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Chapter 1

Introduction

1.1 Importance and Rationale

Rotavirus (RV) is a non-enveloped, double stranded RNA virus of the family
Reoviridae, genus Rotavirus. The virus consists of 11 RNA segments encoding 6
structural proteins (VP1-VP4, VP6, VP7) and 5 or 6 nonstructural proteins (NSP1-
NSP5/NSP6). Up to date, rotavirus can be classified into species A to H with other 2
proposed species | and J (Matthijnssens et al., 2012, Mihalov-Kovacs et al., 2015;
Banyai et al., 2017). Rotavirus species A (RVA) is the most important species causing

gastroenteritis in many animal species as well as human especially in children.

In human, RVA infection causes severe diarrhea in children and can be fatal.
Previous studies reported that about 50-60% of hospitalized diarrhea children age
under 5 years old were infected with RVA (Parashar et al., 2006; Palumbo et al., 2009;
Tate et al, 2012). Despite the use of rotavirus vaccine, there are still outbreaks of
gastroenteritis from rotavirus worldwide especially in developing countries. The
rotavirus outbreaks could be due to the emerging of novel RVA strains or
reassortment of the RVAs from different origins. Some strains of RVAs have been
reported as zoonotic potential (Banyai et al., 2010; Grant et al.,, 2011; Doro et al,,
2015). In animals, RVA infection causing gastroenteritis has been reported in many
animal species. RVA infection can affect the animal production especially swine and
poultry industries (Saikruang et al., 2013; Otto et al,, 2015). In dogs and cats, RVA can
cause mild diarrhea in puppies and kittens, but mostly subclinical and self-limiting
(Martella et al,, 2010). It has been reported of inter-species transmission of RVA
between dogs and children with severe diarrhea (De Grazia et al.,, 2007; Wu et al,,
2012). Moreover, evidence of multiple reassortments of RVA between feline and
human rotaviruses have also been documented (Grant et al,, 2011). Since dogs and

cats are usually interface with human and rotavirus can transmit by fecal-oral route,



thus RVAs can spread easily and increase the chance of interspecies transmission or
viral reassortment which subsequently generate novel strains of RVA with zoonotic

potential.

There are several reports of RVA infection in dogs and cats worldwide. For
example, some studies reported the evidence of interspecies transmission from dogs
and cats to humans as well as the reassortment among RVAs (De Grazia et al., 2007,
Grant et al, 2011; Luchs et al., 2012; Matthijnssens and Van Ranst, 2012; Wu et al,,
2012; Otto et al., 2015). However, there is limit information of RVA in dogs and cats in
Thailand. Thus, this thesis will be conducted to provide the status, distribution, and
genetic information of RVA circulating in dogs and cats in Thailand. The information
from this thesis will be useful for public on the awareness and risk of RVA infection in
persons who have close contact with dogs and cats and will provide

recommendations for RVA prevention and control in domestic animals and humans.

1.2 Research questions
1. What is the occurrence and distribution of rotavirus A (RVA) in domestic dogs
and cats in Bangkok, Thailand?
2. How diverse of the genetic of rotavirus A (RVA) isolated from dogs and cats?

Are there any reassortment among RVAs isolated from dogs and cats?

1.3 Objectives of Study
1. To determine the occurrence of rotavirus A (RVA) in domestic dogs and cats
in Bangkok, Thailand.
2. To determine the genetic characteristics and genetic diversity of rotavirus A

(RVA) in domestic dogs and cats in Bangkok, Thailand.



Chapter 2

Literature Review

2.1 Virology of Rotavirus

Rotavirus (RV) is an icosahedral, triple-layered, nonenveloped, double-
stranded RNA virus of the family Reoviridae, genus Rotavirus. The size of RV is 70-75
nm in diameter. The genome of RV consists of 11 segments of double-stranded RNA
that encoded 6 structural proteins (VP1, VP2, VP3, VP4, VP6, VP7) and five or six non-
structural proteins (NSP1, NSP2, NSP3, NSP4, NSP5-6) depending on strains (Estes and
Cohen, 1989; Pesavento et al., 2006). The classification system of RV is based on the
antigenic properties of VP6. RV can be subdivided into eight species A to H and two
additional proposed species (I and J) according to the International Committee on
Taxonomy of Viruses (ICTV) (Matthijnssens et al., 2012). Rotavirus species A, B, C, and
E (RVA, RVB, RVC, and RVE) are known to infect humans and various animal species
(Matthijnssens et al., 2011a). Rotavirus species D, F and G (RVD, RVF and RVG) have
been recovered from animals, mostly from birds (Matthijnssens et al., 2011a). While
rotavirus species H (RVH) mostly found in pigs (Marthaler et al., 2014; Molinari et al.,
2014). The latest two proposed rotavirus species | and J (RVI and RVJ) were found in
dogs (Mihalov-Kovacs et al,, 2015) and bats (Banyai et al., 2017), respectively. In
present, RVA is known to be the most important species causing gastroenteritis in

many animal species as well as human especially in children.

2.2 Genotyping of RVA

Rotavirus A (RVA) can be classified based on two classification system. The
first classification system is based on the outer layer protein VP7 and VP4 which
designated as genotype Gx[Px]. Another system for RVA classification by the rotavirus
classification working group (RCWG) classify the virus based on 11 genes which

designated as  Gx-P[x]-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx  representing the genetic



constellation of VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5/6  genes

respectively, x indicating the number of genotype (Matthijnssens et al., 2008b).

From previous studies, the complete genome of RVA can be divided into 3
genetic constellations. The first constellation is Wa-like (P8-11-R1-C1-M1-A1-N1-T1-E1-
H1) in combination with different G-genotypes, such as G1, G3, G4 and G9), and is
revealed as a porcine origin. Second, the constellation defined as DS-1-like (G2-P[4]-
12-R2-C2-M2-A2-N2-T2-E2-H2) has been associated with bovine rotaviruses. Both Wa-
like and DS-1-like have circulated in humans worldwide (Matthijnssens et al.,, 20083;
Ghosh and Kobayashi, 201 1; Matthijnssens and Van Ranst, 20 12). Third genetic
constellation is AU-1-like (G3-P[9]-13-R3-C3-M3-A3-N3-T3-E3-H3) which is believed to

have originated from cat or dog viruses (Nakagomi et al., 1990).

2.3 Transmission, Diagnosis, and Epidemiology of RVA

Rotavirus is known to be transmitted person-to-person by the fecal oral route
(Butz et al., 1993). In developing countries rotavirus can also be transmitted via fecal
contaminated water (Ansari et al., 1991). Rotavirus infection has a short incubation
period of 1 to 3 days. The virus can shed for up to 48 hours before person exhibit
clinical symptoms. High rates of asymptomatic shedding of rotavirus have been
reported in young children. The virus can shed in feces for an average of 4 days and

up to 30 days in immunocompromised patients (Dennehy, 2000).

For sample collection method, fecal collection is the gold standard for the
detection of RVA but for convenient, the rectal swab is acceptable. There are many
methods to detect RVA infection. Enzyme immunoassays (EIA) is one method usually
use for the diagnosis of RVA infection and there are many commercial kits available.
However, the sensitivity of the assay is low when compared to polymerase chain
reaction (PCR) method. There are 28% more RVA detection rate of one-step

quantitative RT-PCR (Q-PCR) compare to EIA (Zeng et al., 2008).



Previous study reported that the patterns of RVA infection could occur year-
round and more frequent in low and low-middle income countries. While upper-
middle and high income countries, RVA infection is more likely to be seasonal. It has
been reported that the seasonality of RVA infection relate to levels of country
development more than geographic location or climate (Patel et al, 2013). In
Thailand, the low-middle income country, the RVA infection rate is always highest
during low temperature period around December to February (Khananurak et al.,
2010; Chieochansin et al., 2016). The studies in Thailand showed that RVA can be
infected in all age groups (2 months to 86 years) but mostly in the children less than
5 years of age. The most affected age is range between 12 months and 17 months

(Intusoma et al., 2008; Khananurak et al., 2010; Kittigul et al., 2014).

2.4 RVA infection in humans and animals

In human, the most common clinical signs of RVA infection are severe
diarrhea and vomiting, resulting in dehydration. It can also cause nausea, malaise,
headache, abdominal cramping, and fever (Anderson and Weber, 2004). RVA infection
in human can be varying between 28% and 59% in Asian countries (Nelson et al,,
2008). The previous study in Thailand between 2007 to 2009 reported the
prevalence of RVA as 28.4% in children with acute gastroenteritis (Khananurak et al,,
2010). Another study between 2011 to 2014 reported 30% of RVA infection
(Chieochansin et al,, 2016). There are predominant genotypes of RVAs in human in
Thailand, G1P[8], G2P[4], and G3P[8] (Khananurak et al., 2010). In zoonotic aspect,
genotype GIP[8] that is the porcine-like genotype had been found in high percentage
(22.2%) between 2007 to 2009 (Khananurak et al.,, 2010) and also the bovine-like
genotype G8P[8] (13%) had been reported between 2011 to 2014 (Chieochansin et
al., 2016).



In dogs and cats, RVA infection causing acute gastroenteritis had been
reported in many studies (Hoshino et al., 1981; Hoshino et al., 1982; Nakagomi et al.,
1989; Mochizuki et al., 1997; Martella et al,, 2001a; Martella et al., 2001b; Kang et al,,
2007). In dogs, most clinical signs can be observed in pups less than 3 months of age
and normally asymptomatic in adult dogs. The clinical signs cause by RVA in dogs are
diarrhea, lack of appetite, and lethargy (Hoshino et al., 1982; Martella et al., 2001b;
Kang et al., 2007). A previous study in Thailand found 3 out of 5 dogs positive with
RVA without clinical signs (Charoenkul et al., 2020). In cats, RVA infection has been
reported to cause both symptomatic and asymptomatic, but subclinical infection is
more often observed. Mild and transient diarrhea is likely to be seen in kittens,
especially in the kitten lack of colostrum (Hoshino et al., 1981). The prevalence of
RVA infection in dogs and cats is varying. Previous study reported high prevalence of
RVA infection in dogs at 39.7% (31/78) and even more in cats at 50.0% (23/46) (Otto
et al.,, 2015). Another study in Thailand found only 0.7% (5/710) RVA positive with
RVA in dogs (Charoenkul et al., 2020). Most studies reported about 2-8% prevalence
of RVA infection in dogs (Ortega et al,, 2017; Alves et al,, 2018). In United Kingdom
reported only 3% (57/1727) positive of RVA in cat feces (German et al,, 2015).
Worldwide, the predominant RVA genotype in dogs is G3P[3] (De Grazia et al., 2007,
Tsugawa and Hoshino, 2008; Martella et al., 2010; Matthijnssens et al., 2011b; Doro et
al,, 2015; Mihalov-Kovacs et al.,, 2015). In cats, G3P[3] and G3P[9] are recognized as
feline genotype (AU-1-like and BA222-like genotype constellations) (Nakagomi and
Nakagomi, 1989; Nakagomi et al,, 1990; Martella et al,, 2011). But latest study in
United Kingdom reported the first G6P[9] detection in cats (German et al,, 2015). In
Thailand, there is only report of G3P[3] found in dogs (Charoenkul et al., 2020) but

none of report in cats.

In zoonotic aspect, a few studies, genotypes G3P[3], G3P[9], and G6P[9] have
been reported in humans in many countries. Genotype G3P[3] had been found in

ltaly (De Grazia et al,, 2007), and Japan (Tsugawa and Hoshino, 2008). Genotype



G3P[9], which is believed to be direct transmission from dogs or cats had been
reported in humans in Japan (Nakagomi and Nakagomi, 1989), Israel (Silberstein et al.,
1995), Brazil (Santos et al., 2001), Russia (Novikova et al., 2008), and Hungary (Banyai
et al, 2009). Genotype G6P[9], which is potential zoonotic or reverse-zoonotic
transmission between cats and people (German et al., 2015) had been reported in
the United States (Griffin et al., 2002), Hungary (Banyai et al., 2003; Banyai et al,,
2009), Japan (Yamamoto et al., 2011), Australia (Cooney et al., 2001; Diwakarla et al.,
2002), and Tunisia (Ben Hadj Fredj et al., 2013). In Thailand, genotype G3P[9] in
human has been reported between 2007 to 2009 (Khananurak et al., 2010) and 2011
to 2014 (Chieochansin et al, 2016). Another study in Thailand also reported

genotype G3P[3] from children in Chiangmai (Khamrin et al., 2006).

