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Abstract
Canine distemper virus (CDV), which causes severe infections in all domestic and wild carnivores, is
transmitted by all secretions and excretions of infected animals. Despite the regular vaccination against
it, CDV still manages to circulate in nature and is a worldwide problem in dogs. For many years in the
world, the virus managed to circulate in nature. The current investigation aims to identify and
characterize CDV in dogs with neurological symptoms and to determine whether CNS symptoms and
phylogenetic data might be used to differentiate between CDV strains. The medical records of 35 dogs
with central nervous system (CNS) symptoms were examined. An ELISA kit was used to identify CDV-
speci�c IgG antibodies in all of the dogs' serum samples. RT-PCR con�rmed the presence of CDV nucleic
acid in 30 of these dogs. Of the RT-PCR-positive samples, 6 were randomly chosen for further sequencing,
sequence comparisons, and phylogenetic reconstructions. Genes encoding the Hemagglutinin (H) and
Fusion (F) proteins were partly sequenced and compared to other CDVs from throughout the world,
including vaccine strains. The maximum likelihood method was used to build a phylogenetic tree using
CDV H and F gene nucleotide sequences. According to phylogenetic analysis of partial H and F gene
nucleotide sequences, the �eld CDVs in this investigation were unique and different from the vaccination
strain. The phylogenetic analysis indicated that all Turkish CDV strains that induced CNS symptoms
belonged to the European CDV clade. While the intricacy of the CNS and the complexities of glycosylation
pathways may provide signi�cant challenges to infections, future research will bring signi�cant bene�ts
by identifying evolutionarily conserved activities of N-glycosylation in CDV-infected dogs.

Introduction
Canine distemper virus (CDV), is an enveloped, negative-sense, single-stranded RNA virus that belongs to
the morbillivirus genus of the Paramyxoviridae. (Afonso 2016). CDV can cause infections in families of
Canidae, Felidae, Hyaenidae, Mustelidae, Procyonidae, Ursidae, and Viverridae (Guo et al. 2013; Martinez-
Gutierrez and Ruiz-Saenz 2016). Despite the presence of a susceptible broad range of animals, the main
reservoir for CDV has been reported as dogs that belong to the Canidae family (Kapil and Yeary 2011).
Commonly, the viral infection caused by CDV is associated with respiratory, gastrointestinal, and nervous
system disorders in carnivores. Several studies on the clinical and pathological aspects of different kinds
of CNS symptoms in dogs have been published over the years (Headley et al. 2009; Pratakpiriya et al.
2017; Trogu et al. 2021). A compilation and summary of the clinical information on canine CNS
symptoms has been provided in the articles on this subject. There have been few attempts to analyse
how effectively CNS illnesses may be distinguished from each other based on clinical and molecular
data. The genome of CDV consists of genes for C and V non-structural proteins, and six structural
proteins: nucleocapsid protein (N), haemagglutinin (H), fusion protein (F), phosphoprotein (P), matrix
protein (M) and large protein (L). The non-structural proteins (C) and (V) are produced by an alternative
open reading frame in the P gene (Diallo 1990; von Messling et al. 2006). Previous studies have revealed
that the gene regions encoding the H and F proteins are subjected to a higher variability while the genes
encoding N, P, M, and L proteins are highly conserved (Haas et al. 1999; Martella et al. 2006). The H
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protein was reported to be 607 amino acids (aa) in length and has an 1824 bp gene size. Twelve putative
N-glycosylation sites (19-21, 149-151, 309-311, 339-341, 391-393, 422-424, 456-458, 517-519, 542-544,
584-586, 587-589, 603-605) are conserved in the H protein (Liu et al. 2019). It encodes a type II integral
membrane glycoprotein that helps in the attachment of the virus to the host cell receptors (Diallo 1990;
Martella et al. 2006; Sawatsky and von Messling 2010). The involvement of the H protein's glycans is one
component that has received little attention. Glycans are primarily involved in protein folding and post-
translational modi�cation. N-linked glycosylation is one of the most prevalent types. Within the conserved
pattern Asn-X-Ser/Thr, a high mannose core is linked to the amide nitrogen of asparagine (N). The CDV F
gene open reading frame encodes 662 amino acids (aa) in length and a 1989 bp gene size, comprising
the regions Fsp (aa 1–135), F2 (aa 136–224), and F1 (aa 225–662). It encodes type I integral membrane
protein excluding 135 aa in length N-terminal signal peptides (Romanutti et al. 2016). The membrane
protein plays an essential role in fusion between the virus and the infected cells or in the circulation of the
virus among the host. Therefore, H and F genes encoding proteins are suitable for genetic analysis (von
Messling et al. 2001). CDV genotypes have been classi�ed into America-1 (vaccine strains), America-2,
Asia-1, Asia-2, Arctic-like, Europe, Europe Wildlife, South Africa, and South America clusters based on
nucleotide alignment of H and F proteins (Freitas et al. 2019; Koç et al. 2021; Lan et al. NT 2005; Lednicky
et al. 2004; Mira et al. 2018; Romanutti et al. 2016). Haemagglutinin (H) and fusion (F) glycoproteins
constitute the viral envelope and are essential for cellular infection by binding to signalling lymphocyte
activation molecule (SLAM) and CD46 cellular receptors (Tatsuo et al. 2001). The H protein binds to one
or more receptors, causing cellular attachment and activation of the F protein by tissue-speci�c
proteases, terminating in cellular infection. Hence, these proteins play a vital role in determining host
range and tropism (Seki et al. 2003). Complete H gene sequence studies have found widely distant
groups of CDV isolates, although some connections among these lineages remain uncertain (Trogu et al.
2021). To our knowledge, the patterns of selection or recombination, as well as their relationship to the
many cases of emergence in dogs with neurological symptoms, have not been investigated in any study
to our knowledge. In the present study, the medical records of 35 dogs with symptoms of the CNS were
evaluated, as was the sequencing of the H and F genes of the virus. The purpose was to determine
whether CDV strains can be detected by the prevalence of their symptoms as a group and to search for
criteria that would be helpful for recognizing CDV strains. Analyses of the CDV H protein have identi�ed
twelve N-glycosylation sites. The importance of glycans in CDV H protein is likely to extend beyond
protein modi�cation and folding. Their involvement in the pathogenesis of neural cell adhesion, axonal
targeting, neural stimulation, viral receptor binding and fusion with virus-cell are all possible roles
(Vigerust and Shepherd 2007).

