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Summary

Canine parvovirus (CPV) type 2 is the causative agent of acute hemorrhagic enteritis and high mortality in
the affected dogs. Numerous studies have been done to understand the origin of the virus and to exhibit new
variants and circulating strains. This report describes the detection and genomic characterization of CPV
strains from indoor and outdoor dogs in Ankara, Turkey. Samples were sent to our laboratory due to clinical
symptoms in puppies. We tested blood and swab samples to determine the presence of canine parvovirus (CPV)
in three puppies and two adult dogs by reverse transcription-polymerase chain reaction (RT-PCR) using VP2
(capsid protein) region primers of canine parvoviruses. Following that, to provide molecular characterization
data Maximum Likelihood (ML) method was used for phylogenetic analyses. Constructed phylogenetic trees
from the aligned nucleotide sequences revealed that our CPV strains demonstrated high genetic similarities,
with 100% identity match on nucleotide alignments with each other and classified in CPV-2b genotypes.They
have placed on a monophyletic clade as a sister branch with CPV VAC S quantum with 98.9% nucleotide
homology. Our findings suggest that CPV-2b is actual and frequently seen variant in Turkey and shows high
similarities with other CPV variants and a bit less with FPVs in Turkey and around the world. CPV causes
high mortality and morbidity in dogs and to develop effective vaccines for protection of dogs in Turkey where

there are few numbers of studies that have been done, field strains should be isolated and characterised.
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Carnivore protoparvovirus 1, known as Canine par-
vovirus (CPV), belongs to the genus Protoparvovirus
under the subfamily Parvovirinae and the family
Parvoviridae. 1t causes a highly contagious and fatal
disease in dogs (ICTV 2018) and is genetically and
antigenically different from CPV-1 (canine minute
virus), responsible for neonatal death in dogs as well
as involved in the Bocavirus genus (34). Canine par-
vovirus, the enteric pathogen of dogs, has four main
antigenic types: CPV-2, CPV-2a, CPV-2b and CPV-2c¢
(24). They are single-stranded, negative-sense DNA
viruses, with a 26 nm diameter icosahedral capsid that
is non-enveloped and consists of VP1 and VP2 viral
proteins (27). The genome is around 5 kb in length with
two open reading frames (ORFs); the first encodes the
non-structural proteins NS1 and NS2, and the second
encodes the VP1 and VP2 structural capsid proteins
(27). VP2 takes on a significant function in the host
immune response (24).

Canine parvoviruses first emerged among dogs in
1978 and have caused the deaths of an excessive num-

ber of dogs around the world (2). CPV-2 evolved and
three other variants have occurred, two of them (CPV-
2a, CPV-2b) are similar, but one (CPV-2c) has a unique
antigenic pattern, according to CPV-2 (3). Now, the
most recent variant CPV-2c has caused morbidity and
mortality in dogs around the world (3,4, 9, 19). CPV-2c
was first described in Italy following its occurrence in
leopard cats in Vietnam and then in Europe (11, 18).
Today, all three variants can cause severe clinical signs,
such as lifelong cardiac disease, leucopenia, pyrexia,
haemorrhagic diarrhoea, myocarditis and death in dogs.
It disseminates in many countries (5, 20, 25, 36, 37).

CPV is transmitted through the oronasal route with
the virus in faeces. Three to seven days following
infection, the virus is shed in the faeces and clinical
symptoms occur, as mentioned, in young dogs; adult
dogs can stay asymptomatic with the help of immunity
gained through vaccination or previous transmissions
(1,5, 8).

It is thought that the virus originates from the feline
panleukopenia virus (FPV) via minor mutations in the
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capsid protein and only these few substitutions differ-
entiate CPV-2 from the other antigenic types, FPV and
mink enteritis virus (MEV) (24, 36). After mutations,
the CPV-2 variants that have a high rate of evolution
compared to FPV have become able to infect both dogs
and cats and have been found in wolves, foxes, other
canids and felids (14, 15, 32).

CVP-2 has been previously reported in cats and
dogs in Turkey, so obtaining up to date information
representing the circulation of CPV variants is a neces-
sity (22, 28, 35, 39). The objective of this study was
to determine the CPV variants in pups with clinical
symptoms and to demonstrate its relationship with the
other types reported in Turkey and around the world.