The whole genome analysis of RVA in Thailand, RVA strain, G3-P[9]-13-R3-C3-
M3-A3-N3-T3-E3-H6 from human contains AU-1 -like genomic constellation with re-
assortment of gene 3 (VP6) and gene 1 1 (NSP5), suggesting possible re-assortment
events between human and canine strains (Theamboonlers et al., 2014). The study
of whole genome of RVA from dogs in Thailand revealed a genotype constellation
G3-P[3]-13-R3-C3-M3-A9-N2-T3-E3-H6 which is the novel constellation in dogs but had
been reported in human before. This constellation belongs to the genotype AU-1-like
with combination of 10 segments in Cat-like genogroup. This result can be
speculated that RVA in dogs in Thailand could have originated from multiple
reassortment or intra-genotype reassortment between human and animal RVAs
(Charoenkul et al,, 2020). Due to the zoonotic potential of rotaviruses, routine
surveillance of rotaviruses will be useful for monitoring the emergence of novel
strains of rotaviruses through interspecies reassortment between human and animal

viruses.



Chapter 3

Materials and methods

This thesis composes of three study phases including Phase 1) Sample
collection from dogs and cats in animal hospitals in Bangkok and the vicinities. Phase
2) Identification of rotavirus A (RVA) in dogs and cats by specific RT-PCR assay. Phase
3) Genetic characterization of rotavirus A (RVA) in dogs and cats by whole genome
sequencing.

The conceptual framework of this study is shown in Figure 1.



Molecular detection and genetic diversity of rotavirus A

in domestic dogs and cats in Bangkok, Thailand

Phase 1: Sample collection from dogs and cats in animal hospitals in Bangkok and vicinities, 2020-2021
Sample collection
* Rectal swabs collection from dogs and cats in animal hospitals (n=572)

*  Animal hospitals (n=8) with more than 20 cases per day

*  Rectal swabs collection from dogs (n=290)

* Rectal swabs collection from cats (n=282)

* Rectal swab samples from dogs and cats of all ages, gender, breed and health condition

Phase 2: Identification of rotavirus A in dogs and cats by specific RT-PCR assay
* RNA extraction
*  GeneAll® GENTI™ Viral DNA/RNA Extraction Kit (GeneAl®; Lisbon, Portugal) on a GENTI™ 32 (GeneAll®;
Lisbon, Portugal)
* Rotavirus A identification
* One-step RT-PCR specific to NSP5 gene

Phase 3: Genetic characterization and genetic diversity of rotavirus A in dogs and cats
*  Whole genome sequencing (11 segments)
*  Dogs (n=2), Cat (n=1)
*  Whole genome sequencing (WGS)
*  MinlON Nanopore sequencer (Oxford Nanopore Technologies; Oxford, UK)
* Genetic diversity of rotavirus A
* Genotype and genetic constellation
*  Phylogenetic analysis
* Phylogenetic tree construction (11 segments) by MEGA v10.0 software
* Nucleotide and amino acid identities
®* Reassortment analysis
*  Phylogenetic analysis (origins of each gene) by MEGA v10.0 software

* Bootscan analysis (origins of each gene) by SimPlot v.3.2b software

A4

Outcomes
®*  Occurrence of rotavirus A in dogs and cats in Bangkok and vicinities, Thailand, 2020-2021

* Genetic diversity of rotavirus A in dogs and cats in Bangkok and vicinities, Thailand, 2020-2021

Figure 1: Conceptual framework of this study
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3.1 Phase 1: Sample collection from dogs and cats in animal hospitals in
Bangkok and the vicinities
3.1.1 Study sites

In this thesis, samples were collected from animal hospitals located in
Bangkok and Nonthaburi provinces. In total 8 animal hospitals were selected and
included in this thesis. The animal hospitals were selected by 1) scale of the animal
hospital in which average of 20 or more cases per day and 2) cooperation of owners,
veterinarians, and healthcare workers. The locations of the animal hospitals are

shown in Figure 2.

Nonthaburi

Bangkok

Figure 2: Location of animal hospitals in Bangkok and Nonthaburi included in this
study.
® Symbol indicate location of the animal hospitals. Blue and pink zones zone

represent Bangkok and Nonthaburi, respectively.

3.1.2 Sample collection from dogs and cats
Rectal swab samples were collected from dogs and cats of all ages, gender,

breed, and health condition that come to have service at the animal hospitals
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(Figure 3). Rectal swab sampling was conducted by insert the cotton swab into
rectum and rotate gently (Figure 4 and Figure 5). The swabs were placed in viral
transport media (MEM; eagle minimum essential medium) and kept at 4°C and
transported to laboratory within 24 hours.

In this thesis, the sample collection was carried out from January 2020 to June 2021
(18 months). The total of 572 rectal swabs were collected from dogs (n = 290) and

cats (n = 282). The animal’s demographic data, including age, sex and health

condition were also recorded.

‘4

Figure 4 and Figure 5: Rectal swab procedure

3.1.3 Sample preparation
Rectal swab samples were aliquoted into 200ul for RNA extraction. RNA

extraction was processed by using GeneAll® GENTI™ Viral DNA/RNA Extraction Kit
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(GeneAll®; Lisbon, Portugal) on a GENTI™ *? (GeneAll®; Lisbon, Portugal) following
manufacturer’s instruction. In brief, first, 200ul of aliquoted samples were put in the
first channel of GeneAlU® GENTI™ Viral DNA/RNA Extraction Kit (GeneAll®; Lisbon,
Portugal) to mix with the lysis buffer. The 7ul of RNA carrier was then added to the
first channel of the kit to mix with the sample. The extraction kit was then put in
GENTI™ 32 extraction machine (GeneAll®; Lisbon, Portugal) for further process, the
magnetic beads in the kit were activated by the machine to extract the RNA from the
sample and then eluted by the elution buffer. The extracted RNA was kept at -20°C

until virus identification.

3.2 Phase 2: Identification of RVA in dogs and cats by specific RT-PCR assay

The RNA samples were subjected to rotavirus A (RVA) identification by one-
step RT-PCR using specific primer to the conserve region of NSP5 gene of canine and
feline rotavirus. The newly designed primers used in the RT-PCR assay were
NSP5F (5”-ACAACGTCAACTCTTTCTGGA-3’) and NSP5R (5’-GATGAATCCATAGACACGCC-
3’) which designed by Primer 3 plus program. The one-step RT-PCR for RVA
identification was performed by using SuperScript™ Il One-Step RT-PCR System with
Platinum™ Taqg DNA Polymerase (Invitrogen™). Briefly, one-step RT-PCR was
conducted in a final volume of 10 pl comprised of 1.5 ul of template RNA, 5 pl of
2xReaction Mix, 0.2 pl of 10 uM forward and reverse primers, 0.4 ul of SuperScript I
RT (Invitrogen, CA) and distilled water to a final volume of 10 pl. The conditions of
the RT-PCR assay included a cDNA synthesis step at 55°C for 30 min, an initial
denaturation step at 94°C for 2 min, following by 40cycles of denaturation at 94°C for
30 s, annealing at 52°C for 45 s, and extension at 68°C for 1 min, as well as a final
extension step at 68°C for 5 min. PCR product was run in gel electrophoresis and the
expected product size of canine and feline rotavirus A viruses was 209 bp. Figure 6

showed example of RT-PCR result for the detection of RVA.
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100bp S1  S2 S3 Neg Pos

Figure 6: Detection of RVA by SuperScript™ lll One-Step RT-PCR System with
Platinum™ Tag DNA Polymerase (Invitrogen™)
Lane 1; 100bp DNA ladder, Lane 2; Sample 1, Lane 3; Sample 2, Lane 4; Sample 3,

Lane 5; Negative control, Lane 6; Positive control

3.3 Phase 3: Genetic characterization of RVA in dogs and cats by whole genome
sequencing
3.3.1 Characterization of canine and feline rotavirus A viruses
3.3.1.1 Amplification of canine and feline rotavirus A

In this study, the canine and feline rotavirus A viruses were subjected to
whole-genome sequencing. To perform whole genome sequencing, each gene of
RVA (VP1, VP2, VP3, VP4, VVP6, VPT, NSP1, NSP2, NSP3, NSP4, NSP5) was amplified by
using primers previously described. The primer sequence and size of amplified
products of each gene are present in Table 1. Briefly, one-step RT-PCR was
conducted by using SuperScript™ Il One-Step RT-PCR System with Platinum™ Taq
DNA Polymerase (Invitrogen™) in a final volume of 10 pl comprised of 1.5 ul of
template RNA, 5 pl of 2xReaction Mix, 0.2 pl of 10 pM forward and reverse primers,
0.4 pl of SuperScript Il RT (Invitrogen, CA) and distilled water to a final volume of 10
ul. The conditions of the RT-PCR assay included a cDNA synthesis step at 55°C for 30
min, an initial denaturation step at 94°C for 2 min, following by 40cycles of
denaturation at 94°C for 30 s, annealing at 45-53°C for 45 s, and extension at 68°C for

1-4 min, as well as a final extension step at 68°C for 5 min. PCR reaction mixture and
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PCR condition are shown in Table 2, Table 3, and Table 4. Figure 7 shows example of
PCR product of each gene segment and corresponding PCR product size. PCR
products of each gene were then pooled together and purified by NucleoSpin® Gel
and PCR Clean-up (MACHEREY-NAGEL™, Germany). In detail, approximately 7 pl of
PCR product from each primer set were pooled together in 1.5 ml Eppendorf, 200 pl
of NTI buffer was put to mix with the pooled PCR product for the clean-up process,
then all the mixture was transferred to the spin column and centrifuged at 11,000¢
for 30 sec. for DNA binding process, after discard the filtrated, 630 ul of NT3 buffer
was added for the silica membrane washing process, the mixture was centrifuged at
11,000¢ for 30 sec., after 2 times washed and discard the filtrated in each time, the
spin column was centrifuged in 11,000¢ for 1 min for silica membrane drying process.
Last step was the eluted process by adding 15 pl of elution buffer into the spin
column, incubated at room temperature for 1 min. and centrifuged at 11,000¢g for 1
min. The eluted process was done for 2 times in each sample, so the final volume of
purified PCR product was approximately 30 pl for each sample. The purified PCR
products were subjected for sequencing by Oxford Nanopore sequencing device and

Minion flow cells with Rapid sequencing kit (ONT, UK).
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1kb VPT VPE MNSP1 NSP2 MNSP3 MN5F4 NSP5 1kb

Figure 7: Example of PCR product for sequencing of each gene segment

Lane 1; 1kb DNA ladder, Lane 2; PCR product of VP7 gene, Lane 3; Negative control
of VP7 gene, Lane 4; PCR product of VP6 gene, Lane 5; Negative control of VP6 gene,
Lane 6; PCR product of NSP1 gene, Lane 7; Negative control of NSP1 gene, Lane 8;
PCR product of NSP2 gene, Lane 9; Negative control of NSP2 gene, Lane 10; PCR
product of NSP3 gene, Lane 11; Negative control of NSP3 gene, Lane 12; PCR product
of NSP4 gene, Lane 13; Negative control of NSP4 gene, Lane 14; PCR product of NSP5
gene, Lane 15; Negative control of NSP5 gene, Lane 16; 1kb DNA ladder.
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Table 3: PCR reaction mixture for RVA detection and sequencing used in this study

Mixture

Amount

RNA

Forward primer

Reverse primer

2X reaction mix

SuperScript Il RT (Invitrogen, CA)

Distilled water

1.5 ul
0.2 ul
0.2 ul
5 ul
0.4 ul
2.7 ul

Total

10 pl

Table 4: PCR condition for RVA detection and sequencing used in this study

Step Temp (°C) Time Cycle

cDNA synthesis
Initial denaturation
Denaturation
Annealing
Extension

Final extension

55 30 min 1
94 2 min 1
94 30 sec

45-53 45 sec a0
68 1-4 min
68 5 min 1

3.3.1.2 Whole genome sequencing of RVA by nanopore sequencing

technique

The whole genome sequencing of RVA was done by using MinlON oxford

nanopore sequencing device and MinION flow cells. The rapid sequencing kit

(Cat#SQK-RAD004) was used to prepare the DNA library and the flow cells priming

mix following manufacturer’s instruction. In detail, first, the number of pores in flow

cell were checked via the MinKNOW software to ensure the ability of sequencing, the

number of pores should not be lower than 200 to ensure the quality of sequences.

To prepare the DNA library for loading into flow cell, 7.5ul of purified PCR product

were mixed with 2.5ul of fragmentation mix (FRA) and incubated in thermocycler at
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30°C for 1 min and then at 80°C for 1 min and cool on ice, 1ul of rapid adapter (RAP)
was added and incubated at room temperature for 5 min. 34ul of sequencing buffer
(SQB), 25.5ul of loading beads (LB), 4.5ul of nuclease-free water were added to
complete the loading DNA library. The flow cell priming mix was prepared by the mix
of 30ul flush tether (FLT) with the flush buffer (FB). To start sequencing, first, 800ul of
prepared flow cell priming mix was loaded to the flow cell and incubated for 5 min,
then 200ul more of flow cell priming mix was loaded to the flow cell and then 75ul
of prepared DNA library were followed, and the sequencing process was started via
MinKNOW software. The MInlON oxford nanopore sequencing device and MinlON

flow cells are shown in Figure 8. The MinKNOW software and Nanopore sequencing

procedure is shown in Figure 9.