Materials And Methods
Sampling

A total of 35 tested animals exhibited clinical symptoms of CNS at the time of sample collection. The
dogs tested in this study had never been vaccinated with any CDV vaccines. In 2020, peripheral blood
samples were collected into sterile tubes containing etilendiamintetra-asetat (EDTA) from the
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antebrachial cephalic vein of 35 dogs. Blood samples with EDTA were centrifuged at 4°C at 1500 x g for
10 minutes for buffy coat separation. For 5 min, blood serum samples were centrifuged at 3000 rpm.
Serum samples were transferred to sterile microtubes at a volume of 2 mL. Until testing, the samples
were kept at -80°C. Before testing, all serum samples were inactivated for 30 min at 56°C. The dogs were
suspected of CDV infection by determination of their pre-vaccination status in private veterinary clinics.
During the sampling period, the individual features of all dogs were recorded according to their owners’
declarations and clinical observations. Anamnesis and clinical symptoms were taken into consideration
as risk factors in this study.

CDV-speci�c IgG ELISA detection

Dogs with CNS symptoms were sampled for further study based on an abnormal neurologic examination
and were diagnosed by ELISA-IgG for the initial time. An indirect ELISA was used to detect CDV-speci�c
IgG antibodies in serum samples. CDV-speci�c IgG was detected using a commercially available kit
(Agrolabo, Italy). The test was carried out in accordance with the manufacturer's recommendations.

