AY237420 GII.2 Mc10/TH

AB630067 GII.7 20072248/2008/JP
AJ249939 SLV/Bristol/98/UK 

CMH-R140-18 

CMH-N104-18 

CMH-S175-18 

CMH-N091-18 

CMH-ST028-17 

CMH-S120-17 

CMH-ST189-18 

CMH-S034-13 

MG012445 GII.1 Nashville9346/2015/US

KY471140 GII.1 Delhi/2014/IN

EU363876 CMH002/2000/TH
LC081177 GII.1 OH13064/2013/JP

AF182760 GIII Porcine enteric calicivirus

99

84

90

99

100

98

94

95

98

82

98

82

99

91

100

99

98

80

0.20

GI.1

GI.4
GI.6
GI.7
GI.3

GI.2

GI.5

GIV.1

GV

GII.5

GII.4

GII.3
GII.6
GII.2

GII.1

GII.7

GIII

Figure 1 Phylogenetic tree of the partial capsid gene sequences (296 nucleotides). Fifty SaV strains de-
tected in this study are indicated by black circle (non-recombinant strains) and red triangle (recombi-
nant strains). The evolutionary history was inferred by using the Maximum Likelihood method based on
the Kimura 2-parameter model. Scale bar indicates nucleotide substitutions per site and bootstrap values
(>80) are indicated for the corresponding nodes.

Full-size DOI: 10.7717/peerj.8520/fig-1

Kumthip et al. (2020), PeerJ, DOI 10.7717/peerj.8520 8/17

https://peerj.com
https://doi.org/10.7717/peerj.8520/fig-1
http://dx.doi.org/10.7717/peerj.8520


GI.1

GI.3

GI.5

GI.2

GIV.1

GII.6

GII.5

GII.7

GV

GII.1

GIII

CMH-N006-15

CMH-S166-15 

CMH-N007-15 

MG012399 GI.1 Portland3639/2014/US

CMH-S023-17 

CMH-ST090-16

CMH-ST169-18 

CMH-S174-18 

CMH-S089-17 

CMH-S050-10 

CMH-N131-13 

CMH-S004-13 

LC080819 GI.1 OH12032/2012/JP

CMH-ST097-18

CMH-ST199-16 

CMH-N018-10 

CMH-S003-17 

CMH-S229-16

CMH-R031-18

CMH-ST016-16

CMH-S198-16

CMH-ST163-16

AJ606693 GI.1 Chiba000496/2000/JP

MG012401 GI.3 Nashville9512/2014/US

DQ366345 GI.5 Ehime643/2000/JP

LC384411 GI OC02032/2002/JP

CMH-N061-18

CMH-S252-15

CMH-ST004-16 

CMH-S254-15 

CMH-S108-16 

LC080816 GI.2 OH12024/2012/JP

AB614356 GI.2 BR-DF01/2009/BR

CMH-R076-18

CMH-S152-15 

CMH-ST029-16

MF431582 GI.2 Dublin/2016/IE

CMH-N061-12 

LC080814 GIV.1 OH11032/2011/JP

MG012424 GIV.1 Portland3629/2014/US

CMH-N028-18 

DQ058829 GIV.1 Ehime1107/2002/JP

AY646855 GII.6 Sakaeo-15/TH

MG012417 GII.3 Lima1856/2015/PE

MG012446 GII.4 Lima1873/2016/PE

KX274477 GII.4 LNOV_116006/Manaus/2011/BR

CMH-ST270-18

CMH-ST247-18 

MG012448 GII.5 SantaRosa3812/2014/GT

CMH-R089-18

CMH-ST095-16

CMH-ST091-16 

CMH-ST207-18

CMH-ST202-18 

AB630067 GII.7 20072248/2002/JP

U95645 GII.1 London/29845/UK

CMH-S057-17 

CMH-S050-17

CMH-N021-13

KP067444 GII.1/GII.4 PHL-TG012-028/2012/PH

CMH-N145-12 

AJ249939 GII.1 Bristol/98/UK

AY237419 GII.1 Mc2/2002/TH

MG012406 GII.1 Nashville9510/2014/US

CMH-ST189-18

CMH-S034-13 

LC080831 GII.1 OH13045/2013/JP

CMH-S120-17

CMH-N091-18 

CMH-ST028-17 

CMH-R140-18 

MH541032 GII.1 LeipzigP2-C/2017/GE

CMH-S175-18 

CMH-N104-18

AB775659 GV.2 NGY-1/2012/JP

AF182760 GIII Porcine enteric calicivirus

89

100

98

99

97

99

98

89

86

91

93

96

99

96

84

99

88

96

99

96

99

0.50

KT327081 GI.1 Zhejiang1/2004/CH

GII.3

GII.4

Figure 2 Phylogenetic tree of the partial RdRp gene sequences (745 nucleotides). Forty-nine SaV
strains detected in this study are indicated by black circle (non-recombinant strains) and blue triangle
(recombinant strains). The evolutionary history was inferred by using the Maximum Likelihood method
based on the General Time Reversible model. Scale bar indicates nucleotide substitutions per site and
bootstrap values (>80) are indicated for the corresponding nodes.