Figure 8: MinlON oxford nanopore sequencing device and MinlON flow cell



Channel states panel

Run state: sequencing

Figure 9: The MinKNOW software and Nanopore sequencing procedure

3.3.1.3 Validation and assembly of whole genome sequences of rotavirus
A viruses
The Minknow software was used for sequence reading and basecalling
process to converse the electrical signal (fast5 file) to nucleotide (fastq file), the
minimum Qscore 7 was used to remove the poor-quality sequence from basecalling
process. The nucleotide sequences were then assembled using de-novo assembly by
genome detective web software

(https://www.genomedetective.com/app/typingtool/virus) (Figure 10). The fastqg file

from MinKNOW software were uploaded into the web for process of de-novo
assembly and mapped with reference RVAs in the web database. The nucleotide
sequence of each gene segment of RVAs were retrieved in fasta file format. The fasta
format nucleotide sequences of each gene segment were then BLAST with NCBI
database to find the closest identity sequence to be the reference of each gene
segment. Finally, CLC genomic Workbench software 20.0 (Qiagen, Hilden, Germany)
was used to map the original fastq file from MIinKNOW software with the reference
sequences by function map read to reference of the software (Example of report of

map to reference function by CLC genomic Workbench software in Figure 11), at last,


https://www.genomedetective.com/app/typingtool/virus
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the consensus sequence of each gene segment of the viruses were exported in the

fasta file format for further analysis.

<« cC 0 & ive.com/app/typ / B % G 0 :

Genome Detective

NO JOBS IN QUEUE

Genome Detective

GENOME DETECTIVE VIRUS TOOL Version 1.137 I‘

‘ How Genome Detective assigns SARS-CoV-2 (the virus that causes COVID-19 disease) ‘

Read more

GENOME DETECTIVE VIRUS TOOL VERSION 1.137

The Virus tool assigns taxonomic hames to sequences from eukaryotic viruses and phages. The taxonomic rank which gets assigned is based on
availability of reference genomes in RefSeq, and is mostly at species level. At the moment 10105 distinct taxonomic names are assigned based on 13095
reference sequences. Subtyping tools, for the identification of subspecies, are available for 17 viruses.

You can submit sequences/contigs or short reads NGS data. Up to 2000 FASTA sequences may be submitted at once. The free service only allows one
NGS analysis at a time. For batch analyses of NGS data, please contact us.

Figure 10: Genome detective web software used for de-novo assembly
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Figure 11: Example of map to reference report by CLC genomic software

3.3.2 Genetic diversity of RVA
3.3.2.1 Genotyping of rotavirus A viruses
To identify genotype of RVA, nucleotide sequence of each segment were

analyzed by the Virus pathogen  resource  (ViIPR) web  software
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(https://www.viprbrc.org/brc/rvaGenotyper.spg?method=ShowCleanlnputPage&decora
tor=reo) (Figure 12). The algorithm is based on the RotaC algorithm developed by

Maes et al., 2009. Briefly, fasta file format of each gene segment were uploaded into
the ViPR web program to identify and designate the genotype of RVA. The example

of genotyping result is shown in Figure 13.

BB Virus Pathogen Databaseand Ar X |+ v - 0 RS
€ C (¥ & viprbreorg/bre/r h = B x G*O

i Reoviridae

'SEARCH DATA | ANALYZE & VISUALIZE WORKBENCH | VIRUS FAMILIES | HELP \Workbench Sign In

About Us Community Announcements Links Resources Support

ViPR Home » Reoviridae Home » Rotavirus A Genotype Determination

Rotavirus A Genotype Determination

This annotation pipeline is for genotyping Rotavirus A viruses. This tool is based on software written by Dan Katzel at the J. Craig Venter Institute that is a Jilion & optimized

reimplementation of RotaC%°&. (SOP)

ANALY SIS NAME

INPUT SEQUENCES

O Analyze my custom sequences only.
Upload a file containing my sequences in FASTA ¢ format.

O Paste sequences in FASTA & format

O Analyze my custom sequences and associated metadata vith VIPR
sequences.

Figure 12: Virus pathogen resource (ViPR) web software use for genotyping of RVA

B Virus Pathogen Database and Ar X | = v ﬂ“
&« C Y & viprbrcorg/brc/rvaGenotyper.spg?decorator=reogtic =RG_5634771385 ® % agh 0

SEARCH DATA ANALYZE & VISUALIZE WORKBENCH | VIRUS FAMILIES | HELP Workbench Sign In
| | 2

ViPR Home » Reoviridae Home » Rotavirus A Genotype D »Results

Rotavirus A Genotyping Report (SOP)

Download Raw Result

Results of Genotyped Sequences

Sequence Identifier ~ Segment Number ~ Gene Name  Genotype Closest Strain Query Coverage %  Ident%  E Value
RV25012_NSP1 5 NSP1 A9 RVA/Human-wi/BEL/B4106/2000/G3P14 95.96 8329  OE0
RV25012_NSP3 7 NSP3 &) RVA/HUman-tc/THAT152/1998/G12P9 8655 9561  OEO
RV25012_NSP2 8 NSP2 N2 RVA/COW-Ic/USAWC3/1981/G6P5 90.08 9340 OO
RV25012_NSP5 11 H6 {C/USA/RRV/1975/G3P3 2951 9447  OEO
RV25012_VP7 9 VP7 63 RVA/Human-wi/BEL/B4106/2000/G3P14 100.00 8307  OE0
RV25012_NSP4 10 NSP4 E3 RVA/HUman-tc/THAT152/1998/G12P9 70.40 9129 0E0
RV25012_VP6 6 VPG 3 RVAHuman-tc/THAT152/1998/G12P9 100.00 8844  OEO
RV25012_VP3 3 VPR3 M3 RVA/Human-tc/THAT152/1998/G12P9 o797 9406  OEO
RV25012_VP4 4 VP4 PR RVA/DOg-{c/AUS/K/1981/G3P3 9919 9515  OEO
RV25012_VP1 1 VP1 R3 RVAHUman-tc/THAT152/1998/G12P9 99.48 9388  OE0
RV25012_VP2 2 VP2 [} RVAHuman-tc/THAT152/1998/G12P9 100.00 9598  OE0

Results of Non-Genotyped Sequences
No Sequences in the input fasta cannot be genotyped

Figure 13: Example of genotyping result from Virus pathogen resource (ViPR) web

software


https://www.viprbrc.org/brc/rvaGenotyper.spg?method=ShowCleanInputPage&decorator=reo
https://www.viprbrc.org/brc/rvaGenotyper.spg?method=ShowCleanInputPage&decorator=reo
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3.3.2.2 Phylogenetic analysis of rotavirus A viruses

Phylogenetic tree of each segment (11 segments) was generated by MEGA
v10.0 software with neighbor-joining algorithm and bootstrap analysis of 1,000
replications (Tamura et al., 2013). The nucleotide sequences of references RVAs from
dogs, cats, humans, pigs, horses, and bats were selected to include in phylogenetic
analysis. RVA sequences from this study and reference sequences were aligned by
ClustalW function and only the coding region of each segment of RVA were used to
generate the phylogenetic tree of each segment of the virus by using MEGA software

(Figure 14). The example of phylogenetic analysis from MEGAX is shown in Figure 15.

] 4 Afgrment Explores [¥97_phyio_newus) - & x
ows ’

Wt Sweh  Algmer W See  Dily e
=B EmEwe ril «0xBxal+Hfar @238

DMA Sequences Tansiated Proten Sequences.

Figure 14: Sequence aligcnment in MEGAX for phylogenetic analysis
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Figure 15: Example of phylogenetic analysis from MEGAX

3.3.2.3 Nucleotide and amino acid identities

The percentages of nucleotide and amino acid identities of each gene
segment between RVAs in this study and closely related strains from phylogenetic
analysis, as well as some other reference strains within the same genotype were
calculated using pairwise distance function in MEGA v10.0 software. The nucleotide
sequences of RVAs in this study along with closely related RVA strains and reference
strains were aligned by ClustalW function and only the coding region of each
segment of RVA were used to calculate the percentage of similarity of each segment
of the virus by using MEGA software. The example of pairwise distance calculation

from MEGAX is shown in Figure 16.

M | MT: Pairwise Distances (C:\Users\USER\AppData\Local\Temp\PhyloAnalysis-0.meg) - g
File Display Average Caption Help
[a = slelall2llax]F
1 2 3 4 5 6 7 8 a 0w o1 12 13 14 15 1 17 1B 18
1. RV25012
2.DC25170 0.001
3. EUI708939.1 Canine rotavirus A79-10/G3P3 VP protein (VP7) gene complete cds 004 0.043
4. EI708928. 1 Canine rotavirus KS VP7 protein (VP7) gene complete cds 0055 0.054 0.027
5. ELI708917. 1 Canine rotavirus CU-1 VP7 protein (VP7) gene complete cds 004 0.043 0.012 0029
6. LC326506. 1 Rotavinus A RVA/Dog-tc/JPN/RS15/1982/G3P3 VP7 gene for viral protein 7 complete cds 0063 0.063 0.037 0029 0.041
7. HQB61139. 1 Rotavirus A sirain RVA/Dog-tcfITA/RY198-35/1995/G3P3 VP7 gene complete cds 005 0059 0.031 0022 0035 0023
8. HQB61128. 1 Rotavirus A sirain RVA/Dog-te/ITA/RVS2-36/1996/G3P3 VP7 gene complete cds 0157 0.158 0.167 0.168 0.16% 0.170 0.170
9. MT364851. 1 Rotavirus A strain RVA/Dog-wt/THA/CU132/20117/G3P3 VP7 gene complete cds 0017 00165 0.039 0054 0039 005 005 0.160
10. MT364873. 1 Rotavirus A strain RVA/Dog-wt/THA/CU23378/2018/G3P3 VP7 gene complete cds 0027 0.0% 0.040 0055 0042 0.057 0.054 0.158 0.017
11, EU708950. 1 Feline rotavirus Cat87/G3P3 VP7 protein (VP7) gene complete cds 005 0058 0.038 0030 0042 0.03% 0.028 0164 0.05 0.057
12. LC328207.1 Rotavirus A RVA/Cat-tc/JPN/FRY348/1994/G3P3 UP7 gene for viral protein 7 complete cds 0157 0.158 0.163 0.163 0.15 0.165 0.168 0010 0.154 0.15% 0.160
13. LC158116.1 Rotavirus A VP7 gene for VP7 complete cds strain: RVA/Bat-wt/ZMB/LUS 12-14/2012/G3°3 0160 0.161 0.188 0.169 0.165 0.169 0.171 0017 0158 0.157 0.163 0.022
14, KC960624. 1 Rotavirus A isolate RVA/Bat/MSLH14/G373 outer capsid protein UP7 (VP7) gene complete cds 0144 0144 0.133 0137 0134 0.142 0.145 012 013 0.145 0.134 0123 0.125
15. KF649188.1 Rotavirus A sirain RVA/Bat/MYAS33/2013VP7 VP7 gene complete cds 0144 0.145 0.145 0142 0137 0.151 0.146 0120 0.145 0.147 0139 0120 0.124 0.103
16. Ki814942.1 Rotavirus A isolate RVA/Bat-nt/CHN/LZHP 2/2015/G3P3 VP gene complete cds 0151 0.152 0.147 0152 0148 0.158 0156 0122 0.14 0.148 0152 0.118 0.120 0.087 0071
17, EU708906. 1 Human rotavirus HCR3A VP7 protein (VP7) gene complete cds 0050 0.04 0.025 0039 0027 0045 0.039 0170 0.047 0.049 0046 0167 0.169 0.143 0145 0,154
18, ELI708895. 1 Human rotavirus Ra 1845 YP7 pratein (VP7) gene complete cds 0057 0057 0.028 0018 0033 0018 0.012 0163 0054 0.05¢ 0.026 0159 0.166 0.142 0143 0,153 003
19. HQ661117. 1 Rotavirus A strain RVAHuman-te/ITA/PA250-97/1997/G3P3 VP7 gene complete cds 0161 0162 0.167 0166 0164 0.168 0.168 0008 060 0.15 0160 0012 0.015 0.127 0122 012 0170 0.161

20. LC340021.1 Rotavirus A RVAHuman-nt/JPN/12638/20 14/G3P3 VP7 gene for structural protein VP7 partial cds  0.014 0.013 0.034 0.049 0.034 0.055 0.052 0164 0009 0.018 0053 0.158 0.163 0.137 0.145 0.150 0040 0.050 0.16

Figure 16: Example of pairwise distance calculation from MEGAX
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3.3.2.4 Genetic constellation of RVA

From genotyping of each gene segment of RVA, the combination of 11
genotypes from each gene segment were analyzed and assigned as genetic
constellation. The genetic constellation of RVAs in this study were compared with
closely related strains from phylogenetic analysis. The reference strains of RVAs from
different species which include dog, cat, pig, horse, bat, and human were selected to
compare with viruses in this study. The reference strains which had the same
genotype in almost segments of the virus or had the same or almost the same
genetic constellation with viruses in this study were selected to include in this

comparison. The example of genetic constellation showed in Figure 17.

