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The role of canine astrovirus (CaAstV) in canine gastrointestinal disease (GID) is
unknown. In this study, a total of 327 fecal swab (FS) samples were collected,
including 113 FSs in Vietnam (46 samples from healthy dogs and 67 samples from
GID dogs) and 214 FSs in Thailand (107 samples from healthy dogs and 107 samples
from GID dogs). Overall, the prevalence of CaAstV in Vietnam and Thailand was
25.7% (29/113) and 8.9% (19/214), respectively. CaAstV was detected in both non-
diarrhea dogs (21.7 and 7.5%) and diarrhea dogs (28.4% and 10.3%), respectively,
in Vietnam and Thailand. In both countries, CaAstV was frequently detected in
puppies under 6 months of age (23.3%) (p =0.02). CaAstV-positive samples in
Vietnam and Thailand were identified as co-infected with canine parvovirus, canine
enteric coronavirus, canine distemper virus, and canine kobuvirus. The complete
coding sequence of seven Vietnamese CaAstV and two Thai CaAstV strains were
successfully characterized. Phylogenetic analyses showed that Vietnamese
and Thai CaAstV strains were genetically close to each other and related to the
Chinese strains. Furthermore, analysis of complete coding sequences indicated
that the OR220030_G21/Thailand/2021 strain formed a unique lineage, whereas
no recombination event was found in this study, suggesting that this strain might
be an original lineage. In summary, this is the first study to report the presence
of CaAstV in dogs with and without diarrhea in Vietnam and Thailand, and it was
most often found in puppies with diarrhea. Our results highlight the importance
of the CaAstV in dog populations and the need for continued surveillance of these
emerging pathogens.
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1. Introduction

Canine astrovirus (CaAstV) is a star-shaped, non-enveloped,
single-stranded, positive-sense RNA virus with approximately 30-nm
in size (1). The CaAstV belongs to the genus Mamastrovirus, the
family Astroviridae. Currently, the Mamastrovirus genus includes 19
viral species (Mamastrovirus 1-19), and CaAstV belongs to the
Mamastrovirus 5." Although CaAstV has been discovered in the feces
of diarrhea dogs by electron microscopy since 1980, the entire genome
structure of CaAstV was not reported until 2015 (2). The viral genome,
with a length of 6.6 kilobases (kb), contains three main open reading
frames (ORFs). The main ORFs include ORFla and ORF1b, which are
present at the 5" end and encode a nonstructural protein, including
the viral protease and RNA-dependent RNA polymerase. The ORF2,
presenting at the 3" end, encodes a capsid protein (3). Based on an
analysis of the capsid protein of CaAstV, ORF2 is considered the most
antigenic determinant region among different CaAstV strains (4). The
hypervariable region of the capsid protein of CaAstV, therefore, may
play an important role in virus attachment to target cells by forming
virion spikes and interacting with cellular receptors (5, 6); in viral
neutralization through the binding of neutralizing monoclonal
antibodies with these variable regions; and in heterologous
immunity (5, 7).

The host range of astroviruses is comprised of many mammalian
species, such as cows (8), buffalo calves (9, 10), sheep (11), pigs (12),
cats (13), mink (14), bats (15), red deer (16), urban brown rats (17),
synanthropic squamates (18), California sea lions, Steller’s sea lions,
and bottlenose dolphins (19), as well as certain avian species (chicken,
turkey, duck) (20, 21). Infected hosts present the main clinical features
of gastrointestinal diseases (GIDs). However, astrovirus infection was
also reported to be associated with extra-intestinal diseases, such as
hepatitis and nephritis, in various species, including duck (22, 23),
goose (24), and mink (25, 26). In humans, besides norovirus and
rotavirus infections, astrovirus is considered to be an 10% of
etiological agents associated with gastroenteritis in children globally
(27, 28). Furthermore, astrovirus can cause severe disseminated
infection and death in highly immunocompromised pediatric
patients (29).

Regarding CaAstV infection in domestic dogs, GIDs have been
commonly observed and reported in various studies in China, Japan,
Italy, the United Kingdom, and Australia. These findings suggest that
there is a positive correlation between CaAstV infection and GID in
dogs (3, 4, 30-32). In wild carnivores, CaAstV was coinfected with
canine distemper virus (CDV) in crab-eating foxes (Cerdocyon thous)
showing neurological signs (33). In addition, coinfection of CaAstV
with other enteric viruses, such as canine parvovirus (CPV) and
canine coronavirus (CCoV), has also been frequently reported (3, 34).
Conversely, other studies have reported a negative association between
the presence of CaAstV and gastroenteritis (35, 36). Therefore, the
pathogenesis and clinical significance of CaAstV infection in dogs
remains uncertain (37).

Many investigations have shown that the genetic structure of
CaAstV changes over time through genetic recombination. Virus
recombination is one of the events that plays a key role in virus

1 https://talk.ictvonline.org/taxonomy/
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evolution and infectivity, including the expansion of the viral host
range, increased virulogenicity, evasion of host immunity, and
antiviral resistance (38). Genetic recombination among CaAstV
strains has been reported in recent years (39, 40), indicating that it is
a potential process for CaAstV evolution. Recently, recombination of
the astrovirus has been associated with zoonotic potential by
illustrating the genetic recombination between human astrovirus
(HAstV) and porcine astrovirus (PoAstV) (41), as well as the
emergence of a new strain of astrovirus found in fecal samples
obtained from children with diarrhea in Nigeria, presented genetically
close to CaAstV (42). These findings suggest a potential risk for the
emergence of a novel astrovirus in humans that initially emerged from
animal origins. Information regarding the genetic characterization
and recombination analysis of CaAstV in countries that are not
currently being investigated is necessary. Therefore, this study aimed
to investigate the presence of CaAstV in feces obtained from dogs in
Vietnam and Thailand that have not previously been reported, and to
compare the genomic characterization of CaAstV between
Vietnamese and Thai strains and with other available strains deposited
in the database. The clinical significance and the association of
CaAstV-positive dogs with the risk factors of positive dogs were
also evaluated.

2. Materials and methods
2.1. Animals and sample collection

Fecal swab (FS) samples were randomly collected from
apparently healthy dogs and dogs clinically presenting with GIDs
(watery diarrhea, bloody diarrhea) from veterinary hospitals in
Vietnam (Ho Chi Minh City) and Thailand (Bangkok and Nakhon
Si Thammarat Province) from August 2021 to August 2022. A
total of 327 FSs included 113 FSs in Vietnam (46 samples from
healthy dogs and 67 samples from GID dogs) and 214 FSs in
Thailand (107 samples from healthy dogs and 107 samples from
GID dogs). A questionnaire was conducted to collect information
on age, breed, sex, and vaccination status. The inclusion criteria
for fecal sampling were dogs presenting with clinical symptoms of
bloody diarrhea or watery diarrhea when visiting hospitals. While
dogs were showing GI signs from food poisoning, liver and biliary
disease, or dogs were vaccinating 4 weeks prior, samplings were
excluded from this study. All studied dogs were divided into 6
different age groups, modified according to a categorization of the
domestic dog age groups (43) for further interpretation on risk
factor analysis (Table 1).

