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Enteric viruses cause enteritis in dogs and some of them cause severe diarrheic disease with high
mortality and morbidity such as canine distemper virus (CDV) and canine parvovirus (CPV). There were a
few reports on CDV and CPV infections in Vietnam, but not on the other enteric viruses such as canine
coronavirus (CCoV), canine kobuvirus (CKoV) and mammalian orthoreovirus (MRV). To understand
Vietnamese enteric viruses in dogs, we carried out genetic analysis and virus isolation.

In CHAPTER 1, Vietnamese CDVs were characterized. CDV H genes were detected in five
domestic Vietnamese dogs with diarrhea and two CDVs were successfully isolated from dogs positive for
H genes. The complete genome of one isolate, CDV/dog/HCM/33/140816, was determined. Phylogenetic
analysis showed that all Vietnamese CDVs belonged to the Asia-1 genotype. In addition, the H proteins of
Vietnamese CDV strains were the most homologous to those of Chinese CDVs (98.4% to 99.3% identity).
These results indicated that the Asia-1 genotype of CDV was the predominant genotype circulating among
the domestic dog population in Vietnam and that transboundary transmission of CDV has occurred between
Vietnam and China.

In CHAPTER 2, Vietnamese CCoVs were characterized. To examine the prevalence of CCoV
infection among Vietnamese dogs, 201 serum samples were analyzed by virus-neutralization (VN) test. The
results showed that antibodied against CCoV-II were present in 87 dogs (43.3%). To detect genes of CCoV,
fecal samples collected from 30 diarrheic and 50 healthy dogs were examinated by RT-PCR, confirming
that 2 diarrheic dogs and 5 healthy dogs were positive for CCoV. Nucleotide sequences of N-terminal
region of S gene indicated that CCoV strains were divided into two subgenotypes, CCoV-Ila and -IIb,
respectively. Furthemore, we succeeded in isolation of CCoV/dog/HCM47/2015, the isolate was
plaque-purified three times, and 3'-terminal one-third of the genome was analyzed. Interestingly, the
plaque-purified virus had a large deletion in ORF3abc and E genes (1,165 nt), and a short deletion in
ORF7b gene (60 nt), suggesting that these regions are not necessary for in vitro replication of CCoV. Next,
the antigenicity between the isolated CCoV-IIb and the other CCoV-lla was compared by VN test,
revealing that antigenicty of the isolated CCoV is equal or higher than that of the other CCoV. In summary,
two subgenotypes of CCoV-II are spreading among Vietnamese dogs. The isolated virus with a large
deletion after in vitro passage may be useful for the development of vaccine, owing to its antigenicity and

efficient viral growth in vitro.
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In CHAPTER 3, Vietnamese CPVs were characterized. To examine the prevalence of antibody
against CPV-2 among Vietnamese dogs, 108 serum samples from unvaccinated dogs were analyzed by VN
test. The results showed 101 dogs (93.5%) were positive for anti-CPV antibody. To detect genes of CPV,
fecal samples collected from 30 diarrheic and 50 healthy dogs were examined by PCR. The prevalence of
anti-CPV antibody in diarrheic dogs (43.3%, 13/30) was significantly higher than that in healthy dogs (4%,
2/50), indicating that CPV was a major pathogen causing diarrhea in domestic dogs. Genotyping of 15 CPV
strains showed that CPV-2a (1/15) and CPV-2c (14/15) were circulating in Vietnam. Virus isolation was
performed from fecal samples using A72/cSLAM cells, and nine CPV strains were successfully isolated.
Phylogenetic analysis based on VP2 gene (1,755 nt) and whole coding region (4,269 nt) indicated that
Vietnamese CPV strains were similar to Chinese strains. In conclusion, dominant genotype spreading
among Vietnamese dogs changed from CPV2b to CPV-2c.

In CHAPTER 4, Vietnamese MRVs and CKoVs were caracterized. The prevalence of MRV in
diarrheic dogs (50%, 15/30) was significantly higher than that in healthy dogs (4%, 2/50). Mix-infection
with MRV and the other enteric viruses (CDV, CPV, CKoV) was commonly observed in diarrheic dogs.
Four MRVs were isolated from feces, and genetic analysis of MRV S1 genes showed that three Vietnamese
MRVs belonged to serotype 3 and one did to serotype 2. Vietnamese serotype 3 and 2 showed the highest
identities with Chinese porcine MRV-3 (95.2%-96.1%) and Chinese human MRV-2 (94.6%), respectively.
CKoV was detected from three diarrheic (10%) and two healthy dogs (4%). Nucleotide sequence of CKoV
showed that Vietnamese CKoV was similar to those in Korea. This is the first report on MRV and CKoV
infections in Vietnamese dogs.

In conclusion, we performed comprehensive surveillance of canine enteric viruses in
Vietnamese dogs. Interestingly, all Vietnamese viruses were the most similar to those in China, indicating
transboundary transmission between Vietnam and China. We succeeded in isolation of two CDVs, one
CCoV, nine CPVs and four MRVs. These viruses should be available for development of diagnostic

method and vaccine in Vietnam.
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