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Abstract
Canine kobuvirus (CaKoV), a newly described virus, is the causative agent of gastroenteritis in dogs. In this study, 57 
fecal samples from dogs with diarrhea in Anhui Province, eastern China, were collected. Among these, five samples were 
identified to be infected with CaKoV, by polymerase chain reaction targeting the CaKoV 3D gene. The five CaKoV strains 
were subjected to phylogenetic analysis. The sequences of VP1 from the five CaKoV strains were 93.6%–96.1% identical 
to each other and 91.75%–97.95% identical to other reported CaKoV VP1 sequences. In addition, the complete genome of 
one strain was successfully amplified and sequenced. The genome consisted of 8223 nucleotides and shared 94.6%–97.0% 
nucleotide and 93.1%–94.0% amino acid sequence identity with other CaKoV isolates. Phylogenetic analysis revealed that 
the CaKoV strain from Anhui Province was similar to other Chinese strains, and it was more closely related to feline and 
mouse kobuviruses than to sheep and bovine kobuviruses. Interestingly, all of the CaKoV-positive samples were coinfected 
with canine parvovirus. The finding of CaKoV infection in dogs with diarrhea and coinfection with canine parvovirus are a 
cause for concern and highlight the need for management and preventive measures.

Introduction

Kobuvirus, a genus of the family Picornaviridae, is divided 
into six species, namely Aichivirus A (human kobuvirus), 
Aichivirus B (bovine kobuvirus), Aichivirus C (porcine 
kobuvirus), Aichivirus D (kagovirus 1), Aichivirus E (rabbit 
picornavirus), and Aichivirus F (bat kobuvirus) [3, 16, 20, 
21]. Canine kobuvirus (CaKoV) is a member of the species 

Aichivirus A [1, 9]. In 2011, the whole genome sequence of 
a CaKoV isolate was first determined in the United States of 
America [9]. Thereafter, the complete genomes of CaKoV 
isolates have been sequenced in various countries, including 
China, Britain, Italy, South Korea, Tanzania, Kenya, and 
Japan [2, 6, 7, 10, 14, 19]. The CaKoV genome is 8.1–8.2 kb 
long, with one open reading frame (ORF) and a 5’ untrans-
lated region (UTR). The ORF contains 7332–7341 nucleo-
tides (nt) that encode a polyprotein of 2442–2475 amino 
acids (aa) [11]. The ORF encodes a leader (L) protein, three 
structural proteins (VP0, VP3, and VP1), and seven non-
structural proteins (2A, 2B, 2C, 3A, 3B, 3C, and 3D), and 
this is followed by a 3’-UTR and a poly(A) tail. The struc-
tural proteins form the capsid, which is associated with the 
adsorption and entry of virus particles into cells. Based on 
the sequence of the VP1 gene, virus strains can be divided 
into two groups [12]. The non-structural proteins and inter-
mediates are involved in RNA replication, polyprotein cleav-
age, and virion assembly [9].

CaKoV is frequently detected in dogs with diarrhea but is 
also associated with asymptomatic infections [4, 8, 18]. This 
virus has also been detected in wild carnivores such as jack-
als, foxes, and hyenas [8, 14]. The virus is found not only 
in the digestive system but also in the cerebellum, lungs, 
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tonsils, and liver, indicating that CaKoV might cause serious 
systemic infections [18].

Although the complete genomes of CaKoV isolates from 
several countries have been sequenced, studies on the char-
acterization of endemic CaKoV strains in mainland China 
are limited. CaKoV infections have been reported in north-
east and southwest China [10, 12]. However, there is a lack 
of genetic data on circulating CaKoV strains in eastern 
China. In the present study, CaKoV strains were detected 
in dogs with diarrhea from Anhui Province, eastern China, 
and the complete genome of one strain was successfully 
sequenced. Based on phylogenetic analysis, the prevalence 
of these CaKoV strains was analyzed, and the genetic diver-
sity of CaKoV was investigated by comparing complete 
genome and VP1 gene sequences with those of CaKoV ref-
erence strains. To the best of our knowledge, this is the first 
phylogenetic analysis of CaKoV strains isolated from Anhui 
Province. The results can help to better understand the epi-
demiology of CaKoV in eastern China.

Materials and methods

Sample collection

Fecal samples were collected from dogs with diarrhea in 
several animal hospitals in Hefei, Ma’anshan, Anhui Prov-
ince from January 2018 to July 2019. All fecal samples were 
stored at -80°C until further analysis.