Extraction and Reverse Transcriptase Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted from the samples and commercial vaccine, using RiboExTM (GeneAll®, Korea)
according to the manufacturer’s instructions. Extracted samples were used to amplify the targeted N
protein-encoding gene by RT-PCR assay on a Thermo Cycler (Applied BiosystemsTM, USA). Primer sets
and cycling conditions were used as previously described by Frisk et al. (1999), with only slight
modi�cations. The PCR cycling conditions were cDNA synthesis at 50°C for 15 min, pre-denaturation at
94°C for 1 min, 35 cycles of 1 min at 94°C, 2 min at 59°C, and 1 min at 72°C, and a post-extension at 72°C
for 7 min. For the H gene, RT-PCR cycling conditions were 5 min at 95°C pre-denaturation, 35 cycles each
of 94°C for 1 min, 60°C for 1 min, and a post-extension of 72°C for 10 min (Lan et al. 2005). For the F
gene, RT-PCR cycling conditions were 5 min at 95°C pre-denaturation, 35 cycles each of 94°C for 1 min,
45°C for 1 min, and a post-extension of 72°C for 10 min (Romanutti et al. 2016). All primers were shown
in Table 1 together with their nucleotide positions and amplicon sizes. In all tests, cDNA was synthesised
using the RevertaidTM First Strand cDNA Synthesis Kit (Thermo Scienti�cTM, Germany) according to the
manufacturer’s instructions. The electrophoresis of 5 µl of PCR products was performed in 2% agarose
gel. Sterile puri�ed water and CDV RNA (extract from a commercial vaccine) were used as negative and
positive controls, respectively.

Table 1

Sequence and Phylogenetic Analyses

All positive PCR product samples with expected size of 1046 bp for the H gene and 797 bp for the F gene
were sequenced in both directions by a commercial company (Macrogen; BMLabosis, Turkey). The
obtained sequences of CDV partial H and F genes were subjected to BLASTn to compare for sequence
identities/variations with other sequences of CDV strains around the world present in the GenBank (NCBI)
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database (Altschul et al. 1990; Benson et al. 2012). Further, amino acid sequences were subjected to
multiple alignment with BioEdit software (v.7.2) using the Clustal-W method (Hall 1999; Thompson et al.
1994). The deduced amino acid sequences of the genes along with the other CDV strains from different
geographical regions were used to construct the phylogenetic trees with bootstrap values calculated with
1000 replicates (Fig. 4-5) by using the maximum likelihood (ML) method in MEGA 11 software (Tamura
et al. 2021). Additionally, positive sequences were submitted to GenBank through the Banklt interface to
receive an accession number. Similarity and identity rates regarding bet sequences have been calculated
in MatGAT 2.0 (Campanella et al. 2003).

Nucleotide sequence accession numbers

The GenBank accession numbers of the sequences used in this study are as follows

H gene

GQ214373 (Austria), KR002661 (Switzerland), AY386315 (USA), DQ494317 (Italy), AF478544 (Denmark),
AF478550 (Denmark), DQ494318 (Italy), GQ214384 (Austria), Z47761 (Denmark), DQ889177 (Hungary),
DQ494319 (Italy), AY093674 (Turkey), Z77673 (Germany), Z77671 (Germany), HM443723 (Italy),
HM443718 (Italy), KT588923 (Turkey), DQ228166 (Italy), Z47759 (Denmark), AY498692 (USA), FJ392651
(Argentina), KT266736 (Mexico), JN215475 (Uruguay), KF835422 (Colombia), KF835411 (Colombia),
EU098103 (Brazil), EU098104 (Brazil), EU098105 (Brazil), EU098102 (Brazil), AY649446 (USA), Z47762
(USA), Z54156 (USA), KC916714 (Tanzania), JN812976 (Tanzania), KC916716 (Tanzania), FJ461696
(SouthAfrica), FJ461713 (South Africa), FJ461711 (South Africa), FJ461717 (South Africa), FJ868166
(SouthKorea), EU716072 (SouthKorea), KU983521 (China), KU030831 (China), KU030832 (China)
KU521345 (China), KF880678 (China), KP127966 (China) JX844220 (China) EU325730 (China),
JQ732171 (China), JQ732170 (China), AB025271 (Japan), AB212965 (Japan), AB025270 (Japan),
AB212730 (Japan), Z47760 (Greenlandic), AF172411 (China), FJ461709 (Nobivac PuppyDP), FJ461701
(Nobivac), FJ461702 (Vanguard Plus), FJ461710 (Canigen DHPPI), MN702774 (Canishot K5), FJ461708
(Galaxy), EU143737 (Onderstepoort), EF418782 (Lederle), GU810819 (Rockborn), AF378705
(Onderstepoort), Z35493 (Convac), AF259552 (SnyderHill) and GU266280 (Rockborn-Candur).

