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ABSTRACT

In this study, a virulent field canine parvovirus type - 2a variant (CPV-new 2a) strain, ABT/CPV/MVCO02, was identified from the faeces of
a dog with severe haemorrhagic gastroenteritis in Chennai, Tamil Nadu, India. The genomic sequence of ABT/CPV/MVC02 (MN661243)
shares 99.33% nucleotide identity with those of CPV new 2a variant strains. Based on the VP2 capsid protein amino acid variation
(Ser297Ala), the ABT/CPV/MVCO2 strain was classified as a new CPV 2a variant strain. Two VP2 mutations Tyr324lle and Thr440Ala were
reported in most of the CPV-2a stains also present in ABT/CPV/MVCO02.The phylogenetic analysis of the reported strain revealed that it
was distinct from existing CPV 2a strains from India and other countries. This complete genomic analysis revealed that the CPV-2a new
variant strain circulating in India is evolving rapidly with unique antigenic variations between field CPV-2a and vaccine strains which

may be the major cause for vaccine failure in vaccinated dogs.
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INTRODUCTION

anine parvovirus 2 (CPV2) is a member of the genus

Protoparvovirus within the family Parvoviridae (Mira et al.,
2018). CPV-2 is one of the fatal viral agents that causes severe
haemorrhagic gastroenteritis and lymphopenia in domestic
dogs, particularly in young, unvaccinated puppies.The CPV 2
has a linear single-stranded DNA (ssDNA) genome with two
major open reading frames (ORFs). They encode two gene
cassettes: a non-structural replicase gene (NS1 and NS2) that
encodes the enzymes required for replication and a capsid
(VP1 and VP2) gene encoding structural proteins (Shackelton
etal., 2005).

The original CPV was designated as CPV type 2 (CPV-2)
to distinguish it from canine minute virus or CPV type 1.
CPV2 infections were first described in 1982. Subsequently,
widespread outbreaks of canine haemorrhagic enteritis
occurred throughout the country and CPV2 infection
emerged as animportant infectious disease of dogs because
of the high morbidity and mortality associated with the virus
(Zhao et al., 2013; Zhao et al., 2016; Zhao et al., 2017). It is
well-established that the emergence of CPV-2 resulted from
the site-specific mutation of FPV or FPV-like virus (Truyen et
al., 1995). Later, as a consequence of mutations on the viral
capsid surface of CPV, the cross-species transmission of CPV
occurs by altering the species-specific binding of viral capsid
to the host receptor, transferrin receptor (TfR), with dynamic
motion (Lee etal., 2019).1n 2015, new CPV-2a and new CPV-2b
were discovered with full-length genome analysis in Gansu
province (Zhao et al., 2016).

VP2 is a major capsid protein that plays an important
role in the determination of antigenicity and host range of
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CPV.ltis also known that the mutations which affect the VP2
gene are mainly responsible for evolving different antigenic
variants of CPV (Phromnoi et al., 2010). Increasing incidences
of CPV in the vaccinated dog population is a matter of
concern with regard to the prevailing CPV strains showing
possible mutational escape from the vaccinal strains.

It's very difficult to identify the CPV genotypes based on
PCR and RFLP methods and partial sequencing of the VP2
region, since it undergoes frequent mutation over a short
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time. Although, the PCR coupled with high-resolution melt
(HRM) curve analysis provides a low-cost, rapid, and robust
genotyping alternative without the need for sequencing
(Houriuchi et al., 1998). However, the HRM analysis is effective
and applicable only when the genome is completely
characterized to determine point mutations that could
specify antigenic variants (Houriuchi et al., 1998; Decaro et
al., 2007).

There have been reports of CPV 2 infection after
vaccination which poses a challenge to veterinarians and
vaccine producers. There is concern that the vaccines used
currently to prevent CPV infection in dogs may fail to protect
effectively pups against the new canine parvovirus type 2
antigenic variants (Truyen, 2006). In spite of the fact that the
original CPV 2 type was completely replaced by the antigenic
types CPV-2a, 2b, and 2c, it is still used in most commercial
vaccines. Various studies have, however, demonstrated that
the CPV 2 vaccine is still effective in inducing protection
against CPV 2 variants (Yule et al., 1997; Spibey et al., 2008;
Larson et al., 2008).