Genotype
Strain names* constelistion
RVAHuman1cUSA W/ 1574/G1P1A[8]
AVAHuman1c/USAP/ 1974/ GIP1AIB]

man. C5115- 77
AVAHuman-w/BELB3453/2003 GAP(8]
A RVAHuman-wIBELB4633/2003'G12P{8] Human Wa-lke
RVAHuman-cBRATAL2A/1992/G5P{B]
RVAHuman w/CIV/6736/2004/GEP]8]
AVA/Human wiNGA6717 ARN2002/G10P[8]
RVAHuman-wiBGD/Mallab36/2002/G 11 P{8]
AVAHT@n ICUSA/DS-1/1976/G2P 1B{4]
AVAHuman-wi ER 1H/2000/GAP4
AVAHurman wiBELB17112002/ GEPI6]
- RVAHuman-wb COD/DRCES 2003, GEP[8] Human DS-1-ko
AVAHuman-wiCOD/DACEE 2003.GEP16)
AVAHuman-IcND/69M/1980'GBP4[10]
RVA'Human-wt/ZAF/GR10824/1906/GOP[6

RVA/Human-tc/ KEN AK26/1982/G2P[4]
RVAHuman-wi/CAM/
BVAHuman wiCIVE755ARN 1
c RVAHuman-ic/PHL/L26/1987/G 12P[4 Wa-like x DS-1-Ika
-wt/ZAF/3133W 12P(4; Reassortant
RVA/Human-wiBGDMatlab13/2003/G12P[6]
RVAMHuman wtB 12P{6]
RVAHuman-wi/BGD/RV161/2000/G 12P(6]
RVA/Human 1c/JPN/AU-1/1982/G3P3(9 G3
ID AVAHuman- 1o THA/T 152/1998/G 12P{9] m"‘“""""JG\:

[EI RVAHuman-wi'IND/N1552003/'G10P[11] | Wa-kke Human x 3
| RVAMHuman-1¢ INDA32 120000G 10P 1] | Bovine Reassortant Cx

RVAHuman-tc/TTA'PA 169/1988G6P[ 14

RVAHuman-wiHUNHunS/1997/G6P{14]
RVAHuman wiHUN/BP1082/2004/GaP{14]
RVAHyman-1c GBAVAGY1987/G10P11]14]

RVACow-1c/F RA/HF 1982/G6P] 1]

RV,

"

RVA/Shoop O ESPIOVA /62 2002 GBPLT4] i
G RVA/Guanace-wi/ARG/Chubut/ 1999/G8P{14 B ke

ope-wUZAFRC-18/2008/G6P 1]
RVA/Goat-toBGD/GO34/1998/GEP[1]
RVAVaccine/J SA/RotaTeq WI79-3/1992/G1P7]5]
AVA/Vaccne/USA/RotaTog SC2-9/1992/GaP7]5)

o RVA/Naccine/USA/RotaTeg-WI78-8/1982/G3P 7{5] Vacaine

RV, il \l B-9'1
AVANaccingUSA/RotaTeq-WI79-4/1992/G6P1A (8]
RVANVaccine/'USA/RotarixRIX4414/1988/ G1P1A|8F

Figure 17: Example of genetic constellation of RVAs

(Matthijnssens and Van Ranst, 2012)
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3.3.2.5 Reassortment analysis of RVA

The vistaplot and bootscan analysis were done to detect the reassortment
events of RVAs in this study. The vistaplot analysis was generated by wgVISTA web
software (https://genome.lbl.gov/cgi-bin/WGVistalnput) to compare the RVAs in this
study with closely related strains (Frazer et al.,, 2004, Mayor et al., 2000). In brief, the
DNA sequences of coding region from all 11 segments of each RVA in this study and
closely related strains were prepared as a concatenated sequence, the concatenated
sequence of RVA in this study was then uploaded in the wgVISTA web software
together with closely related strains to compared for similarity between the
concatenated sequence. The example of vistaplot analysis result showed in Figure
18. For bootscan analysis, the SimPlot v.3.5.1 program were used in this study. In
brief, the concatenated DNA sequence of RVAs in this study and closely related
strains were input in the SimPlot v.3.5.1 program and analyzed by bootscan function
with neighbor-joining model, 1000 bootstrap replicates, Kimura (2-parameter)
distance model, 1000bp window size, and 70bp step size. The example of bootscan

analysis result showed in Figure 19.

c O & pipeline.lbl.gov/tbrowser/tbrowser/?run=13917-Xc3JODLR#8base =87668urun=13917-Xc3)ODLR8pos=RV25012:1-17418&indx=08&cutoff=50 ® % & Q‘n » n H

genomet (RV25012:1-17,418) M Vista Browser W@PATCELLNN ¥ Synteny [ Dot Plot | [ Help

eeeeeee

clade: release: alignment.
| other ~| [users data || Feb2022 v || genome2 [13917] v || submit

| Rvas012 v | [Rv250121-17 418 || 6o 40x | 3x | A5x | +15c | e3x | +10x 44 4| b |pp| length: 17.418 bp

Show alignments longer than| 50bp v | ¥

T alignmentin PDF ~ getCNSs: genome?-genome? | Page[1 |of1| b /I ( Displaying 1-10f1

Figure 18: Example of vistaplot analysis from wgVISTA web software
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Chapter 4
Result

The results of this thesis are provided corresponding to three study phases

4.1 Sample collection from dogs and cats in animal hospitals in Bangkok and
the vicinities

In this thesis, we collected rectal swab samples from dogs and cats from 8
animal hospitals in Bangkok (n=5) and Nonthaburi (n=3). In total 572 rectal swab
samples were included in this study. Five animal hospitals in Bangkok located in
Huai-Khwang district, Bang-Kho-Laem district, Taling-Chan district, Lak-Si district, and
Yan-Nawa district. Three animal hospitals in Nonthaburi were located in Mueang
Nonthaburi district (Table 5).

By province, out of 572 samples, 193 and 192 rectal swab samples were
collected from dogs and cats from animal hospitals in Bangkok, respectively. While
97 and 90 rectal swab samples were collected from dogs and cats from animal
hospitals in Nonthaburi, respectively (Table 5 and Figure 20).

By year, rectal swab samples of dogs (n=290), 108 samples were collected in
2020, and 182 samples were collected in 2021. For rectal swab samples of cats, 105
samples were collected in 2020, and 177 samples were collected in 2021. The
description of rectal swab samples by month/year is shown in Table 6 and Figure 21.

By age of animals, we have categorized dogs and cats into 5 age groups
according to life stage of the animals including 1) puppy and kitten stage (<6
months), 2) junior life stage (6-<12 months), 3) adult life stage (1-<6 years), 4) mature
life stage (6-<10 years), and 5) senior life stage (=10 years) (Vost et al.,, 2010; Bartges
et al,, 2012). For puppy and kitten stage (first born to less than 6 months), 64 dog
and 59 cat samples were included in this study. For junior life stage (6 months to
less than 12 months), there were 22 dogs and 45 cats. For adult life stage (1 year to
less than 6 years), there were 63 dogs and 83 cats. For mature life stage (6 years to

less than 10 years), there were 35 dogs and 15 cats. For senior life stage (10 years or
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more), there were 49 dogs and 15 cats. It is noted that, there were some dogs (n=57)
and cats (n=65) with uncertain specific age, mostly the adopted dogs or cats (Table 7
and Figure 22).

By sex of animals, the rectal swab samples were collected from 160 male
and 101 female dogs, as well as 140 male and 130 female cats. There were 29 dogs,

and 12 cats did not have the information of sex (Table 8 and Figure 23).

Table 5: Description of rectal swab samples collected by district and province

Species Province Total

Bangkok Nonthaburi

Huai-Khwang Bang-Kho-Laem Taling-Chan Lak-Si  Yan-Nawa

Canine 105 27 19 39 3 971 290
Feline 141 9 8 16 18 90 282
250
200
150
100

” ]

0

Bangkok Nonthaburi

Bl Canine @ Feline

Figure 20: Bar charts of rectal swab samples collected by province
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Table 6: Description of rectal swab samples collected by month

Species 2020 2021 Total

Jan Feb Mar Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

Canine 16 1 4 12 14 6 20 7 28 12 0 45 39 34 52 290

Feline 0 8 8 5 14 17 22 12 19 18 4 45 36 33 41 282

60
50

40

30
20
Taanidlali
A aakidlidil

Jan Feb Mar Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
2020 2021

Hl Canine g Feline

Figure 21: Bar charts of rectal swab samples collected by month
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Table 7: Description of rectal swab samples collected by age

Species Age Total

Puppy/Kitten Junior Adult Mature Senior  NA
0-<6mths 6-<12mths 1-<6yrs 6-<10yrs = 10yrs

Canine 64 22 63 35 49 57 290
Feline 59 45 83 15 15 65 282
100

80

60
40
0 ] ]

0-<6mths 6-<12mths 1-<6yrs 6-<10yrs > 10yrs

Bl Canine | Feline

Figure 22: Bar charts of rectal swab samples collected by age



Table 8: Description of rectal swab samples collected by sex

Species Sex Total
Male Female NA
Canine 160 101 29 290
Feline 140 130 12 282
200
150
100
) I
. -
Male Female NA

Hl Canine g Feline

Figure 23: Bar charts of rectal swab samples collected by sex
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4.2 Identification of RVA in dogs and cats by specific RT-PCR assay

In this thesis, we tested 572 rectal swab samples from dogs and cats. Our
result showed that 11 out of 572 rectal swab samples (1.92%) collected from dogs
and cats were positive for RVA. In detail, by species of animals, 8 out of 290 (2.75%)
rectal swab samples from dogs were positive of canine rotavirus A (CRVA), and 3 out
of 282 (1.06%) rectal swab samples from cats were found positive of feline rotavirus
A (FRVA).

By year, from 8 dogs positive of CRVA, 5 dogs were sampled in year 2020 (2 in
January and 3 in July 2020), while 3 dogs positive of CRVA were sampled in 2021
(June 2021). For 3 cats positive of FRVA, all cats were sampled in 2020 (1 in February,
1 in July, and 1 in October). By age of animals, 5 dogs were less than 6 months, and
3 dogs were more than 10 years old, while 2 cats were 1 and 3 years of age and 1
cat was less than 6 months. For sex of animals, 6 dogs were male and 2 were
female, while all 3 cats were male.

It is noted that most positive samples were collected from animal hospitals
in Bangkok, except only 1 dog sample was collected from animal hospital in
Nonthaburi province. The detail of dogs and cats that positive for RVA are shown in

Table 9.

Table 9: Dogs and cats positive of RVA

ID Collected date Species Age Sex Province
Rv24998 1/2020 Dog 2 mths Male Bangkok
Rv25012 1/2020 Dog 3 mths Male Bangkok
Rv25045 2/2020 Cat 3 mths Male Bangkok
RV25132 7/2020 Cat 3 yrs Male Bangkok
DC25167 7/2020 Dog 3 mths Female Bangkok
DC25170 7/2020 Dog 3 mths Male Bangkok
DC25171 7/2020 Dog 3 mths Male Bangkok
Rv25420 10/2020 Cat 1yr Male Bangkok
Cv27279 6/2021 Dog 14 yrs Male Nonthaburi
CVv27286 6/2021 Dog 15 yrs Male Bangkok

Cv27287 6/2021 Dog 10 yrs Female Bangkok
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4.3 Genetic characterization and genetic diversity of RVA in dogs and cats
4.3.1 Whole genome sequencing of RVA

In this thesis, from 11 positive RVA samples, 3 RNA samples including
RV25012, RV25045, and DC25170 were subjected to whole genome sequencing (all
11 genes of RVA). Two RNA samples (RV25012 and DC25170) were collected from
dogs in January 2020 and July 2020, while 1 RNA sample (RvV25045) was collected
from cat in February 2020. All 3 RNA samples were collected from male dogs and cat
with 3 months of age, in Bangkok. Detail of these 3 RNA samples are shown in Table
10.

Newly designed primer sets were used for amplification of these 3 RNA
samples for whole genome sequencing. The primers were designed using Primer 3
plus program. The primer sequences, size of amplified products, and PCR condition
of each primer are present in Table 11 and 12.

From 3 RNA samples including RV25012 and DC25170 from dogs, and
RV25045 from cat, we had accomplished the whole genome sequences of almost all
samples, except VP1 gene of DC25170. The product size of each segment were
3300bp for VP1, 2700bp for VP2, 2581bp for VVP3, 2300bp for VP4, 1350bp for VP6,
1036bp for VP7, 1500bp for NSP1, 1021bp for NSP2, 1100bp for NSP3, 750bp for
NSP4, and 780bp for NSP5.