F gene

GQ214364 (Austria), AY386315 (USA), GQ214360 (Austria), MH430946 (Germany), AF355188 (Denmark),
KT224732 (Argentina), KT224718 (Argentina), KT224719 (Argentina), AY466011 (USA), AY649446 (USA),
EU716337 (USA), KP769803 (China), EF596902 (China), KJ848781 (China), JN896331 (China),
KX371581 (China), KX371582 (China), KX371583 (China), EU192026 (Taiwan), AY964108 (USA),
AY964112 (USA), AB476403 (Japan), AB476402 (Japan), AB475100 (Japan), AB475097 (Japan),
AF378705 (Onderstepoort) and GU138403 (SnyderHill).

Results
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All the blood serum samples were assigned positive via CDV IgG speci�c diagnostic ELISA. Blood
samples from animals with CNS symptoms based on abnormal neurological �ndings found to be CDV
positive were utilized in this investigation for further assessment. Historical abnormalities suggestive of
CNS disease included seizure n=8 (22.85%), lethargy n=2 (5.71%), gait incoordination n=10 (28.57%),
consciousness n=2 (5.71%), apathy/stupor n=10 (28.57%), coma n=5 (14.28%), tetraplegia n=2 (5.71%),
paraparesis n=4 (11.42%), ataxia n=15 (42.85%), tremor/twitching n=12 (34.28%), blindness n=3 (8.57%),
eye motility disorders n=8 (22.85%), head tilt/recumbency n=6 (17.14%), and myoclonus n=17 (48.57%)
were found in dogs with CDV. In a total of seven (20%) dogs, non-neural signs such as conjunctivitis (n =
1), fever (n = 3), hyperkeratosis of the foot pad or nose (n = 2), and gastrointestinal abnormality (n = 1)
were observed. Information obtained from the medical records included signalment; neurologic
examination �ndings; and results of diagnostic tests including molecular detection, sequence analysis,
and phylogeny.

Rt-pcr And Sequence Analysis:
With RT-PCR, 85.71% (30/35) of the samples tested positive for CDV based on the N gene from blood
samples. Of the positive samples, 6 were randomly chosen from positive samples for further sequencing,
sequence comparisons, and phylogenetic reconstructions. The nucleotide analysis of the 1046 bp
fragment of the H gene showed 98,5%–99,8% identity, and the 797 bp fragment of the F gene showed
98,7–100% identity in our Turkish strains (Table 2). The nucleotide analysis of the H gene showed
91,1%–99,8% identity between the Turkish and vaccine strains. In the similarity matrix table, Turkish
strains have shown homology rates of between 98.3–100% with each other and 88.6–100% with the
vaccine strains for the H gene (Table 3). The closest reference sequences were the CanishotK5 (97%) and
Rockborn (97%) strains with our HSS1_1H isolate.

The substitutions were found at positions 307, 309, 342, 365, 473, 475, and 590 of the H gene (Fig. 1) and
487, 523, 568, 587, 604, and 618 of the F gene in the Turkish CDV strains (Fig. 2).

N-linked glycosylation sites of the H protein of the Turkish strains:

Glycosylation plays a crucial role in the antigenicity of many proteins. The H gene glycosylation sites
were predicted to have twelve possible N-glycosylation sites at positions 19-21, 149-151, 309-311, 339-
341, 391-393, 422-424, 456-458, 517-519, 542-544, 584-586, 587-589, and 603-605. A comparative
analysis was done on H protein sequences from the six CDV �eld strains studied in this study. Other N-
glycosylation sites in the Turkish CDV strains were discovered in this study, in addition to the already
known ones, at locations 433–435, 464–466, and 489–491 (Table 4). The putative glycosylation sites on
the H protein were predicted by the NetNGlyc 1.0 software. The glycosylation potential and threshold were
illustrated (Fig. 3).

Phylogenetic Analysis
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Phylogenetic analysis was performed using the MEGA 11 software package (Tamura et al. 2021). The
evolutionary history was inferred using the maximum likelihood method, and the bootstrap consensus
was inferred from 1000 replicates to represent the evolutionary history of the taxa analysed, and branch
lengths were indicative of genetic distances between the sequences. Trees were constructed using
Kimura 2 (G) parameters. The best DNA/protein model for the construction of phylogenetic trees was
selected from a model test program integrated with MEGA 11 software. Phylogenetic trees were
constructed based on the nucleotide sequences of the H and F genes. In the maximum likelihood tree, the
sequences in this study constituted separate clusters. CDV genotypes were classi�ed into America-1
(vaccine strains), America-2, Asia-1, Asia-2, Arctic-like, Europe, Europe Wildlife, South Africa, and South
America clusters based on nucleotide alignment of H and F proteins. The Turkish strains joined a tight
cluster of CDV strains in the European group that was separated from known CDV clades (Fig. 4-5).