The aim of the present study was to study the complete
genome sequence and phylogenetic analysis of the canine
parvovirus new CPV 2a variant strain in dogs from India.

MATERIALS AND METHODS

The faecal swab sample was collected from the suspected
dog with severe haemorrhagic gastroenteritis and brought to
the Small Animal Clinics, Madras Veterinary College Hospital,
Chennai, Tamil Nadu, India. The faecal swab was resuspended
in 1 mL sterile phosphate buffer solution (1X PBS) and
subjected to DNA extraction using QlAamp virus isolation
kits as per the manufacturer’s instructions and subjected to
PCR using a specific primer for identification of CPV-2. The
primers CPV F (5’AGCTATGAGATCTGAGACAT-3’) and CPV R
(5’AGTATGTTAATATAATTTTCTAGGTGC-3') with the product
size of 1198 bp targeting VP2 gene (Mizak and Rzezutka, 1999)
were used in this study. The PCR amplification reactions were
performed in a 25 pL reaction mixture containing 12.5 L
of Pfu DNA Polymerase Master Mix (GOLDBIO, USA), 1 uL of
each forward and reverse primers, and 2 uL of DNA template,
and the final volume was adjusted to 25 pL by adding
nuclease-free water. The cycle condition for PCR amplification
consists of initial denaturation of 95 °C for 5 min; 35 cycles of
denaturation of 95°C for 30 sec; annealing of 55°C for 1 min;
extension of 72 °C for 1 min and final extension of 72 °C for 5
min. The final PCR amplified products were electrophoresed
on 1.5% agarose gel and examined under gel documentation.

A total of 10 sets of primer pairs for the amplification
of the whole genome were designed using Primer 3 plus
software and custom synthesized (IDT). All 10 sets of primers
were optimized for PCR with the annealing temperature of
55°C (Fig. 1) and complete genome sequencing was carried
out with the final reaction volume of 25 uL each primer as
shown in Table 1.
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The PCR amplified products were purified using PCR gel
purification kit (Bio Basic Inc, Canada) and sequencing was
performed using both forward and reverse primers at M/s.
Shrimpex Biotech, Chennai-600019 (India). The nucleotide
sequence data were subjected to BLAST analysis (www.
ncbi.nlm.nih.gov), assembled and analyzed using Segman
and MegAlign programs of Laser gene package (version
7.1.0) (DNA Star Inc. Madison, WI). Nucleotide sequence
alignment was performed by the ClustalW method with
the MegAlignTM program (DNA Star Inc), and the predicted
amino acid sequence was analyzed by the ProteanTM
program of Laser gene (DNA Star Inc). Phylogenetic analysis
of CPV 2a new strain was performed using the Neighbor-
joining method with 1000 bootstrap replication in the MEGA
software version 10.

ResuLts AND DiscussioN

In the present study a virulent field strain, ABT/CPV/MVC02,
was identified from a faecal sample of a dog with severe
haemorrhagic gastroenteritis in Chennai, Tamil Nadu, India.
The genome sequence of ABT/CPV/MVC02 was determined
and analyzed to study the CPV-2 antigenic variant currently
circulating in the field and sequencing was performed using
both forward and reverse primers at M/s. Shrimpex Biotech,
Chennai-600019 (India).

The genomic sequence of ABT/CPV/MVC02 comprises
4495 nucleotides (nt) containing two open reading frames
(ORFs). ORF1 (nt 1-2007) encoded two non-structural
proteins (NS1 and NS2), and ORF2 (nt 2014-4270) encoded
two structural proteins (VP1 and VP2) through alternative
splicing of mRNAs. The genome sequence of ABT/CPV/MVC02
shares 99.33% nucleotide identity with those of CPV new
2a variants (MH476591 and MH476580) strains and shares
99.20% and 98.98% nucleotide identity with JQ268284 (CPV
2b) and KU508407 (CPV 2¢) strains respectively. The genome
sequence of the new CPV-2a strain ABT/CPV/MVCO2 has
been deposited in GenBank under the accession number
MN661243.

