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Genetic characterization of canine parvovirus from dogs in Pakistan
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Summary. - Canine parvoviruses (CPV) exist as antigenic variants with varying frequencies and genetic
variabilities across the globe. Given the endemicity and high prevalence in Pakistan, we characterized the
CPVs originating from dogs-population to elucidate viral diversity and evolution. Fecal samples from clinically
diseased pups (n = 17) of different breeds and age (2-6 months) were processed for hemagglutination assay
(HA), and later for partial amplification of VP2 gene sequence and amino acid analysis. A total of 11 samples
(64.71%) were found positive both in hemagglutination and PCR assays. Phylogenetic and evolutionary analysis
demonstrated higher genetic heterogeneity in studied strains and constituted seven clusters within the CPV-2a
group, however, they shared high level of identity with Chinese strains. Further studies are necessary to elucidate
genetic analysis and epidemiology of CPV variants across a wide geographical area of the country.
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Introduction

Canine parvovirus (CPV) enteritis is the major viral
infection of young puppies characterized by intestinal he-
morrhages and bloody diarrhea (Lin ef al., 2014). The virus
belongs to the family Parvoviridae and has a non-enveloped,
single-stranded linear deoxyribonucleic acid of approxi-
mately 5 kb in length. The genome consists of two major
open reading frames (ORFs); first ORF encodes for two
non-structural proteins (NS1 and NS2) whereas the second
OREF encodes for two capsid proteins (VP1 and VP2). A third
protein, known as VP3, is a proteolytic by-product of VP2
(Reed et al., 1988; Agbandje et al., 1995).

With the first identification in 1978 (Appel et al., 1979),
the virus has known to occur in two distinct types as CPV-1
and CPV-2 based upon antigenic differences. Of these,
CPV-2 exhibited enteric and respiratory symptoms in pup-
pies. Soon after the emergence of CPV-2, minor amino acid
substitutions have caused appearance of new antigenic types
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(CPV-2a and CPV-2b) around 1980s (Parrish et al., 1991).
From year 2000, a new antigenic variant (CPV-2c) has been
identified in Europe (Buonavoglia ef al., 2001; Decaro et al.,
2007a), United States (Hong et al., 2007) and South America
(Perez et al., 2007). Hence, with the passing of time, differ-
ent antigenic variants are being reported from epidemics in
canine population across the globe, replacing original CPV-2
(Parrish et al., 1991; Buonavoglia et al., 2001; Decaro et al.,
2007a; Lin et al., 2014). This evolutionary potential of CPV
raises concerns not only about the vaccine strains used but
also necessitates continuous surveillance to understand the
genetics of circulating strains.

In Pakistan, based upon clinical diagnostics of canine
parvovirus enteritis, an overall prevalence of 21-22.7% has
been recorded that varied with age, breed and sex (Jafri
and Rabbani, 1999; Towakal et al., 2010; Khan et al., 2006;
Umar et al., 2015). Although, modified live vaccine is used
to vaccinate the pups, disease occurrence even in vaccinated
pups is not uncommon. Besides concerns about variations
in pups’ genetics to develop vaccine-induced immunity
(Buonavoglia ef al., 2001) and interference of maternal
antibodies (mAbs) against active immune response at an
early age (Larson and Schultz, 1997), a continuous evalu-
ation of circulating field variants, appropriate diagnostic
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and control strategies are needed. Nevertheless, despite high
prevalence and endemicity, there lacks genetic analysis of
prevailing genotypes or variants in Pakistan. Since emerging
and widely spread CPV-2 has considerable and invariable
evolutionary relevance across the globe, we sequenced VP2
gene of CPV from clinical samples of suspected dogs fol-
lowed by sequence and phylogenomic analysis. The obtained
information provides an insight towards genetic diversity of
indigenous strains and their comparative evolution to those
reported globally.

Materials and Methods

Sample collection. Rectal swabs (n = 17) were collected from
owned puppies originating from different areas in and around La-
hore district, Punjab province, Pakistan. The district is situated 217
m above sea level, lies between 31°15'-31°45' N and 74°01'-74°39'
E and covers a total land area of 1,772 km? Human population
exceeds 10 million heads. The affected pups were brought to private
and a public veterinary clinic at the University of Veterinary and
Animal Sciences, Lahore. The puppies had symptoms suggestive
of CPV enteritis such as off-feed, emaciation, dehydration, fever,
vomiting and bloody diarrhea. The affected animals were 2-6
months old and were from different breeds of pet dogs owned by
residents in the district Lahore. Complete information regarding
their age, sex, breed, vaccination status and clinical symptoms is
given in Table 1.

