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Abstract

Viral enteritis is a significant cause of death among dogs younger than 6 months. In this study, the presence of canine
chaphamaparvovirus (CaChPV), canine bufavirus (CBuV), and canine adenovirus (CAdV) was investigated in 62 diarrheal
dogs previously tested for other viral pathogens (canine parvovirus type 2, canine coronavirus, and canine circovirus). CBuV
was detected in two dogs (3.22%) and CaChPYV in one dog (1.61%). One dog tested positive for three parvoviruses (CPV-2b,
CBuV, and CaChPV). All dogs tested negative to CAdV-1/CAdV-2. A long genome fragment of one of the two identified
CBuVs and of the CaChPV was obtained and analyzed. New Turkish CBuVs had high identity rates (96%—98% nt; 97%—98%
aa) with some Italian CBuV strains (CaBuV/9AS/2005/ITA and CaBuV/35/2016/ITA). The phylogenetic analysis powerfully
demonstrated that these viruses belonged to a novel genotype (genotype 2). A part of the genome ChPV-TR-2021-19 revealed
high identity rates (> 98% nt and > 99% aa) with some Canadian CaChPV strains (NWT-W88 and NWT-W171) and the
Italian CaChPYV strain Te/370VUD/2019/1T. This study is the first report on the detection of CBuV-2 and the concomitant
presence of three canine parvoviruses in Turkey. The obtained data will contribute to the molecular epidemiology and the
role in the etiology of enteric disease of new parvoviruses.
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Introduction

Parvoviruses belonging to the Parvoviridae family are small
(25-30 nm in diameter), non-enveloped, and single-stranded
(ss) DNA viruses of 3.9-6.3 kb in length [1-3]. Parvoviridae
family is divided into three subfamilies: Parvovirinae, which
includes viruses that infect vertebrate hosts; Densovirinae,
which encompass viruses that infect arthropod hosts; and
Hamaparvovirinae, which infect both vertebrate and arthro-
pod hosts [3-5]. Their genome is predicted to encode for 3
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or 4 proteins: nonstructural (NS) 1, nucleoprotein (NP) 1,
and viral proteins (VP) 1 and 2 [1, 2, 6].

The most well-studied parvovirus of dogs is canine parvo-
virus type 2 (CPV-2; species Carnivore protoparvovirus 1,
genus Protoparvovirus, and subfamily Parvovirinae), which
emerged as a canine pathogen at the end of the 1970s. The
antigenic variants of the virus (CPV-2a, CPV-2b, and CPV-
2¢) have been found to cause even severe enteritis and leu-
kopenia and to be associated with high mortality in puppies
[7, 8].

In 2012, a novel protoparvovirus, later named Bufavirus
(BuV), was discovered in the viral metagenomic analysis
of the fecal samples of diarrheic children in Burkina Faso
[9]. Since then, protoparvoviruses related to BuVs have
been reported as sporadic cases in human and non-human
mammals (pigs, dogs, bats, rats, shrews, and non-human
primates) [10-14]. In 2018, a virus with a close genetic
relationship to the human bufavirus (HuBuV) was detected
in dogs with either gastroenteric or respiratory disease in
Italy and Hungary and it was named canine bufavirus [15].
Accordingly, the virus was prevalent in dogs with respiratory
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signs and also a common component of the canine fecal
virome [15]. To date, canine bufavirus (CBuV; species
Carnivore protoparvovirus 3, genus Protoparvovirus, and
subfamily Parvovirinae) was reported in Italy, Hungary,
China, Canada, and India [13, 15-19]. However, since the
first discovery of CBuV in 2018, the virus has not yet been
reported in Turkey.

