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Abstract

Viral enteritis is a significant threat to domestic dogs. The two primary pathogens that cause viral enteritis in dogs are canine
coronavirus (CCoV) and canine parvovirus (CPV). In this study, we investigated the occurrence of CPV-2, CCoV, and canine
circovirus coinfection by characterizing circulating subtypes of CPV-2 in faecal samples from symptomatic dogs admitted
to veterinary clinics located in Ankara, Elaz1g, Kayseri, and Kocaeli provinces of Turkey, between 2019 and 2022. Virus
detection by PCR and RT-PCR revealed that CPV-2 was present in 48 (77.4%) samples, and no other agents were detected.
Based on the occurrence of the codon GAT at positions 1276 to 1278 (coding for aspartate at residue 426) of VP2, all CPV-2
isolates were confirmed to be of the CPV-2b subtype. The complete genome sequences of two CPV-2b isolates showed a
high degree of similarity to and phylogenetic clustering with Australian and East Asian strains/isolates. The predominant
CPV strain circulating in the three different regions of Turkey was found to be a CPV-2b strain containing the amino acid
substitutions at Y3241 and T440A, which commonly contribute to immune escape. This is the first report of complete
genomic analysis of CPV-2 isolates circulating in symptomatic domestic dogs in Turkey. The evolution of CPV-2 has raised
questions about the efficacy of current vaccination regimes and highlights the importance of monitoring the emergence and
spread of new CPV-2 variants.

Introduction believed to have originated from feline parvoviruses or a

closely related FPV-like parvovirus in wild carnivores [5].

Viral enteritis is a significant threat to domestic and wild
dogs worldwide [1]. Canine parvovirus (CPV) is one of the
primary causative agents of gastroenteritis, but survival rates
can be as high as 80-95% when the infection treated early
and aggressively. CPV-infected dogs without treatment can
have survival rates as low as 9.1% [2, 3].

The non-enveloped virions of CPV contain a 5.2-kb
long, single-stranded DNA genome with a mutation rate
of approximately 10 nucleotide substitutions per site per
year, which is similar to that of RNA viruses [4]. CPV is
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The CPV-2 DNA genome contains two open reading frames
(ORFs) translated into four proteins by alternative splicing.
The first of the ORFs encodes two non-structural proteins
(NS1 and NS2), while the second encodes two structural
proteins (VP1 and VP2). An additional protein, VP3, origi-
nates from cleavage of VP2 by host proteases [6]. NS1 is a
pleiotropic nuclear phosphoprotein [7], which together with
NS2, is responsible for viral replication, DNA packaging,
cytotoxicity, and pathogenicity [6, 8]. VP2 is the main cap-
sid protein and antigenic marker, constituting 90% of the
viral capsid, and it plays a critical role in determining the
tissue tropism and host range of the virus [6, 9, 10]. Muta-
tions and recombination events in the VP2 gene affect host
range and receptor binding affinity [11], and therefore, bet-
ter and more-precise identification of the resulting strains
is essential for researchers to understand the relationship of
circulating strains to vaccine strains and the evolutionary
pattern of CPV strains in the field [12].

Canine parvovirus 2 (CPV-2; also called the "original"
CPV-2), belongs to the species Carnivore protoparvovi-
rus 1 (genus Protoparvovirus of the family Parvoviridae),
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together with feline parvovirus virus (FPV), mink enteritis
virus (MEV), and raccoon parvovirus (RPV) [13]. CPV-2
was first identified in the mid-to-late 1970s as a major
cause of viral enteritis in young dogs, and it subsequently
became endemic in dog populations worldwide. In 1980,
a new variant, CPV-2a, emerged and replaced the original
CPV-2 variant worldwide. Variant CPV-2a acquired the abil-
ity to infect both cats and dogs by acquiring four mutations
(L87M, I101T, A300G, D305Y) in the capsid protein (VP2)
that enable CPV-2 to bind to the feline transferrin receptor
(TfR) [14]. In 1984, another antigenic variant emerged as a
new CPV type, designated CPV-2b (N426D), which is cur-
rently cocirculating with CPV-2a in varying proportions in
different geographic regions [15]. Prospectively in 2000, but
retrospectively in 1996 [16], a new CPV-2c variant (D426E)
was reported in Europe [16] that rapidly spread to many
parts of the world in the subsequent years [17-19]. Although
initial reports claimed that CPV-2c¢ was of low pathogenic-
ity [20], field observations now indicate that most CPV-2c
cases were associated with severe hemorrhagic enteritis, fre-
quently with fatal outcomes. CPV-2c has also been reported
to be able to infect CPV-2-vaccinated adults repeatedly and
cause disease [21]. More recently, CPV-2a and CPV-2b vari-
ants with alanine at aa position 297 have been designated as
“new CPV-2a” and “new CPV-2b”, respectively, and this is
considered their molecular signature [22, 23].