RNA extraction and cDNA synthesis

The fecal samples were resuspended in phosphate-buffered 
saline at approximately 0.1–0.2 g/ml by vortexing and then 
centrifuged at 12,000 g for 10 min. The suspension was then 
collected in a new centrifuge tube without RNase. Viral 
RNA was extracted using a TIANamp Virus DNA/RNA Kit 
(Tiangen Biotech Co., Ltd., China) according to the manu-
facturer’s instructions [10]. The extracted RNA was reverse 
transcribed into cDNA using a PrimeScript™ First Strand 
cDNA Synthesis Kit (TaKaRa BIO INC, Japan) according to 
the manufacturer’s instructions [12]. The cDNA was stored 
at -20 °C until further analysis.

CaKoV detection in samples

Real-time polymerase chain reaction (RT-PCR) was con-
ducted by targeting the CaKoV 3D gene [7]. The specific 
primers used for RT-PCR are listed in Table 1. The predicted 
size of the PCR product was 504 bp. The amplified product 
was purified and cloned into the pMD-19T vector (TaKaRa). 
The recombinant plasmid was then sequenced by Sangon 
Company.

Screening for coinfection with canine enteric 
pathogens

All CaKoV-positive samples were examined for the pres-
ence of canine enteric pathogens. The samples were 
tested for canine parvovirus (CPV, GenBank accession 

Table 1   Specific primers used for detection of CaKoV and other enteroviruses

CDV, canine distemper virus; CaAstV, canine astrovirus; CaKoV, canine kobuvirus; CPV, canine parvovirus; CCV, canine coronavirus

Primer name Nucleotide sequence
(5’-3’)

Target
gene

Amplicon size
(bp)

Reaction conditions

CaKoV-3D-F
CaKoV-3D-R

CCC​TGG​AAC​ACC​CAA​GGC​CGCT​
TCT​GGT​TGC​CAT​AGA​TGT​GGTG​

3D 504 94°C for 2 min, followed by 40 cycles at 94°C for 45 s, 
48°C for 1 min and 72°C for 50 s and a final exten-
sion step at 72°C for 10 min

CaKoV-VP1-F
CaKoV-VP1-R

GCG​AAC​TCA​GAA​GAT​CTC​AAT​GCG​C
ATA​GGT​GGG​CCT​ATC​TGC​ACG​GAC​G

VP1 834 95°C for 5 min, followed by 30 cycles at 95°C for 30 s, 
57°C for 30 s and 72°C for 1 min and a final exten-
sion step at 72°C for 10 min

CPV-F
CPV-R

GGG​GAT​TTC​TAC​GGG​TAC​TTT​
TGG​TAA​GCC​CAA​TGC​TCT​AT

VP2 751 95°C for 5 min, followed by 30 cycles at 95°C for 30 s, 
50°C for 30 s and 72°C for 50 s and a final extension 
step at 72°C for 10 min

CCV-F
CCV-R

CTT​GGT​AAT​CGT​GGT​GCT​AAT​
TCA​ATC​TGG​TCG​CCA​TCT​TC

N 530 95°C for 5 min, followed by 30 cycles at 95°C for 30 s, 
52°C for 30 s and 72°C for 40 s and a final extension 
step at 72°C for 10 min

CDV-F
CDV-R

GAA​GGG​TCG​AAA​GCT​CAA​GG
ACA​CCA​ACT​CCC​ATA​GCA​TAAC​

N 617 95°C for 5 min, followed by 30 cycles at 95°C for 30 s, 
53°C for 30 s and 72°C for 40 s and a final extension 
step at 72°C for 10 min

CaAstV-F
CaAstV-R

GTA​CTA​TAC​CRT​CTG​ATT​TAATT​
AGA​CCA​ARG​TGT​CAT​AGT​TCAG​

ORF1b 625 95°C for 5 min, followed by 35 cycles at 95°C for 20 s, 
58°C for 30 s and 72°C for 90 s and a final extension 
step at 72°C for 5 min
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no. NC001539) by PCR and for canine coronavirus 
(CCV, GenBank accession no. AB781800), canine dis-
temper virus (CDV, GenBank accession no. JF965338), 
and canine astrovirus (CaAstV, GenBank accession no. 
KX599391) by RT-PCR. The specific primers are listed in 
Table 1. The PCR and RT-PCR products were sequenced 
by Sangon Company.

VP1 gene amplification

A specific primer pair targeting CaKoV VP1 was 
designed based on genome sequences from the GenBank 
database (accession nos. JQ911763 and MF062158). The 
PCR-amplified products were purified and cloned into the 
pMD-19T vector and confirmed by sequencing.