Table 10: Description of viruses subjected to whole genome sequencing

ID Collected date Species Age Sex Province
RV25012 1/2020 Dog 3 mths Male Bangkok
Rv25045 2/2020 Cat 3 mths Male Bangkok

DC25170 7/2020 Dog 3 mths Male Bangkok
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4.3.2 Genetic diversity of RVA by genotyping of rotavirus A viruses

Genotyping of rotavirus A viruses in this study by Virus pathogen resource
(VIPR) web software showed that all 3 viruses (RV25012, RvV25045, DC25170) were
classified into genotype G3P[3] according to the analysis of VP7 and VP4 gene
sequences. Based on the classification of all 11 genes (VP7-VP4-VP6-VP1-VP2-VP3-
NSP1-NSP2-NSP3-NSP4-NSP5), our results showed that 2 viruses from dogs (RV25012,
DC25170) were classified into genotype G3-P[3]-13-R3-C3-M3-A9-N2-T3-E3-H6 which
are the same as previous report in Thailand (Charoenkul et al., 2020). On the other
hand, the virus from cat (RV25045) was classified into genotype G3-P[3]-18-R3-C3-M3-
A9-N3-T3-E3-H6 which never been reported in Thailand before. Moreover, according
to the report from all over the world, the genotype 18 of VP6 gene has never been
reported in cats before

(Table 13 shows genotypes of RVA based on whole genome sequence analysis).
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4.3.3 Genetic diversity of RVA by phylogenetic analysis

Phylogenetic analysis of RVA was performed by the comparison of each gene
segments of the RVAs from this study with those of reference RVAs in the GenBank
databases. The reference RVAs were selected including the viruses from different
species, different geographic regions, and different time of isolation.

For phylogenetic analysis of VP7 gene, 2 viruses from dogs in this study
(RV25012 and DC25170) were closely related to RVA viruses from dogs in Thailand
previously reported in 2017 and 2019 (Charoenkul et al.,, 2020). The viruses were
clustered together with almost other reference RVA strain of dogs, which are the
genotype G3, subcluster b2. It is interesting to noted that there are some human’s
RVA belonged to subcluster b2, for example strain 12638 reported in Japan which
was closely related to dog’s RVA viruses in this study (Okitsu et al., 2018). Another
example, human’s RVA strain HCR3A found in USA and strain Ro1845 found in Israel
were belong to subcluster b2 (Tsugawa and Hoshino, 2008). On the other hands, the
virus from cat in this study (RV25045) clustered with the viruses of subcluster bl
which clustering together with many bat and human RVA strains. Our analysis showed
that cat RVA strain FRV348 (Nakagomi et al,, 2018) and dog RVA strain RV52-96
(Matthijnssens et al., 2011b) were also clustered in this subcluster b1. It is interesting
to noted that RV25045 was the most closely related to human’s virus strain CMH222
and CMHO079 found in Chiangmai province, Thailand in 2001 (Khamrin et al., 2006)
and 2005 (Khamrin et al.,, 2009), respectively (Figure 24 shows the phylogenetic tree
of VP7 gene).

For phylogenetic of VP4 gene, similar to VP7 gene, 2 viruses from dogs in this
study (RV25012 and DC25170) were closely related to dog’s RVA viruses from
previous report in Thailand (Charoenkul et al., 2020), and clustered together with
other reference RVA strains from dogs, as well as bat’s RVA strain LUS12-14 found in
Zambia (Sasaki et al., 2016). While virus from cat in this study (RV25045) was closely
related to human’s virus strain CMH222 reported in Chiangmai province, Thailand in
2001 (Khamrin et al., 2006) and bat’s RVA strain MSLH14 and LZHP2 in China (He et
al., 2013) (He et al,, 2017) (Figure 25 shows the phylogenetic tree of VP4 gene).
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For phylogenetic analysis of VP6 gene, 2 viruses from dogs in this study
(RV25012 and DC25170) were closely related to human’s RVA strain 12638 reported
in Japan (Okitsu et al, 2018) and dog’s RVA from previous report in Thailand
(Charoenkul et al., 2020). In this cluster, we also noted that one cat’s RVA strain
FRV348 found in Japan (Nakagomi et al., 2018), unusual human’s RVA strain PA260-97
(Matthijnssens et al.,, 2011b), strain HCR3A and strain Ro1845 (Tsugawa and Hoshino,
2008) were grouped into this cluster. While virus from cat in this study (RV25045) was
closely related to human’s RVA strain CMHO79 (Khamrin et al,, 2009) and recent
human’s RVA strain MS2015-1-0001 found in Tak province, Thailand (Komoto et al,,
2021) as well as bat’s RVA strain MYAS33 from China (Xia et al., 2014). We also found
that another 2 bat’s RVA strain BSTM70 and MSLH14 (He et al, 2013) along with
human’s virus strain CMH222 (Khamrin et al., 2006) were clustered within the same
cluster (18 cluster) (Figure 26 shows the phylogenetic tree of VP6 gene).

For phylogenetic analysis of VP1 gene, virus from dog in this study (RV25012)
was closely related to dog’s RVA from previous report in Thailand (Charoenkul et al,,
2020) and unusual human’s RVA strain 12638 (Okitsu et al., 2018). While virus from
cat in this study (RV25045) was closely related to bat’s RVA strain MYAS33 in China
(Xia et al,, 2014) and human’s RVA strain MS2015-1-0001 (Komoto et al., 2021), as
well as RVA found in simian, USA (Brown et al, 2011) (Figure 27 shows the
phylogenetic tree of VP1 gene).

For phylogenetic analysis of VP2 gene, 2 viruses from dogs in this study
(RV25012 and DC25170) were closely related to dog’s RVA from previous report in
Thailand (Charoenkul et al., 2020), and human’s RVA strain 12638 (Okitsu et al., 2018)
and strain PA260-97 (Matthijnssens et al., 2011b), as well as cat’s virus strain FRV348
(Nakagomi et al., 2018). While virus from cat in this study (RV25045) was closely
related to RVA found in simian, USA (Brown et al, 2011) (Figure 28 shows the
phylogenetic tree of VP2 gene).

For phylogenetic analysis of VP3 gene, 2 viruses from dogs in this study
(RV25012 and DC25170) were closely related to dog’s RVA from previous report in
Thailand (Charoenkul et al., 2020) and bat’s RVA strain LUS12-14 reported in Zambia
(Sasaki et al.,, 2016). While virus from cat in this study (RV25045) was closely related
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to human’s RVA strain MS2015-1-0001 (Komoto et al., 2021), and bat’s RVA found in
China, strain MYAS33 (Xia et al.,, 2014), and strain MSLH14 (He et al., 2013) (Figure 29
shows the phylogenetic tree of VP3 gene).

For phylogenetic analysis of NSP1 gene, 2 viruses from dogs in this study
(RV25012 and DC25170) were closely related to dog’s RVA from previous report in
Thailand (Charoenkul et al., 2020) and human’s RVA strain 12638 reported in Japan
(Okitsu et al., 2018), as well as bat’s RVA strain LUS12-14 reported in Zambia (Sasaki
et al,, 2016). While virus from cat in this study (RV25045) was closely related to bat’s
RVA strain MYAS33 (Xia et al., 2014) and strain MSLH14 (He et al., 2013) from China.
This cat’s virus also clustered with human’s RVA strain MS2015-1-0001 (Komoto et
al,, 2021) and simian’s RVA found in USA (Brown et al., 2011) (Figure 30 shows the
phylogenetic tree of NSP1 gene).

For phylogenetic analysis of NSP2 gene, 2 viruses from dogs in this study
(RV25012 and DC25170) were closely related to dog’s RVA from previous report in
Thailand (Charoenkul et al.,, 2020) and unusual human’s RVA, strain 12638 from
Japan (Okitsu et al., 2018) and strain PA260-97 from Italy (Matthijnssens et al., 2011b),
as well as bat’s RVA strain LUS12-14 from Zambia (Sasaki et al., 2016). While virus
from cat in this study (RV25045) was closely related to human’s RVA strain MS2015-1-
0001 found in Thailand (Komoto et al., 2021) (Figure 31 shows the phylogenetic tree
of NSP2 gene).

For phylogenetic analysis of NSP3 gene, 2 viruses from dogs in this study
(RV25012 and DC25170) were closely related to cat’s reference RVA strain FRV348
(Nakagomi et al., 2018) and dog’s RVA from previous report in Thailand (Charoenkul
et al.,, 2020) and bat’s RVA strain LUS12-14 from Zambia (Sasaki et al., 2016), as well
as human’s RVA strain 12638 (Okitsu et al., 2018). While virus from cat in this study
(RvV25045) was closely related to bat’s RVA strain MYAS333 (Xia et al,, 2014) and
strain LZHP2 (He et al., 2017) as well as simian’s RVA found in USA (Brown et al.,
2011) (Figure 32 shows the phylogenetic tree of NSP3 gene).

For phylogenetic analysis of NSP4 gene, 2 viruses from dogs in this study
(RV25012 and DC25170) were closely related to dog’s RVA from previous report in
Thailand (Charoenkul et al., 2020) and cat’s reference RVA strain FRV348 (Nakagomi
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et al,, 2018), as well as unusual human’s RVA strain PA260-97 (Matthijnssens et al,,
2011b) and strain 12638 (Okitsu et al.,, 2018). While virus from cat in this study
(RV25045) was closely related to human’s RVA strain MS2015-1-0001 (Komoto et al,,
2021) and bat’s RVA strain MSLH14 (He et al, 2013) (Figure 33 shows the
phylogenetic tree of NSP4 gene).

For phylogenetic analysis of NSP5 gene, 2 viruses from dogs in this study
(RV25012 and DC25170) were closely related to dog’s RVA from previous report in
Thailand (Charoenkul et al., 2020) and human’s RVA strain 12638 (Okitsu et al., 2018).
While virus from cat in this study was closely related to bat’s RVA strain MSLH14 (He
et al,, 2013) and human’s RVA strain MS2015-1-0001 (Komoto et al., 2021) as well as
bat’s RVA strain MYAS33 (Xia et al., 2014) and strain LZHP2 (He et al., 2017) (Figure 34
shows the phylogenetic tree of NSP5 gene).

In conclusion, our phylogenetic analysis showed that genetic composition of
2 RVA from dogs in this study (RV25012 and DC25170) had closest genetic
relationship with RVA in dogs from the previous report in Thailand (Charoenkul et al.,
2020) at 9 gene segment (VP1, VP2, VP3, VP4, VP7, NSP1, NSP2, NSP4, NSP5),
excepting in VP6 gene that had closest genetic relationship with human’s RVA strain
12638 found in Japan (Okitsu et al., 2018) and NSP3 gene segment that had closest
genetic relationship with cat’s reference RVA strain FRV348 (Nakagomi et al.,, 2018).
While genetic composition (VP7 and VP4 genes) of RVA from cat in this study
(RV25045) had closest genetic relationship with human’s RVA strain CMH222 found in
Chiangmai province, Thailand, in 2001 (Khamrin et al., 2006) and VP7 and VP6 genes
had closest genetic relationship with human’s RVA strain CMH079 found in Chiangmai
province, Thailand, in 2005 (Khamrin et al., 2009). Moreover VP3, NSP2, and NSP4
gene of cat’s RVA in this study had closest genetic relationship with human’s RVA
strain MS2015-1-0001 found in Tak province, Thailand (Komoto et al, 2021).
Interestingly, some gene of cat’s RVA in this study also had close genetic relationship
with bat’s RVA from China, including strain MYAS33 (VP1, NSP1, and NSP3) (Xia et al.,
2014), strain MSLH14 (VP6, VP3, and NSP4) (He et al., 2013), strain LZHP2 (VP4, NSP3,
and NSP4 genes) (He et al,, 2017) as well as strain BSTM70 (VP6) (He et al., 2013).
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Moreover, VP2 gene (and VP1, NSP1, and NSP3 genes) of cat’s RVA in this study was
closely related to simian’s RVA from USA (Brown et al., 2011).
The summarize of RVA strains closest related to viruses in this study in each

segment showed in Table 14 for dog and Table 15 for cat.
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Figure 24: Phylogenetic tree of VP7 gene
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Figure 25: Phylogenetic tree of VP4 gene
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Figure 26: Phylogenetic tree of VP6 gene
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Figure 28: Phylogenetic tree of VP2 gene
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Figure 29: Phylogenetic tree of VP3 gene
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Figure 30: Phylogenetic tree of NSP1 gene
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Figure 31: Phylogenetic tree of NSP2 gene
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Figure 32: Phylogenetic tree of NSP3 gene
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Figure 33: Phylogenetic tree of NSP4 gene
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Figure 34: Phylogenetic tree of NSP5 gene
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Table 14: Summarize of RVA strains closest related to dog’s virus in this study