Material and methods

Specimens. Blood samples from three dogs, and blood
and swab samples from two different dogs were sent for
laboratory diagnosis. CPV/TR/2018/Y 1, CPV/TR/2018/Y2
and CPV/TR/2018/Y3 were homeless puppies. CPV/TR/
2018/serce and CPV/TR/2018/efe were indoor puppies.
Typical clinical signs of canine parvoviruses, such as acute
enteritis, anorexia, depression, high body temperature and
vomiting, were observed in all sampled animals.

Polymerase Chain Reaction (PCR) and phyloge-
netic analysis. Samples were used for total DNA extrac-
tion according to the phenol: chloroform: isoamyl alcohol
extraction method described by Sambrook and Russell (30).
The DNA pellets were resuspended with 20 pl of deionised
water and used as a template for polymerase chain reaction
(PCR) applications. All DNA was stored at —20°C until
testing. PCR for partial genes was performed using oligo-
nucleotide Pb sense and anti-sense primers (5’-CTTTA-
ACCTTCCTGTAACAG-3’ 4043-4062 and 5’-CATAGT-
TAAATTGGTTATCTAC-3’4449-4470) targeting a 427-bp
fragment of the VP2 gene of the parvovirus, as described
by Pereria et al. (25). This was carried out in a total volume
of 30 ul of mix containing 5 U/ul Taq DNA polymerase
(MBI, Fermentas, Waltham, MA, USA), 10 x Taq Buffer,
primers and 3 pl of extracted DNA. The thermocycler was
programmed with the following steps and cycling times:
95°C for 10 min, followed by 40 cycles of 95°C for 30 s,
50°C for 30 s, 72°C for 60 s and a final extension stage of
72°C for 10 min.

The obtained amplicons were purified using a Gene JET
PCR purification Kit and sent to BM Labosis for Sanger
sequencing. Phylogeographic analysis of the partial VP2
region targeting a 325 bp region was performed using 101
canine and feline parvovirus sequences from Turkey and dif-
ferent geographical regions of the world, available in Gen-
Bank. The raw sequence reads were analysed and assem-
bled, and the obtained sequences were aligned by using
CLC Main Workbench v5.5. To interpret the results of the
phylogeographic analysis, an SDT a stand-alone program
was used (Fig. 2) (21). A graphical port demonstrated pair-
wise identity scores using a colour-coded pairwise-identity
matrix and enabled the visualisation of the proximity among
sequences in a dataset. To obtain more accurate result in
a larger area, a second phylogenetic analysis was performed
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with reference strains targeting a 378 bp region. Due to
their short sequences, gene regions from Turkey have not
been included in this analysis. Phylogenetic analyses were
performed with the help of the software program MEGA
X (17). Maximum likelihood trees were constructed based
on the Kimura two-parameter model with 1,000 bootstrap
replicates for the determination of genetic distances between
nucleotide sequences (Fig. 1). GenBank accession numbers
for the VP2 gene of the CPV sequences presented in this arti-
cle are: MK248872, MK248873, MK248874, MK248875,
MK248876, MK248877 and MK248878 for CPV/TR/2018/
serce/k CPV/TR/2018/efe/k, CPV/TR/2018/serge/s, CPV/
TR/2018/efe/s, CPV/TR/2018/Y 1, CPV/TR/2018/Y2 and
CPV/TR/2018/Y 3, respectively. In order to distinguish two
samples taken from the same dog; the letters ,.k” and ,,s”
represent blood and swab samples, respectively.

Results and discussion

The specific amplicon of the 427 bp DNA product
was amplified by PCR from all the samples using
Pb sense and anti-sense primers, showing that these
puppies were infected by canine parvovirus. After
trimming and editing processes of the low-quality
nucleotides in relevant sequences, nucleotide similar-
ity searches by the Basic Local Alignment Search Tool
(BLAST) revealed that the sequences of the blood and
rectal swab samples were 98.42-99.47% identical to
various CPV and FPV strains. Phylogeographic analy-
sis of the 325 bp nucleotide sequence of the field virus
with several canine and feline parvovirus sequences
revealed that the obtained sequences were located in-
side the canine parvovirus strains with an FPV strain
(HM042740.1) isolated from a cat and reported by Muz
et al. (22) (Fig. 1). TR-URF/CPV-2b/ (MG780292)
located in this clade placed as a distinct branch with
the seven field strains (Fig. 1).

