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ABSTRACT 
 

Aim: Canine parvovirus 2, the causative agent of acute hemorrhagic enteritis in dogs, is one of the 
most important pathogenic viruses. It causes a highly contagious and often fatal disease. The 
disease condition is complicated further due to emergence of a number of variants namely CPV-2a, 
CPV-2b, CPV-2c, new CPV 2a, new CPV 2b over the years and involvement of domestic and wild 
canines. The virus is shed in large numbers in the feces of infected dog and upto 7 to 10 days post-
infection, therefore, the present study was designed to detect CPV and to identify the prevailing 
antigenic types of CPV using molecular techniques from rectal swabs of affected dogs.  
Methods: The rectal swabs were collected from dogs suspected of Canine Parvovirus and 
subjected to PCR, Nested PCR and Realtime PCR for identification and typing of CPV in infected 
dogs. 
Results: From the study it was found that the per cent positivity was high in dogs and was found to 
be 50% and 89% by PCR and nested polymerase reaction respectively when considered in 
suspected dogs. The most prevailing antigenic type as detected by Real time PCR was found to be 
CPV 2a.  
Conclusions: The study indicated the animals vaccinated for CPV were also found positive for the 
disease. This study helps to detect percent positivity of CPV in dogs and also is important to identify 
the prevailing antigenic types of CPV in the region. 
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1. INTRODUCTION 
 
Parvoviruses have small (~25 nm diameter), 
non-enveloped icosahedral capsids and among 
them Canine Parvovirus (CPV) has significance 
as is responsible for haemorrhagic enteritis 
causing high morbidity and mortality in dogs 
being more severe in pups. CPV have 
undergone a series of evolutionary selections in 
nature, resulting in global distribution of new 
variants that have replaced the original CPV-2. 
Currently, the three major antigenic variants of 
CPV-2 which are 2a, 2b and 2c are known to be 
distributed among the dog population worldwide 
[1]. Isolation of CPV-2 was done for the first time 
in India by Ramadass and Khader [2] since then 
several occurrences of disease have been 
reported from different parts of the country 
involving different variants of CPV (2, 2a, 2b and 
2c) both in vaccinated and unvaccinated animals 
[3,4,5]. VP2 is the major capsid protein that plays 
an important role in the determination of 
antigenicity and host range of CPV. The virus 
has two major open reading frames (ORFs); one 
of which encodes the non-structural proteins NS1 
and NS2, and the other encodes two structural 
proteins VP1 and VP2. At either end of the 
genome, palindromic hairpins of about 150 bases 
are present used in the replication of the viral 
DNA [6,7]. The capsid proteins have a highly 
conserved central core composed of an eight-
stranded, anti-parallel β-barrel with flexible loops 
between the β-strands that interact to form most 
of the capsid surface. The surface features of the 
capsid include a 22 Å long raised region (spike) 
on the threefold axes, a 15 Å deep depression 
(canyon) surrounding cylindrical structures at the 
fivefold axes, and a 15 Å deep depression 
(dimple) at the twofold axes. In addition, the 
threefold axes are the most antigenic region of 
the capsid and serve as a target for neutralizing 
antibodies [8,9]. 
 
Prophylaxis of CPV infection relies mainly on 
extensive vaccination. Since inactivated vaccines 
are able to induce only short-term immunity, 
modified live virus vaccines are widely used. 
These vaccines, prepared by using either the 
original type CPV-2 or its variant are highly 
effective, being able to protect dogs against 
parvoviral disease as well as infection, and 
almost completely safe. A recent study showed 
that most dogs developing parvovirus-like 
diarrhea after vaccination were infected by the 
field virus alone or with the attenuated vaccine 

virus [10]. It is also known that the mutations 
which affect VP2 gene are mainly responsible for 
evolving different antigenic variants of CPV [11]. 
The early detection along with the knowledge of 
genetic variations of VP2 can be of immense 
help in identifying the emerging CPV strains. 
Thus, the present study was designed to detect 
CPV and identify the antigenic types of CPV 
using molecular techniques. 
 