(RV25012, DC25170) by BLASTN analysis

59

Gene Strain Species Year Country
VP7 RVA/Dog/THA/CU132/2017/G3P[3] Dog 2017 THA
VP4 RVA/Dog/THA/CU132/2017/G3P[3] Dog 2017 THA
VP6 RVA/Human-wt/JPN/12638/2014/G3P[3] Human 2014 JPN
VP1 RVA/Dog/THA/CU132/2017/G3P[3] Dog 2017 THA
VP2 RVA/Dog/THA/CU132/2017/G3P[3] Dog 2017 THA
VP3 RVA/Dog/THA/CU132/2017/G3P[3] Dog 2017 THA
NSP1 RVA/Dog/THA/CU132/2017/G3P[3] Dog 2017 THA
NSP2 RVA/Dog/THA/CU132/2017/G3P[3] Dog 2017 THA
NSP3 RVA/Cat/JPN/FRV348/1994/G3P[3] Cat 1994 JPN
NSP4 RVA/Dog/THA/CU132/2017/G3P[3] Dog 2017 THA
NSP5 RVA/Dog/THA/CU132/2017/G3P[3] Dog 2017 THA

Table 15: Summarize of RVA strains closest related to cat’s virus in this study

(RV25045) by BLASTn analysis

Gene Strain Species Year Country
VPT RVA/Human-wt/THA/CMH222/2001/G3P[3] Human 2001 THA
RVA/Human-wt/THA/CMHO079/2005/G3P[10] Human 2005 THA
VP4 RVA/Human-wt/THA/CMH222/2001/G3P[3] Human 2001 THA
VP6 RVA/Human-wt/THA/CMHO079/2005/G3P[10] Human 2005 THA
VP1 RVA/Bat-wt/CHN/MYAS33/2012/G3P[3] Bat 2013 CHN
VP2 RVA/Rhesus-tc/USA/TUCH/2002/G3P24 Simian 2002 USA
VP3 RVA/Human-wt/THA/MS2015-1-0001/G3P10 Human 2015 THA
NSP1 RVA/Bat-wt/CHN/MYAS33/2012/G3P[3] Bat 2013 CHN
NSP2 RVA/Human-wt/THA/MS2015-1-0001/G3P10 Human 2015 THA
NSP3 RVA/Bat-wt/CHN/MYAS33/2012/G3P[3] Bat 2013 CHN
NSP4 RVA/Human-wt/THA/MS2015-1-0001/G3P10 Human 2015 THA
NSP5 RVA/Bat-wt/CHN/MSLH14/2012/G3P[3] Bat 2012 CHN
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4.3.4 Genetic diversity of RVA by nucleotide and amino acid identities

Nucleotide and amino acid identities of RVA was performed by the
comparison of each gene segments of the RVA in this study with those of closely
related strains, as well as some other reference RVA strains with similar genotype
from the GenBank databases. For dog’s RVA, RV25012 was selected as the
representative of this study to compare with other strains. For cat, Rv25045 was the
representative of cat’s RVA in this study. The percentage of nucleotide (nt) and
amino acid (aa) identities between RVA in this study and those reference strains are
showed in Table 16 and Table 17 for dog, and Table 18 and Table 19 for cat.

For nucleotide and amino acid identities of VP7 gene, dog’s RVA in this study
(RV25012) had closest nucleotide identity with dog’s RVA strain CU132 from previous
reported in Thailand, 2017 (Charoenkul et al., 2020) and human’s RVA strain 12638
found in Japan, 2014 (Okitsu et al., 2018), which were 98.26%, 98.56% (nt identities),
respectively, and 99.38% and 99.38% (aa identities). Almost other dog’s reference
RVA strains also had close identity with dog’s virus in this study, which approximately
around 93-95% (nt), and 98% (aa). It is noted that there were other 2 unusual
human’s RVA that had close identity with dog’s RVA in this study, which were strain
HCR3A found in USA and strain Ro1845 found in Israel (Tsugawa and Hoshino, 2008),
which were 94.97%, 94.26% (nt) and 99.07%, 98.75% (aa), respectively. On the other
hands, the virus from cat in this study (RV25045) had closest identity with human’s
RVA strain CMHO079 found in Chiangmai province, Thailand, 2005 (Khamrin et al,,
2009), with 97.23% (nt) and 99.07% (aa).

For nucleotide and amino acid identities of VP4 gene, dog’s RVA in this study
(RV25012) had closest identity with dog’s RVA strain CU132 from previous reported in
Thailand, 2017 (Charoenkul et al., 2020), which was 98.37% (nt) and 99.09% (aa). It is
noted that, there were other 2 RVA strains that had close identity with dog’s RVA in
this study, which were bat’s RVA strain LUS12-14 found in Zambia (Sasaki et al., 2016)
and cat’s RVA strain FRV348 found in Japan (Nakagomi et al., 2018), with 97.51%,
97.16% (nt) and 98.43%, 97.76% (aa), respectively. While virus from cat in this study
(RV25045) had closest identity with human’s virus strain CMH222 reported in
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Chiangmai province, Thailand in 2001 (Khamrin et al,, 2006) and bat’s RVA strain
MSLH14 in China (He et al., 2013), with 87.66%, 87.61% (nt) and 95.79%, 97.60% (aa),
respectively.

For nucleotide and amino acid identities of VP6 gene, dog’s RVA in this study
(RV25012) had closest identity with dog’s RVA strain CU23379 from previous report in
Thailand (Charoenkul et al., 2020) and human’s RVA strain 12638 reported in Japan
(Okitsu et al., 2018), with 99.05% and 99.05% (nt), and 99.48% and 99.48% (aa). It is
noted that there were some others RVA strain that had close identity with dog’s RVA
in this study, which were one cat’s RVA strain FRV348 found in Japan (Nakagomi et
al,, 2018), two dog’s RVA strain RV198-95 and strain RV52-96, as well as unusual
human’s RVA strain PA260-97 (Matthijnssens et al,, 2011b), with approximately
around 96% (nt), and 98-99% (aa). While virus from cat in this study (RV25045) had
closest identity with bat’s RVA strain MYAS33 from China (Xia et al.,, 2014), with
95.84% (nt) and 100% (aa). It is noted that there were other 2 human’s RVA reported
in Thailand that had close identity with cat’s RVA in this study, which were strain
CMHO079, with 94.89% (nt) and 98.95% (aa), and strain MS2015-1-0001, with 93.47%
(nt) and 100% (aa).

For nucleotide and amino acid identities of VP1 gene, dog’s RVA in this study
(RV25012) had closest identity with dog’s RVA strain CU132 from previous report in
Thailand (Charoenkul et al., 2020), with 98.72% (nt) and 99.45% (aa). It also had close
identity with unusual human’s RVA strain 12638 (Okitsu et al., 2018), with 98.05% (nt)
and 99.63% (aa). While virus from cat in this study (RvV25045) had closest identity
with simian’s RVA reported in USA (Brown et al., 2011), with 93.17% (nt) and 97.84%
(aa). It also had close identity with bat’s RVA strain MYAS33 in China (Xia et al., 2014),
with 93.02% (nt) and 98.10% (aa), as well as human’s RVA strain MS2015-1-0001
(Komoto et al., 2021), with 92.10% (nt) and 98.13% (aa).

For nucleotide and amino acid identities of VP2 gene, dog’s RVA in this study
(RV25012) had closest identity with dog’s RVA strain CU132 and CU23379 from
previous report in Thailand (Charoenkul et al.,, 2020), with 98.75%, 98.28% (nt) and
99.65%, 99.88% (aa), respectively. It is noted that it also had close identity with
human’s RVA strain 12638 (Okitsu et al., 2018) with 97.07% (nt) and 99.76% (aa), and
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strain PA260-97 (Matthijnssens et al., 2011b) with 95.08% (nt) and 99.53% (aa), as well
as cat’s virus strain FRV348 (Nakagomi et al., 2018) with 96.21% (nt) and 99.65% (aa).
While virus from cat in this study (RV25045) had closest identity with simian’s RVA
reported in USA (Brown et al., 2011) with 92.83% (nt) and 98.63% (aa).

For nucleotide and amino acid identities of VP3 gene, dog’s RVA in this study
(RV25012) had closest identity with dog’s RVA strain CU132 and CU23379 from
previous report in Thailand (Charoenkul et al.,, 2020), with 98.68%, 98.37% (nt) and
99.03%, 99.28% (aa), respectively. It is noted that one bat’s RVA strain LUS12-14
reported in Zambia (Sasaki et al., 2016) also had close identity with dog’s RVA in this
study, with 98.52% (nt) and 99.03% (aa). While virus from cat in this study (RV25045)
had closest identity with human’s RVA strain MS2015-1-0001 (Komoto et al., 2021),
with 94.06% (nt) and 97.07% (aa). It is noted that two bat’s RVA from China, which
were strain MYAS33 (Xia et al., 2014) and strain MSLH14 (He et al., 2013) also had
close identity with cat’s RVA in this study, with 92.03%, 92.07% (nt) and 96.40%,
96.66% (aa), respectively.

For nucleotide and amino acid identities of NSP1 gene, dog’s RVA in this
study (RV25012) had closest identity with dog’s RVA strain CU132 from previous
report in Thailand (Charoenkul et al., 2020), with 98.57% (nt) and 99.38% (aa). It also
had close identity with human’s RVA strain 12638 reported in Japan (Okitsu et al,,
2018), as well as bat’s RVA strain LUS12-14 reported in Zambia (Sasaki et al., 2016),
with 98.23%, 98.16% (nt) and 98.54%, 98.75% (aa), respectively. While virus from cat
in this study (RV25045) had closest identity with bat’s RVA strain MYAS33 from China
(Xia et al., 2014), with 94.04% (nt) and 90.24% (aa). It also had close identity with
bat’s RVA strain MSLH14 from China (He et al., 2013), with 92.38% (nt) and 88.59%
(aa).

For nucleotide and amino acid identities of NSP2 gene, dog’s RVA in this
study (RV25012) had closest identity with dog’s RVA strain CU132 from previous
report in Thailand (Charoenkul et al., 2020), with 98.32% (nt) and 99.37% (aa). It also
had close identity with two unusual human’s RVA strain 12638 from Japan (Okitsu et
al,, 2018) and strain PA260-97 from ltaly (Matthijnssens et al., 2011b) with 97.48%,
97.17% (nt) and 98.40%, 99.04% (aa), respectively, as well as bat’s RVA strain LUS12-
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14 from Zambia (Sasaki et al., 2016) with 97.90% (nt) and 98.40% (aa). While virus
from cat in this study (RV25045) had closest identity with human’s RVA strain
MS2015-1-0001 found in Thailand (Komoto et al., 2021) with 92.66% (nt) and 99.04%
(aa).

For nucleotide and amino acid identities of NSP3 gene, interestingly, dog’s
RVA in this study (RV25012) had closest identity with cat’s reference RVA strain
FRV348 found in Japan, 1994 (Nakagomi et al., 2018) with 95.65% (nt) and 98.05%
(aa). While virus from cat in this study (RV25045) had closest identity with bat’s RVA
strain MYAS333 found in China (Xia et al., 2014) with 96.07% (nt) and 97.38% (aa).

For nucleotide and amino acid identities of NSP4 gene, dog’s RVA in this
study (RV25012) had closest identity with dog’s RVA strain CU132 from previous
report in Thailand (Charoenkul et al., 2020), with 99.05% (nt) and 98.84% (aa). It also
had close identity with two unusual human’s RVA strain 12638 from Japan (Okitsu et
al,, 2018) and strain PA260-97 from Italy (Matthijnssens et al., 2011b) with 97.16%,
97.73% (nt), respectively, and 98.84% equally (aa), as well as cat’s reference RVA
strain FRV348 (Nakagomi et al., 2018) with 97.73% (nt) and 97.66% (aa). While virus
from cat in this study (RV25045) had closest identity with human’s RVA strain
MS2015-1-0001 (Komoto et al., 2021) with 98.11% (nt) and 98.84% (aa). It also had
close identity with bat’s RVA strain MSLH14 (He et al., 2013) with 94.32% (nt) and
98.26% (aa).

For nucleotide and amino acid identities of NSP5 gene, dog’s RVA in this
study (RV25012) had closest identity with dog’s RVA strain CU132 and CU23379 from
previous report in Thailand (Charoenkul et al., 2020), with 99.50%, 99.33% (nt) and
98.98%, 98.98% (aa), respectively. It also had close identity with human’s RVA strain
12638 found in Japan (Okitsu et al., 2018) with 98.16% (nt) and 98.46% (aa). While
virus from cat in this study (RV25045) had closest identity with human’s RVA strain
MS2015-1-0001 (Komoto et al., 2021) and bat’s RVA strain MYAS33 (Xia et al,, 2014)
with 96.82% (nt) and 98.46% (aa), equally. It also had close identity with bat’s RVA
strain MSLH14 (He et al., 2013) with 96.15% (nt) and 97.94% (aa).