Chaphamaparvovirus (ChPV) was originally discovered
in the viral metagenomic analysis of the oropharyngeal swab
of a fruit bat (Eidolon helvum) in Ghana, Africa. Since then,
ChPV-like viruses have been described in several additional
animal species [3], including dogs and cats [20-23]. More
recently, canine chaphamaparvovirus (CaChPV) has been
identified in Canadian wolves [24]. CaChPV (species Car-
nivore chaphamaparvovirus 1, genus Chaphamaparvovi-
rus, and subfamily Hamaparvovirinae) was identified by
metagenomic analysis in a fecal sample during an unex-
plained outbreak of diarrhea in dogs in Colorado, USA,
in 2019 [20]. To date, CaChPV has been reported in dogs
in Italy, China, and Turkey, but no association was found
between the virus and enteric signs [21, 23, 25]. Nonethe-
less, reports about detecting ChPVs in Turkey are still lim-
ited [25, 26].

Canine adenovirus (CAdV; species Canine mastadeno-
virus A, genus Mastadenovirus, and family Adenoviridae)
is a non-enveloped icosahedral double-stranded DNA virus
and is an important and well-established pathogen of dogs
worldwide [27, 28]. CAdV comprises canine adenovirus
type 1 (CAdV-1) and type 2 (CAdV-2) serotypes. Canine
adenovirus type 1 (CAdV-1) is the causative agent of a sys-
temic, potentially fatal, and highly contagious viral disease
of domestic and wild canids. Acute disease is variably char-
acterized by the presence of fever, tonsillitis, conjunctivitis,
lethargy, vomiting, hematemesis, diarrhea, cough, tachyp-
nea, and icterus [27]. Diarrhea may contain frank blood or
melena. CAdV-2 causes infectious tracheobronchitis char-
acterized by respiratory signs [29].

Reports and information on new parvoviruses are lim-
ited. Whether they cause infection in the host or a disease
with clinical signs has not yet been fully established. The
aim of this study was to detect CBuV, CaChPV, CAdV-1,
and CAdV-2 in fecal samples from 62 diarrheal dogs from
Turkey.

Materials and methods

Samples and DNA extraction

To detect ChCPV, CBuV, CAdV-1, and CAdV-2, fecal sam-
ples of 62 dogs of different ages (from 1.5 to 60 month) and

breeds that showed signs of gastroenteritis were included
in the study.
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Fecal samples were from symptomatic dogs admitted to
veterinary clinics in Ankara (n=7), Elazig (n =24), Kayseri
(n=27) and Kocaeli (n=4) provinces, from November 2019
to January 2022.

The CPV-2b positivity (48/62) and canine circovirus
(CCV) and canine coronavirus (CCoV) negativity (0/62)
of these samples were confirmed in the previous epide-
miological survey [30]. Template DNA was extracted from
the supernatants of the fecal samples using a commercial
extraction kit (MinElute Virus Spin Kit, QTAGEN, Hilden,
Germany), following the manufacturer's instructions. The
extracted DNA was eluted in 100 pl of elution buffer, quan-
tified using a NanoDrop2000 spectrophotometer (Thermo
Fisher Scientific, USA), and stored at — 20 °C until use.

Detection of viral agents

Viral agents were detected by polymerase chain reaction
(PCR) screening using the commercial Taq PCR master mix
(Hibrigen, Ist, Turkey) with the primer sets listed in Table 1.
Each PCR mixture consisted of 5 pl template DNA, 2 pl
primers (20 pM each primer), 25 pl PCR master mix, and
ddH20 to final volume of 50 pl. All PCR assays included
positive and negative reaction controls. CBuV and CaChPV
DNA detected in nasal samples from two dogs with res-
piratory tract disease in a shelter in Elazig province were
used as positive controls. Negative controls consisted of
only ultrapure water. For CBuV detection, PCR protocols
and thermal conditions were applied as described in pre-
vious studies with minor modifications [21, 24, 31-34]. A
primer pair named BuV-Screening (5'-CACTATAAATGA
CTCTTACCATGCA-3" and S’AGTTCGATTGGTACA
CAGTTTTC-3') targeting part of the VP2 gene (480 bp)
was preferred to detect BuVs [31]. To obtain the complete
genome (4.2 kb), a random CBuV strain was selected and
PCR-amplified overlapping partial fragments of this strain
were generated using the primer sets (CBuV-1F and 2R,
CBuV-2F and 2R, CBuV-5F and 5R, CBuV-6F and 6R) pre-
viously described [32]. An alternative primer pair (CBuV-
3F and 3R) from different studies were included here, as
some primer sets cannot amplify target regions [33]. How-
ever, because a new primer pair is needed for a single target
region, a new primer set (BuV-4F and 4R) was designed
from the conserved regions using the primer-BLAST tool
[35].

