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CBuVs is rather limited; the only reports of its existence 
have been from Italy and China [11, 16–18]. To this end, in 
the current study, we investigated the prevalence of CBuV 
in India. For this, fecal samples from dogs presenting with 
enteritis at veterinary hospitals in Hyderabad, Telangana 
State, India, were collected. Also, the nearly full-length 
genome sequence of one strain was determined and charac-
terized, providing a significant reference for further studies 
on the evolution and epidemiology of CBuV.

A total of 186 fecal samples were collected from dogs 
(1 month to 10 years old) presenting with clinical gastro-
enteritis at veterinary hospitals in Hyderabad, Telangana 
State, India, during 2019–2020. Of these, 138 were from 
puppies (< 1 year old), and 48 were from adult dogs (> 1 
year old) (Supplementary Table S1). The fecal samples were 
collected in sterile centrifuge tubes using rectal swabs and 
stored at -20ºC until used. The rectal swabs were homog-
enized in 3 ml of 0.1 M PBS (pH 7.4) containing antibiotics 
(100 IU of benzyl penicillin and 100 µg of streptomycin sul-
phate per ml) and centrifuged at 6000 rpm for 10 min at 4ºC, 
and the supernatant was filtered through a 0.22-µm syringe 
filter. Viral DNA was extracted using phenol chloroform 
and isoamyl alcohol as described by Sambrook and Rus-
sel [19]. The extracted DNA was stored at -20ºC until use. 
For detection of CBuV, real-time PCR was performed as 

Bufaviruses (BuVs) are small, non-enveloped, single-
stranded DNA viruses that belong to the family Parvoviri-
dae and genus Protoparvovirus [1, 2]. The genome ranges 
in size from 4.3 to 4.8 kb, with complex hairpin structures at 
the 5′ and 3′ ends. It has two open reading frames (ORFs): 
ORF1 and ORF2. ORF1 encodes a non-structural protein, 
and ORF2 encodes a capsid protein [3]. BuVs were first 
reported in 2012 in faecal samples from a child with acute 
gastroenteritis [4]. Since then, BuVs have been reported 
in several other humans, as well as in wild and domestic 
animals [1, 5, 6–15]. Canine bufavirus (CBuV) was first 
reported in Italy in 2016 in a litter of three 5-month-old 
mixed-breed puppies with canine infectious respiratory 
disease (CIRD) [11] and, more recently, in China [16, 17]. 
Although the mechanism is still unknown, CBuVs are 
known to be associated with canine enteritis [11, 16, 17]. 
Information on the epidemiology and genetic features of 
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alignment of the whole genome was performed using the 
CLUSTALW algorithm in MEGA X software, and a phy-
logenetic tree was generated by the maximum-likelihood 
method with the Tamura 3-parameter model [27]. The reli-
ability of the phylogenetic tree was tested by applying a 
bootstrap test with 1000 replicates. When compared with 
the other CBuV reference strains, the nucleotide sequence 
identity of the complete genome was 93.42–98.81% (Sup-
plementary Table S3a). The nucleotide sequence identity in 
the NS1, VP1, and VP2 coding regions was 96.48–98.13%, 
89.91–99.48%, and 88.19–99.47%, respectively (Supple-
mentary Table S3b), and the amino acid sequence identity 
in the NS1, VP1, and VP2 proteins was 94.98–97.81%, 
94.79–99.72%, and 94.19–99.82%, respectively (Supple-
mentary Table S3b). Various novel mutations were observed 
in the NS1, VP1, and VP2 coding regions, with 23, eight, 
and seven synonymous mutations and 13, two, and one non-
synonymous substitutions, respectively (Fig. 1). Compared 
to the other members of the family Parvoviridae includ-
ing other CBuVs, the nucleotide sequence identity of the 
complete genome sequence obtained in the current study 
was 39.5–98.81% (Supplementary Table S3a). Phyloge-
netic analysis performed with the nearly complete genome 
sequence from this study, other publicly available CBuV 
sequences, and other protoparvovirus sequences available 
in the GenBank database showed that the CBuV isolate 
from India was most closely related to Chinese strains, and 
together they formed an Asian lineage (Fig.  2a). Further-
more, the CBuVs showed the closest relationship to bat and 
sea otter parvoviruses and all other bufaviruses (human, 
porcine, rat, and megabat), whereas the canine and avian 
parvoviruses together formed a separate branch (Fig. 2b).