CPV relies entirely on host cell mechanisms and requires
active, rapidly proliferating cells, such as intestinal crypts
and lymphoid organs, for its replication [6]. This feature
largely explains its pathogenesis and clinical picture. Due to
the destruction of intestinal villi, the development of severe
protein-losing enteropathy through the gastrointestinal tract
in puppies with severe CPV enteritis results in dehydration
and hypovolemic shock with fluid loss. Dissolution of the
intestinal barrier facilitates the passage of bacteria and/or
endotoxins into the bloodstream; however, severe immuno-
suppression, characterized by lymphopenia and ultimately
panleukopenia, accompanies the gastrointestinal manifesta-
tions. Therefore, septicemia, endotoxemia, systemic inflam-
mation, coagulation disorders, and septic shock are expected
in CPV-infected animals and contribute significantly to dis-
ease severity and lethality [2, 24].

Canine coronavirus (CCoV) is a single-stranded RNA
virus of the family Coronaviridae (genus Alphacoronavi-
rus) [25]. CCoV replicates in the enterocytes at the top of
the villi. As a result, the damaged epithelium is no longer
replaced by new enterocytes that develop in the crypt,
which can lead to severe hemorrhagic enteritis with pos-
sible CPV coinfection [26]. Canine circovirus (CCV) is
a non-enveloped virus with a single-strand circular DNA
genome (approximately 2 kb) [27], belonging to the family
Circoviridae, and is associated with vasculitis, hemorrhagic
enteritis, and diarrhea [28, 29].
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The aim of this study was to investigate the presence of
CPV-2, CCoV, and canine circovirus coinfection and char-
acterize circulating subtypes of CPV-2 in symptomatic dogs
admitted to veterinary clinics located in Ankara, Elaz1g,
Kayseri, and Kocaeli provinces of Turkey between 2019
and 2022.

Materials and methods
Sampling and location

Regardless of age, breed, gender, and vaccination status,
dogs that displayed clinical signs of CPV-2 infection, such
as diarrhea, vomiting, and dehydration, were included in the
study after obtaining the consent of their owners. Informa-
tion about the dogs was obtained by interviewing the owner.
Dogs that were reported to have been vaccinated recently
(within the previous 30 days) were excluded from the study
to circumvent the effects of vaccine strains. The study popu-
lation consisted of 62 dogs of 15 different breeds, ranging in
age from 1.5 to 60 months. While 20 dogs were reported to
have been vaccinated at least once, the remaining animals
(n = 40) had not been vaccinated at all, and vaccination
data were not available for two dogs. Faecal samples were
collected aseptically from the rectum of symptomatic dogs
admitted to veterinary clinics in Ankara (n = 7), Elazig (n =
24), Kayseri (n = 27), and Kocaeli (n = 4) provinces, which
represent the three geographical regions of Turkey, namely
the Marmara region, Central Anatolia, and Eastern Anatolia,
from November 2019 to January 2022.

Faecal samples were homogenized (10% w/v) in phos-
phate-buffered saline (PBS) and centrifuged at 10,000 g for
5 min. The supernatants were recovered and treated with
gentamicin sulfate (20 mg/mL).

Nucleic acid extraction and gene amplification
(RT-PCR, PCR)

Template DNA and RNA were extracted from the superna-
tants of faecal samples using a commercial extraction kit
(MinElute Virus Spin Kit, QIAGEN, Hilden, Germany).
Positive control DNA for CPV-2 was derived from freeze-
dried Novibac parvo vaccine (MSD Animal Health, UK).
Canine circovirus DNA, previously isolated from the feces
of a dog with enteritis and confirmed by sequencing, was
obtained from Dr. Turhan Turan of Cumhuriyet Univer-
sity and was used as a positive control for CCV in the PCR
step. The RNA template obtained from the tissues of a dog
with pantropic canine coronavirus, previously confirmed by
RT-PCR, was used as a positive control. In each extraction
step, faecal samples of clinically healthy dogs were used as
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negative controls. A blank reaction consisting of primers and
no DNA template was included as a reagent control.