The presence of CaChPV was assessed by using a nested
PCR assay with diagnostic primer sets (CaChPV-Screening
F: 5'-GCARCGAGAGCTGCGAATG-3', R: 5' -TGYTTC
CCAYTCTATCTCGTC-3', and nested: 5' -TGAYGCTAG
ATCCTGAGCTG-3') following the PCR protocol and ther-
mal conditions previously described [24]. The PCR-positive
sample was selected for amplifying the complete NS1 gene
of CaChPV. Previously described primer sets (CaChPV-1F



Virus Genes (2023) 59:427-436 429
Table 1 Nucleotide sequences of primers used for screening and sequencing in this study
Primer Position Primer sequence (5'-3") Size (bp) Reference Purpose
BUV-screening F CACTATAAATGACTCTTACCATGCA 480 [31]

R AGTTCGATTGGTACACAGTTTTC
CBuV-1F 11 TGATACTTCATCTTGCATTGGA 970 [32] Complete genome
CBuV-2F 510 ATWCTTTGCAGAAAAATGGGG
CBuV-2R 1481 TTGCCTTTTTGATCAAGTCTGATTGC
CBuV-3F 845 ACAGGATGAAGGAAACCACAGTAAC 1180 [33]
CBuV-3R 2027 AACATTTACCCACAACCCATATAGA
CBuV-4F 1739 CACCTACTTGGCATGAGAATTGGAA 1200 This study
CBuV-4R 2951 GTTGAAAGTCTGCTGGATTGAACCAGA
CBuV-5F 2462 TCATATTCCTGGAGAAACATCA 960 [32]
CBuV-5R 3426 ACTGGCAATCTAACAGACATAT
CBuV-6F 2926 CTGGTTTAATCCAGCAGACT 1290
CBuV-6R 4219 TTATAGAGTAATATTAGGC
CAdV-screening F CGCGCTGAACATTACTACCTTGTC 508 for CAdV-1 [34]

R CCTAGAGCACTTCGTGTCCGCTT 1030 for CAdV-2
CaChPV-screening F GCARCGAGAGCTGCGAATG 459 [24]

R nested TGYTTCCCAYTCTATCTCGTC 267

TGAYGCTAGATCCTGAGCTG

CaChPV-1F 493 TGACTGGTTAGTTCGCTTTC [21] Partial genome
CaChPV-1R 1592 GGTTCTTCCCATACTCCAAT 1099
CaChPV-2F 1055 GCTATTATGATTTAGGAGAACGCTT
CaChPV-2R 2153 CTGGTTCGTATCCCGTCGCTA 1098
CaChPV-3F 2137 CTCCTGCACCTCAGTTAGCG
CaChPV-3R 3053 GCCATACAGCCGATCCAC 935

“*Genome position according to BuV-88 and Cachavirus-1A

and 1R, CaChPV-2F and 2R, CaChPV-3F and 3R) and PCR
conditions were used to amplify the 2.5-kb-long CaChPV
containing the putative NS gene, NS1, and partial VP1 gene,
with overlapping fragments [21].

Previously designed primers (CAdV-Screening F and
R) targeting the E3 gene and flanking regions were used to
detect and differentiate CAdV-1 and CAdV-2 in all clinical
samples of DNA [34]. The DNA extracted from a CAdV-
2-attenuated vaccine strain (Bioveta, Czech Republic) was
used as the positive control.