By using the SDT program approximately 100 virus
sequence identities were established. Pairwise identity
changed between the interval of 100 to 88% and this
was shown in colours: from maroon, dark red, red,
orange-red, orange, yellow, yellow-green, aquamarine,
turquoise, blue to navy. The CPV strains reported in
this study largely gave a maroon (~99-100%) and red
colour (~99%) among its kind but gave orange-red
(~98%) with some and yellow (~95%) with one of
the 2b strains submitted from the Urfa province of
Turkey. Urfa 2b strains also showed high divergence
with the CPV and FPV strains reported from Turkey
and the world, demonstrating mostly yellow (~95%),
some turquoise (~91-92%) and yellow-turquoise-blue
(~89-95%) colours, respectively. In the overall SDT
graphic, some FPV and Urfa 2b strains exhibited the
highest diversity, appearing as navy (~88%).

In the second phylogenetic analysis for the 378 bp
partial VP2 gene (Fig. 3), sequence homology re-
sults showed that the field CPV strains shared 100%
nucleotide identity and 99.5% similarity rates with
each other (Fig. 4). The CPV vaccine strain S quan-
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Fig. 1. Phylogenetic tree constructed based on the fragments 325 nucleotides of VP2 gene region, showing the relationship of

CPV and FPV strains by Maximum Likelihood method

tum, obtained from Thailand in 2009, had a nucleotide
identity of 98.9% with all seven field strains and was
localised on a monophyletic clade as a sister branch.
Our field strains compromised a clade with CPV VAC
S quantum and were found to be close to the CPV-2b
group. CPV/Jiangsu/, isolated from China in 2012,
CPV/42/ from Italy in 2005 and CPV/04S23/, detected
in France in 2005, clustered together by representing

the CPV-2b group. All three CPV-2b sequences had
a nucleotide identity of 98.9% with all seven field
strains, as well as the other CPV-2b strain: CPV VAC
S quantum.

Considering the proximity to the 2¢ group, the strains
obtained in this study demonstrated 98.7% similarity
with CPV/136/ from Italy, obtained in 2000, and 98.9%
nucleotide similarity with the rest of the group, consist-
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ing of CPV/G133/97/FJ005198 isolated in Germany
in 1997, CPV/GR51/ reported from Greece in 2008,
CPV/67/ detected in the USA in 2007 and CPV/
Parana/ reported in Brazil in 2009.

All the strains obtained in this study showed 98.9%
nucleotide homology with the 2a group strains CPV
12/08-B/GU362934 isolated in Italy in 2008 and
CPV/04S17 obtained from the field in France in 2005,
and 98.7% similarity with CPV/PassoFundo/ obtained
in Brazil in 2009. They also exhibited 98.4% nucleotide
homology to vaccine strains: CPV/Intervet/VP2 gene
cloned in 2006 by Intervet and CPV/Merial/VP2 gene
cloned in 2006 by Merial. Two strains shared 100%
nucleotide identities and mapped phylogenetically to
the same branch.

When the proximity between the CPV strains ob-
tained in this study and FPV strains was examined,
similar nucleotide variations were observed with
a small decrease with the FPV vaccine strains; these
had 98.2% sequence homology with the FPV/Purevax/
vaccine strain detected in 2008, and FPV/Felocell/,
the Pfizer vaccine strain characterised in 2008, which
mapped phylogenetically to the same branch. FPV/
EU018144 obtained in Argentina in 2007 also dis-
played 98.2% identity at the nucleotide level, but FPV/
TR-SS/, reported from Turkey in 2010, showed less
sequence homology, with 91.8%.

CPV, a ubiquitous pathogen worldwide, is a DNA
virus that is amplified by host cell DNA polymerases,
but has a high rate of genetic substitution, as in RNA
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viruses. This high rate helps in an-
tigenic evolution, resulting in new
variants (31). Despite this high
substitution capacity, in this study
a close nucleotide homology be-
tween the different CPV types was
observed. The formation of par-
vovirus variants occurs through
changes in the spike protein and
determines host specificity (13).
Between the variants, CPV-2c
has a more eminent probability of
evolution (3). In Europe, CPV-2a
and CPV-2b are prevalent in some
countries, but CPV-2¢ started to
take the place of these antigenic
variants, and in some others,
CPV-2a was even not detected.
CPV-2c is becoming more wide-
spread and manifests itself (7).
In a recent study reported from
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CPV-2b strain was detected at Fig. 3. Evolutionary relationships of taxa. The evolutionary history was inferred using
a lower rate (2). In this study, all the Neighbor-Joining method (38). The optimal tree with the sum of branch length

the field isolates obtained from
symptomatic dogs were identified
as CPV-2b strains. Phylogenetic

