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Abstract Vaccination with canine parvovirus-2 (CPV-2)
modified live attenuated vaccine remains an effective
control strategy for preventing parvovirus induced enteritis
in dogs. Virus shedding is a common phenomenon few
days after vaccination, possessing a diagnostic dilemma for
accurate differentiation of CPV-2 vaccine and wild type
field strains. Though several molecular approaches are
available for differentiation, the present study focuses on a
simple, rapid, cost-effective differentiating infected from
vaccinated animals strategy employing ARMS-PCR for
differentiation of CPV-2 vaccine and wild type field
strains. The ARMS-PCR was initially validated using
positive controls of recombinant plasmids, further used for
screening six commercial CPV-2 vaccines and 24 archived
CPV-2 positive field samples as well as to check fecal
shedding of vaccine virus for 10 days post-vaccination in
three vaccinated dogs. Sequencing of randomly selected
CPV-2 commercial vaccine strains and archived field
samples confirmed authenticity of the developed ARMS-
PCR assay.
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Canine parvoviral enteritis is the most common viral gas-
troenteric disease encountered in dogs worldwide [1, 9].
The disease is often fatal in young puppies with clinical
manifestation of fever, anorexia, lethargy, vomiting and
hemorrhagic gastroenteritis. Canine parvovirus-2 (CPV-2)
has undergone mutations within VP2 gene giving rise to
different antigenic variants; viz, CPV-2a, CPV-2b and
CPV-2c [1, 2]. The original CPV-2 strain, which no longer
circulates in the field, is still being used in most of the
commercial vaccine formulations [10]. Vaccination with
modified live attenuated vaccine is the most preferred way
for controlling parvoviral infection in dogs. Fecal shedding
of vaccine virus few days to couple of weeks post-vacci-
nation is a common phenomenon [4, 6, 8]. There are
instances of canine parvovirus outbreaks in vaccinated
dogs probably due to interference of maternal antibodies in
pups or lack of protective antibody titers against heterol-
ogous CPV antigenic types [4, 10]. Thus, exact determi-
nation of CPV-2 vaccine and field wild type strains is
urgent requirement in CPV-2 diagnostics and for devel-
opment of effective control strategies [8].

Several approaches have been employed over the years
like PCR-RFLP (7) [7], MGB probe based real-time PCR
[6] and HRM based real-time PCR [1]. Though, all the
approaches have been successful in differentiating vaccine
and field strains, they have suffered from some limitations.
Requirement of sophisticated instruments, inherent cost of
reagents and multi-step approach are some of the limiting
factors of these assays. Thus, a simplified genetic differ-
entiating infected from vaccinated animals (DIVA)
approach based on Amplification Refractory Mutation
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System (ARMS-PCR) which overcomes these short com-
ings was developed in this study for simultaneous detection
and differentiation of CPV-2 vaccine and field strains.

Samples in the present study included 6 commercial
vaccines  consisting of original CPV-2  strain
(VANGUARD®, Megavac-6, CANIGEN DHPPi/L,
CANVAC® 8 DHPPIL, CaniShot® DHPPL, Nobivac®"
DHPPi), 24 archived clinical samples which included all
the CPV-2 antigenic variants previously sequenced (CPV-
2a, CPV-2b and CPV-2c) and post-vaccinated rectal swabs
from three vaccinated dogs. Recombinant plasmid DNA
containing full length VP2 gene from a commercial vac-
cine (CaniShot® DHPPL) and a field strain (Isolate KN-1/
2015; Accession number: KX425922) were used as
controls.

DNA from 24 archived clinical samples (obtained
fromVirus Repository, CADRAD) was extracted using
QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany)
as per manufacturer’s recommendations.

Mutation at A259T nucleotide position within VP-2
gene of parvoviral genome was targeted to differentiate
CPV-2 (ATG) and field strains (TTG). The outer primers
were designed within the conserved region of parvoviral
genome, while inner forward and inner reverse primer were
designed for vaccine (CPV-2) and field strains respectively.
ARMS-PCR strategy has been illustrated in Fig. 1 with
primer details in Table 1. The inner primers were specifi-
cally designed based on alignment report of sequenced
CPV-2 vaccine strains and field isolates which included all
the CPV-2 antigenic variants for avoiding non-specific
binding and giving false negative results (Supplementary
text 1).