There was one insertion site at the VP1 region (nt- 2113)
and two deletion sites were found at the 3’ untranscribed
region (UTR) (nt-4478 and 4481)(Fig 2). Compared with the
existing CPV new 2a strain (MH476591), the ABT/CPV/MVC02
strain has 28 nucleotide variations, of which 5 variant loci
were identified in the VP2 gene. Based on the VP2 capsid
protein amino acid variation (Ser297Ala), the ABT/CPV/MVC02
strain was classified as a new CPV 2a variant strain. Martella et
al., (2005) stated that German CPV isolates had an additional
amino acid difference in CPV 2a and CPV 2b at the 297" amino
acid position (Ser297Ala) and the mutants were designated
as New CPV 2a/2b. In our study, the additional amino acid
difference Ser297Ala was also observed (Table 2). Nookala et
al. (2016) analyzed the full-length sequence analysis of VP2
gene of five Indian CPV isolates from different geographical
locations and were identified as new CPV 2b type based
on amino acid residues (Ala 297 & Asp 426). The amino acid
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change Ser297Ala, which was under strong positive selection
pressure, played an important role in host cell adaption
(Pereira et al., 2007).

The phylogenetic analysis of the ABT/CPV/MVCO02 strain
indicated that it was distinct from existing CPV new 2a variant
strains from India (MH545963) and other countries of CPV 2a
variant strains (MH476591 and MH476589) Figure 2. There
were five specific nucleotide mutations observed in the
VP2 region compared to other CPV 2a variants at position
2551(A-G), 2575 (A-T), 3736 (G-A), 3802 (A-G), and 4015 (G-A)
(MN661243).The specific nucleotide mutation in the VP2
region for the new CPV- 2a variant strain is shown in Table
2 and the deduced amino acid variation is shown in Table 3.

L1 L2 L3 L4 L5 L6

Two VP2 mutations Tyr324lle and Thr440Ala were
reported in most of the CPV-2a stains also present in ABT/
CPV/MVCO02 but not in the vaccine strains. Houriuchi et
al., (1998) revealed that residue 324 was prone to strong
positive selection in all carnivorous CPV isolates. Residue
324 is responsible for TfR binding and together with residue
93, determined the canine host range. Therefore, mutation
at amino acid residue 324 is likely to have an impact on the
parvovirus host range. It was also documented that Tyr-324 to
lle mutation was also found in our ABT/CPV/MVCO02 strain and
this substitution might directly influence viral biology. The
nextimportant amino acid change Thr440Ala was observed
in CPV 2a types of Indian isolates (Nookalaet al.,2016) as well

L7 L8 L9 L10 L11 L12

Fig. 1: Complete genome of CPV 2a new variant amplified by PCR, 1.2% Agarose gel electrophoresis of PCR products
Lane (L)- L1-100 bp DNA marker, L2-507 bp, L3-812 bp, L4-745 bp, L5-702 bp, L6-701 bp, L7-716 bp, L8-784 bp, L9-689 bp, L10-999 bp, L11-612

bp, L12-NTC.

1. MN661243 CEV new 2a
2. MHG60909 CEV 2¢

. MiB11188 CPV2c

. Mi811189 CEV2c

. 30268284 CEV 2
Mil653251 CEV 20

. Mi653252 CEV 2b

. MA545963 CBV 2a

. Mi653248 CEV 2a
10, JQ268283 CEV 22
11, Mi§53250 CBV 2a
12, MAE53249 CBV 22

13. MG583676 CPV 2a
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Fig. 2: Two insertion sites at VP1 region (nt- 2113 (T)) and 3" untranscribed region (UTR) (nt-4478 (T)) in the CPV new 2a variant

(highlighted in black colour.)
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Fig. 3: Phylogenetic analysis of CPV new 2a strain.
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Table 1: List of primers used for complete genome amplification of CPV