Haemagglutination test. The collected swabs were diluted with
a ratio of 1:5 using sterile normal saline solution (0.85% NaCl)
and centrifuged for 10 min at 1000 x g. The supernatant of each
sample was passed through 0.22 pum syringe filter (Millipore, USA)
and processed for hemagglutination assay (HA) (Carmichael et al.,
1980). Only the HA positive samples (n = 11) were processed further
for PCR, sequencing and subsequent phylogenetic analysis. Rectal
swabs from clinically healthy pups were taken as negative controls
whereas commercially available vaccine was used as positive control
in both assays, the HA and PCR.

Genome extraction and PCR amplification. Supernatants from
the samples that appeared positive in HA were adsorbed on the
FTA QIAcard (QIAGEN, Germany) and were shipped to Swedish
University of Agricultural Sciences, Uppsala, Sweden for process-
ing. The genetic material was eluted from four 3 mm punches using
DNA elution buffers and stored at -20°C until use. The extracted
DNA was then subjected to amplification of gene encoding cap-
sid protein (VP2) using a forward primer (3556-3575, 5-CAGG
TGATGAATTTGCTACA-3') and a reverse primer (4185-4166,
5'-CATTTGGATAAACTGGTGGT-3') that encompass important
codon residues of biological and epidemiological relevance. The
thermal conditions and reaction protocol was strictly followed as
described previously (Buonavoglia et al., 2001). The amplification
was confirmed by electrophoresis with a 2% agarose gel in 1x Tris
acetate EDTA (TAE) buffer. Amplified fragments were excised from

the gel and purified using PCR clean-up wizard (Promega Co.,
USA) and were processed for sequencing using ABI PRISM BigDye
Terminator version 3.1 (Applied Biosystems, USA), according to
the manufacturer's instructions. Same PCR primers were used to
sequence the products and each DNA fragment was sequenced at
least twice in both directions.

Sequence and phylogenetic analysis. Sequence assembly and
editing were performed using the SEQMAN program from
DNASTAR Lasergene suite 9 (version 9.0.4 39; DNASTAR, Inc.,
USA). The unambiguous and consensus sequence generated from
each contig was analysed through BLAST (Basic Local Alignment
Search Tool) program. The percent similarity were used as bench-
mark of the genotype and genetic relatedness. The representative
sequences were downloaded from the NCBI database and were
aligned with the studied sequences in the BioEdit using Clus-
talW algorithm. The aligned dataset including publicly available
representatives were processed in MEGA6 and Neighbor Join-
ing tree (NJ tree) was constructed (bootstrap replicates = 1000;
seed = 64,248) using Kimura 2 parameter method for pairwise
deletion at uniform rates.

All the obtained sequences were submitted to GenBank and are
available under Acc. Nos. KU248465-KU248475.

Results

We processed feces from 17 suspected dogs for HA test
using 2-fold dilutions. Eleven of tested samples showed titer
ranging from 1:64 to 1:256. The remaining samples showed
titer <32. All the HA positive dogs (n = 11) were between
2-6 months of age with almost an equal distribution of sex
(male, 5: female, 6). Nine of them were purebred while two
were non-descript/unknown. Except three pups, all had
the history of vaccination. History of dam vaccination was
available for two pups only, while none of the owner had
the antibody titer-record. Anorexia, vomiting, hemorrhagic
gastroenteritis and dehydration were the common clinical
symptoms to all pups (Table 1).