Amplification of the complete CaKoV genome

As shown in Table 2, eight pairs of specific primers were 
designed based on the sequences of the conserved regions 
of published CaKoV strains (accession nos. JQ911763 
and MF062158). The PCR products were purified and 
cloned into the pMD-19T vector before sequencing.

Sequence assembly and phylogenetic analysis

The sequences were assembled using SeqMan software 
(DNASTAR, USA). The nt and aa sequences of the isolates 
were aligned with those obtained from the GenBank data-
base (Table 3). The sequences were then aligned using the 
Clustal W method with MegAlign in DNASTAR software. 
To analyze evolutionary relationships, phylogenetic trees 
were constructed based on the Kimura 2-parameter model 
using the neighbor-joining method with 1000 bootstrap rep-
licates with MEGA 6.0 software.

Results

CaKoV detection and coinfection in clinical samples

Fifty-seven fecal samples from dogs with diarrhea were 
collected to test for CaKoV infection. Among these, five 
samples were positive for CaKoV, with an incidence rate of 
approximately 8.7% (5/57) in Anhui Province from Janu-
ary 2018 to July 2019. All CaKoV-positive samples were 
subjected to further testing to detect other enteroviruses in 
order to identify possible coinfections. Interestingly, all five 
CaKoV-positive samples were coinfected with CPV, and the 

Table 2   Specific primers used for RT-PCR amplification and genomic sequencing

Primer name Nucleotide sequence (5’-3’) Ampli-
con size 
(bp)

Reaction conditions

CaKoV-1-F
CaKoV-1-R

1- TTT​AAG​TGT​TGT​GCC​CAA​TCT​CTT​G
689- CTT​GGT​AGT​CAG​TAG​CAG​TGA​TGT​A

689 95°C for 5 min, followed by 30 cycles at 95°C for 30 s, 52°C for 
30 s and 72°C for 40 s and a final extension step at 72°C for 10 
min

CaKoV-2-F
CaKoV-2-R

600- TAA​TGG​CAG​GCA​GAA​TGG​AAT​CTC​G
1858- TGG​GTA​CGC​ACG​CAC​GAA​GG

1259 95°C for 5 min, followed by 30 cycles at 95°C for 30 s, 54°C for 
30 s and 72°C for 90 s and a final extension step at 72°C for 10 
min

CaKoV-3-F
CaKoV-3-R

1745- AAC​CCT​ACA​TTC​CCC​ATC​TCA​TCA​T
2981- CAT​TCT​CAA​TGT​TGG​CAG​TGT​CCT​G

1237 95°C for 5 min, followed by 30 cycles at 95°C for 30 s, 53°C for 
30 s and 72°C for 90 s and a final extension step at 72°C for 10 
min

CaKoV-4-F
CaKoV-4-R

2900-TTC​ATG​CAA​AAC​CCC​GCC​CTC​ACC​T
3937- CTC​CCA​CGG​TTT​GCC​GAG​TT

1038 95°C for 5 min, followed by 30 cycles at 95°C for 30 s, 53°C for 
30 s and 72°C for 90 s and a final extension step at 72°C for 10 
min

CaKoV-5-F
CaKoV-5-R

3803- GGA​AGC​ACA​AAG​CAA​ATT​TCC​CTC​T
4784- GGG​CCA​ATA​TGG​AAT​CCG​AGTAA​

982 95°C for 5 min, followed by 30 cycles at 95°C for 30 s,53°C for 30 
s and 72°C for 60 s and a final extension step at 72°C for 10 min

CaKoV-6-F
CaKoV-6-R

4637- AAT​GTC​GAG​TGG​ATC​GGA​GAA​ACT​G
6649- GGG​AGC​CGG​TTC​CTT​CTT​GAT​

2013 95°C for 5 min, followed by 30 cycles at 95°C for 30 s, 53°C for 
30 s and 72°C for 150 s and a final extension step at 72°C for 10 
min

CaKoV-7-F
CaKoV-7-R

6568- CGG​TGT​CAA​CAT​CAA​CCG​GAT​GTC​T
7876- CCC​AGA​CTT​GAG​GCA​CTG​TTCG​

1309 95°C for 5 min, followed by 30 cycles at 95°C for 30 s, 57°C for 
30 s and 72°C for 90 s and a final extension step at 72°C for 10 
min

CaKoV-8-F
CaKoV-8-R

7641- CGT​CCA​CAA​TCT​ATG​AAG​TCA​CCT​
8216- TTT​TTT​TTT​TTT​TTT​TTT​TT
AAG​AAC​AGT​TAG​AAA​AGT​T

576 95°C for 5 min, followed by 30 cycles at 95°C for 30 s, 57°C for 
30 s and 72°C for 50 s and a final extension step at 72°C for 10 
min
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sample with the AH-4 strain was coinfected with CaAstV 
(Table 4). There was no coinfection with CCV or CDV.