Sequencing and phylogenetic analysis

All amplicons were separated by electrophoresing in 1.5%
(wlv) agarose gel stained with ethidium bromide in 1X stand-
ard tris—acetate-EDTA (TAE) buffer. A 100-bp DNA ladder
(NEB, USA) was used in each gel to check for the presence
of amplicons of the expected size. Amplified products were
purified by GeneJET Gel Extraction Kit (Thermo Fisher,
MA, USA). Purified products were sequenced bidirection-
ally with the ABI Prism 3130 genetic analyzer (Applied
Biosystems, USA) using the BigDye Terminator v3.1 cycle
sequencing kit (Applied Biosystems, USA) and Sanger

method by Macrogen company (The Netherlands). The viral
genome was assembled by the sequential splicing of over-
lapping sequences. Sequence alignments were performed
using the CLUSTALW algorithm in MEGA X software [36].
Aligned sequences were controlled in the BLASTn program
and were submitted to the GenBank database by editing.
Genetic distances by the p-distance method were calculated
in Mega X software [36]. Phylogenies were performed by
the maximum likelihood (ML) method using the MEGA X
software [36] and constructed using the Tamura-Nei model,
gamma-distributed variation among sites, and 1000 boot-
strap replicates [37].

Results

Detection of viral agents

Of the 62 samples screened by PCR, two tested positive
for CBuV (3.22%), and one resulted positive for CaChPV
(1.61%). One of those positive samples tested positive for

CaChPV, had a concomitant of CaChPV, CBuV, and CPV-
2b. The other one CBuV positive sample tested negative for
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other viruses. The Kangal shepherd dog with three parvovi-
ruses was 2 months old, female, and had never been vacci-
nated. It also showed signs of bloody diarrhea. The other dog
with CBuV, a Golden retriever, was three months old, male,
and vaccinated with two doses of a core vaccine consisting
of canine parainfluenza virus, canine distemper virus, CPV-
2, CAdV-2, and leptospira canicola. It also showed signs
of mild yellowish diarrhea. Both dogs were collected in
Kayseri province in Turkey, and clinical samples were from
2021. All PCR amplicons were confirmed by sequencing.
No amplification was observed from the negative controls.

CAdV-1 and CAdV-2 positivity were not detected in any
of the 62 clinical samples. Positive controls had expected
size amplicons at the PCR screening.

Sequence and phylogenetic analysis of CBuV

After sequencing of the 480-bp PCR products, two CBuVs,
TR/27/CBuV/2021 (OP879719) and TR/19/CBuV/2021
(OP879720), were identified, showing 85%-98% nt iden-
tity rates with the CBuV strains in GenBank. Two CBuVs,
TR/27/CBuV/2021 (OP879719) and TR/19/CBuV/2021
(OP879720), were identified by sequencing the VP2 gene.
One of the two CBuV DNAs was selected as a template in
the PCR steps to obtain the complete genome. A 3735-nt
long fragment of genome of the strain TR/27/CBuV/2021
was obtained (encompassing a 1430 nt-475 aa of the partial
NS region, a 2136 nt-711 aa of the entire VP1 region, and
1707 nt-568 aa of the entire VP2 region) and used for fur-
ther genetic analysis. TR/27/CBuV/2021 shared 55%-98%
identity with the selected 34 BuVs from GenBank. TR/27/
CBuV/2021 displayed the closest identity with some Italian
strains (CaBuV/9AS/2005/ITA and CaBuV/35/2016/ITA):
97%-98% for the 3735-nt genome, 96%-97% (97%—98% aa)
for partial NS, 97%—98% nt (98% aa) for VP1, and 98%-99%
nt (98% aa) for VP2.