S.No Primer Sequence Gene position Product size (bp)
1. CPV-F1 5'-CTGAGGAAGTTATGGAGGGAGT-3’ 1-24 507
CPV-R1 5'TGAGCTTAATCTTTTCAGTTGGTG-3' 709-730
CPV-F2 5-AGAAGAAGAAATGGACTGGGAATC-3' 484-507
> CPV-R2 5-AATGCTGTTTTTGTTCTTGCTAA-3' 1274-1296 812
CPV-F3 5-TGAACAAATGAAACCAGAAACC-3' 1033-1054
> CPV-R3 5'-GTTCAGGTCTTTCTTCACATCCA-3' 1756-1778 74
CPV-F4 5-AAGCTGTGGGTAATGTTTGGTTGTT-3’ 1515-1538
* CPV-R4 5'-TCTGCCTCTATTTCGGACCAC-3’ 2197-2217 702
CPV-F5 5'-AGAGACACAAGCGGCAAGCAATCC-3' 2017-2040
> CPV-R5 5'-ATATGAGGTGGTGGTTTACTTCTT-3’ 2695-2718 7ol
CPV-F6 5'-TACGCTGCTTATCTTCGCTCTGGT-3’ 2492-2515
o CPV-R6 5-AAAACTAACTAAATGCAACTTCACT-3' 3185-3208 7ie
CPV-F7 5'-AATCACAGCAAACTCAAGCAGACT-3' 2965-2988
7 CPV-R7 5'-TATTTCCCATTTGAGTTACACCAC-3’ 3726-3749 784
CPV-F8 5'-AGAACAGGTGATGAATTTGCTACA-3’ 3551-3574
& CPV-R8 5'-ATTTACATGAAGTCTTGGTTTTA-3’ 4218-4240 089
CPV-F9 5'-AAACTACCACAACAGGAGAAACAC-3' 3945-3968
> CPV-R9 5'-AACCACCCACACCATAACAACATA-3' 4921-4944 999
CPV-F10 5'-CAGCAGATGGTGATCCAAGA-3’ 4645-4667
10 CPV-R10 5'-TTTCATATACAATTTTCATACCTCCAA-3’ 5300-5323 012

Table 2: Specific nucleotide mutation in the VP2 region for new CPV 2a variant strain
The specific nucleotide mutation in the VP2 region compared between CPV-2a from this study and other CPV-2 variants strain from NCBI.

Gene VP2 region

Amino acid position 2551 2575 3736 3802 4015
MH476591 2a A A G A G
MN661243 2a G T A G A
MG583676 2a A A G . G
JQ268284 2b T

MH660909 2¢ A

MH545963 2a

A - Adenine; T - Thymine; G - Guanine.

The nucleotide mutation in the VP2 region compared between CPV-2a from this study and other CPV-2 variants strainfrom NCBI.

as our ABT/CPV/MVCO02 strain. The amino acid residue 440 is
important because it is located at the top of the 3-fold spike
(GH loop) of the VP2 protein on the surface of the capsid, the
main antigenic site of the virus. This residue was undergoing
positive selection for the past few years and had evolved
independently in different populations, which explained its
worldwide mutation in unrelated CPV 2 populations. Decaro
etal. (2007) reported an Asp434Val mutation in certain Italian
CPV types; however, this study did not observe the mutation.
Phylogenetic analysis revealed that our TN CPV 2a strain is
very close to CPV 2a reference strains from China and our
findings are in agreement with earlier findings of Nookala
etal. (2016).

The Indian Journal of Veterinary Sciences and Biotechnology, Volume 19 Issue 2 (March-April 2023)

CONCLUSIONS

The present study reveals that the ABT/CPV/MVC02 CPV-2a
new variant strain circulating in India is evolving rapidly
with unique variations at the nucleotide level. This study
provides insight and knowledge on the occurrence of CPV
infection in vaccinated dogs due to the antigenic variations
between field CPV-2a and vaccine strains which may be
important reasons for vaccine failure in India. Comparative
epidemiological and pathogenic investigations of the new
antigenic strains of CPV-2 are needed to effectively control
CPVinfection worldwide, which helps control CPV infection in
dogs.This s the first report of complete genome sequencing
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of a new CPV-2a variant from India, which would act as an
epidemiological benchmark for this rapidly evolving virus.
This study demonstrated the importance of continue
surveillance of emerging viruses in canine populations.
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