The recombination analysis tool (RAT) and recombina-
tion detection program (RDP) package Beta 4.101 were 
used for identification of recombinant sequences in default 
mode. A recombination event identified with a significance 
of p < 0.01 by at least four of the nine selected algorithms: 
RDP, GENECONV, Boot-Scan, Maxchi, Chimaera, SiScan, 
3Seq, LARD, and PhylPro, was considered reliable [28]. 
RAT is a distance-based method of recombination detection 
[29]. To investigate whether recombination has played a 
role in CBuV evolution, CPVs, CBuVs, HuBuVs, PoBuVs, 
megabat BuV, rat BuV, bat BuV, avian BuV, human cutavi-
rus, and sea otter parvovirus were analyzed using multiple 
algorithms in RAT and RDP software. Although no recom-
bination events could be found in the CBuVs, it should be 
noted that major recombination events possibly drove evo-
lution of other BuVs in the genus Protoparvovirus (Supple-
mentary Fig. S2).

CBuV is a novel protoparvovirus that was first identified 
during an outbreak of CIRD [11]. Since then, only a handful 
of studies from a few countries (Italy, Hungary, and China) 

described previously [11]. The CBuV-positive samples were 
screened for coinfections with other canine enteric viruses, 
namely, CPV-2 [20], canine adenovirus 2 (CAdV-2) [21], 
canine distemper virus (CDV) [22], canine coronavirus 
(CCoV) [23], canine astrovirus (CAstV) [24], and canine 
rotavirus (CRV) [25]. Of the 186 samples screened by real-
time PCR, eight were found to be positive for CBuV, result-
ing in a prevalence rate of 4.3%. Of these, six samples were 
from diarrheic puppies (< 1 year old), and two samples were 
from diarrheic adult dogs (> 1 year old). Seven of the eight 
CBuV-positive samples had coinfections with other enteric 
viruses, including canine parvovirus CPV-2, CAdV-2, and 
CAdV, and they were negative for CCoV, CRV, and CDV 
(Table 1). One of the PCR-positive samples was selected for 
amplification of the complete CBuV genome using five dif-
ferent primer pairs as described previously [26], with slight 
modifications in the reaction conditions (Supplementary 
Table S2). The amplified PCR products (Supplementary 
Fig. S1) were purified using a DNA purification kit (QIA-
GEN, USA), following the manufacturer’s instructions, and 
were sequenced at the sequencing facility of Bioserve, Pvt. 
Ltd, Hyderabad, India. The PCR products were sequenced 
twice. The nearly complete genome sequence of CBuV 
strain 407/PVNRTVU/2020 was assembled using Seq-
Man software (DNASTAR). ORFs were identified using 
the NCBI ORF Finder (https://www.ncbi.nlm.nih.gov/orf-
finder/), and the sequences were uploaded to the GenBank 
database (accession number: MZ574435). The sequenced 
region of the genome was 4292 nt in length, and ORF-1 
and ORF-2 were found to be 1917 nt and 2178 nt in length, 
respectively (Fig. 1). The length of NS1, VP1, and VP2 was 
1917 nt (638 amino acids), 2133 nt (710 amino acids), and 
1707 nt (568 amino acids), respectively (Fig. 1).