= 0.03708820 is shown. The percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (1000 replicates) are shown next to the
branches (39). The tree is drawn to scale, with branch lengths in the same units as
those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary

analysis showed that although the  gistances were computed using the Maximum Composite Likelihood method (40) and
acquired strains were clustered are in the units of the number of base substitutions per site. The analysis involved 25
inside the CPV-2b clade, nucleo- nucleotide sequences. Codon positions included were 1* + 2" + 3¢ + Noncoding. All
tide homology analysis revealed ambiguous positions were removed for each sequence pair. There were a total of 378

that the mentioned strains are also

very close to the CPV-2a and CPV-2c¢ strains. When
compared to the CPV variants, the similarity of FPV
strains appears to be lower, but they have a small dif-

ference and a high degree of similarity to our strains.
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To understand the evolution of viruses and assume
future changes in their genomes, molecular charac-
terisation studies have a significant function. Their
importance is seen in the distinction of different anti-
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Fig. 4. Detailed nucleic acid identity and similarity rates for CPV/TR/2018/serce/k CPV/TR/2018/efe/k, CPV/TR/2018/serce/s,
CPV/TR/2018/efe/s, CPV/TR/2018/Y1, CPV/TR/2018/Y2, and CPV/TR/2018/Y3 (Turkish) and 18 CPV and FPV nucleotide

sequences used in phylogenetic tree shown in Fig. 3.
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genic types of CPV, which is a highly contagious viral
disease of dogs, and in understanding the origins of the
virus that is thought to have evolved from FPV. The
CPV type 2 is no longer detectable in the field and the
type 2a, 2b and 2c variants have circulated instead.
Notifications were made from Turkey regarding the
CPV infections and although there are submissions
of the 2c strains to the gene bank from Turkey, most
circulating CPVs in dogs are the 2a and 2b strains (22,
35, 39). In this context, phylogenetic studies are needed
to better understand the evolutionary relationships in
the country in order to characterise the actual strains
and elucidate the current situation.

Decaro et al. reported that the dogs vaccinated
with type 2 or 2b modified-live CPV vaccines shed
a high amount of virus; shortly afterwards, the virus
propagated in the blood and enteric membrane of im-
munised dogs (6). As in the world overall, in Turkey
live vaccines against canine parvovirus are used for
protection. In this study, viral DNA obtained from five
different puppies shared a 100% nucleotide identity
rate with each other and a 98.9% nucleotide identity
with Quantum (vaccine) (2b) was observed. Two of
the puppies were not socialised with each other or the
other three puppies lived together. Although it is not
known whether the animals were vaccinated or not,
there is a possibility that the source of infection may
have been caused by spreading from modified live
vaccines or modified live-vaccinated dogs shedding
CPV-2b after vaccination.

CPV-2 is the prevalent cause of severe diarrhoea
in puppies, even though neutralising antibodies can
prevent CPV infection (5, 26). In some studies, non-
vaccinated dogs demonstrated more sensitivity than
vaccinated animals (12). It has also been shown that the
prevalence of chronic gastrointestinal symptoms was
higher in dogs who had previously had CPV infections
(16). Therefore, in raising the living standards of dogs,
vaccination, which is an effective method to reduce
mortality by controlling dog parvovirus infection, is
a measure that will make a difference (5, 23). When
developing vaccination strategies, the right choice
should be made to reduce the presence of the virus in
the dog population by considering the viral spreading
of live vaccines and different antigenic types. To en-
sure effective immunisation, vaccines should include
the latest antigenic variants, and a strain that is able to
cause disease even in vaccinated dogs, like CPV-2c,
should also be considered (5, 38). To fully understand
the impact of immunisation choices, prospective stud-
ies are needed.

Phylogenetic analysis of viruses causing gastroen-
teritis in dogs plays an important role in understanding
their pathogenesis and epidemiologys; it also supports
diagnosis and treatment of the disease. Molecular
characterisation results of CPV in diseased dogs
demonstrated the presence of the 2b strain in Turkey

Med. Weter. 2020, 76 (1), 17-23

and provided up-to-date information about the infec-
tion status. As companion animals or for different
purposes, the dog feeding rate is increasing in Turkey
and there is limited literature on the parvoviruses of
dogs. Therefore, studies on the elucidation of CPV
infections and especially the genotypes circulating in
dogs, which induce severe disease, provide the basis
for future vaccines and will help understand the epide-
miology of parvoviruses and develop new treatments.
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