The FS sampling procedure was performed using a sterile
disposable cotton swab (Puritan, Guilford, United States). The swab
was inserted into the rectum, then subsequently immersed in 1 mL
of 1% sterile phosphate buffered brine (PBS) and kept at —80°C
until the extraction step. The animal study was reviewed and
approved by Institutional Animal Care and Use Committee
(IACUC) (No. 2231006) and the Institutional Biosafety Committee
(IBC) (No. 2131019) of Chulalongkorn University (Bangkok,
Thailand), and approval from Animal Ethics Committee (AEC)
(No. NLU-220217) of Nong Lam University (Ho Chi Minh City,
Vietnam).
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TABLE 1 Prevalence of canine astrovirus (CaAstV) in Vietham and Thailand.

Age Number of CaAstV-positive dogs/Total collected dogs (%)
(?r:ngﬁ) Vietnam Thailand Overall
Non- Diarrhea Total Non- Diarrhea Total Non- Diarrhea
diarrhea diarrhea diarrhea
Puppies 3/15 15/46 18/61 5/38 5/21 10/59 8/53 20/67 28/120
(<6) (20%) (32.6%) (29.5%) (13.2%) (23.8%) (16.9%) (15.1%) (29.9%) (23.3%)
Juveniles 3/15 2/9 5/24 0/8 2/17 2/25 3/23 4/26 7/49
(>6-12) (20%) (22.2%) (20.8%) (0%) (11.8%) (8%) (13%) (15.4%) (14.3%)
Young adults 2/3 1/3 3/6 1/9 0/11 1/20 3/12 1/14 4/26
(>12-24) (66.7%) (33.3%) (50%) (11.1%) (0%) (5%) (25%) (7.1%) (15.4%)
Mature adults 2/12 1/9 3/21 1/21 2/23 3/44 3/33 3/32 6/65
(>24-72) (16.7%) (11.1%) (14.3%) (4.8%) (8.7%) (6.8%) (9.1%) (9.1%) (9.2%)
Senior 0/1 A 0/1 1/18 2/25 3/43 119 2/25 3/44
(>72-132) (0%) (0%) (5.6%) (8%) (7%) (5.3%) (8%) (6.8%)
Geriatric 0/13 0/10 0/23 0/13 0/10 0/23
(>132) NA NA NA (0%) (0%) (0%) (0%) (0%) (0%)
Total 10/46 19/67 29/113 8/107 11/107 19/214 18/153 30/174 48/327
(21.7%) (28.4%) (25.7%) (7.5%) (10.3%) (8.9%) (11.8%) (17.2%) (14.7%)

NA, not available sample.

2.2. RNA extraction

Viral genomic RNA extraction was performed using the Viral
Nucleic Acid Extraction Kit II (Geneaid, Ltd., Taipei, Taiwan)
following the manufacturer’s protocol. Total extracted RNA quantity
and quality were measured using a Nanodrop® Lite spectrophotometer
(Thermo Fisher Scientific Inc., Waltham, MA, United States) at
absorbance ratio A260/A280 (44). The extracted samples were kept
at—80°C until used.

2.3. CaAstV detection

The extracted RNA samples were subjected to CaAstV
detection using reverse-transcription PCR (RT-PCR). Briefly, a
total final mixture volume of 25puL for QIAGEN® One-step
RT-PCR Kit (Qiagen GmbH, Hilden, Germany), comprising 5puL
of 5x QIAGEN buffer, 1 pL of 10 mM dNTP Mix, 2 pL of 0.6 pM
forward and reverse primers targeting the ORF1b region of the
CaAstV (Supplementary Table S1), 1 pL of Enzyme mix, 3 pL of
extracted RNA, and distilled water to make up 25 pL final volume,
was performed on a thermocycler (SensoQuest GmbH, Gottingen,
Germany). The thermocycling conditions consisted of a
complementary DNA (cDNA) synthesis step at 50°C for 30 min,
and subsequently proceeded to an initial PCR activation step at
95°C for 15 min, following 40 cycles of denaturation at 95°C for
305, annealing at 53°C for 30s and extension at 72°C for 1 min,
and a final extension step at 72°C for 10 min. The positive control
for CaAstV was synthesized by GeneArt™ Strings™ DNA
Fragments based on the ORF1b region of strain MN882002
(Thermo Fisher Scientific GmbH, Darmstadt, Germany). A
no-template control (NTC) was used as the negative control. The
PCR products were visualized by using QIAxcel® DNA Screening
Kit (Qiagen GmbH, Hilden, Germany) and the Qiaxcel®
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high-resolution capillary electrophoresis instrument (Qiagen
GmbH, Hilden, Germany). The settings and analysis methods for
DNA fragments were set as previously reported (45). The presence
of a 290-bp amplicon was considered positive. To confirm the
presence of CaAstV nucleotide sequences, the PCR products were
submitted for genetic sequencing using the next-generation
(NGS)-based method (Celemics, Inc., Seoul, South Korea). The
derived nucleotide sequences were analyzed and compared to
previously described CaAstV deposited in the GenBank database
using BLASTn analysis.

To determine the presence of other concomitant viruses, the
CaAstV-positive samples were subsequently screened for common
canine enteric viruses, including CPV (46), CDV (47), CCoV (48),
and canine kobuvirus (CaKoV) (49).

2.4. CaAstV whole genome
characterization

The positive samples from the CaAstV-PCR screening were
further investigated to complete the full-length genome analysis using
multiple PCR assays. Sets of primer pairs used for full-length genome
amplification of CaAstV were designed based on nucleotide
alignments of previously described CaAstV sequences available in the
GenBank database (Supplementary Table S1). First, cDNA was
constructed from the extracted RNA samples using Omniscript®
Reverse-transcription Kit (Qiagen GmbH, Hilden, Germany). A final
volume of 20 uL for cDNA construction was comprised of 2 pL of 10x
buffer RT, 2pL of 5mM dNTP Mix, 1 pL of 10uM Random primer
(Promega, Madison, Wisconsin, United States), 1 L of RNase-free
water, 0.75 pL of 1x buffer, 0.25 pL of RNase inhibitor (10 units/pL),
1 pL of Omniscript Reverse Transcriptase, and 12 pL of extracted RNA
sample. After that, PCR proceeded in a final volume of 25uL
containing 3 pL of cDNA, 1pL of 1 pM of each forward and reverse
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primer, 12.5pL GoTaq® Green Master Mix (Promega, Madison,
Wisconsin, United States), and distilled water. The thermocycling
condition consisted of an initial denaturation at 95°C for 5min,
followed by 40 cycles at 95°C for 1 min, 51-55°C for 1 min, and 72°C
for 1 min, and then a final extension at 72°C for 10 min. The PCR
products were visualized by QIAxcel® DNA Screening Kit, as
mentioned above.