Extracted viral nucleic acids were stored at —20°C and
were used in molecular tests within 10 working days.

A partial VP2 fragment of CPV-2 (nucleotides 837-1461)
was amplified by PCR using a protocol described previously
[30]. The complete genome of CPV-2 was characterized as
described by Canuti et al. [31]. Viral RNA was extracted
from faecal samples screened for CCoV-I and CCoV-II by
reverse transcription PCR (RT-PCR) as described by Pratelli
et al. [32]. In addition, CCV PCR screening of the extracted
nucleic acid was performed as described previously [33].
The nucleotide sequences of the primers used in the PCR
and RT-PCR steps and the sizes of the amplified regions are
shown in Table 1.

The PCR-amplified products and a 100-bp DNA ladder
(Cleaver Scientific, UK) were subjected to electrophoresis
in a 1.5% agarose gel containing ethidium bromide (0.5 pg/
ml) in Tris-acetate EDTA (TAE) buffer for 40 min at 120 V
and visualized using a UV transilluminator.

Sequencing and phylogeny

PCR products were gel-purified and sequenced by a com-
mercial sequencing service (Macrogen Europe, Amster-
dam, The Netherlands). Sequencing was performed by the
Sanger dideoxy chain termination method in an ABI Prism

3130 Genetic Analyzer (Applied Biosystems, MA, USA),
using a BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, MA, USA). Bidirectional nucleo-
tide sequence alignments made using Clustal W software
were edited, verified with Basic Local Alignment Search
Tool (nih.gov) (BLASTn), and submitted to the GenBank
database.

The complete genome sequences of two CPV-2 isolates,
excluding the non-translated terminal regions, were deter-
mined by the Sanger method to investigate the molecular
epidemiology of this virus. Overlapping sequences were
used to assemble the full-length sequences of the VP- and
NS- encoding genes, which were edited and aligned with
sequences of related isolates obtained from the GenBank
database, using Clustal W.

A phylogenetic tree was constructed based on the two
complete genomic, NS1, and VP2 sequences obtained here
and an additional 28 sequences obtained from the Gen-
Bank database, which included published sequences from
different geographic regions, some of which were found
by BLASTn analysis to be very similar to those of the two
Turkish isolates.

The sequences were aligned using CLUSTAL W, and
this alignment was used to generate phylogenetic trees by
the maximum-likelihood method, using Tamura-Nei model
[34] with 1000 bootstrap replications in MEGA X [35].

Table 1 Nucleotide sequences of primers used for screening and sequencing in this study

Virus Gene Primer Sequence (5°-3”) Position Size (bp) Reference
Partial F CGAAACAAATAGAGCATTGGGC 3621-3643 625% [30]
VP2 R TGGTGCATTTACATGAAGTCTTGG 4223-4246
F ACCGTTACTGACATTCGCTTC 207-227
R ACCTCCTGGTTGTGCCATC 1213-1231
F ACCGTTGAAACCACAGTGAC 1052-1071 [31]
R CCTTAATCCAAGTCGTCTCG 2261-2280
CPV2 Complete
F CAATCCTCAGAGTCAAGACC 2035-2054 4,740*
R ACCATGTTGTCTACCAAATGC 3920-3940
F CTGTGCCAGTACACTTACTAAG 3531-3552
R GGATCACCATCTGCTGCTTG 3893-3912
F CTGTGCCAGTACACTTACTAAG 3531-3552
R ACCAACCACCCACACCATAACAAC 4924-4947
S I-EL1F CAAGTTGACCGTCTTATTACTGGTAG 2611-2636 346 [32]
I-ELIR TCATATACGTACCATTATAGCTGAAGA 2930-2956
CCoV
S 1I-S5 TGCATTTGTGTCTCAGACTT 3991-4010 694 [32]
1I-S6 CCAAGGCCATTTTACATAAG 4665-4684
CCV Partial For 1 ATGGCTCAAGCTCAGGTTG 1-20 533 [33]
genome Rev 533 CCGCACAGAACCTCCACTTC 514-533

“Based on the nucleotide position in canine parvovirus 2, accession number NC_001539
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Virus isolation

CPV-2-DNA-positive faecal supernatants were clarified
and treated with antibiotics and then inoculated onto freshly
trypsinized Madin-Darby canine kidney cells (MDCK,
NBL-2, ATCC, USA) and grown in Dulbecco’s modified
Eagle medium (DMEM, Sigma, MO, USA) containing 5%
fetal bovine serum (FBS, Sigma, MO, USA). The isolates
were propagated through serial passages on cell cultures
until a cytopathic effect was visible in approximately 80%
of the cells. Infected cells were frozen and thawed several
times, and the presence of the virus in the harvested culture
supernatant was confirmed by PCR.