2. MATERIALS AND METHODS 
 

The rectal swabs were collected from dogs 
suspected of Canine parvovirus infection during 
the period from October, 2020 to February, 2021 
from Multispeciality Veterinary Hospital, Guru 
Angad Dev Veterinary and Animal Sciences 
University, Ludhiana. The rectal swabs were 
collected in 4ml of phosphate buffered saline (pH 
7.2) and kept at 4�C till further processing. The 
vaccine Nobivac DHPPi (Intervet, Pvt. Ltd) was 
procured commercially from local market to be 
used as positive control. The DNA was extracted 
from all the samples and the vaccine using the 
phenol-chloroform extraction method as 
described by Sambrook and Russell [12]. 
 

2.1 Detection of CPV by PCR and Nested 
PCR 

 

PCR reaction mixture was made for the 
confirmation of virus by adding 5µl of 10X PCR 
buffer (with 15mM MgCl2), 1.0µl of forward and 
reverse primer each (20pm/µl  each) as per 
Mizak and Rzezukta [13],  1.0µl of dNTPs 
(10mM), 0.2µl of Taq polymerase (5 units/µl ), 
15.0µl of the template DNA and 26.8µl of 
nuclease free water making a total of 50µl of the 
reaction mixture. The DNA from the vaccine was 
used as a positive control and the rectal swab 
from a healthy dog was used as negative control.  
 

The PCR product was subjected to nested PCR 
by setting up a different PCR reaction mixture. 
To prepare the reaction mixture for nested PCR, 
2.0µl of the PCR product obtained from the 
above procedure was added along with 2.5µl of 
10X PCR buffer (with 15mM MgCl2), 1.0µl each 
of forward primer and reverse primer as per 
Mizak and Rzezutka [13], 1.0µl of dNTPs 
(10mM), 0.2µl of Taq polymerase (5 units/µl) and 
17.3µl of nuclease free water making a total of 
25µl of nested PCR reaction mixture.  
 

Similar thermocycling conditions were setup for 
amplification for both PCR and nested PCR. 
After preparing the PCR mix, the reaction was 
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put in a Thermocycler which was subjected to the 
following thermocycling conditions i.e. for the 
step of denaturation a temperature of 94°C was 
kept for 60 seconds, for the step of annealing a 
temperature of 55°C was kept for 60 seconds, 
the extension step was set up at 72°C for 150 
seconds and these were carried out for a total of 
35 cycles and final extension was done at 72�C 
for 10 minutes. PCR and Nested PCR products 
(10 μl) were run using 1.5% agarose at 5 
volts/cm with Gene Ruler ladder plus 100bp 
(New England Biolabs, USA). 
 

2.2 Typing of Canine Parvovirus types by 
Realtime PCR  

 

The extracted DNA from the rectal swabs 
samples was subjected to Real Time PCR for 
antigenic typing using three assays for CPV 2, 
CPV 2a and CPV 2b. The fluorescence-probe 
based assays (Taqman assays) for the three 
antigenic types viz CPV-2, CPV-2a and CPV-2b 
(Table 1) were used. 
 

The 20µl of Real Time PCR reaction mixture was 
prepared by adding 10µl of 2X Taqman® 
Universal Master Mix II with UNG (Applied 
Biosystems), 1µl of the 20X Taqman® assay (for 
the individual antigenic type),  2µl of the DNA 
template and 7µl of nuclease free water. The 
PCR reaction was carried out in Step One™ 
software version 2.1 Real-Time System (Applied 
Biosystems, USA) with the thermal condition of 
UNG incubation at 50°C for 2 minutes, 
polymerase activation at 95°C for 3 minutes and 
40 cycles of denaturation at 95°C for 15 seconds 
and annealing at variable temperatures and time 
depending on the antigenic type detected. For 
detection of CPV-2 the annealing was done at 
52°C for 30 seconds; for CPV-2a the annealing 
was done at 61°C for 45 seconds and for CPV-
2b annealing was carried out at 57°C for 45 
seconds. The samples were considered positive 
or negative in the Real-Time PCR depending 
upon the fluorescence of a particular wavelength 
emitted by the respective fluorophore attached to 
the particular probe for the three antigenic types 
(CPV-2, CPV-2a and CPV-2b) of CPV. 
Depending upon the highest and lowest relative 
fluorescence unit (RFU) value, the cut off value 
or end point was calculated by using StepOne

TM
 

software Version 2.1. 
 