The positive amplicons were subjected to genetic sequencing
using the protocol described above. Subsequently, the derived genetic
sequences were aligned and assembled using the BioEdit software
package version 7.2 with the ClustalW function.

2.5. Phylogenetic and genetic analyses

Genetic analysis was performed by comparing the homology of
the nucleotide sequences of CaAstV obtained from this study with
those of CaAstV available in the database. The phylogenetic tree based
on the whole genome, ORF1a, ORF1b, and ORF2 regions of CaAstV
was constructed using the MEGA software package version 10.0. The
maximum likelihood (ML) method, based on the General Time
Reversible model (GTR) (for whole genome, ORF1a, and ORF2), and
the Tamura 3-parameter model (T92) (for ORF1b), with a gamma
distribution and invariable sites (G +1I), together with 1,000 bootstrap
replicates, was used to evaluate the relationship between these
obtained CaAstV strains and the other strains. The nucleotide and
deduced amino acid sequences of the CaAstVs were aligned and
compared using the BioEdit software package, version 7.2.

2.6. Recombination analysis

Genetic recombination events of all obtained CaAstV strains in
Vietnam and Thailand were screened using the Recombinant
Detection Program software package version 4.0 (RDP4). Seven
integrated recombinant detection algorithms, including RDP,
GeneConv, Chimera, MaxChi, SiScan, 3Seq, and BootScan, were used
to identify genetic recombination. The potential recombination
sequences were considered when there were positives in at least 4 out
of 7 methods with p-values <0.01. These sequences were subsequently
subjected to further analysis using a similarity plot and Bootscan
analysis embedded in SimPlot v. Beta 4.94 software package to
illustrate recombination breakpoints. The analysis followed a previous
publication (45).

2.7. Statistical analysis

The associations between the presence of CaAstV and variables,
including the clinical presentation of sampled dogs (non-diarrhea
and diarrhea dogs) and age group, were analyzed using Pearson’s
chi-squared test or Fisher’s exact test (depending on the population
size for each variable). The relationship was considered statistically
significant when the p-value was <0.05. In addition, the odds ratio
(OR) was calculated to quantify the strength of the association
between each factor and the presence of CaAstV. Statistical analyses
were performed using SAS® Studio software (© 2022 SAS Institute
Inc., Cary, NC, United States).
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3. Results

3.1. Prevalence of CaAstV infection in
domestic dogs in Vietnam and Thailand

Overall, the prevalence of CaAstV in Vietnam and Thailand was
25.7% (29/113) and 8.9% (19/214), respectively. The prevalence of
CaAstV detection in Vietnam was higher than in Thailand, with a
significant difference (p=0.0001; OR=3.5; 95% CI: 1.8823-6.6697).
Based on the clinical manifestations of the two survey groups, CaAstV
was detected in rectal swab samples obtained from non-diarrhea dogs
(21.7% and 7.5%) and diarrhea dogs (28.4% and 10.3%), respectively,
in Vietnam and Thailand. The pooled CaAstV prevalence of the two
countries between non-diarrhea and diarrhea dogs was 11.8% (18/153)
and 17.2% (30/174), respectively. However, there was no statistical
difference in the prevalence of CaAstV infection between the two dog
groups (p=0.16). CaAstV was detected in dogs of various ages
(Table 1). For overall detection in both countries, the highest CaAstV
prevalence (23.3%) was in puppies, and it was higher than in mature
adults (p=0.02; OR=2.99; 95% CI: 1.1686-7.6644) and seniors, with a
significant difference (p=0.02; OR=4.16; 95% CI: 1.1961-14.4637).

For CaAstV-positive samples found in Vietnam, 31% (9/29),
20.7% (6/29), and 44.8% (13/29) were co-detected with individual
CPV, CCoV, and CaKoV, respectively, whereas 3.4% (1/29) of CaAstV-
positive cases were co-detected with CPV, CCoV, and CaKoV, and
another 3.4% (1/29) were co-detected with CPV, CCoV, CaKoV, and
CDV. In Thailand, 5.3% (1/19) and 31.6% (6/19) of CaAstV-positive
dogs were co-detected with only CCoV and CaKoV, respectively.
None of the samples was co-detected with CPV, CDV, or other triple
infections found in Thailand.

3.2. Genetic characterization of the CaAstV
in Vietham and Thailand

In this study, 7 and 2 complete coding sequences of CaAstV
strains [excluding poly (A) tails, 3’'UTRs, and 5'UTRs] obtained from
Vietnam and Thailand were, respectively, characterized. Mostly, the
Vietnamese and Thai CaAstVs contained 6,465 nucleotide (nt)
lengths, including ORFla (2,670nt), ORF1b (1,536 nt), and ORF2
(2,496 nt). Among these, the CaAstV strain OR220030_G21/
Thailand/2021 contained 6,447 nt lengths, including ORFla (2,670nt),
ORF1b (1,536 nt), and ORF2 (2,478 nt). These CaAstV nucleotide
sequences were submitted to the GenBank database under accession
numbers OR220022-OR220030. Details regarding the samples used
for the complete coding sequences are indicated in Table 2.