Given the well-known criteria, nucleotide sequence at
4062-4064 of full genome and the corresponding 426™ codon
of the VP2 gene was used to classify CPV strains into dif-
ferent groups compared to reference strains. All the studied
CPVs corresponded to characteristic nucleotide sequence
(AAT) and subsequent amino acid substitution (N, asparag-
ine) corresponding to antigenic variant CPV-2a. Varying in
different studied dogs in nucleotide and subsequent codon
profile, various synonymous and two non-synonymous sub-
stitutions were identified within CPV-2a variant. Each of five
of the studied strain had the non-synonymous substitution
located at codon 267 and 440. The reference codon F (Phe,
TTT) was replaced by Y (Tyr, TAT) at codon 267 while T
(ACA, Thr) was replaced by A (GCA, Ala) at codon 440
(Table 2).
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Table 1. A brief history of clinical samples used in this study

Dog breed f;l:rl::;:iear) (m:rffhs) Sex Clinical symptoms Vaccination HA titre
Unknown February, 2011 5 Male A,CD,H,L] K,.L,M Yes 1:64
German Shepherd February, 2011 4 Male A,B,D,E,EH,], K,L Yes 1:128
Unknown March, 2011 5 Female A,C,D,E,EG,H,LJ, K,L, M Yes 1:128
German Shepherd March, 2011 5 Female AB,D,EH,LJ, KM No 1:64
German Shepherd December, 2011 4 Female ABEH,], KL,M Yes 1:64
German Shepherd January, 2012 3 Male AB,CEEGH,L] K No 1:64
Bulldog January, 2012 4 Female AD,E,EH,], K,.L Yes 1:256
Poodle January, 2012 4 Female AEGH,LJ K Yes 1:64
Bulldog February, 2012 2 Male A,C,D,H,I,J] KM No 1:64
German Shepherd April, 2012 6 Male A,B,D,H,L]J, KM Yes 1:128
German Shepherd April, 2012 5 Female A,BE,EH,L], K.LLM Yes 1:128

A = anorexia; B = hypothermia; C = tachypnea; D = congested mucus membrane; E = drooling of saliva; F = ventro-lateral flexion of neck; G = lateral
recumbancy; H = vomiting; I = dull mentation; ] = hemorrhagic gastroenteritis; K = dehydration; L = retching; M = foul-smelled diarrhea.

The sequence specificity of CPV strains was investigated
using BLAST. Based on the query coverage and percentage
identity, all sequences showed high specificity to CPV strains
available in GenBank database. BLAST analysis of CPV
sequences revealed that the CPV sequence of 9 Pakistani
strains had maximum identity (100%) with CPV-SD-14-7
(KR611517), CPV/BJ450 (KR869668), and CPV/CN/JL5/2013
(KR002798). Two strains characterized from Pakistan showed
99% identity with the CPV-SD-14-7 (KR611517) and CPV/
CN/JL5/2013 (KR002798). Interestingly, all these top hits were

recently (2013-2015) characterized from China, a country
that shares border with Pakistan. A broad-scale phylogenetic
analysis of CPV strains with representative VP2 genes dem-
onstrated the clustering into three broad groups, 2a, 2b and
2¢ (Fig. 1). The group 2a appeared to be the most widely de-
scribed and geographically diverse. All Pakistani CPV strains
were grouped as CPV 2a with dispersed distribution. A high-
resolution phylogenetic tree (Fig. 2), only consisting of CPV
strains from 2a, further clarified that all 11 strains constituted
a total of 7 discrete clusters within 2a group.

Table 2. Pattern of amino acid variations in the VP-2 gene compared to reference strains of CPV-2 variants

. . Amino Acid position
Strain Originandyear  Acc.No. = o707 300 305 367 426 427 436 440 445 450 CcnowPe
Reference strains
CPV-N USA,1988 M19296 F S A D Y N D I T T T 2
CPV-V120 Vietnam, 2000 AB054215 F A G Y D N D I T T T 2a
CPV-39 USA,1984 M74849 F S G Y D D D I T T T 2b
CPV-G7/97 Germany,1997 FJ005196 F A G Y D E D I T T T 2c
Pakistani strain identified from clinical samples
German Shepherd 2011 KU248465 F A G Y D N D I T T T
Poodle 2012 KU248466 F A G Y D N D I A T T
German Shepherd 2011 KU248467 Y A G Y D N D I A T T
Bulldog 2012 KU248468 Y A G Y D N D I A T T
Bulldog 2012 KU248469 F A G Y D N D I T T T
Unknown/Non-descript 2011 KU248470 F A G Y D N D I T T T 2a
Unknown/Non-descript 2011 KU248471 Y A G Y D N D I A T T
German Shepherd 2011 KU248472 Y A G Y D N D I T T T
German Shepherd 2012 KU248473 F A G Y D N D I T T T
German Shepherd 2012 KU248474 Y A G Y D N D I A T T
German Shepherd 2012 KU248475 F A G Y D N D 1 T T T
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Fig. 1