3. RESULTS AND DISCUSSION 
 
CPV-2 is one of the most common viruses 
responsible for acute hemorrhagic enteritis in 
dogs. CPV-2 induced disease is observed mainly 

in 6-12 weeks old pups [14]. CPV-2 spreads from 
infected to susceptible dogs by the fecal-oral 
route and reached high titers in feces of infected 
dogs [15,16] and is shed in feces for 
approximately 8-12 days post-infection. A rapid 
diagnosis of CPV-2 infection is especially 
important in kennels and shelters in order to 
isolate infected dogs and prevent infections of 
susceptible contact animals. Since a clinical 
diagnosis is not definitive several laboratory 
methods have been developed to detect CPV-2. 
Routinely, feces from diarrhoeic dogs are 
screened using ELISA, immunochromatographic 
or haemagglutination tests but these techniques 
are affected by relatively low sensitivity [17]. 
Virus isolation is more sensitive but it is too 
labor-intensive and time consuming for routine 
diagnostic testing. On the other hand, methods 
based on detection of CPV-2 DNA by PCR have 
been shown to be highly sensitive [18]. A Real-
Time PCR assays are also being used for the 
detection and quantitation of DNA in the feces of 
diarrhoeic dogs. The CPV-2 Real-Time PCR 
assay based on Taqman technology has been 
found to be highly specific, sensitive and 
reproducible; it also is less time consuming than 
conventional gel-based PCR [19]. 
 

3.1 Detection of Canine Parvovirus by 
PCR and Nested PCR 

 

PCR is a robust and highly sensitive tool for the 
detection of CPV-2 in clinical samples. CPV is 
excreted in high numbers in faeces of dogs 
suffering from parvoviral infection. Therefore, 
feces or rectal swab are the best sample for the 
detection of CPV. Thus, in the present study, a 
total of sixty-eight (n= 68) rectal swabs were 
collected; 67 from Ludhiana (Punjab) and 1 
sample from Rajasthan from the dogs exhibiting 
signs of diarrhea, gastroenteritis and 
hemorrhagic enteritis with pyrexia. The genomic 
DNA was extracted from these samples by using 
P:C:I method and were subjected to PCR, which 
revealed 34 samples positive for CPV yielding a 
product size of 1198 bp (Fig. 1). Thus, the 
percent positivity was found to be 50% (34/68) 
using PCR. 
 

When the vaccination history of the dogs was 
evaluated, it was found that out of 34 PCR 
positive CPV samples, 15 (15/34, 44.11%) dogs 
were vaccinated and 19 (19/34, 55.88%) were 
not vaccinated. Thus, some of the dogs which 
were positive for CPV in PCR were vaccinated 
indicating that it might be possible that 
vaccination of pups against CPV is not conferring 
immunity against CPV. This might be due to the 
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mismatching of vaccine strain and the CPV strain 
causing infection in dogs. 
 

 
 

Fig. 1. PCR Product Visualization - Gel Run 
M: 100 bp Plus DNA Ladder, P: Positive Control 

(DHPPi Vaccine), N:Negative Control (Rectal Swab 
from Healthy Dog), S1-S3:1198 bp PCR positive CPV 

Samples 
 

The present study also revealed that the 
sensitivity of NPCR was much more than 
conventional PCR for detecting CPV. Similar 
findings indicating increased sensitivity of NPCR 
has been reported by various earlier research 
works. The results of the present study are 
similar to work of other researchers [20,21,22,23] 
who have also stated that nested PCR is more 
sensitive than conventional PCR. The reason for 
this could be that the samples containing very 
few virus particles might be harboring inhibitory 
substances as reported by Kumar et al [24] 
leading to absence of visualization of the 
amplified product after a PCR, which could have 
been resolved using a NPCR leading to 
visualization of NPCR product in an agarose gel.  
 

The PCR product from the 68 rectal swabs 
collected from the dogs exhibiting signs of CPV 
was subjected to nested PCR. Out of a total of 
68 samples, 61 samples were positive with 
nested PCR yielding a product size of 548bp 
(Fig. 2) indicating that the per cent positivity of 
CPV with nested PCR was 89.70%. When age-
wise status among positive was evaluated, it was 
found that 75.4% (46/61) were below 6 months of 
age. Thus, maximum animals affected by CPV 
were below 6 months of age followed by above 6 
months substantiating the already established 
fact that the infection caused by CPV is more 
severe in young animals [3,4,22,23,25,26,27]. 