ARMS-PCR was optimized with 2X Dream Taq Master
Mix (7.5 ), outer primers (CPV-2 OF and CPV-2 OR) at
10 uM each while the inner primers [CPV-2 IF (vac) and

CPV-2 IR (field)] at 5 uM each, parvoviral DNA at
50-100 ng and the volume was made up to 15 pl with
nuclease free water (NFW). Cycling conditions consisted
of initial denaturation at 95 °C for 5 min followed by 35
cycles of denaturation at 95 °C for 30 s, annealing at 54 °C
for 30 s and extension at 72 °C for 40 s, with a final
extension step at 72 °C for 10 min. DNA from healthy
unvaccinated dogs as well as non-template control (NFW
as template) were run in all PCR experiments. PCR-am-
plified products were resolved on 1.5% agarose gel in Tris—
acetate—EDTA (TAE) buffer (1X), stained with EZ-vision®
(Amresco, USA) and visualized under UV light in a gel
documentation system (Molecular Imager® Gel Doc™
XR + System, Bio-Rad, USA).

The specificity of the primers was checked with positive
control DNA/cDNA of other putative canine pathogens
(canine adenovirus-1, canine adenovirus-2, Leptospira
spp., cDNA from canine distemper virus) obtained from
repository maintained at the institute.

Analytical sensitivity of ARMS-PCR assay was deter-
mined with known quantity of serially diluted parvoviral
DNA both from commercial vaccines and CPV-2 field
strain.

The developed ARMS-PCR was subsequently validated
to screen six commercial vaccines, used routinely in our
country and 24 archived CPV-2 clinical samples obtained
from the field. The assay was also extended to screen rectal
swabs from 3 vaccinated dogs that were vaccinated with
CPV-2 vaccines for a period of 10 days post-vaccination.

ARMS-PCR amplification with recombinant plasmid
(positive controls) resulted in amplicon of size 721 bp and
483 bp in CPV-2 vaccine strain, while the field strain virus
resulted in amplified products of 721 bp and 280 bp in
CPV-2 field strains (either CPV-2a/CPV-2b/CPV-2c).
ARMS-PCR did not show any amplification from DNA of
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Table 1 Primers used for ARMS-PCR differentiating vaccine and
field strains showing primer sequence, position within the VP2 gene,
amplicon size for vaccine and field strains (deliberate mismatch

within the inner specific CPV-2 primer of vaccine and field strains has
been underlined and in bold)

Primer code Sequence (5'-3') Primer position within VP2 gene Amplicon size (in bp)
CPV-OF ATGAGTGATGGAGCAGTTCAACC 1-23 721

CPV-OR CATCATCTGGATCTGTACCATG 721-699

CPV-IF (vac) AGAAGAGTGGTTGTGAATAGTA 238-260 721 4 483

CPV-IR (field) CGTTAACTGCAGTTTTATCGAA 282-260 721 + 280

healthy unvaccinated dogs and non-template control
(Fig. 2). The primers for vaccine and field CPV strains
were specific and showed no cross-reactivity. The analyt-
ical sensitivity was found out to be 5 x 10 °ng/ul of
parvoviral DNA in both CPV-2 vaccine and field strains.
ARMS-PCR when validated in six commercial vaccines
produced amplified products of 721 bp and 483 bp, while
all 24 CPV-2 field strains resulted in amplified products of
721 bp and 280 bp size (Fig. 3). Sequencing results of
randomly selected vaccine and wild type field strains gave
expected nucleotide change at 3045 position corresponding