The nucleotide and amino acid similarities of Vietnamese and Thai
CaAstVs were compared with other strains found in China, Hungary,
England, Australia, India, and the United States that were previously
deposited in the GenBank database. Among the seven complete coding
sequences of Vietnamese CaAstVs, they shared 96.3%-97.8% nt and
94.2%-97.7% aa similarity to each other. Between the two complete
coding sequences of Thai CaAstVs, they had 91.1% nt and 82.4% aa
similarities. When compared between the CaAstVs complete coding
sequences obtained from Vietnam and Thailand, they shared 90.5%—
96.3% nt and 83.1%-94.8% aa similarities, and they also had the
highest nt similarity to China strains (MN882007.1/2018 and
MN882009.1/2019) (Supplementary Table S2).
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As expected, the results showed that ORF2 was the most variable

% § 383 885 %83 8 region for the CaAstV, ranging from 73% to 99% and 70.3% to 98.5%
Q o S S § S é é 5 é S for nt and aa similarities, respectively (Supplementary Table 52).
8 ] 538838383588 Analysis of the nt and aa sequences within ORF2 revealed differences
bS]
in size between strains. Most of the CaAstV strains obtained from this
. study had a length of 2,496 nt encoding 831 aa, except for the strain
o 2 E 2 OR220030_G21/Thailand/2021 that had 2,478 nt length and encoded
%o s P22 s s BB 825 aa and resulted in the 18-nt (6-aa) shorter ORF2 of the OR220030_
fop $ 5 %72 2 2 2 & %
£ *é a a G21/Thailand/2021 than others. In addition, the ORF2 gene regions
of the obtained Vietnamese and Thai CaAstVs were compared with
other available strains from the database to assess aa variations
o
= (Supplementary Table S3). The result showed that motif insertion of 7
§ clg o o o ol o g o consecutive aa (PTIEEEQ) (position 733-739) was evident in almost
o zZ 2 Z2 2 2 2 2 £ 2 i ; i
2 all Vietnamese and Thai CaAstV strains but excepted for CaAstV
a strain OR220030_G21/Thailand/2021 that had an exclusive insertion
of 1 aa (Serine) at position 669 (Supplementary Table S3). Additionally,
CaAstV strain OR220030_G21/Thailand/2021 ORF2 region exhibited
5 low sequence identity to a OR220029_S76/Thailand/2021 strain and
§ o 2 o % o o o 7 o other reference strains available in GenBank database
= Z = Z o= Z ZZ = Z . o
S (Supplementary Table 52). Notably, no recombination events were
g found within the CaAstV strains obtained in this study.
o AN - , :
£ TIE|E s 22T E s 3.3. Phylogeny of the Vietham and Thailand
3 22 2 o2 o2 oz o2 2 CaAstV
o s 8| s &£ 8/ 5| 8 8 5
T S S < S 3 S <
S| 8|8 S| E| 5|8
The phylogenetic tree based on the nucleotide sequences of the
o nine complete coding sequences of the CaAstV, ORFla, ORF1b, and
I+ I [+ I+ il [+ <
§ £ £l 2 £ £ < 5 4_5 £ ORE2 strains of Vietnam and Thailand are shown in Figure 1. Overall,
'§ g’ E‘ g g‘ g g &2 ‘g the phylogenic topologies based on complete coding sequences and
the studied genes were similarly presented with some discrepancy
. details. The complete coding sequence-based phylogenetic tree
§ 2 © showed that CaAstV strains were divided into 4 major subgroups: Al,
= T 82 % Y Y £ % . s .
g § é Z 25 g § Z g A2, A3, and A4. The CaAstV strains found in Vietnam and Thailand
§ g = were clustered together and located in Cluster Al. Within the Al

subgroup, CaAstV Vietnamese strains were separated into 3 different

clusters (G1-G3) and shared a genetic relationship with the Chinese
CaAstV strains (Figure 1A). Interestingly, the two CaAstV strains
found in Thailand were separated into 2 new lineages. The CaAstV
OR220030_G21/Thailand/2021 strain shared a genetic origin, with
strains originating in Europe, China, Vietnam, and India. A

phylogenetic tree based on the ORFla and ORF1b regions revealed

TABLE 2 Detail information of Thai and Vietnamese canine astrovirus (CaAstV) strains obtained from this study.

e N R R R ol ’§ that Vietnamese and Thai CaAstV's were grouped together as a single
§ clade within the Chinese CaAstVs, which were separated from the
£ European and US strains (Figures 1B,C).

= :‘? £ 2 ¢ £ ¢ ¢ 2 58 E Based on the analysis of the ORF2 region, all strains from this
5 5 5 z 5 5 5 5 5 2 E study were divided into two groups. Vietnamese and a OR220029_
o TR R E R R R B A ;:3 S76/Thailand/2021 CaAstV strains were clustered together and shared
g a genetic relationship with the Chinese CaAstV strains. However, the
- 5 CaAstV OR220030_G21/Thailand/2021 strain was distinct by creating
% g § g g § § g é g % a single clade (Figure 1D).
o e i i
%3 4. Discussion
58
81 . 5 3 8% 25 2 ¢ g E ; CaAstV has been detected in many countries, including China,
o< s> s 7 s> v 0 : % the United Kingdom, Italy, France, the United States, Korea, and
EM“ = Brazil; however, no study has been conducted, not only in Thailand

Frontiers in Veterinary Science 05 frontiersin.org


https://doi.org/10.3389/fvets.2023.1278417
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Nguyen et al.

10.3389/fvets.2023.1278417

NCO26S141 G

K
N0

FIGURE 1

indicates Thai CaAstV isolates in this study.

Phylogenetic trees of canine astrovirus (CaAstV): (A) complete coding sequences, (B) ORF1a region, (C) ORF1b region, and (D) ORF2 region. Trees of
complete coding sequences and ORFla were constructed using MEGA v10.0 with the neighbor-joining algorithm with the general time-reversible
model, while trees of ORF1b and ORF2 were constructed with the neighbor-joining algorithm with the Tamura-3-parameter model and the general
time-reversible model, respectively. All trees were run with 1,000 replications of bootstrap analysis. @ indicates Vietnamese CaAstV isolates and [JJij

SF. OR2002 VIS Vit 2022
04/vi

i io3io | MM 2012

o csomssa HNoL2/Iss

0L KP404149.1 Gillingham/ 20 2UK.

"™ NC 026814, Gillngham 20120k
KP40:

@

KX599351.1 HUN/2012/115
KX599352.1 HUN/2012/126

1% MN881999.1 B256/China/Z1/2019
MISS2000.1 B290China 2112019
" MF973500.1 CHN/

gy
/2112019
' | MN8$200L.1 B196/China/GZ2010
MN882002.1 B179/China/GZ/2019

5 B 0R220030 G21/ 2021
[~ MI078247.1 MN1-USA/ORF/2017
59 190 MTO78248.1 MN2-USA2017

KX599350.1 HUN/2012/6
UK

KP404149.1
w MK026166.1 DF-BCI5-CAV-AUS-2017
B MN§82006.1 BIS7/China HLI2019
160 |- MN852004.1 B363 China Z12019
100 - MNS82005.1 B234/China/ AH/2019

and Vietnam, but also in other countries in Southeast Asia. In this
study, we found that CaAstV was prevalent in Vietnam and Thailand.
Previous studies on CaAstV have only focused on puppies, except
for studies in the United Kingdom (3) and Japan (31) that
investigated the presence of CaAstV in dogs of all ages. Therefore,
when comparing the prevalence between countries, there are some
discrepancies due to the different age groups of the studied animals,
which may result from different geography. In this study, in either
Vietnam or Thailand, almost all the dogs investigated were
predisposed to CaAstV
Furthermore, many studies have shown a correlation between

infection, especially in puppies.
infection in infancy and the clinical severity of astrovirus infection,
not only in puppies but also in humans and other species (4, 14, 28,

, 35). Indeed, antibodies specific to CaAstV tend to form in dogs
over 3 months of age, and conversely, almost dogs under 3 months
of age do not have this antibody specificity, making puppies
susceptible to CaAstV infection (4). Similar to our investigation that
found CaAstV in older dogs, there are previous reports of AstV
detection in adult dogs (3) and humans who are elderly and
immunocompromised (50).