Similar to TR/27/CBuV/2021, the strain TR/19/
CBuV/2021 was highly identical (96%-98% nt, 97% aa) with
CaBuV/9AS/2005/ITA and CaBuV/35/2016/1TA.

On the basis of the phylogenetic tree including 34 BuVs
(Fig. 1), CBuVs were included in the same branch in two
separate clades (genotype 1 and 2) with a bootstrap value
of 100% and sharing > 96 nt identities. TR/27/CBuV/2021,
CaBuV/9AS/2005/ITA, and CaBuV/35/2016/ITA clustered
in genotype 2, which is a different subgroup from the other
32 CBuVs (genotype 1) in Fig. 1. The CBuV branch was
closely related to the sea otter BuV, followed by Eulipoty-
phla protoparvovirus 1 and porcine BuVs. It was distantly
related to WUHARYV parvovirus 1.

The phylogenetic tree based on the VP2 gene (Fig. 2)
of TR/19/CBuV/2021, TR/27/CBuV/2021, and other 83
selected viruses was consistent with branch and subgroups
(%99 bootstrap value, > %98 nt identities) in Fig. 1. In

@ Springer

addition to some Italian strains (CaBuV/9AS/2005/ITA and
CaBuV/35/2016/ITA), the Canadian strain LSD41 with a
shorter sequence (195 nt, partial VP2 gene) shared a high
identity (>98%) with Turkish BuVs and then clustered in the
genotype 2 clade. Table S1 shows the identity ratios between
the VP1 and VP2 genes of TR/27/CBuV/2021 and other
CBuVs.

Sequence and phylogenetic analysis of CaChPV

The first- and second-round PCR products targeting for the
NS1 gene of CaChPV (459 and 267 bp, respectively) were
confirmed by sequencing. The partial NS1 gene sequence
of the identified strain ChPV-TR-2021-19 showed high nt
(>99%) and aa (99%-100%, respectively) identity with
Canadian strains NWT-W85 and NWT-W89. As a result
of the PCR assay for CaChPV, a long genome fragment
(2544-nt long) containing the entire NS1 gene (1992 nt;
663 aa) of the Turkish CaChPV strain (ChPV-TR-2021-19,
accession number: OP879721) was obtained. Comparing
the ChPV-TR-2021-19 strain and other 38 ChPV sequences
from different host species origins, the NS1 gene shared
75%—100% identity. ChPV-TR-2021-19 was found closest to
canine ChPVs with 94%-100% nt identity. Similarly, ChPV-
TR-2021-19 had high identity ratios (>98% nt and >99%
aa) with some Canadian NWT-W88 and NWT-W171) and
Italian canine ChPV strains sequences (Te/370VUD/2019/
ITA).

In the phylogenetic tree based on the complete NS1
nt sequence (Fig. 3), ChPV-TR-2021-19 was in the same
branch as the canine ChPVs. ChPV-TR-2021-19 was in the
same phylogroup as some Canadian (NWT-W88, NWT-
W171, NWT-W85, and NWT-W89) and Italian ChPVs
(Te/360VUD/2019/ITA and Te/370VUD/2019/ITA).

Amino acid sequence and substitutions

The ATP- or GTP-binding Walker loop motif
GXXXXGKIT/S] (-GPASTGKS-) and a replication initia-
tor motif (IVRYFLTKQP) were found in the partial NS1
of TR/27/CBuV/2021 [15]. VP1 gene contained several aa
motifs that are highly conserved among the family Parvoviri-
nae, including the Ca2 + binding loop (YLGPGN) and the
catalytic center (HDLEY) of the phospholipase A2 (PLA2)
motif. The N terminus of the TR/27/CBuV/2021 VP2 protein
found glycine-rich sequence (-GGGGGGGSGVG-) [15]. An
amino acid insertion (P; proline) was found between VP1
and VP2 proteins of the TR/27/CBuV/2021. This insertion
was just after position 142 of VP1 and was just before VP2
starting codon (ATG; methionine). It was detected 56 aa
subsitutions on VP2 of selected CBuVs in this study; 16
were common to CBuV — 2 s.