VP1 gene sequencing and phylogenetic analysis

The VP1 sequences of the five CaKoV strains were 835–838 
bp long and encoded polyproteins of 278–279 aa. Phyloge-
netic analysis demonstrated that the CaKoV isolates were 
divided into two separate groups: one including CaKoV 
isolates from China, and the other including CaKoV iso-
lates from the USA, England, Korea, and Brazil. As shown 
in Fig. 1a, the VP1 sequences of the five CaKoV strains 
detected in this study clustered into a single group, with 
100% bootstrap support.

Complete genome analysis of CaKoV strain AH‑1/
CHN/2019

In this study, the complete genome sequence of one 
CaKoV isolate was successfully amplified. The complete 

genome was 8223 nt long; it contained an open reading 
frame (ORF) of 7335 nt excluding the poly(A) tail, encod-
ing a partial 5’-UTR of 601 nt and a 248-nt 3’-UTR. The 
whole sequence was uploaded to the GenBank database 
and named “CaKoV AH-1/CHN/2019” (accession no. 
MN449341). The complete genome of CaKoV AH-1/
CHN/2019 has 20.3% A, 20.9% G, 21.4% T, and 37.4% 
C and thus has a high G+C content (58.29%), like other 
kobuviruses (52%–59%).

The CaKoV AH-1/CHN/2019 strain showed 94.6%–97% 
nucleotide sequence identity and 93.1%–94% aa sequence 
identity with CaKoV strains CH-1 (JQ911763), SMCD-
59 (MF062158), CU101 (MK201777), and 12D049 
(KF924623). We performed a phylogenetic analysis based 
on the complete genome of CaKoV AH-1/CHN/2019 and 
other representative kobuviruses (Fig. 1b).

Table 3   Kobuvirus reference 
strains used in phylogenetic 
analysis

Strain Host species Country Gene GenBank accession no.

SMCD-59 Canine China Whole genome + VP1 MF062158
CH-1 Canine China Whole genome + VP1 JQ911763
US-PC0082 Canine USA Whole genome + VP1 JN088541
UK003 Canine UK Whole genome + VP1 KC161964
CaKoV-26 Canine Brazil Whole genome + VP1 MH747478
12D049 Canine Korea Whole genome + VP1 KF924623
WHJ-1 Feline China Whole genome MF598159
12D240 Feline Korea Whole genome KJ958930
FK-13 Feline Korea Whole genome KF831027
TB3 Sheep Hungary Whole genome GU245693
12Q108 Caprine Korea Whole genome NC023422
EGY-1 Bovine Egypt Whole genome KY407744
M-5-1 Mouse USA Whole genome NC015936
HT9 Marmot China Whole genome KY855436
SewKTM Sewage Nepal Whole genome JQ898342
S-1-HUN Swine Hungary Whole genome EU787450
XX Swine China Whole genome KC204684
JS-01-CHN Swine China Whole genome KP144318

Table 4   Coinfection status of 
CaKoV-positive samples

CaKoV, canine kobuvirus; CPV, canine parvovirus; CCV, canine coronavirus; CDV, canine distemper 
virus; CaAstV, canine astrovirus

Strain Feeding model Diarrhea CPV CaAstV CCV CDV

AH-1 Domesticated + + - - -
AH-2 Domesticated + + - - -
AH-3 Domesticated + + - - -
AH-4 Domesticated + + + - -
AH-5 Domesticated + + - - -
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Fig. 1   a. Neighbor-joining phy-
logenetic tree based on the VP1 
sequences of the CaKoV strains. 
Isolates from this study are 
indicated by black boxes. The 
tree was constructed using the 
neighbor-joining method with 
the Kimura 2-parameter model 
and 1000 bootstrap replicates 
using MEGA6.0 software. 1 
b. Phylogenetic tree based on 
an alignment of the complete 
genome sequences of CaKoV 
and other members of the 
genus Kobuvirus. The tree was 
constructed using the neighbor-
joining method with the Kimura 
2-parameter model and 1000 
bootstrap replicates using 
MEGA6.0 software. Isolates 
from this study are indicated by 
black boxes
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Discussion

Viruses are the main cause of gastroenteritis in animals, 
especially in puppies under 1 year of age [15]. The viruses 
frequently associated with gastroenteritis are CPV-2, CDV, 
CCV, rotaviruses, adenoviruses, and some newly identified 
viruses such as CaKoV and CaAstV [11]. Animal kobuvi-
ruses have been detected in pigs, cattle, sheep, and dogs 
in several countries.