In this study, CaAstV was detected in FSs obtained from dogs with
and without diarrhea. This result was consistent with previous studies
conducted in various countries, including Italy (4), Hungary (36) and
China (40, 51). However, our findings contrast to the other studied
reports in China (30), England (3), Japan (31), and Brazil (33) where
the CaAstV was only present in diarrhea dogs. In agreement with the
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results of this study, a study revealing a negative association between
the presence of astrovirus and abnormal feces in puppies was also
noted (35). Astrovirus-containing genetic mutation has been proposed
to be associated with viral adaptation, leading to greater resistance to
an extreme environment (52), and probably resulting in persistent
infection. However, we could not find a significant genetic mutation
associated with or without diarrhea in the CaAstV sequences obtained
from this study. Thus, further experimental and clinical observations
regarding CaAstV pathogenic strains are needed, as previously
speculated in the results of the PoAstV study (53).

The presence of CaAstV in GID dogs has been reported as a
coinfection with other major enteric viral pathogens (4, 39, 51, 54);
however, a single infection of CaAstV also results in enteric disease
(4). These findings may indicate that CaAstV may be involved in
diarrhea, either as a primary or co-secondary pathogen. Since the
exact role of CaAstV remains unknown, further observational studies
or animal experiments are needed to better understand the pathogenic
role of CaAstV. There are studies attempting in vitro isolation of
CaAstV; the results have been either successful isolation (4, 55) or
unsuccessful isolation (3, 39). Therefore, the cultivation of CaAstV
remains a major challenge at present.

For the phylogenetic tree based on the complete coding
sequences, it was found that the CaAstV Vietnamese and Thai
strains were separated into different subclusters, and the CaAstV
strain OR220030_G21/Thailand/2021 presented a unique lineage.
Phylogenetic analysis of the three regions of CaAstV showed that
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almost all strains of Vietnam and Thailand tended to cluster
together, except for the ORF2 region of the two Thai strains, which
were separated by forming a single group. This difference may
be due to independent evolution and/or evolutionary constraints
for different genomic regions of CaAstV under different selection
pressures (56). Indeed, further genomic analysis for the
hypervariable region of ORF2, all Vietnamese CaAstVs, and
OR220029_S76/Thailand/2021 illustrated the motif
insertion of 7 consecutive amino acids (PTIEEEQ). The same motif

strains

has also been reported in China’s origin strains (39, 40). However,
strain OR220030_G21/Thailand/2021 did not have the same
mutated motif as found in Vietnamese and Thai strains but had an
exclusive 1 aa insertion mutation. In general, it seems that the
capsid properties of CaAstV are similar to those of HAstV, in which
deletion, insertion, and substitution mutations frequently occur and
may affect certain viral functions (30). Indeed, small changes in
capsid sequence and structure in HAstV strains can also lead to
changes in the virus’s ability to bind, enter, and uncoat (57).
However, the motif-mutated 7 consecutive amino acids in this study
were all located in the acidic region of the ORF2 region outside the
caspase cleavage site to truncate the full-length capsid protein
(VP90) to the mature form (VP70) (58, 59). Therefore, the actual
role of these mutations in CaAstV structure and function needs to
be further investigated.

Besides the exclusive difference in mutations in the capsid region
compared with Vietnamese and Thai CaAstV strains, the capsid
sequence of strain OR220030_G21/Thailand/2021 showed genetic
heterogeneity. Furthermore, genetic recombination was not detected
for the Vietnam and Thailand CaAstV strains in this study. The
obtained results, together with the significant findings, may suggest
that the OR220030_G21/Thailand/2021 strain may be original or may
serve a regional character. However, only 2 Thai CaAstV complete
coding sequences were identified in this study. Therefore, increasing
the number of Thai CaAstV complete coding sequences will elaborate
on the significance.

5. Conclusion

CaAstV was detected, both in non-diarrhea and diarrhea dogs,
at almost ages, with the highest prevalence in dogs less than
6 months old. In addition, CaAstV was found as an individual
infection or coinfection with other canine GI viruses (CPV, CDV,
CCoV, and CaKoV). Phylogenetic analysis and genomic
characterization showed that the CaAstV Vietnamese and Thai
strains were closely related to each other and to the Chinese strains.
Furthermore, the CaAstV Thai strains were unique. As this study is
the first report on CaAstV in Vietnam and Thailand, it is necessary
to expand the survey area to better understand the epidemiology
and evolution of CaAstV.

Data availability statement

The original contributions presented in the study are publicly
available. This data can be found here: https://www.ncbinlm.nih.gov/
genbank/, OR220022-OR220030.

Frontiers in Veterinary Science

10.3389/fvets.2023.1278417

Ethics statement

The animal studies were approved by the Institutional Animal Care
and Use Committee (IACUC) (No. 2231006) of Chulalongkorn
University (Bangkok, Thailand), The Institutional Biosafety Committee
(IBC) (No. 2131019) of Chulalongkorn University (Bangkok,
Thailand), and Animal Ethics Committee (AEC) (No. NLU-220217) of
Nong Lam University (Ho Chi Minh City, Vietnam). The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent was obtained from the owners
for the participation of their animals in this study.

Author contributions

TN: Methodology, Data curation, Formal analysis, Investigation,
Software, Writing-original draft. CP: Methodology, Conceptualization,
Supervision, Writing-review & editing. ST: Conceptualization, Funding
acquisition, Methodology, Supervision, Writing-review & editing.