In conclusion, the pairwise comparison of nucleotide and amino acid identity

showed that, dog’s RVA in this study (RV25012) had closest identity with dog’s RVA
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from the previous report in Thailand (Charoenkul et al., 2020) in 10 gene segments
(VP1, VP2, VP3, VP4, VP6, VP7, NSP1, NSP2, NSP4, NSP5), but in VP7 and VP6 gene
also closest to human’s RVA strain 12638 found in Japan (Okitsu et al., 2018).
Interestingly, the only exception was NSP3 gene that had closest identity with cat’s
reference RVA strain FRV348 (Nakagomi et al., 2018). On the other hands, cat’s RVA in
this study had closest identity with human’s RVA strain CMHO79 (Khamrin et al,,
2009) in VP7 gene, and strain CMH222 (Khamrin et al., 2006) in VP4 gene, as well as
strain MS2015-1-0001 (Komoto et al.,, 2021) in VP3, NSP2, NSP4, NSP5 genes, these
human’s RVA were all found in Thailand. There were bat’s RVA found in China that
had closest identity with cat’s RVA in this study, which were strain MSLH14 (He et al,,
2013) in VP4 gene, and strain MYAS33 (Xia et al.,, 2014) in VP6, NSP1, NSP3, NSP5
gene. In VP1 and VP2 gene, cat’s RVA in this study had closest identity with simian’s
RVA reported in USA (Brown et al., 2011).
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4.3.5 Genetic diversity of RVA based on genetic constellation analysis

From genotyping of each gene segment of RVA, the combination of 11
genotypes from each gene segment were analyzed and called as genetic
constellation. The genetic constellation of RVA in this study were compared with
closely related strains from phylogenetic analysis, as well as some other important
reference strains.

The result showed that, 2 viruses from dogs in this study (RV25012 and
DC25170) which had the G3-P[3]-13-R3-C3-M3-A9-N2-T3-E3-H6 genotype, were in the
same genetic constellation as dog’s RVA from previous reported in Thailand, in 2017
and 2019 (Charoenkul et al., 2020). From our knowledge, this genetic constellation
has never been reported in dogs in other countries before. Interestingly, there was a
reported of one human’s RVA that belonged in this genetic constellation, which was
strain 12638 found in Japan (Okitsu et al., 2018).

On the other hands, virus from cat in this study (RV25045) which had the G3-
P[3]-18-R3-C3-M3-A9-N3-T3-E3-H6 ~ genotype, to our knowledge, this genetic
constellation has never been reported in cat before, but had been found in bat’s
RVA, strain MSLH14 reported in China (He et al., 2013). The genetic constellation of

RVA in this study and reference strains are showed in Table 20.
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4.3.6 Genetic diversity of RVA by reassortment analysis

The vistaplot and bootscan analysis were done to detect the reassortment
events of RVAs in this study. The reassortment events were detected by the
breakpoint (the point of which 2 sequences were exchanged) and high percentage of
permuted trees (Y-Axis) from bootscan analysis.

In dogs, RV25012 was selected as the representative of dog’s RVA in this
study to use as query sequence to do the analysis. Three other closely related RVA
strains were included in the analysis, including dog’s RVA strain CU132 from previous
report in Thailand (Charoenkul et al,, 2020), human’s RVA strain 12638 found in
Japan (Okitsu et al.,, 2018), and cat’s reference RVA strain FRV348 (Nakagomi et al,,
2018).

The result from vistaplot analysis showed that dog’s RVA strain CU132
(Charoenkul et al.,, 2020) had high similarity with dog’s virus in this study (RV25012)
along the concatenated sequence, except the NSP3 gene part. Moreover, human’s
RVA strain 12638 (Okitsu et al,, 2018) had high similarity with RV25012 in VP6 gene
and also in some part of VP7, VP1, VP2, NSP1, and NSP5 gene. While cat’s reference
RVA strain FRV348 (Nakagomi et al., 2018) had high similarity with RV25012 in some
part of VP4, VP6, VP3 and NSP4 gene. It is noted that in NSP3 gene, FRV348 had the
highest similarity with RV25012, among these 3 closely related strains. The vistaplot
analysis of dog’s RVA in this study (RV25012) showed in Figure 35. For bootscan
analysis, the result showed that there was the possibility of reassortment events of
dog’s RVA in this study from these 3 closely related RVA strains. The analysis showed
6 obvious breakpoints between VP7-VP4, VP4-VP6, VP6-VP1, VP3-NSP1, NSP2-NSP3,
and NSP4-NSP5. The RVA strains with high percentage of permuted trees may
indicated the reassortment events from that strain in that segment of the virus. The
result might be concluded that 4 gene segments which included VP4, VP2, VP3, NSP5
were reassorted from dog’s RVA strain CU132, one gene segment from human’s RVA
strain 12638, which was VP6, and 2 gene segments might be from cat’s reference RVA
strain FRV348, which were NSP3 and NSP4. It is noted that in VP7, VP1, NSP1, and
NSP2 gene, the bootscan analysis showed the inconclusive pattern which might

result from the reassortment of other strains of RVA or recombinant events from
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many RVA strains in this gene segments. The bootscan analysis of dog’s RVA in this
study (RV25012) showed in Figure 36.

In cats, RV25045 was use as query sequence to do the analysis. Four closely
related RVA strains were selected to include in the analysis, including 2 bat’s RVAs
from China, strain MSLH14 (He et al., 2013), and strain MYAS33 (Xia et al.,, 2014), one
from human’s RVA strain MS2015-1-0001 found in Thailand (Komoto et al., 2021), and
one simian’s RVA strain TUCH reported in USA (Brown et al., 2011).

The result from vistaplot analysis showed that none of these 4 RVAs strains
had high similarity with cat’s RVA in this study (RV25045) along the concatenated
sequence. However, bat’s RVA strain MYAS33 (Xia et al.,, 2014) had high similarity with
cat’s RVA in this study in VP6, and some part of NSP3 and NSP4 gene. Moreover,
human’s RVA strain MS2015-1-0001 (Komoto et al., 2021) also had high similarity with
RV25045 in some part of VP3, NSP4, and NSP5 gene. While virus from simian strain
TUCH (Brown et al., 2011) had high similarity with RvV25045 in some part of VP2 gene.
It is also noted that bat’s RVA strain MSLH14 (He et al, 2013) had the highest
similarity with RV25045 in VP4 gene, among these 4 closely related strains. The
vistaplot analysis of cat’s RVA in this study (RV25045) showed in Figure 37. For
bootscan analysis, the result showed that there was the possibility of reassortment
events of cat’s RVA in this study from these 4 closely related RVA strains. The
analysis showed 8 obvious breakpoints between VP7-VP4, VP4-VP6, VP1-VP2, VP2-
VP3, VP3-NSP1, NSP1-NSP2, NSP2-NSP3, and NSP3-NSP4. The RVA strains with high
percentage of permuted trees may indicated the reassortment events from that
strain in that segment of the virus. The result might be concluded that VP4 was the
reassortment of bat’s RVA strain MSLH14, 2 gene were reassorted from another bat’s
virus strain MYAS33, which were VP6 and NSP3 gene. While VP3 and NSP4 gene were
reassorted from human’s virus strain MS2015-1-0001, the last was VP2 gene, which
was the reassortment of simian’s virus strain TUCH (Brown et al,, 2011). It is noted
that in VP7, VP1, NSP1, NSP2, and NSP5 gene, the bootscan analysis showed the
inconclusive pattern which might result from the reassortment of other strains of RVA
or recombinant events from many RVA strains in this gene segments.

The bootscan analysis of cat’s RVA in this study (RV25045) showed in Figure 38.
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Chapter 5

Discussion

5.1 Occurrence of RVA in dogs and cats in Bangkok and vicinity.

In this study, from 572 rectal swab samples from dogs and cats, the
occurrence of rotavirus A (RVA) was 1.92% (11/572). By species, we found 2.75%
(8/290) occurrence of canine rotavirus A (CRVA) in dogs which was higher than the
occurrence in the previous study in Thailand which was only 0.7% (5/710)
(Charoenkul et al., 2020). However, the occurrence of CRVA in dogs in this study was
lower than those in other studies in other countries, which were 39.7% (31/78) in
Germany (Otto et al., 2015), 16.33% (16/98) in Iran (Mosallanejad et al., 2015), 40%
(18/45) in Mexico (Ortega et al., 2017) and 8.2% (15/184) in Brazil (Alves et al., 2018).
In cats, we found only 1.06% (3/282) occurrence of feline rotavirus A (FRVA), which
was lower than the occurrence in other studies, which were 50% (23/46) in Germany
(Otto et al,, 2015) and 3% (57/1727) in United Kingdom (German et al., 2015). To the
best of our knowledge, this thesis is the first to report FRVA in Thailand.

By age of animals, according to life stage of dogs and cats, we found 4.88%
(6/123) occurrence of rotavirus A in puppy and kitten. In dogs, we found occurrence
of CRVA in only two life stage, which were 7.81% (5/64) in puppy life stage, and
6.12% (3/49) in senior life stage. While in cats, there were 1.69% (1/59) and 2.41%
(2/83) occurrence of FRVA in kitten and adult life stage, respectively. In detail, there
were 54.55% (6/11) of animals age less than 6 months (puppy/kitten life stage).
Moreover, 62.5% (5/8) of dogs with positive CRVA were ages less than 6 months
(puppy life stage), which were the same as other studies that most positive animal
were the young age animals (Mosallanejad et al.,, 2015; Charoenkul et al., 2020). This
result speculated that age is one of the risk factors affecting the occurrence of RVA in
dogs but should be confirm by statistical analysis, while in cats the result is still

inconclusive.
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5.2 Genetic diversity of RVA in dogs and cats
5.2.1 Genotype of RVA in dogs and cats

For genotyping of RVA in this study, 2 viruses from dogs (RV25012, DC25170)
were identified as genotype G3P[3], which are the same RVA genotype as previous
study in Thailand (Charoenkul et al.,, 2020). Our result supported the additional
evidence that G3P[3] is the predominant genotype circulating in dogs in Thailand
which similar to RVA genotype in dogs worldwide (Tsugawa and Hoshino, 2008;
Martella et al., 2010; Matthijnssens et al., 2011b; Doro et al., 2015; Mihalov-Kovacs et
al,, 2015). It is noted that, the G3P[3] genotype still the only genotype ever reported
in dogs. For genotyping of RVA in cats, the virus (RV25045) was classified as genotype
G3P[3], which is the first report of feline rotavirus A (FRVA) in Thailand. Notably, the
FRVA genotype G3P[3] had been reported in cats worldwide (Martella et al,, 2011;
German et al., 2015; Nakagomi et al., 2018). Apart from FRVA genotype G3P[3] in cats,
there were other genotypes ever reported in cats e.g. G3P[9] (Martella et al.,, 2011,
Nakagomi et al.,, 2018), and G6P[9] (German et al.,, 2015). The RVA genotype G3P[3]
also had been found in other animal species such as strain E3198 in horse (Mino et
al., 2013), strain LUS12-14, and MSLH14 in bats (He et al., 2013; Sasaki et al., 2016). It
is interesting to noted that the genotype G3P[3] had also been reported in human in
several countries such as strain HCR3A in USA, strain Ro1845 in Israel (Tsugawa and
Hoshino, 2008), strain PA260-97 in Italy (De Grazia et al., 2007), strain R2638 in Brazil
(Luchs et al,, 2012), strain 12638 in Japan (Okitsu et al.,, 2018) and strain CMH222 in
Thailand (Khamrin et al,, 2006). These publications supports the speculation of
interspecies transmission and zoonotic potential of RVA genotype G3P[3].

For the RVA classification based on all 11 genes (VP7-VP4-VP6-VP1-VP2-VP3-
NSP1-NSP2-NSP3-NSP4-NSP5), our results showed that 2 RVAs from dogs (RV25012,
DC25170) were classified into genotype G3-P[3]-13-R3-C3-M3-A9-N2-T3-E3-H6 which
are the same genotype as previous report in Thailand (Charoenkul et al., 2020). It is
interesting to note that genotype C3 of VP2 gene found in dogs in Thailand had
never been reported in dogs in other countries, but had been reported in other

species such as cat (Nakagomi et al., 2018), horse (Mino et al.,, 2013), bat (He et al,,
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2013) , and human (Okitsu et al., 2018), which might be the result from reassortment
of the virus in these animal species.

On the other hand, the virus from cat (RV25045) was classified into RVA
genotype G3-P[3]-18-R3-C3-M3-A9-N3-T3-E3-H6. According to the report worldwide,
the genotype 18 of VP6 gene has never been reported in cats before, but had been
found in bats in China, strain MSLH14 (He et al., 2013), and strain MYAS33 (Xia et al.,
2014). Interestingly, genotype 18 of VP6 gene had also been reported in 3 human’s
virus in Thailand which include strain CMH222 (Khamrin et al., 2006), strain CMHO079
(Khamrin et al,, 2009), and strain MS2015-1-0001 (Komoto et al., 2021). Our result
suggested that RVAs had been circulating in cats, bats, and human, and the
reassortment event of RVAs in these animals and/or human might have been

occurred.