Virus Genes (2023) 59:427-436

431

100

100

90

74

MK404087 GXNN02-2018
MK404086 GXNNO1-2018
MH645362 CBuV-88
MT364251 Henan38
MT364252 Henan44
MF198244 ITA/2015/297
MF198246 HUN/2012/126
MF198245 HUN/2012/22
MT542983 AH-002
MT154050 CaBuV/62/2017/ITA 1
MZ574435 CaBuV/2020/PVNRTVU
MT542982 AH-001
MT577645 AH-003
0K546094 NWT-W25
70~ 0K546096 NWT-W116

MTI54051 CaBuV/9AS/2005/ITA
E[L— @ TR/27/CBuV/2021
100

0KS546092 NWT-W1

_[L

00 LI OK546093 NWT-W17
99 - 0K546095 NWT-W59

MT154052 CaBuV/35/2016/ITA

KU561552 4850-06 |

100 — MK279314 Anhui021

— MK279319 GDHY-1 |

AB937988 ZM38 |

87

100 —— KR078343 BtBV/V3/HUN/2013
L «Kcis4061 Ms-PV/Shaanxi2011

NC 029797 MAG12-57 ‘

55

100

JX627576 WUHARV Parvovirus 1 |
JX027297 BF.39

100

0.1

AB847987 BTN-63

10

=]

KM580347 BJ133/BeiJing/2011

JQ918261BF.96
JX027295 BF.7
NC 038544 BF.86

Fig. 1 Phylogenetic tree based on the aligned 3735-nt long sequences
of TR/27/CBuV/2021 (OP879719) and other 34 BuVs. The different
host species are numbered one through seven in the figure. Accord-
ing to numerics, these were species of dog, sea otter, crocidura hirta,

Substitutions on the VP2 proteins of TR/27/
CBuV/2021, TR/27/CBuV/2021, CaBuV/35/2016/ITA, and
CaBuV/9AS/2005/ITA are shown in Table 2. These were at
amino acid positions 3, 6, 7, 9, 10, 14, 23, 34, 86, 113, 210,
220, 250, 267, 303, 366, and 519.

The NS protein aa sequence of ChPV-TR-2021-19
was compared with those of NWT-W88, NWT-W171,
Te/370VUD/2019/ITA, and Te/360VUD/2019/ITA and
had the original substitutions at positions 125 (K to R) and
599 (Y to C). Other substitutions were observed at amino

swine, bat, rhesus monkey, and human, respectively. Strain TR/27/
CBuV/2021 obtained from this study was shown by a filled circle on
the phylogenetic tree

acid positions 62 (R to P), 198 (H to R), 539 (I to V), and
581 (D to N).

Discussion
The advancement and significant development of sequenc-
ing technologies and metagenomics increase the possibility

of identifying new infectious agents as the cause of disease.
These technological advances reveal not only possible new
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«Fig. 2 Phylogenetic tree based on the VP2 gene of TR/19/
CBuV/2021, TR/27/CBuV/2021 and other selected 83 viruses.
Strains TR/27/CBuV/2021 and TR/19/CBuV/2021 (OP879719-20)
obtained from this study were shown by a filled circle on the phyloge-
netic tree. The black star marks Chinese (AH-001, AH-002, AH-003,
D-9P-37, CBuV-88, Henan-38, Henand44, GXNNO1-2018, and
GXNNO02-2018), Canadian (NWT-W25, NWT-W34, NWT-W116,
NWT-W233, NWT-W236), and Indian (CaBuV/2020/PVNRTVU)
strains

causes of diseases but also provide essential benefits regard-
ing the study of co-infections [38, 39].