Funding

The author(s) declare financial support was received for the research,
authorship, and/or publication of this article. TVN is supported by the
Second Century Fund (C2F), Chulalongkorn University. CP is supported
by the Ratchadapisek Somphot Fund for Postdoctoral Fellowship,
Chulalongkorn University. ST is partly supported by National Research
Council of Thailand (NRCT): R. Thanawongnuwech NRCT Senior
scholar 2022 #N42A650553. This research is funded by the 90th
Anniversary of Chulalongkorn University Fund (Ratchadaphiseksomphot
Endowment Fund) (to TVN).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material
The Supplementary material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fvets.2023.1278417/

full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fvets.2023.1278417
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.ncbi.nlm.nih.gov/genbank/
https://www.ncbi.nlm.nih.gov/genbank/
https://www.frontiersin.org/articles/10.3389/fvets.2023.1278417/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2023.1278417/full#supplementary-material

Nguyen et al.

References

1. Decaro N. Enteric viruses of dogs. Adv Small Anim Care. (2020) 1:143-60. doi:
10.1016/j.yasa.2020.07.012

2. Williams FP Jr. Astrovirus-like, coronavirus-like, and parvovirus-like particles
detected in the diarrheal stools of beagle pups. Arch Virol. (1980) 66:215-26. doi:
10.1007/BF01314735

3. Caddy SL, Goodfellow I. Complete genome sequence of canine astrovirus with
molecular and epidemiological characterisation of UK strains. Vet Microbiol. (2015)
177:206-13. doi: 10.1016/j.vetmic.2015.03.011

4. Martella V, Moschidou P, Lorusso E, Mari V, Camero M, Bellacicco A, et al.
Detection and characterization of canine astroviruses. ] Gen Virol. (2011) 92:1880-7.
doi: 10.1099/vir.0.029025-0

5. Bass DM, Upadhyayula U. Characterization of human serotype 1 astrovirus-
neutralizing epitopes. ] Virol. (1997) 71:8666-71. doi: 10.1128/JV1.71.11.8666-8671.1997

6. Krishna NK. Identification of structural domains involved in astrovirus capsid
biology. Viral Immunol. (2005) 18:17-26. doi: 10.1089/vim.2005.18.17

7. Sanchez-Fauquier A, Carrascosa A, Carrascosa J, Otero A, Glass R, Lopez ], et al.
Characterization of a human astrovirus serotype 2 structural protein (Vp26) that
contains an epitope involved in virus neutralization. Virology. (1994) 201:312-20. doi:
10.1006/viro.1994.1296

8. Woode GN, Bridger JC. Isolation of small viruses resembling astroviruses and
caliciviruses from acute enteritis of calves. ] Med Microbiol. (1978) 11:441-52. doi:
10.1099/00222615-11-4-441

9. Capozza P, Martella V, Lanave G, Catella C, Diakoudi G, Beikpour F et al. An
outbreak of neonatal enteritis in buffalo calves associated with astrovirus. J Vet Sci.
(2021) 22:¢84. doi: 10.4142/jvs.2021.22.e84

10. Martella V, Catella C, Capozza P, Diakoudi G, Camero M, Lanave G, et al.
Identification of astroviruses in bovine and buffalo calves with enteritis. Res Vet Sci.
(2020) 131:59-68. doi: 10.1016/j.rvsc.2020.04.010

11. Snodgrass DR, Gray EW. Detection and transmission of 30 nm virus particles
(astroviruses) in faeces of lambs with diarrhoea. Arch Virol. (1977) 55:287-91. doi:
10.1007/BF01315050

12. Bridger J. Detection by electron microscopy of caliciviruses, astroviruses and
rotavirus-like particles in the faeces of piglets with diarrhea. Vet Rec. (1980) 107:532-3.

13. Hoshino Y, Zimmer JE, Moise NS, Scott FW. Detection of astroviruses in feces of
a cat with diarrhea. Brief Report Arch Virol. (1981) 70:373-6. doi: 10.1007/BF01320252

14. Englund L, Chriel M, Dietz HH, Hedlund KO. Astrovirus epidemiologically linked
to pre-weaning diarrhoea in mink. Vet Microbiol. (2002) 85:1-11. doi: 10.1016/
s0378-1135(01)00472-2

15. Chu DK, Poon LL, Guan Y, Peiris JS. Novel Astroviruses in insectivorous bats. J
Virol. (2008) 82:9107-14. doi: 10.1128/JV1.00857-08

16. Tzipori S, Menzies JD, Gray EW. Detection of astrovirus in the faeces of red deer.
Vet Rec. (1981) 108:286. doi: 10.1136/vr.108.13.286

17. Chu DK, Chin AW, Smith GJ, Chan KH, Guan Y, Peiris JS, et al. Detection of novel
astroviruses in urban brown rats and previously known astroviruses in humans. J Gen
Virol. (2010) 91:2457-62. doi: 10.1099/vir.0.022764-0

18. Diakoudi G, Buonavoglia A, Pellegrini F, Capozza P, Vasinioti VI, Cardone R, et al.
Identification of new astroviruses in synanthropic squamates. Res Vet Sci. (2023)
161:103-9. doi: 10.1016/j.rvsc.2023.06.009

19.Rivera R, Nollens HH, Venn-Watson S, Gulland FM, Wellehan JF Jr.
Characterization of phylogenetically diverse astroviruses of marine mammals. ] Gen
Virol. (2010) 91:166-73. doi: 10.1099/vir.0.015222-0

20. Gough RE, Collins MS, Borland E, Keymer LE. Astrovirus-like particles associated
with hepatitis in ducklings. Vet Rec. (1984) 114:279. doi: 10.1136/vr.114.11.279-a

21. Reynolds DL, Saif YM. Astrovirus: a cause of an enteric disease in turkey poults.
Avian Dis. (1986) 30:728-35. doi: 10.2307/1590577

22.Fu Y, Pan M, Wang X, Xu Y, Xie X, Knowles NJ, et al. Complete sequence of a duck
astrovirus associated with fatal hepatitis in ducklings. ] Gen Virol. (2009) 90:1104-8. doi:
10.1099/vir.0.008599-0

23. Imada T, Yamaguchi S, Mase M, Tsukamoto K, Kubo M, Morooka A. Avian nephritis
virus (ANV) as a new member of the family Astroviridae and construction of infectious
ANV cDNA. ] Virol. (2000) 74:8487-93. doi: 10.1128/JV1.74.18.8487-8493.2000

24. Bidin M, Lojkic I, Tisljar M, Bidin Z, Majnaric D. Astroviruses associated with
stunting and pre-hatching mortality in duck and goose embryos. Avian Pathol. (2012)
41:91-7. doi: 10.1080/03079457.2011.642796

25. Blomstrom AL, Widen F, Hammer AS, Belak S, Berg M. Detection of a novel
astrovirus in brain tissue of mink suffering from shaking mink syndrome by use of viral
metagenomics. ] Clin Microbiol. (2010) 48:4392-6. doi: 10.1128/JCM.01040-10