In this study, five strains of CaKoV were detected in 
fecal samples from 57 dogs with diarrhea in Anhui Prov-
ince. The results showed that the CaKoV infection rate was 
approximately 8.7% (5/57). According to a previous study, 
the CaKoV infection rate in southwest and northeast China 
was 50.46% and 17.91%, respectively [10, 12]. Thus, the 
CaKoV infection rate in Anhui Province may be lower than 
that in southwest and northeast China. We are continu-
ing to collect samples from animal hospitals and animal 
shelters in Anhui Province for further study. Furthermore, 
according to previous studies, enteroviruses are frequently 
found in coinfections with other pathogens. Therefore, we 
simultaneously tested for some common pathogens. It has 
been reported that the CPV coinfection rate ranges from 
41.67% to 100% [10, 13]. Interestingly, in this study, all of 
the CaKoV-positive samples showed the co-occurrence of 
CPV infection (Table 4), indicating the CPV co-infection 
rate in eastern China was higher than that in northeast 
and southwest China. Further study is required to identify 
synergy with parvoviruses [10, 12]. Only one sample was 
coinfected with CaAstV, and there was no coinfection with 
CCV or CDV. It has been reported that CaKoV can cause 
serious systemic infections [18]. Together, these find-
ings imply that the high coinfection rate of CaKoV with 
other enteroviruses should be considered an important 
risk factor that could lead to gastroenteritis. The infection 
mechanism of CaKoV and the role of coinfection with 
other enteroviruses should be further investigated. We will 
expand the number and scope of samples collected in the 
future to compare diarrheic and asymptomatic infections.

The VP1 protein of aichivirus is the most exposed and 
immunodominant portion of the kobuvirus capsid, and it 
is the most variable structural protein [5, 17, 21]. Phylo-
genetic analyses of the VP1 sequence and the complete 
genome sequence of CaKoV allowed us to obtain infor-
mation on the genetic relationships among the identified 
strains and other CaKoV strains reported worldwide, as 
well as other members of the genus Kobuvirus [13]. The 
five amplified VP1 sequences showed significant cluster-
ing and a high degree of similarity to previously reported 
Chinese strains. This result was consistent with that of a 
previous phylogenetic analysis based on VP1 of strains 
from China [12]. In this study, compared with other 

published CaKoV VP1 aa sequences, the five CaKoV 
VP1 aa sequences contained substitutions. Whether these 
differences affect protein function still needs to be clari-
fied. Notably, the phylogenetic analysis showed that the 
Chinese strains clustered separately from other published 
VP1 sequences of strains from Europe and South America, 
suggesting that the CaKoV strains from China may have 
a similar evolutionary background. In addition to this, 
we found that strains from Anhui and southwest China 
were more closely associated with strains from Asia, and 
according to a previous study, strains from northeast China 
showed similarity to strains from Europe, suggesting that 
there may be two different CaKoV lineages in mainland 
China.

To investigate the genetic characteristics of CaKoV strains 
circulating in dogs in Anhui Province, we successfully ampli-
fied the complete genome of one CaKoV strain, which was 
named CaKoV AH-1/CHN/2019. Our study is the first to 
report the complete genome sequence of a CaKoV strain from 
Anhui Province, and this will be helpful for further under-
standing CaKoV epidemiology in China. A phylogenetic 
analysis based on the complete genome sequence also indi-
cated that the CaKoV strain was more closely related to strains 
from China than to those from Europe, Australia, and Amer-
ica. This is in agreement with previously published results 
[10, 12]. Furthermore, a phylogenetic analysis of CaKoV and 
members of different kobuvirus species revealed that CaKoV 
AH-1/CHN/2019 was more closely related to feline kobuvi-
ruses than to sheep and bovine kobuviruses. One of the most 
likely reasons for this is that cats and dogs are often raised 
together in modern families; once a cat or dog is infected with 
a kobuvirus, cross-species cross-infection can easily occur. We 
will focus on this aspect in future research. The links between 
different kobuvirus strains need to be confirmed by extensive 
epidemiological surveys.

In conclusion, CaKoV showed widespread circulation in 
dogs with diarrhea in Anhui Province. The results of the pre-
sent study provide phylogenetic information on the molecular 
epidemiology of CaKoV and indicate that the high coinfection 
rate of CaKoV and CPV deserves more attention.
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