Statistical analysis

Descriptive statistics and frequency distributions were cal-
culated using chi-square analysis, to determine the associa-
tion between the putative risk factors and CPV-2 positivity.
All statistical associations were considered significant at p
< 0.05.

Results

PCR and RT-PCR

An amplicon of 625 bp, corresponding to a portion of the
VP2 gene, was obtained from in 48 of 62 (77%) samples.
A band of the same size was also obtained from the CPV-2
vaccine used as a positive control. Fragments of 694 and
533 bp, corresponding to the amplicons from the positive
controls CCoV and CCV, respectively, were detected, but
not in clinical specimens. There was no amplification from
the negative controls or the template DNA-PCR control
(see Supplementary Table S1 for signalment data of CPV-
2-positive dogs).

Sequencing and phylogeny

The VP2 amplicons that were obtained from the 48 faecal
swab samples were sequenced, and the deduced amino acid
sequences of the VP2 proteins indicated that CPV-2 subtype
2b was predominant. The characteristic GAT codon encod-
ing aspartate at nt position 1276-1278 was used to identify
CPV-2b isolates. The distribution of CPV-2 isolates from
this study (yellow stars) and those reported previously in
Turkey [36—40] are shown in Fig. 1.

In the 48 samples, eight partial VP2 sequences were iden-
tified and submitted to the GenBank database (OM747852-
OM7478529). The original CPV type 2, CPV-2a, and
CPV-2c were not found. The partial VP2 sequence of the
48 CPV-2 samples had 97.76-100% nt and 99.52-100% aa
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identity to each other. An amino acid substitution (V to G)
was found at position 484 in only two of the 48 sequences.

Two complete genome sequences obtained in the present
study were submitted to the GenBank database and were
assigned the accession numbers OM721655 and OM721656.
Both were from CPV-2b isolates. CPV-2b-K5-TR is 4450 nt
long, and CPV-2b-O1-TR is 4452 nt long, and both encode
four proteins: NS1 (2007 nt, 668 aa), NS2 (1970 nt, 165
aa), VP1 (2256 nt, 727 aa), and VP2 (1755 nt, 584 aa). A
comparison of the nt and aa sequences of CPV-2b-K5-TR
and CPV-2b-O1-TR is shown in Supplementary Table S2.
Phylogenetic analysis based on complete genome sequences
showed that the two CPV-2b isolates grouped in a cluster
with Australian and East Asian isolates (Supplementary Fig.
S1).

The amino acid substitutions in the VP2 protein of the
isolates examined in this study are shown in Table 2. A phy-
logenetic tree based on VP2 nt sequences is shown in Fig. 2.

The amino acid substitutions in the NS1 protein are listed
in Supplementary Table S3. A phylogenetic tree based on
NS1 sequences showed that the two Turkish CPV-2b isolates
grouped into different clusters (Supplementary Fig. S2).

Virus isolation

A mild cytopathic effect in the form of rounding, increased
granularity, and detached cells could be seen 3—4 days
postinfection for 37 samples at the third-passage level.

Of the 37 CPV-2 isolates obtained, two with different
VP2 sequences were randomly selected, and their complete
genomes were sequenced.

Statistical analysis

According to the chi-squared test analysis, breed, age, gen-
der, and vaccination were not associated with CPV-2 infec-
tion in this study (p > 0.05) (Supplementary Table S4).