M 1 2 3 4

Fig. 2 Agarose gel (1.5%) showing PCR amplified product from
positive controls (recombinant plasmids containing full length VP2
gene of CPV-2 vaccine and field strains). Lane M: 100 bp plus DNA
ladder (Thermo Scientific, USA), Lane 1: PCR amplified product with
CPV-2 vaccine (CaniShot® DHPPL), Lane 2: PCR amplified product
with CPV-2 field strain (Isolate KN-1/2015; NCBI GenBank Acces-
sion number: KX425922), Lane 3: PCR amplification from healthy
unvaccinated dog, Lane4: Non-template control
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Fig. 3 Agarose gel (1.5%) showing PCR amplified product from
CPV-2 vaccine and field strains. Lane M: 100 bp plus DNA ladder
(Thermo Scientific, USA), Lane 1-3, 8-10: CPV-2 vaccine strains,
Lane 4-6, 11-13: CPV-2 field strains, Lane 7: PCR amplification
from healthy unvaccinated dog, Lane 14: Non-template control

to either CPV-2 vaccine or field strains. The CPV-2 field
strains have been deposited in NCBI GenBank with fol-
lowing Accession numbers: KX425922, KX469434,
KX219735, KX878988, KX425921 and KX425920.

Fecal shedding of vaccine strain was observed 3 days
post vaccination in two dogs while in feces of the third dog
the presence of vaccine was observed from the fourth day.
The shedding of the vaccine strain continued for 7 day post
vaccination in one dog while the other dogs, shedding was
observed up to the 8th day post-vaccination.

Vaccination with modified live vaccine (MLV) remains
pivotal in preventing parvoviral enteritis in domestic dog
population. Most of the commercial vaccines that are
available either use CPV-2 or CPV-2b types in their vac-
cine formulations [10]. In India, most commercial vaccines
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that are used have CPV-2 strain in their vaccine formula-
tion, while CPV-2b based vaccines are rarely being used.
Molecular epidemiological studies from different parts of
this country reveal that new CPV-2a is the predominant
antigenic type, with sporadic occurrence of other antigenic
variants (CPV-2b/CPV-2c) [10]. These may be the reason
why use of CPV-2b vaccine is not popular in India.

Vaccination with CPV-2 MLV causes transient viraemia
and shedding of vaccine virus occurs a few days to a couple
of weeks post-vaccination. The problem is complicated
in situations where clinical signs appear (may be infection
with virulent CPV-2 field strains before attaining protective
antibody titer) after vaccination which posses diagnostic
dilemma to differentiate the vaccine and the field strains
[3-6, 8]. Real-time PCR has also been used to estimate titer
of viral load in fecal samples and correlate with vaccina-
tion or infection; as it is hypothesized that vaccine induced
fecal shedding of virus is excreted in a lower titer [6]. A
differentiation based on this real-time PCR result is highly
specific but it needs sophisticated instruments which are
beyond the reach of resource limited labs [5]. Virus shed-
ding is also observed in sub-clinical infections in appar-
ently healthy dogs as a result of lesser mucosal immunity,
even though antibody titer may be present in the animals.

In this study, ARMS-PCR has been successful in dif-
ferentiating only CPV-2 vaccine strains with other CPV-2
field strains (CPV-2a/CPV-2b/CPV-2c) based on the
nucleotide change at 259 position. Studies have reported
that some carnivore protoparvovirus and very limited CPV-
2a strains (FJ222824, GU212792, KM236572, U22186 and
U22192) have A nucleotide at 259 position which some-
times may lead misdiagnosis but during the present study
we could not encounter this problem. In future, if new
CPV-2 antigenic variants (CPV-2b/CPV-2c) are used in
vaccine formulations this ARMS-PCR technique can be
developed after identifying conserved SNPs in vaccine and
field strains.

In conclusion, the present study using ARMS-PCR has
been successful in differentiation of CPV-2 vaccine and
wild type field strains, providing a simplified genetic DIVA
strategy. This technique can be extended in other diag-
nostic laboratories worldwide for differentiation of CPV-2
and other circulating CPV-2 field strains (CPV-2a/CPV-2b/
CPV-2c) when only CPV-2 strain is used in vaccine
formulations.
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