Nucleotide sequence accession numbers for Turkish CDV strains

The sequences of HSS1_1H, HSS2_3H, HSS3_6H, HSS4_11H, HSS5_27H, and HSS6_33H have been
deposited in Genbank for the H gene under accession numbers MW669845, MW669846, MW669847,
MW669848, MW669849, and MW669850, respectively. And for F gene under accession numbers
MW669851, MW669852, MW669853, MW669854, MW669855, and MW669856, respectively.

Discussion
The CDV is a highly contagious pathogen that has been widely circulated across the world. Infected dogs
are a risk to other dogs since they have not been vaccinated against this agent. In this study, the CDV-N
protein was successfully identi�ed by the use of the RT-PCR technique with speci�c primers. Since the N
protein is required for viral RNA replication, the mRNA encoding the N gene is highly expressed in infected
cells. As a result, our study focused on the N gene region, which is known to be highly conserved, in order
to detect the infection in the blood. (Elia et al. 2006; Pawar et al. 2011). In an uninfected dog, the presence
of CDV-speci�c IgG in its blood serum shows that it has previously had exposure with to virus. So, 35
dogs with CDV IgG positivity and CNS symptoms were studied using the blood samples. As a result, we
used blood samples from living animals as an indicator of all systems in our investigation, and we had a
very high positive rate. We recommend using uncoagulated blood samples from live animals for
diagnostic purposes in the future, except in the host system and tissues where the virus persists.

The most prevalent symptoms observed in our study were myoclonus, ataxia, and tremors, which were all
quite typical of the neurological manifestations reported in CDV-infected dogs. Such symptoms of
infected dogs have been mentioned as particularly in previous studies (Headley et al. 2009; Saito et al.
2006). The primary focus of the research was CDV-infected dogs with CNS symptoms. Doubts remain
regarding whether viral persistence plays a role in the development of neurological symptoms in CDV
infection. In a study comparing highly neurovirulent and non-cytolytic CDV strains that cause persistency,
it was claimed that non-cytolytic CDV strains follow a different path in dog brain cells. On the other hand,
in cases of distemper-induced demyelination, CDV has been shown to infect mostly astrocytes (Wyss-
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Fluehmann et al. 2010). Despite the successful clearance of CDV in white matter lesions in infected dogs,
prior research with CDV has shown that the virus has the capacity to migrate to other parts of the central
nervous system (CNS), resulting in new lesions every time it is re-infected (Bollo et al. 1986; Vandevelde
and Zurbriggen 2005). CDV, on the other hand, may generate a persistent infection in the CNS, which is
yet mostly unknown. The H and F proteins are critical to unravelling viral persistence and understanding
the pathogenesis of the clinical manifestations that develop.

The H and F protein genes, which facilitate receptor binding and are signi�cantly more variable than other
morbillivirus proteins, are mainly used in molecular epidemiology research for CDV (Iwatsuki et al. 1997;
Romanutti et al. 2016). Molecular studies of CDV H and F genes show that the distribution of CDV
lineages in the world is variable. The disappearance of the old CDV strains, which are still used in
vaccines and are distantly related to the new CDVs, in recent years necessitates the redesign of vaccines
with newly discovered �eld strains (Martella et al. 2006). The Snyder Hill strain was isolated from a dog's
brain in the 1950s and propagated in vivo before being modi�ed for cell culture (Brown et al. 1972). The
Onderstepoort strain was developed in North America in the 1930s, and is now widely used across the
world (Haig 1956). The old CDV Onderstepoort strain, which is part of the lineage America-1, is closely
connected to the majority of CDV strains (Harder and Osterhaus 1997; Lednicky et al. 2004). Our �ndings
that only the HSS1_H1 strain of Rockborn and Canishotk5 share a high level of genetic similarity may be
related to the vaccine strains' differing levels of pathogenicity or tropism.