Discussion

Canine parvovirus (CPV) is an important, contagious, com-
monly diagnosed, and fatal pathogen of domestic and wild
dogs. Age, breed, sex, stress, coinfection with another patho-
gen, non-vaccination, immunosuppression, and geographic
region/environment have been put forward as predisposing
factors for CPV-2 infection [2, 24, 41]. Other viruses, such
as CCoV and CCYV, which can exacerbate the clinical signs
of CPV-2 infection and gastrointestinal disorders in dogs,
were simultaneously investigated in this study [42]. No sam-
ples were positive for either CCoV or CCV. Several factors,
such as incorrect sampling time and low viral load, could
have been responsible for this finding.
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Fig. 1 Distribution of CPV-2 subtypes identified in this study (yellow
stars) and those reported previously in Turkey. Uniform blue shading
indicates the 2b subtype of CPV-2, while a red-blue gradient indi-

CPV-2 infections are most common in puppies under
the age of 6 months due to a decrease in maternal antibod-
ies [24]. This predisposing factor is reflected in the current
study with the majority of CPV-2-positive cases (42/48,
87.5%) involving 1- to 6-month-old puppies. The interfer-
ence of maternal antibodies in puppies could be influenced
by improper vaccination protocols, the efficiency of the
immune system of puppies, and the interaction between
maternal antibodies and the vaccine, causing a lack of mater-
nal immunity [43, 44]. CPV-2b was detected in a 5-year-
old adult dog with a completed CPV vaccination history,
although no virus could be isolated. This negative result,
which is often seen in the CPV-2b and 2c literature, could
be due to the physiological decline of protective immunity
or the increase in virulence and tissue tropism of specific
circulating CPV strains [21, 45-47].

Modified live attenuated vaccines containing the original
CPV-2 strain (Nobivac-Parvo C, Intervet) or CPV-2b strain
(Biocan, Bioveta) are widely used in Turkey. The number
of vaccinated dogs with parvoviral enteritis in this study

cates the 2a and 2b subtypes of CPV-2. Hashed gray shading indi-
cates the 2a, 2b, and 2c subtypes. The *2a subtype has been reported
previously in Ankara, so it is shown with red and blue gradient.

constituted almost a quarter of the cases (15/62, 24.1%).
The increase in CPV-2 cases in vaccinated dogs in Turkey
or other countries may be due to vaccines containing heter-
ologous strains or immune escape mutations of field viruses
[48, 49]. Studies involving cross-protection experiments
are expected to come to the fore in the future, and vaccines
administered to dogs should carry dominant local variants
with new epitopes in the CPV-2 capsid protein. Incorpora-
tion of field strains in commercial vaccines may be consid-
ered for effective control of canine parvovirus infection in
the country.

Cases of CPV-2 occurring in vaccinated dogs might also
indicate that incomplete vaccination of puppies is not suffi-
cient to protect against CPV-2. Therefore, Turkish veterinar-
ians should encourage pet owners to complete vaccination
of puppies according to World Small Animal Veterinary
Association (WSAVA) guidelines [48].

The evolution of CPV-2 has raised questions regarding
the efficacy of vaccination. Similar to previous studies [7],
this study identified universal mutations in the VP2 protein
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Fig.2 Phylogeny of complete
VP2 sequences of CPV-2. The
tree was constructed using the
maximum-likelihood method. 8
Bootstrap support values based

on 1000 replicates are shown

at the nodes. Black circles

represent the CPV-2b isolates 58

~

from the present study. Others ;'

are FPV and CPV-2 strains or
isolates from different countries.
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that distinguish canine parvoviruses from feline parvovi-
ruses: K8OR, K93N, V103A, D323N, N5648S, and A568G.
In addition, the aa substitutions M87L, I101T, A300G, and
D305Y, which are characteristic of type 2a/2b/2c CPVs,
and N426D, which is characteristic of 2b, were obtained.
Other potentially important substitutions found in CPV iso-
lates were F267Y, Y3241, and T440A, which are located
in protuberances of their respective loops in the main VP2
antigenic sites [50, 51]. These mutations are associated with
selective pressure and vaccine failure [7]. Strains encoding
267Y first appeared in 2002 and have become predominant
since 2014 [7]. Zhou et al. [7] reported that aa residue 267,
which in a 3D model of VP2 was not part of a loop struc-
ture, has the potential to cause vaccine failure. In 2006, the
mutation Y3241 in the VP2 protein of CPV-2, which lies
adjacent to residue 323, rapidly spread amongst circulating
CPV strains [7-9]. Evolutionary literature has associated
residue 323 with changes in host range by influencing the
ability of CPV to bind to the canine transferrin receptor. The
mutation Y3241 has also been shown to occur in regions