When breed-wise prevalence among positive by 
nested PCR was evaluated it was found that 
68.85% (42/61) were pedigree dogs and 31.14% 
(19/61) were non-descript breed. Breed-wise 
comparison indicated that Pomeranian, German 
Shepherd and Labrador breeds of dogs were 
mostly affected by CPV as detected by nested 
PCR. These observations too were similar to the 
earlier reports in which researchers reported that 
in India German Shepherd, Labrador and 
Pomeranian breeds of dogs were most 
predisposed towards CPV [22-24,27]. 

 

 
 

Fig. 2. Nested PCR Product Visualization - Gel 
Run 

M: 100 bp Plus DNA Ladder, P:  Positive Control 
(DHPPi Vaccine), N: Negative Control (Rectal Swab 

from Healthy Dog), Lane 1-12 except 5: 548 bp 
Nested PCR Positive CPV Samples 

 

3.2 Real Time PCR typing for identifying 
CPV subtypes 

 

RealTime PCR has been used by number of 
researchers for detection and quantitation of viral 
load in feces of infected dogs [10,19,28,29]. Real 
Time PCR has also been used for typing of CPV 
antigenic types [1,30,31]. Similarly in the present 
study the extracted DNA from a total of 68 
samples collected were subjected to antigenic 
typing by Real Time PCR for detection of three 
antigenic types (CPV 2, CPV 2a and CPV 2b). 
Out of a total of 68 samples; 52 samples were 
found positive for Canine Parvovirus with a 
percent positivity of 76.47%. Out of 52 positive 
samples; a total of 7 cases were positive for CPV 
2, 45 were positive for CPV 2a (Fig. 3)  and none 
was positive for CPV 2b. Therefore CPV 2a 
antigenic type of Canine parvovirus was found to 
be most prevalent. The same observation was 
reported by Das et al. [32] of prevalence of CPV 
2a from Punjab and Assam. 
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Fig. 3. Real-time PCR graph for positive samples for CPV 2a 
 

Table 1. Typing of CPV types using three Taqman Assays 
 

Antigenic 
Type 

Taqman 
Assay 

Sequence  References Position in 
genome 

CPV 2 F 5‘- AAACAGGAATTAACTATACTAATATATTT 
A-3‘ 

[9] - 

R 5‘-AAATTTGACCATTTGGATAAACT-3‘ - 
Probe 5‘-/6- 

FAM/TGGTCCTTT/ZEN/AACTGCATTAAAT 
AATGTACC/IowaBlack/3‘ 

- 

CPV 2a F 5‘-TGACCAAGGAGAACCAACTAAC-3‘ [8] 847-866 
R 5‘-TGATCTGCTGGCGAGAAATATAA-3‘ 1013-993 
Probe 5‘/6-FAM/ACGCTGCTT/ZEN/ATCTTC 

GCTCTGGT/IowaBlack/-3‘ 
867-896 

CPV 2b F 5‘-ACAGGAAGATATCCAGAAGGAGA-3‘ [13] 1216-1238 
R 5‘-TGACCATTTGGATAAACTGGTGG-3‘ 1403-1381 
Probe 5‘- 

/HEX/TATTAACTT/ZEN/TAACCTTCCTGTA 
ACAGATGA-/IowaBlack/-3‘ 

1251-1280 

 
However, when the results were thoroughly 
observed, some cases were found to be positive 
for more than a single subtype simultaneously. 
Therefore the number of dogs positive for CPV 2 
alone were 1, for CPV 2a there were 39 cases 
and number of positive cases for both CPV 2 and 
2a were 6.  

 
4. CONCLUSION 
 
It can be concluded from the study that the 
percent positivity of CPV was found to be 50% 
and 89% by PCR and nested PCR respectively 
indicating nested PCR more sensitive. Majority of 

CPV positive samples belonged to dogs below 6 
months of age and were among Labrador, 
Pomeranians and German Shepherd breeds of 
dogs. Dogs vaccinated for CPV were also found 
to be positive for the CPV with percent positivity 
of 44.11%. CPV 2a was found to be most 
prevalent in the study as indicated by Real-Time 
PCR.  
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