Phylogenetic analysis of partial VP2 gene of CPVs
The nucleotide sequences (VP2 gene) of different strains were compared to those of previously reported strains classified as genotype 2a, 2b and 2c. The
classification of studied strains is indicated (M) in the phylogenetic consensus tree along with bootstrap values at each branch.
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Fig. 2

Phylogenetic analysis of the VP2 gene of CPVs belonging to CPV-2a group
Strains studied in this study are indicated (M). The scale indicates the number of substitutions per site.

Discussion

For the first time in Pakistan, we characterized the in-
digenous strains of CPV prevailing in dog population in
the provincial capital of Punjab province. Sequence as well
as amino acid based substitution(s) in the gene marker
(VP2) have been widely applied to comprehend prevalent
antigenic variants and their phylodynamics across different
geographical areas (Shackelton et al., 2005; Martella et al.,
2006; Nandi et al., 2010; Perez et al., 2012; Aldaz et al., 2013;

Zhao et al., 2015). Since clinical diagnostics is not always
definite and symptoms with varying severity are associated
with each variant, only rapid screening tests such as HA are
being performed for identification of parvovirus in feces in
Pakistan. We found 100% agreement for virus positivity in
feces using HA and PCR assays. HA test is rapid, sensitive and
easy to perform; however, viral agglutination to red blood
cells varies with days post infection. It ranges from 128-1240
between 4-7 days or with onset of enteritis and it decreases
within next two days (Carmichael et al., 1980).
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Currently, variation in incidence rate, sequence/amino
acid composition and geography is being reported for CPV-2
and its variants CPV-2a, CPV-2b and CPV-2c¢ worldwide
(Decaro and Buonavoglia, 2012). However, we found CPV-
2a as the sole prevalent variant in our samples from studied
district. With difference in five residues in VP2 gene, CPV-2a
is the first variant of CPV-2 that endured evolution while
retaining several point mutations with unique ability to infect
carnivores and cats (Truyen et al., 1996; Aldaz et al., 2013).
Due to antigenic drift, it emerged in 1979 and, within one
year, it spread worldwide replacing original CPV-2 (Nandi
et al., 2010). Though a widespread prevalence of CPV-2c has
been noted across several parts of the globe in the recent
years, yet CPV-2a and 2b are considered predominant vari-
ants in Asia (Lin ef al, 2014). In a latest study conducted
in India and China, few cases of CPV-2¢c were observed
(Nandi et al., 2010; Zhao et al., 2015). Nevertheless, being
a neighboring country to both India and China, we did not
find CPV-2c¢ in our clinical samples.

Variations within nucleotide and codon profile of CPV-2a
variant were noted in some of our CPVs where two amino
acids at codon 267 and 440 were replaced; F267Y and T440A.
The biological role of codon 267 is still unknown while
codon 440 is considered to be the major antigenic site that
undergoes positive selection (Decaro et al., 2009). Three
different codons at position 440 have been reported so far.
These include original threonine residue and two substitu-
tions caused by nucleotide transitions in the first position
of the codon: (ACA > GCA) or Thr440Ala (Pereira et al.,
2007; Maya et al., 2013; reported in this study too) and
(ACA > TCA) or Thr440Ser (Aldaz et al., 2013). Despite
being DNA viruses, CPVs show a high intrinsic substitu-
tion rate in their genome (Shackelton et al., 2005) leading
to emergence and/or re-emergence of antigenic variants in
susceptible population. Recently in Uruguay, an increased
incidence of diverged CPV-2a strain has been reported that
overwhelmed the former but predominant CPV-2c (Perez et
al.,2012). These observations suggest the needs for continu-
ous epidemiological surveillance to assess frequency and
burden of prevailing variants and subsequent revision in
diagnostics and application of homologous or heterologous
vaccines for disease control.