In this study, the presence of CBuV, CaChPV, CAdV-1,
and CAdV-2 in the fecal samples of dogs with parvoviral
enteritis and dogs with similar signs but unknown etiology
was investigated. We detected CBuV in two (3.22%) of 62
dogs. The low prevalence (1.74%-4.3%) of CBuV in the
fecal samples of symptomatic dogs was consistent with pre-
vious reports in China and India [13, 17, 19, 33]. These
rates also match with that of human bufavirus (HuBuV,
0.3%—4.1%) [40]. In China, the positivity rates of CBuV in
Guangxi, Henan, and Anhui provinces ranged from 1.74%
to 2.5% [13, 16, 17, 33]. In a study in India, the positivity
rate of CBuV was 4.3% [19]. Contrary to our results, some
reports in Italy, Hungary, and China had a relatively higher
prevalence of CBuV, ranging from 7.7% to 42.5% [15, 16,
32].

Based on the phylogenetic tree of 34 BuVs (Fig. 1),
CBuVs were included in the same branch. Within this phy-
logroup, two clear subgroups were defined (bootstrap value,
100%), supporting the evidence for two distinct CuBV geno-
types. Until now, only one genotype of CBuVs was mainly
reported. Genotype 1 included the strains of all CBuVs
from Italy (except for a few), Hungary, China, Canada, and
India. In contrast, genotype 2 includes the new Turkish strain
TR/27/CBuV/2021 and the Italian strains 9AS/2005/ITA and
35/2016/ITA. These results were supported by the phyloge-
netic analysis based on the VP2 gene and that of the previous
study [32]. In Humans, based on VP1 and VP2 sequences,
three genotypes, HBuV-1, HBuV-2, and HBuV-3, have been
determined; different genotypes of this virus show 1t had the
highly diverse capsid gene [40]. VP2 of the carnivore pro-
toparvoviruses is a significant capsid protein vital in deter-
mining antigenicity, host range, and tissue tropism [8, 30].
When the VP2 protein of the selected canine Bufaviruses in
this study was examined, more than 50 substitutions were
detected, and 16 were specific for CBuV-2. While parvovi-
ruses are DNA viruses, the high mutation rate of the VP2
gene can increase the genetic and antigenic diversity of the
virus [7]. Accordingly, additional researches are necessary to
elucidate whether the VP2 aa changes may affect some bio-
logical properties of CBuVs. The CBuV-2 can have predict-
able differences in antigenic and other biological properties
[32]. We found that TR/27/CBuV/2021 had a 3-nucleotide

(-CCA-) insertion at nucleotide position 427-429 of VP1,
unlike other CBuVs [13, 15-19]. Therefore, the VP1 pro-
tein of TR/27/CBuV/2021 contained 711 aa. The phenotypic
effect of this change and whether it is predominant should
be revealed with further research.

Reports of the prevalence of CaChPV are limited. Exist-
ing reports are from the United States, Italy, China, and Tur-
key [20, 21, 23, 25]. To date, the prevalence rate of CaChPV
has ranged from 1.5% to 4.3% in diarrheic dogs and from
0% to 1.6% in healthy dogs. Palombieri et al. [23] detected
CaChPV in 3 of 155 diarrheal dogs (1.9%) in Italy. In the
same study, CaChPV DNA was found in co-infection with
CPV-2 (3/3), CBuV (1/3), and CCoV (1/3). In China, Hu
et al. [21] detected CaChPV in 5 rectal swabs out of 323
(1.55%) dogs with diarrhea, of which two had co-infection
with CPV-2 and CDV or CCoV. Dinger et al. [25] detected
CaChPV DNA in 2.9% of dogs with and without diarrhea in
Turkey. In these reports, no significant association was found
with enteric disease. In our study, we found a 1.61% preva-
lence rate, and the low prevalence of CaChPV in diarrheic
dogs was consistent with those in other reports [20, 21, 23,
25]. The complete NS1 gene of the strain ChPV-TR-2021-19
had high identity rates (>98% nt and >99% aa) with some
Canadian strains (NWT-W88, NWT-W171) and the Italian
strain Te/370VUD/2019/ITA. The phylogenetic analyses
based on the NS1 revealed that CaChPVs were grouped in
the same phylogroup but in a different branch from the feline
ChPVs. The NS1-based phylogenetic tree supported species
discrimination.