Glycosylation is a common post-translational modi�cation that affects protein structure, localization and
tra�cking, protein solubility, antigenicity, biological activity and half-life, and cell-cell interactions
(Vigerust and Shepherd 2007). We studied the association between identi�ed and putative N-
glycosylation sites in the H gene and neurological �ndings. Amino acid variations in currently circulating
wild-type CDV should be recognized as a potential cause contributing to a recurrence of distemper cases
in well-vaccinated dog populations across the world. The function of additional potential N-glycosylation
sites predicted in current wild-type CDV H proteins has to be determined (Harder and Osterhaus 1997).
Similar to the previous study, our �ndings show that the predicted putative N-glycosylation sites and
amino acid changes accumulated in the H protein of circulating wild-type CDV have antigenic and
perhaps neuropathic consequences (Li et al. 2014). In this work, we predicted additional potential
glycosylation sites with consequences for the viral life cycle and pathogenicity that were lacking in CDV
and may be considered carefully when designing a new CDV vaccine. Increasing overall vaccination rates
with effective vaccines that generate broad, lasting immunity must remain the top aim in distemper
management, particularly in regions with high dog populations and level of exposure to carnivores.

In addition to the mutations we showed at these positions, the newly found N-glycosylation regions may
be responsible for the neurological �ndings. It is probable that this represents just the tip of the iceberg in
terms of the various and crucial functions that N-glycosylation plays in the development of the nervous
system that are yet unknown. The nervous system is governed by a diverse range of N-glycosylated
proteins, including glycoproteins found on the cell surface and in the extracellular matrix, which are
involved in cell adhesion and signal transduction. Surprisingly, N-glycosylation has an effect on the
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activities of a number of these glycoproteins even when they are not located in the nervous system
(Dityatev et al. 2010; Kleene and Schachner 2004).

Thus, it is vital to perform ongoing molecular epidemiological surveillance in order to discover emerging
CDV variations that may be resistant to the host immune system and to analyse data. The accumulation
of point mutations in the viral genome has resulted in the continuous evolution of CDV, with the following
indicators: In the circumstance that novel antigenic variations with distinct molecular and antigenic
features are discovered, it is possible that a comprehensive redesign of vaccination programs as well as
an update of the virus strains contained in commercially available products will be required. The
emergence of point mutations may also have compromised advanced molecular approaches for the
detection and analysis of CDV strains that rely on perfect matching between viral DNA and test
nucleotide sequences. As a result of these challenges, it is possible that these strategies will need to be
modi�ed.
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Tables
Table 1. Oligonucleotides for RT-PCR ampli�cation of the CDV N, H and F genes.

Gene Primers Nucleotide
position

Sequence (5’-3’) Amplicon
size (bp)

Ref

N N-for 769-789 ACAGGATTGCTGAGGACCTAT 287 Frisk et al
1999

N-rev 1055-1035 CAAGATAACCATGTACGGTGC

H H-for 7948-7970 GACACTGGCTTCCTTGTGTGTAG Lan et al
2005

H-rev 8994-8969 ATGCTGGAGATGGTTTAATTCAATCG 1046

F F-for 6270-6287 TGTGTATTCGTCTCAGA Romanutti
et al 2016

F-rev 7067-7042 TAAGACGTGTGACCAGAGTGCTTTAG 797
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Tables 2 to 4 are only available as a download in the Supplemental Files section.

Figures

Figure 1

Alignment of the deduced amino acid sequences of the partial-length H gene of Turkish strains. The
sequences' accession numbers are presented in the "Materials and techniques" section. Amino acid
changes are shown in the rectangle box (red).
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Figure 2

Alignment of the deduced amino acid sequences of the partial-length F gene of Turkish strains. The
sequences' accession numbers are presented in the "Materials and techniques" section. Amino acid
changes are shown in the rectangle box (red).

Figure 3

N-glycosylation potentials and thresholds.



Page 16/18

Figure 4

Nucleotide sequences and phylogenetic tree of the 1046 bp H gene sequences of Turkish CDV strains
HSS1_1H, HSS2_3H, HSS3_6H, HSS4_11H, HSS5_27H and HSS6_33H compared with strains around the
world obtained from the NCBI database. Bar number of base substitutions per site.
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Figure 5

Nucleotide sequences and phylogenetic tree of the 797 bp F gene sequences of Turkish CDV strains
HSS1_1H, HSS2_3H, HSS3_6H, HSS4_11H, HSS5_27H and HSS6_33H compared with strains around the
world obtained from the NCBI database. Bar number of base substitutions per site.
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