26.Lu RG, Li SS, Hu B, Li HY, Tian H, Liu WQ, et al. The first evidence of shaking
mink syndrome-astrovirus associated encephalitis in farmed minks, China. Transbound
Emerg Dis. (2022) 69:3979-84. doi: 10.1111/tbed.14693

27. Walter JE, Mitchell DK. Astrovirus infection in children. Curr Opin Infect Dis.
(2003) 16:247-53. doi: 10.1097/00001432-200306000-00011

Frontiers in Veterinary Science

10.3389/fvets.2023.1278417

28. Moser LA, Schultz-Cherry S. Pathogenesis of astrovirus infection. Viral Immunol.
(2005) 18:4-10. doi: 10.1089/vim.2005.18.4

29. Wunderli W, Meerbach A, Gungor T, Berger C, Greiner O, Caduff R, et al.
Astrovirus infection in hospitalized infants with severe combined immunodeficiency
after allogeneic hematopoietic stem cell transplantation. PLoS One. (2011) 6:¢27483. doi:
10.1371/journal.pone.0027483

30.Zhu AL, Zhao W, Yin H, Shan TL, Zhu CX, Yang X, et al. Isolation and
characterization of canine astrovirus in China. Arch Virol. (2011) 156:1671-5. doi:
10.1007/s00705-011-1022-z

31. Takano T, Takashina M, Doki T, Hohdatsu T. Detection of canine astrovirus in dogs
with diarrhea in Japan. Arch Virol. (2015) 160:1549-53. doi: 10.1007/s00705-015-2405-3

32. Moreno PS, Wagner J, Mansfield CS, Stevens M, Gilkerson JR, Kirkwood CD.
Characterisation of the canine Faecal Virome in healthy dogs and dogs with acute
Diarrhoea using shotgun metagenomics. PLoS One. (2017) 12:e0178433. doi: 10.1371/
journal.pone.0178433

33. Alves CDBT, da Fontoura BR, Cibulski SP, Weber MN, Mayer FQ, Bianchi MV,
et al. Mamastrovirus 5 detected in a crab-eating fox (Cerdocyon Thous): expanding
wildlife host range of astroviruses. Comp Immunol Microbiol Infect Dis. (2018) 58:36-43.
doi: 10.1016/j.cimid.2018.08.002

34. Toffan A, Jonassen CM, De Battisti C, Schiavon E, Kofstad T, Capua I, et al.
Genetic characterization of a new astrovirus detected in dogs suffering from diarrhoea.
Vet Microbiol. (2009) 139:147-52. doi: 10.1016/j.vetmic.2009.04.031

35. Grellet A, De Battisti C, Feugier A, Pantile M, Marciano S, Grandjean D, et al.
Prevalence and risk factors of astrovirus infection in puppies from French breeding
kennels. Vet Microbiol. (2012) 157:214-9. doi: 10.1016/j.vetmic.2011.11.012

36. Mihalov-Kovacs E, Martella V, Lanave G, Bodnar L, Feher E, Marton S, et al. Genome
analysis of canine astroviruses reveals genetic heterogeneity and suggests possible inter-
species transmission. Virus Res. (2017) 232:162-70. doi: 10.1016/j.virusres.2016.12.005

37.Caddy SL. New viruses associated with canine gastroenteritis. Vet J. (2018)
232:57-64. doi: 10.1016/j.tvjl.2017.12.009

38. Simon-Loriere E, Holmes EC. Why do RNA viruses recombine? Nat Rev Microbiol.
(2011) 9:617-26. doi: 10.1038/nrmicro2614

39.Li M, Yan N, Ji C, Wang M, Zhang B, Yue H, et al. Prevalence and genome
characteristics of canine astrovirus in Southwest China. ] Gen Virol. (2018) 99:880-9.
doi: 10.1099/jgv.0.001077

40. Zhang W, Wang R, Liang J, Zhao N, Li G, Gao Q, et al. Epidemiology, genetic
diversity and evolution of canine astrovirus. Transbound Emerg Dis. (2020) 67:2901-10.
doi: 10.1111/tbed.13663

41. Ulloa JC, Gutiérrez ME. Genomic analysis of two ORF2 segments of new porcine
astrovirus isolates and their close relationship with human astroviruses. Can | Microbiol.
(2010) 56:569-77. doi: 10.1139/w10-042

42. Japhet M, Famurewa O, Adesina O, Opaleye O, Wang B, Hohne M, et al. Viral
gastroenteritis among children of 0-5 years in Nigeria: characterization of the first
Nigerian aichivirus, recombinant noroviruses and detection of a zoonotic astrovirus. J
Clin Virol. (2019) 111:4-11. doi: 10.1016/j.jcv.2018.12.004

43. Harvey ND. How old is my dog? Identification of rational age groupings in pet
dogs based upon normative age-linked processes. Front Vet Sci. (2021) 8:643085. doi:
10.3389/fvets.2021.643085

44. Watts G. Interpreting Nanodrop (spectrophotometric) results. (2014).

45. Piewbang C, Techangamsuwan S. Phylogenetic evidence of a novel lineage of
canine pneumovirus and a naturally recombinant strain isolated from dogs with
respiratory illness in Thailand. BMC Vet Res. (2019) 15:300. doi: 10.1186/
512917-019-2035-1

46. Nguyen Manh T, Piewbang C, Rungsipipat A, Techangamsuwan S. Molecular and
phylogenetic analysis of Vietnamese canine parvovirus 2c originated from dogs reveals
anew Asia-IV clade. Transbound Emerg Dis. (2021) 68:1445-53. doi: 10.1111/tbed.13811

47. Piewbang C, Rungsipipat A, Poovorawan Y, Techangamsuwan S. Development and
application of multiplex PCR assays for detection of virus-induced respiratory disease
complex in dogs. J Vet Med Sci. (2017) 78:1847-54. doi: 10.1292/jvms.16-0342

48. Ksiazek TG, Erdman D, Goldsmith CS, Zaki SR, Peret T, Emery S, et al. A novel
coronavirus associated with severe acute respiratory syndrome. N Engl ] Med. (2003)
348:1953-66. doi: 10.1056/NEJM0a030781

49. Di Martino B, Di Felice E, Ceci C, Di Profio E Marsilio F. Canine kobuviruses in
diarrhoeic dogs in Italy. Vet Microbiol. (2013) 166:246-9. doi: 10.1016/j.vetmic.2013.05.007

50. De Benedictis P, Schultz-Cherry S, Burnham A, Cattoli G. Astrovirus infections
in humans and animals - molecular biology, genetic diversity, and interspecies
transmissions. Infect Genet Evol. (2011) 11:1529-44. doi: 10.1016/j.meegid.2011.07.024