According to our results, in one of CBuV and CaChPV
positive dog, CPV-2b was also detected. While the striking
finding in the other studies on CaChPV and CBuV preva-
lence was that the predominant virus in co-infections was
CPV-2, here, we determined lower (1/48) [13, 19, 23 32,
33]. Co-infections may cause severe gastroenteric signs in
dogs [41]. In this study, enteric disease signs in the dog
showing co-infections with three viral species were more
severe than only BuV-positive dog, but this difference may
originate from CPV-2 alone. Therefore, we have limited pos-
sibilities to assess whether CaChPV and CBuV in synergy
with CPV-2b would cause more severe gastroenteric signs.
Indeed, it is challenging to make this assessment without
demonstrating the negativity of other enteric viruses or bac-
terial agents. Further pathogenic studies will help clarify the
role of co-infection in the severity of gastroenteritis in dogs
or the enteric part of these viruses.

In some countries, although modified live CAdV vac-
cines have significantly reduced the incidence of CAdV
and rendered it negligible in veterinary practice, there have
been recent remarkable reports on the epidemiology of these
viruses in dogs. Balboni et al. [42] found an alarmingly
high prevalence of CAdV-2 (27/51, 52.9%) in the feces of
dogs with different clinical manifestations (gastrointestinal,
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Fig.3 Phylogenetic tree based
on the complete NS1 gene of
ChPV-TR-2021-19 (OP879721)
and other 38 ChPVs. Strain
ChPV-TR-2021-19 obtained
from this study was shown by a
filled circle
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dermatologic, musculoskeletal, etc.) in Italy, raising the
question of whether this virus is an opportunistic agent or
pathogen of the gastrointestinal tract. More recently, Balboni
et al. [43] investigated CCV, CAdV-1, and CAdV-2 in fecal
or intestine samples of dogs with parvoviral enteritis in Italy.
They predominantly detected CAdV-2 in 19 of 28/95 CPV-
2-infected dogs, while they detected CAdV-1 (2/28) and
CCV (8/28) in the other dogs. Contrary to these reports, we
did not find CAdV-1 and CAdV-2 in the dog feces examined.

@ Springer
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We can infer that this risk is low in the studied regions.
However, more large-scale studies are needed to provide a
complete picture.

In conclusion, knowledge about new parvoviruses is still
limited. Herein, we report for the first time the detection
and comprehensive characterization of CBuV in Turkey.
All CBuV strains in this study belonged to a novel CBuV-2
genotype. Experimental attempts will reveal the role of new-
type viruses, alone or with multiple pathogens in intestinal



Virus Genes (2023) 59:427-436 435
Table2 Aminoacid substitutions between Italian CBuV strains showing high identical with new Turkish CBuV strains
Accession number  CBuV Strain VP2 position

36 7 9 10 14 23 34 86 113 210 220 250 267 303 366 519
OP879719 TR/27/CBuV/2021 E E G NE A S G R M Y | N H G I R
OP879720 TR/19/CBuV/2021 - - - - - - - = - = C F Y - - - -
MT154052 CaBuV/35/2016/ITA D . . G Q . A V K . R A% K
MT154051 CaBuV/9AS/2005ITA D A E G Q T K 1 Q v K
VP2: Virion protein 2; CBuV: Canine bufavirus
“” mean same to the consensus amino acids below corresponding sites
“~” mean lacking of consensus amino acids below corresponding sites
or extraintestinal organs. We think new genetic data are of  References

great value for research on population dynamics and virus
evolution. The epidemiological data must be increased, and
the pathogenic roles of both CBuV and CaChPV in the intes-
tinal or extraintestinal systems still require elucidation.
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