5.2.2 Genetic constellation of RVA in dogs and cats

The combination of 11 genotypes from each gene segment were analyzed
and called as genetic constellation. In this study 2 viruses from dogs in this study
(RV25012, DC25170) had the G3-P[3]-13-R3-C3-M3-A9-N2-T3-E3-H6 genotype, which
belongs to AU-1 genetic constellation. The dog’s RVAs genetic constellation have
composition of gene segments of both AU-1-like (VP2) and Cat-like genogroup (10
segments), same as previous study in Thailand (Charoenkul et al., 2020). From our
knowledge, these genetic constellations have never been reported in dogs in other
countries but one study from Japan reported this genetic constellation in human’s
virus strain 12638 (Okitsu et al., 2018), which could support the evidence of zoonotic
potential of this RVA in dogs.

RVA from cat in this study (RV25045) was classified as genotype G3-P[3]-18-R3-
C3-M3-A9-N3-T3-E3-H6 genotype, which also belongs to AU-1 genetic constellation.
This cat’s RVA genetic constellation has composition of gene segments of AU-1-like
(VP2), Cat-like genogroup (9 segments), and one additional unique genotype of VP6
gene segment (18), which makes this genetic constellation unique from other RVAs in

cats. Interestingly, this genetic constellation had been reported once in China’s bat
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strain MSLH14 (He et al,, 2013), which could support the evidence of interspecies

transmission between RVAs in cat and bat species.

5.2.3 Interspecies transmission, reassortment event, and zoonotic potential of
RVA in dogs and cats

Based on the result from phylogenetic analysis, nucleotide identities, and
bootscan analysis, dog’s RVAs in this study (RV25012, DC25170) could have been the
result of multiple reassortment from dog, human, and cat’s viruses. Our result found
that 2 dog’s RVAs in this study (RV25012, DC25170) had closest genetic relationship
with dog’s RVAs from previous report in Thailand (Charoenkul et al.,, 2020) in 9
segments (VP1, VP2, VP3, VP4, VP7, NSP1, NSP2, NSP4, NSP5) with around 98-99%
nucleotide and amino acid identities, but in VP6 gene, it was closest to human’s virus
strain 12638 found in Japan (Okitsu et al.,, 2018) with 99% nucleotide and amino acid
identity. The result of bootscan analysis also showed that VP6 gene might be the
result of reassortment from this human strain. Interestingly, this human’s virus also
had same genetic constellation with dog’s virus in this study, which could support
the evidence of zoonotic potential of dog’s RVAs in this study. Moreover, NSP3 gene
of dog’s virus in this study had closest genetic relationship with cat’s reference RVA
strain FRV348 (Nakagomi et al., 2018) with 95-98% nucleotide and amino acid identity
and bootscan analysis also showed the result of reassortment event of NSP3 and
NSP4 gene from this cat strain. The schematic presentation of possible multiple
reassortment of dog’s RVAs in this study is shown in Figure 39. The multiple
reassortment of RVA in dogs had also been reported in other studies (Matthijnssens
et al, 2011b) including the previous study in Thailand which reported the
reassortment of RVA originated from human and bats (Charoenkul et al.,, 2020).
Moreover, there were also many reports of canine-like RVA found in human (De
Grazia et al.,, 2007; Grant et al,, 2011; Luchs et al,, 2012; Okitsu et al., 2018), and
these canine-like human RVA were all classified in genotype G3P[3], same as all dog
RVAs. It should be noted that the inconclusive result of bootscan analysis in VP7,
VP1, NSP1, and NSP2 gene might be the result of reassortment from other strains of

the virus, or might be the intragenic recombination of the virus from many strains,
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which might be rare but had been reported in some studies in human (Parra et al,,
2004; Phan et al,, 2007; Esona et al., 2017; Hoxie and Dennehy, 2020) but never been
reported in dog. Thus, this study could support the evidence of reassortment event,
and the possibility of intragenic recombinant occurred in dog’s RVA and the zoonotic
potential of the virus.

For RVA in cat in this study (RV25045), the result from phylogenetic analysis,
nucleotide identities, and bootscan analysis showed that RV25045 had closest
genetic relationship with human’s virus found in Thailand, which include strain
CMHO79 in VP7 gene, and strain CMH222 (Khamrin et al., 2006) in VP4 gene, as well
as strain MS2015-1-0001 (Komoto et al., 2021) in VP3, NSP2, NSP4, NSP5 genes, with
around 87-99% nucleotide and amino acid identities. The bootscan analysis also
showed that the reassortment event from human’s virus strain MS2015-1-0001 might
occurred in VP3 and NSP4 gene. This could support the evidence of zoonotic
potential of this virus strain. It should be noted that human’s virus strain CMH222
and CMH079 were not included in bootscan analysis due to incomplete whole
genome sequences of both strains, which unfortunately because it could be helpful
for the analysis of reassortment or interspecies transmission and probable zoonotic
potential of the virus. In other segments, there were bat’s RVA found in China that
had closest genetic relationship with cat’s RVA in this study, which were strain
MSLH14 (He et al,, 2013) in VP4 gene, and strain MYAS33 (Xia et al,, 2014) in VP6,
NSP1, NSP3, and NSP5 gene, with around 87-100% nucleotide and amino acid
identities. In VP1 and VP2 genes, cat’s RVA in this study had closest genetic
relationship with simian’s RVA strain TUCH reported in USA (Brown et al.,, 2011), with
93-98% nucleotide and amino acid identities. The bootscan analysis had showed the
result of reassortment from bat’s virus strain MSLH14 in VP4 gene, and from strain
MYAS33 in VP6 and NSP3 gene, and from simian in VP2 gene. It should be noted that
in VP4 gene, even though the closest genetic relationship with cat’s virus in this
study were human’s virus strain CMH222 and bat’s virus strain MSLH14, but the
nucleotide and amino acid identities were low compared to other segment, with
only 87% (nt) and 95-97% (aa), this result might suggest that there might be the

reassortment of this segment from other RVAs that never had been discovered.
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Interestingly, even though cat’s RVA in this study had the same genotype with some
cat’s reference strain in almost every segment (except VP6), but there were none of
any segments were closely related to cat’s reference strain by phylogenetic analysis
or nucleotide/amino acid identities. Moreover, cat’s RVA in this study was more likely
to related to bat-like RVA strains and had the same genetic constellation with bat’s
virus strain MSLH14 (He et al., 2013). The human’s RVA strain MS2015-1-0001 found
in Thailand which was closely related with cat’s RVA in this study were also closely
related to bat or bat-like RVA and had showed the evidence of direct interspecies
transmission from bat to human (Komoto et al., 2021), while human’s RVAs strain
CMH222 and strain CMHO79 together with simian’s RVA strain TUCH had showed the
possibility of multiple reassortment from many animal species (Khamrin et al., 2006;
Khamrin et al.,, 2009; Matthijnssens et al., 2010). Multiple reassortment of RVA in cats
had also been reported in some studies (Martella et al.,, 2011; Matthijnssens et al,,
2011b). Thus, the origin of cat’s RVA in this study is still inconclusive, it might
speculate that direct interspecies transmission of the virus from other intermediate
species to cats might occur and the reassortment event might happen in those
intermediate species. The schematic presentation of possible direct interspecies
transmission of cat’s RVA in this study is shown in Figure 40. Moreover, bat and
simian’s RVAs that closely related with cat’s RVA in this study were from other
countries. Since the study of RVA in these species in Thailand are still limited, so
further study of RVA in bats, simians, and other wildlife species in Thailand will be
helpful for the analysis and understanding the origin of cat’s RVA and genetic
relationship among these species.

In conclusion, this study had found the occurrence of RVAs in dogs and cats
in Thailand, which was lower compared to the studies in other countries. We also
found that age could be the risk factor affecting the occurrence of RVAs in dogs, but
the result in cats is still inconclusive. In dog’s RVAs, we had found the evidence of
multiple reassortment from dog, human, and cat’s RVAs. While in cat RVA, we found
that the virus might had the direct interspecies transmission from intermediate
species to cat and the reassortment event might occurred in that intermediate

species. The zoonotic potential had also been speculated in both dog and cat RVAs.



Furthermore, the study of RVAs in bat, simian and other wildlife species in Thailand
should be done to find the origin of cat’s RVA and to understand the genetic

relationship among these species and also the genetic evolution of the virus.
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Conclusion

Rotavirus A (RVA) in one of the important pathogens causing gastroenteritis in
human and many animal species. The zoonotic potential of RVA has been reported
and raises major concerns, especially in high animal-human interface settings. The
objectives of this thesis were to determine the occurrence of RVA in dogs and cats,
and to investigate the genetic diversity and genetic relationship among the RVAs from
dogs, cats, human, and other animal species. The total of 572 rectal swab samples
were collected from dogs and cats in animal hospitals, in Bangkok and vicinities,
during January 2020 to June 2021 (18 months). Our result found 1.92% (11/572)
occurrence of RVA in dogs and cats, which by species were 2.75% (8/290) in dogs,
and 1.06% (3/282) in cats. Age of animals might be the risk factor affecting the
occurrence of RVAs in dogs and should be confirm with statistical analysis, but the
result in cats is still inconclusive. Besides, our finding is the first report of RVA in cats
in Thailand.

Two RVAs from dogs (RV25012, DC25170) and one RVA from cat (RV25045)
were subjected to whole genome sequencing. The genetic characterization of the
virus showed that all 3 RVAs were classified as RVA genotype G3P[3]. In detail, genetic
constellation of dog’s RVAs had the G3-P[3]-13-R3-C3-M3-A9-N2-T3-E3-H6 genotype,
which is the same as that in the previous study in Thailand but different genetic
constellation from dog’s RVAs in other countries. Moreover, this genetic constellation
had been reported in human’s RVA, suggesting the zoonotic potential of this virus
strain. While genetic constellation of RVA from a cat had G3-P[3]-18-R3-C3-M3-A9-N3-
T3-E3-H6 genotype, which never been reported in cats before, but was found in bat
in China, suggesting the possible of interspecies transmission of this virus strain. Both
dog and cat’s RVAs genetic constellation have composition of gene segments of AU-
1-like and Cat-like genogroup.

The phylogenetic analysis and pairwise comparison analysis showed that
dog’s RVAs in this study were closely related and had high nucleotide/amino acid

identities to dog’s RVAs from previous reported in Thailand in 9 segment (98-99% nt
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and aa), except VP6 gene which were closely related to human’s RVA in Japan (99%
nt and aa), and NSP3 gene which was closely related to cat’s reference strain (95-
98% nt and aa). The result of bootscan analysis also supported the possible
reassortment of these dog’s RVAs, suggesting the possible multiple reassortments
from dog, human, and cat’s viruses. On the other hands, RVA from cat in this study
(RvV25045) was closely related to RVA in human, bat, and simian in different segments
(87-100% nt and aa), suggesting possible of multiple reassortment and zoonotic
potential of this virus. Moreover, the result of bootscan analysis also showed the
possible reassortment in this RVA. However, it should be noted that none of any
segments of cat’s RVA in this study were closely related to cat’s reference strain,
which might indicate that interspecies transmission of the RVA from some animal
species to cat had been occurred, and the reassortment event might have happened
before in those animal species. Thus, this study had reported the occurrence of RVA
in dogs and cats, and suggesting the possible multiple reassortment, interspecies
transmission, as well as zoonotic potential of the viruses.

Based on the result of this thesis, it has raised public health awareness on the
zoonotic potential of RVAs in dogs and cats. Thus, the following recommendations

should be provided

® The households with dogs or cats (especially puppy) should have
personal hygiene practice, such as “frequent handwashing” especially
after playing with pets, to protect the zoonotic diseases cause by
RVAs from dogs or cats, especially in children.

® The household areas and pet cages should be regularly cleaned and
sanitized.

® The close contact behaviors with dogs and cats such as “human face
licking” should be avoid.

® The detection of RVAs infection in dogs and cats (especially puppy)
should be considered by veterinarians due to its public health

concern.
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® The risk communication with high-risk occupations such as
veterinarians, vet-nurses, and shelter/kennel’s caretakers should also
be provided. The personal protective equipment (PPE) including
gloves, surgical mask, and protective suit (e.g. gown, scrub suit, boots,
etc.) should be used when handling with animals or when working in
the facilities with crowded animals. The personal hysgiene should also

be reminded.

® Routine cleaning of the facilities with crowded animals such as animal
hospitals, animal shelters, dog/cat hotels, and dog/cat kennels should
be done.

These practices will help minimize risk of RVAs transmission and infection as
well as reduce a chance of reassortment event, interspecies transmission, and
evolution of RVAs.

Recommendations for further studies are 1) study of RVAs in larger scale in
dogs and cats to determine the occurrence, distribution, and genetic diversity of RVAs
should be performed in other provinces in Thailand, and/or in other facilities with
crowded animals such as animal shelters, animal kennels, etc. 2) study of RVAs in
bats, simians, and other wildlife species in Thailand should be done for better
understand the origin and evolution of the virus, and to determine the genetic

relationship among the RVAs in the future.
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