that are associated with important antigenic epitopes [51].
The Y3241 mutation in CPV-2a strains has been reported
in China [52], South Korea [53], Thailand [54], Japan [55],
Uruguay [56], Taiwan [57], and India [58]. The substitu-
tion Y3241 was detected in all CPV-2b strains and some
East Asian CPV-2 strains among the 2b/2c/new?2b subtypes
examined in this study. These results suggest that the Y3241
substitution in CPV-2 strains is common in Asian countries
[52, 59]. In the VP2 protein of CPV-2, the amino acid resi-
due at position 440 is located in the GH loop [60]. Strains
encoding 440A first appeared in 1993 and have appeared
continuously in circulating CPV strains since 2005 [7]. At
present, the T440A substitution is being reported frequently
worldwide, and it was found in all CPV-2b strains detected
in this study [7, 61, 62]. The findings of the present study
clearly demonstrate that Y3241 and T440A mutant CPV-2b
strains have become dominant in Turkey, which is a gate-
way between Asia and Europe. This may contribute to virus
immune escape via antigenic drift and consequent vaccine
failure [7].
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In addition, 5A, 13P, 52T, and 55Q mutations were
detected in the VP2 protein. The 5A mutation has been
detected frequently in Chinese CPV-2c isolates [61, 63],
while the 13P mutation has been detected in Italian CPV-
2b isolates [60]. Other substitutions seem to have emerged
recently. The results show that CPV-2b continues to evolve,
and further work is needed to better understand the pheno-
typic impact of novel aa substitutions.

The NS1 protein of CPV-2b-O1-TR was found to con-
tain new aa substitutions, A255G and Q307T, in the origin
of replication (ORI) binding domain and helicase domain,
respectively. The CPV-2b-K5-TR isolate similarly showed
the substitutions D309E and E375G in the helicase domain.
However, a previous study by Mira et al. [64] showed dif-
ferent (60V, 544F, 545F, and 630P) substitutions in the
NS1 protein in Asian CPV strains that were not found in
this study. Limited literature is available on the NS gene of
CPV-2 compared to the CPV-2 VP2 gene, and there is a lack
of sequence data in GenBank for review. One recent NS1
study investigated T598 and T601 phosphorylation sites of
NS1 and determined that both of these sites are crucial for
viral replication and pathogenicity [65]. Further studies are
needed to determine the contribution of the substitutions
identified here to the biological properties of NS1.

Phylogenetic analysis revealed that the isolates CPV-
2a/2b/2c/mew?2b and CPV-2b/c/new?2b formed separate sub-
clusters. Isolates located in the same phylogenetic cluster
with different types of CPV-2 variants can be distinguished
based on amino acid differences at position 426. When
the VP2 phylogenetic tree was examined, some isolates
were relatively closely related, while in the NS1 tree they
appeared distantly related. Considering selection pressures
or recombination in assessing these two differences may
help to explain the conflicting phylogenetic trees obtained
for VP2 and NS1 [66].

According to epidemiological surveys, the distribution
of CPV-2 variants varies according to geographical region,
and the dominant circulating CPV-2 variant can change
over time. CPV-2b is common in Brazil, the USA, Japan,
Switzerland, and South Africa, while CPV-2¢ is common
in the United Kingdom, Vietnam, Spain, South America
(except Brazil), and North America. In contrast, CPV-2a was
reported to be the common antigenic type in France, Taiwan,
and Italy, while both CPV-2a and CPV-2b were reported to
be distributed equally in Spain [67]. Typing field isolates
from different geographic regions is essential for controlling
the spread of variants, understanding virus evolution, and
developing strategies for control and treatment. Although
subtypes 2a, 2b, and 2c have been reported in Turkey [36,
37, 40], this study shows that CPV-2b is widely distributed
in Turkey as a single variant.

In conclusion, CPV-2b was found to be predominant in
symptomatic dogs with CPV-2 across three different regions
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of Turkey. The strains included Y324I and T440A substitu-
tions, which commonly contribute to virus immune escape.
This is the first study in which complete genomic analysis
of Turkish CPV-2 isolates was performed.

The evolution of CPV-2 has raised questions about the
efficacy of vaccination. Therefore, continuous monitoring
of the emergence and spread of new CPV-2 variants should
be the primary objective of ongoing research. General con-
trol measures should be taken to reduce the prevalence of
the disease in canine populations, such as adequate feeding
of young dogs, control of enteric pathogens, environmental
sanitation, and physical isolation of infected animals. Vacci-
nation against CPV-2 is regarded as the primary prophylactic
strategy for controlling this disease. Turkish veterinarians
should inform animal owners and be encouraged to continue
administering vaccines.
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