Utilizing type-specific PCR, prevalence of CPV-2 and
CPV-2b variants has been reported previously in Pakistan
(Towakal et al., 2010). Since identification of prevailing vari-
ants can be assessed only with the sequence and amino acid
substitution analysis, relying merely on product size could
be misleading. This is important as commercial vaccines
used in Pakistan contain attenuated CPV-2 and 2b variants
that have potential to be shed in feces (Decaro et al., 2007b;
Meers et al., 2007) and, antigenic difference to each variant
recognition is based upon single nucleotide difference at
primer positions (4062 and 4449). Type 2b specific primers

used in a particular study (Pereira et al., 2000; Towakal et
al., 2010) were with a nucleotide variation at the 3' end of
the sense primer where G > A at nucleotide position 4062 is
responsible for the change D(Asp)426N(Asn) or CPV-2b to
CPV-2a. Further, recently reported “new CPV-2a” variant has
the same nucleotide at position 4449 that encodes Val-555
and this codon is common to CPV-2b. Further studies to
re-evaluate dog population in Pakistan involving sequence
and amino acid substitution analysis in a wider geographical
area are much essential.

Two of the affected pups were from vaccinated dams,
however, serological titers of vaccinates was not available
due to lack of owner's awareness and immune titer evalu-
ation facility in Pakistan. Since most of the studied dogs
were purchased from kennels, owners were not aware of
vaccination history as well as serological evaluation of dams.
Further, except three dogs, all had the history of vaccination
including two pups whose dams were vaccinated. Occur-
rence of disease even in vaccinated pups is not uncommon
and is reported from many countries (Nandi et al., 2010).
There are ongoing debates referring to genetic dissimilarity
of field viruses and vaccine strains as well as interference be-
tween monoclonal antibodies and active immune response.
Considering CPVs as highly mutating virus with emerging
and re-emerging genetic variants, some studies have sug-
gested that older vaccine strains may not be well protective
against current variants (Truyen, 2006; Decaro et al., 2007b;
Nandi et al., 2010). Greenwood et al. (1995) demonstrated
that CPV-2 vaccine strains are capable to provide protection
against variants, CPV-2a and CPV-2b. Pratelli et al. (2001)
reported that, upon vaccination with CPV-2b, serum titers
in dogs are able to neutralize infection from homologous
(CPV-2b) and heterologous (CPV-2, CPV-2a) variants while
this may not be the case with dogs vaccinated with CPV-2.
On the other hand, Schultz (2008) revealed that current
vaccine strains (CPV-2) provide excellent immunity to all
genotypes of CPV-2 (e.g. CPV-2a, 2b, and 2c). Larson and
Schultz (1997) revealed virus passage and concentration as
more important aspect than prevailing variants in inducing
protective immune response. Since there is a lack of facili-
ties to perform virus neutralization assay in Pakistan, we
were not able to perform virus isolation and subsequent
virus neutralization assays using sera from vaccinated dogs.
Interference of mAbs to active immune response is another
potential reason for vaccine failure (Buonavoglia et al., 1992;
Meers et al., 2007). None of the tested vaccines so far are
capable of breaking-through mAbs (1:160) to yield neutral-
izing titer regardless of the use of vaccine concentration
(Pratelli et al., 2000). Vaccination is likely to be successful
if given to seronegative pups or pups with hemagglutina-
tion inhibition titer <10 (Schultz, 2006). However, titer
>1:20 may interfere with active immune response (Meers
et al., 2007). As titer >1:80 is considered as protective for
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challenge in field infection, and vaccine can give rise to
protective immune response when it is < 1:10, there still
is a gap where the pup is susceptible for infection. Besides
these limitations, another concern is vaccine handling and
time of application to dogs (Calderon et al., 2009; Ntafis et
al., 2010). Therefore, it is necessary to evaluate antibody
titer before vaccination and determine appropriate time for
vaccination. After vaccination, it is necessary to monitor the
antibody titer of vaccinated dogs.

Although prevalence of other variants cannot be excluded,
CPV-2a is appearing to be the most prevalent CPV with high
genetic heterogeneity in nucleotide and codon sequence. This
differentiation may further increase with the acquisition of
more changes in nucleotide and/or codon profile and, thus
requires continuous surveillance over a wide geographical
area of the country. Since incidence has been reported even
in vaccinates, serum evaluation before and after vaccination
is reccommended to safeguard the pups from CPV.
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