Full-size DOI: 10.7717/peerj.8520/fig-2

Kumthip et al. (2020), PeerJ, DOI 10.7717/peerj.8520 9/17

https://peerj.com
https://doi.org/10.7717/peerj.8520/fig-2
http://dx.doi.org/10.7717/peerj.8520


Figure 3 The similarity plot of four SaV recombinant strains, CMH-N145-12 (A), CMH-N021-13 (B),
CMH-S050-17 (C), CMH-S057-17 (D), was constructed using SimPlot software. The similarity score of
200 nucleotides sliding window and 20 site step were used. The junction of RdRp and capsid sequences of
SaV recombinant strains (1,055 nucleotides) were plotted against the nucleotide sequences of the reference
strains, GII.1/Bistol/98/UK and GII.4/Lima1873/2016/PE. The x-axis represents the nucleotide position
and the y-axis indicates the similarity between the query strain and the reference strains.

Full-size DOI: 10.7717/peerj.8520/fig-3

round PCR as a screening method while other studies that reported higher SaV-positive
rate performed real-time PCR for the screening process.

Among different genogroups of SaV, the SaV GI (GI.1 and GI.2) and GII (GII.1 and
GII.2) are the most predominant genogroups circulating worldwide while other genotypes
are rarely detected in some particular countries (Diez-Valcarce et al., 2018; Magwalivha
et al., 2018). Similar to other reports, SaV GI.1, GI.2, and GII.1 were the most common
genotypes detected in our study. Nonetheless, there was no GII.2 strain observed in the
present study. The SaV GII.5 is not often detected. The occurrence of GII.5 in human stool
samples was reported in some particular areas such as Guatemala, Peru, South Africa, and
USA (Diez-Valcarce et al., 2018; Liu et al., 2016; Murray et al., 2016). In addition to these
countries, it should be noted that a high proportion of GII.5 strain (16%, 8 out of 50) was
observed in our study. Interestingly, 7 out of 8 SaV GII.5-infected patients were from the
same hospital (Sanpatong hospital) and 5 of them were detected in the same year of 2018,
suggesting that this particular genotype is circulating in a particular location.

RNA recombination plays a key role in virus evolution and leads to its pathogenicity and
virus diversity (Worobey & Holmes, 1999). At least, two types of recombination events of
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SaV including intergenogroup and intragenogroup have been reported previously (Chanit
et al., 2009; Hansman et al., 2007; Hansman et al., 2005; Katayama et al., 2004; Oka et al.,
2015; Phan et al., 2006). In the present study, intragenogroup recombinant GII.1/GII.4
SaV was detected in four samples, accounting for 8% (4/50) of all SaV infected cases.
The recombinant GII.1/GII.4 SaV has been reported previously in Philippines, Vietnam,
and USA (Diez-Valcarce et al., 2018; Liu et al., 2015; Nguyen et al., 2008). However, it has
not been described elsewhere in Thailand. To our knowledge, this is the first report
demonstrating the presence of recombinant SaV in Thailand. Generally, characterization
of SaV is based on the nucleotide sequence of capsid gene (Oka et al., 2012) andmany other
previous studies have identified SaV genotypes based only on this gene. To date, both capsid
and polymerase genes are used to classify genotype of noroviruses (Chhabra et al., 2019).
Since SaV is a very similar pathogen in many aspects, therefore, future classification and
characterization of SaV should rely on both polymerase and capsid sequences to identify
the virus diversity. In addition, continued surveillance on SaV is important to monitor the
emergence of new virus strains.

CONCLUSIONS
In summary, the results of this study highlight the impact of SaV in diarrheal diseases
among children in Chiang Mai, Thailand over the period of nine years and is the first
report to describe recombinant SaV infection in Thai children suffering with AGE. The
data of nucleotide analysis of both polymerase and capsid genes from this study provide
useful information for a better understanding on the caliciviruses other than noroviruses.
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