51.Zhou H, Liu L, Li R, Qin Y, Fang Q, Balasubramaniam VR, et al. Detection and
genetic characterization of canine Astroviruses in pet dogs in Guangxi, China. Virol J.
(2017) 14:156. doi: 10.1186/s12985-017-0823-4

52. Lizasoain A, Tort L, Garcia M, Gomez M, Leite ], Miagostovich M, et al.
Environmental assessment reveals the presence of Mlb-1 human astrovirus in Uruguay.
J Appl Microbiol. (2015) 119:859-67. doi: 10.1111/jam.12856

frontiersin.org


https://doi.org/10.3389/fvets.2023.1278417
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/j.yasa.2020.07.012
https://doi.org/10.1007/BF01314735
https://doi.org/10.1016/j.vetmic.2015.03.011
https://doi.org/10.1099/vir.0.029025-0
https://doi.org/10.1128/JVI.71.11.8666-8671.1997
https://doi.org/10.1089/vim.2005.18.17
https://doi.org/10.1006/viro.1994.1296
https://doi.org/10.1099/00222615-11-4-441
https://doi.org/10.4142/jvs.2021.22.e84
https://doi.org/10.1016/j.rvsc.2020.04.010
https://doi.org/10.1007/BF01315050
https://doi.org/10.1007/BF01320252
https://doi.org/10.1016/s0378-1135(01)00472-2
https://doi.org/10.1016/s0378-1135(01)00472-2
https://doi.org/10.1128/JVI.00857-08
https://doi.org/10.1136/vr.108.13.286
https://doi.org/10.1099/vir.0.022764-0
https://doi.org/10.1016/j.rvsc.2023.06.009
https://doi.org/10.1099/vir.0.015222-0
https://doi.org/10.1136/vr.114.11.279-a
https://doi.org/10.2307/1590577
https://doi.org/10.1099/vir.0.008599-0
https://doi.org/10.1128/JVI.74.18.8487-8493.2000
https://doi.org/10.1080/03079457.2011.642796
https://doi.org/10.1128/JCM.01040-10
https://doi.org/10.1111/tbed.14693
https://doi.org/10.1097/00001432-200306000-00011
https://doi.org/10.1089/vim.2005.18.4
https://doi.org/10.1371/journal.pone.0027483
https://doi.org/10.1007/s00705-011-1022-z
https://doi.org/10.1007/s00705-015-2405-3
https://doi.org/10.1371/journal.pone.0178433
https://doi.org/10.1371/journal.pone.0178433
https://doi.org/10.1016/j.cimid.2018.08.002
https://doi.org/10.1016/j.vetmic.2009.04.031
https://doi.org/10.1016/j.vetmic.2011.11.012
https://doi.org/10.1016/j.virusres.2016.12.005
https://doi.org/10.1016/j.tvjl.2017.12.009
https://doi.org/10.1038/nrmicro2614
https://doi.org/10.1099/jgv.0.001077
https://doi.org/10.1111/tbed.13663
https://doi.org/10.1139/w10-042
https://doi.org/10.1016/j.jcv.2018.12.004
https://doi.org/10.3389/fvets.2021.643085
https://doi.org/10.1186/s12917-019-2035-1
https://doi.org/10.1186/s12917-019-2035-1
https://doi.org/10.1111/tbed.13811
https://doi.org/10.1292/jvms.16-0342
https://doi.org/10.1056/NEJMoa030781
https://doi.org/10.1016/j.vetmic.2013.05.007
https://doi.org/10.1016/j.meegid.2011.07.024
https://doi.org/10.1186/s12985-017-0823-4
https://doi.org/10.1111/jam.12856

Nguyen et al.

53.Luo Z, Roi S, Dastor M, Gallice E, Laurin M-A, CHomme Y. Multiple novel
and prevalent astroviruses in pigs. Vet Microbiol. (2011) 149:316-23. doi: 10.1016/j.
vetmic.2010.11.026

54.Choi S, Lim SI, Kim YK, Cho YY, Song JY, An DJ. Phylogenetic analysis of
astrovirus and kobuvirus in Korean dogs. J Vet Med Sci. (2014) 76:1141-5. doi: 10.1292/
jvms.13-0585

55.Dema A, Tallapally MR, Ganji VK, Buddala B, Kodi H, Ramidi A, et al. A
comprehensive molecular survey of viral pathogens associated with canine
gastroenteritis. Arch Virol. (2023) 168:36. doi: 10.1007/s00705-022-05674-6

Frontiers in Veterinary Science

09

10.3389/fvets.2023.1278417

56. Lukashov VV, Goudsmit J. Evolutionary relationships among Astroviridae. ] Gen
Virol. (2002) 83:1397-405. doi: 10.1099/0022-1317-83-6-1397

57. Ykema M, Tao YJ. Structural insights into the human astrovirus capsid. Viruses.
(2021) 13:821. doi: 10.3390/v13050821

58. del Rocio B-LM, Méndez E. Role of individual caspases induced by astrovirus on
the processing of its structural protein and its release from the cell through a non-lytic
mechanism. Virology. (2010) 401:322-32. doi: 10.1016/j.virol.2010.02.028

59. Arias CF, DuBois RM. The Astrovirus capsid: a review. Viruses. (2017) 9:15. doi:
10.3390/v9010015

frontiersin.org


https://doi.org/10.3389/fvets.2023.1278417
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/j.vetmic.2010.11.026
https://doi.org/10.1016/j.vetmic.2010.11.026
https://doi.org/10.1292/jvms.13-0585
https://doi.org/10.1292/jvms.13-0585
https://doi.org/10.1007/s00705-022-05674-6
https://doi.org/10.1099/0022-1317-83-6-1397
https://doi.org/10.3390/v13050821
https://doi.org/10.1016/j.virol.2010.02.028
https://doi.org/10.3390/v9010015

	Genetic characterization of canine astrovirus in non-diarrhea dogs and diarrhea dogs in Vietnam and Thailand reveals the presence of a unique lineage
	1. Introduction
	2. Materials and methods
	2.1. Animals and sample collection
	2.2. RNA extraction
	2.3. CaAstV detection
	2.4. CaAstV whole genome characterization
	2.5. Phylogenetic and genetic analyses
	2.6. Recombination analysis
	2.7. Statistical analysis

	3. Results
	3.1. Prevalence of CaAstV infection in domestic dogs in Vietnam and Thailand
	3.2. Genetic characterization of the CaAstV in Vietnam and Thailand
	3.3. Phylogeny of the Vietnam and Thailand CaAstV

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