Nucleotide and amino acid sequences were compared by 
multiple sequence BLAST analysis. A multiple sequence 

Figure 1  Graphical representation of the whole genome sequence of 
CBuV (MZ574435). Non-synonymous substitutions in NS1, VP1, and 
VP2 genes are indicated in a format of the actual amino acid followed 
by the substitution position and the substituted amino acid.
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we found the prevalence rate to be 4.3%. It has been sug-
gested that geographical and temporal factors as well as the 
target canine population included in the studies can affect 
the prevalence rates [18]. A statistically non-significant cor-
relation of CBuV with enteritis has been reported before; 
although non-significant, the authors observed higher loads 
of CBuV in diarrheic samples than in controls [11, 18]. 
Moreover, our study, along with another study in which the 
prevalence of CBuV was studied extensively in diarrheic 
dogs, stresses the role of CBuV in causing enteritis [16]. 
We found that seven out of eight CBuV-positive samples 
had coinfections with other enteric viruses, with CPV-2 
being the predominant coinfecting virus (6/8), followed by 
CAstV (2/8) and CAdV-2 (2/8). Similar to our findings, a 
few other studies also showed CPV-2 to be the major coin-
fecting agent with CBuV, with the prevalence of CPV-2 
ranging from 87.5–100% [17, 18]. CPV-2 is a well-known 
viral agent that is associated with severe gastroenteritis in 
dogs, especially pups [31]. Further pathogenicity studies 
will help to clarify the role of coinfections on the severity of 
gastroenteritis in dogs. We have determined the nearly com-
plete genome sequence of one strain of CBuV detected in 
an Indian dog population. Comparison with other publicly 
available CBuV sequences revealed NS1 to be the most 
conserved gene and VP2 to be the most variable, both at the 
level of nucleotides (NS1: 96.48%-98.13%; VP2: 88.19%-
99.47%) and amino acids (NS1: 94.98%-97.81%; VP2: 
94.19%-99.82%). Phylogenetic analysis based on whole 
genome sequences showed that the current CBuV strain 
clustered with CBuV strains identified in China. Our analy-
sis differentiates all of the available CBuV sequences into 
two groups: Asian and European. Like other DNA viruses, 
parvoviruses have a low mutation rate [17]. The genetic 
grouping observed in the current study indicates unique evo-
lutionary forces driving evolution of CBuVs. Furthermore, 
CBuV 407/2020/PVNRTVU showed the highest nucleotide 
sequence identity (77.89%) to a megabat bufavirus strain, 
followed by bat parvovirus (70.34–79.5%), porcine bufavi-
rus (73.16–73.4%), human bufavirus (70.92–73.39%), sea 
otter parvovirus (72.7%), rat bufavirus (63%), canine par-
vovirus (54.4–54.8%), and avian parvovirus (39.5–40%). 
Individual pairwise comparisons of the NS1, VP1, and VP2 
coding regions of 407/2020/PVNRTVU revealed the pres-
ence of 13, two, and one unique non-synonymous substitu-
tions when compared to other available CBuV sequences. 
Future experimental studies investigating the biological sig-
nificance of these mutations can elucidate their role (if any) 
in driving the evolution of this virus and adaptation to local 
host populations.

In summary, this is the first report of the prevalence and 
complete genome sequence of a CBuV strain from India. 
The Indian strain was found to be related to CBuVs strains 

have reported its prevalence [11, 16–18]. Here, we report 
the prevalence of CBuV in India for the first time. Vary-
ing prevalence rates have been reported for this virus so far, 
ranging from 1.74–42.15% [11, 16–18, 30]. In our study, 

Table  1  Detection of CBuV in fecal samples and coinfection with 
CPV, CAdV-2, CDV, CCoV, and CAstV

 

Figure 2  Evolutionary analysis of CBuV (MZ574435). (a) Phyloge-
netic tree based on whole genome sequences of CBuVs. A total of 15 
whole-genome sequences of CBuV strains published earlier in Gen-
Bank were used as references to reconstruct the phylogenetic tree by 
the maximum-likelihood method with 1000 bootstrap replicates and 
the Tamura 3-parameter model. The strain from this study is indicated 
by a filled triangle. (b) Phylogenetic tree of members of the family 
Parvoviridae based on whole genome sequence. A total of 46 whole-
genome sequences of strains infecting different species obtained from 
the GenBank database were used as references to reconstruct the phy-
logenetic tree by the maximum-likelihood method with 1000 bootstrap 
replicates and the Tamura 3-parameter model. The strain from this 
study is indicated by a filled triangle.
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from China. The current study forms a foundation for fur-
ther studies on the epidemiology and genetic diversity of 
CBuV in India.
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