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INTRODUCTION 

The bond between human and animal is a mutually favorable and the 

dynamic relationship which positively influence the health of both. Many animals 

and birds kept as a pet but dog have a great popularity in the world as a pet. 

They perhaps the closest from pets to sporting, hunting companions to service 

dog, bomb detecting squad and healer of both physical and emotional problems 

of humans, perceive criminals and guiding blind people. Canine takes the 

valuable degree of various qualities to the worlds of the human; they share their 

lives with them, such strong bond between the dog owners with their pet have 

brought to great concern about their health and well being. In view to need have 

dog in various aspects, it is necessary to study the various diseases of dog which 

caused high morbidity and case fatality rate. 

Dog get infected with various infectious agents, in which viruses of 

various families affect the dog health and cause heavy mortality. In India 

according to 2012, there were 11.2 million pet dogs and 17.1 million stray dogs. 

Among the animal diseases mostly viral enteritis in dog has become an important 

problem throughout the world. 

Diarrhoea in dog is a major occurrence with myriads if not treated on time 

then it could have fatal outcomes. Certain virus like canine parvovirus -2, 

rotavirus, canine distemper, canine corona virus has been pinpointed as a major 

cause of viral gastroenteritis in dog. Among all viral disease, canine parvovirus-2 

is a leading source of diarrhea in dogs under 6 month of age. (Schulz et al., 

2006). 

Canine parvovirus -2 is a highly infectious viral disease of dogs and one 

of the serious concerns to pet owners, practicing veterinarians and scientists due 

to its high morbidity and mortality rate.CPV-2 is stable, highly contagious virus 

which mainly affecting canine population.CPV-2 spread by direct or indirect 

contact with infected faeces of dogs. Vaccine against canine parvovirus prevents 

this infection but case fatality can reach up to 91% if cases are untreated. 

During late 1970s, a new contagious viral disease of pups emerged 

showing gastroenteritis or myocarditis like symptoms throughout the world, 

named as CPV-2.It was first recognized in 1977 and described in several 
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countries in mid 1978, then it has been established as a whole pathogen of dogs 

throughout the world. After a time of adaptation, the virus begin to be highly 

contagious for dogs, resulting in the prevalent and apparent in 1978–1979.CPV-2 

virus has 98% similarity with feline panleukopenia , only differ in two amino acids 

present in the viral capsids proteins VP2 and also homogeneous to Mink enteritis 

and parvovirus of Foxes and Raccoons. 

Canine parvovirus belongs to family Parvoviridae comprising two 

subfamilies Parvovirinae and Densovirinae. Parvovirinae contain virus of 

vertebrates and Densovirinae contain virus of insects. There are 3 genera in sub 

family Parvovirinaeviz, Parvovirus Erythrovirus and Dependovirus. (Murphy 

et.al.,1999). Sequence analysis has also divulged that CPV strains have 

undergone a series of evolutionary selections in nature, which was globally 

distributed as new variants which have completely replaced the original CPV-2. 

Recently, CPV has three main antigenic variants viz. 2a, 2b and 2c which are 

distributed among the dog population throughout the world. (Decaro et al.,2006). 

Previously, CPV-2c was nominated as CPVGlu-426 mutant that originated 

initially from Italy, but now has been detected in other countries also 

(Buonavoglia et al., 2001). The CPV-2 has spread in identical pattern and the 

disclosure and subsequent renewal by the new antigenic strains has also been 

shown by antigenic analysis of isolates from Germany, France, Denmark, Japan, 

Italy, Australia, Spain and Africa although the proportions of CPV-2a, CPV-2b 

and CPV-2c strains has been differ. (Parrish et al.,1988, Mochizuki et al.,1993, 

Ybanez et al.,1995, Truyen et al.,1996, Steinel et al.,1998, Buonavoglia et al., 

2001). These viruses have become distributed globally and there antigenic as 

well as genetic variation in the virus strains have also been corresponds with 

changes occurs in host range of the virus (Parrish et al., 1999). Phylogenetic 

analysis has divulged that CPV strains have undergone a sequence of 

progressive selections in nature, which have resulted in worldwide distribution of 

current variants have been replaced the original CPV-2.               

Canine parvovirus-2 are non enveloped having 25nm in diameter with 

icosahedral symmetry. Genome consist of single stranded negative sense DNA 

virus having size of 5.2 kb in length (Murphy et al.,1999). Terminal palindromic 

sequences at each end to form hairpin structure.CPV-2 genome has 2 open 

reading frame (ORF) which are further divided into ORF 1 and ORF 2.The ORF1 
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encodes for two nonstructural protein NS1 and NS2 that are translated through 

alternate splicing of the viral mRNAs and ORF 2 encodes for two capsid protein 

i.e. VP1 and VP2. 

The disease is widespread prevalent in Asia (Khadilkar et al., 1994). In 

India, prevalence of canine parvovirus was first announced by Balu and 

Thangaraj in 1981 in Madras and Ramadas and Khader in 1982, confirmed that 

CPV-2 is an etiological agent of Canine parvovirus infection. After that enormous 

number of outbreaks of Canine parvovirus have been noted in various clinic from 

various empire of India like Kerala,  Tamil  Nadu,  Karnataka,  Andhra  Pradesh,  

Odisha,Pondicherry (Mukhopadhyay et al.,2014), Haryana (Savi et al.,2009) and 

Uttar  Pradesh (Nandi et al.,2010, 2010a). 

The  virus  is  transmitted  via  oro-fecal  route  and  requires  rapidly 

dividing  cells  of  fetuses  and  new  born  or  of  hematopoietic  and  intestinal  

tissues  of young and adults animals. (Decaro and Buonavoglia., 2012). 

VP2 which is a major capsid protein of CPV, play a major role in the 

diagnosis of host range and antigenicity of CPV. Mutation which affect VP2 gene 

are predominantly responsible for evolving different antigenic variant of CPV-

2.(Phromnoi et al.,2010,Kaur et al.,2015).The constant emergence of new strain 

of CPV-2 is a big concern of dog owners, veterinarian around the world. 

Combined vaccine of CPV contains an inactivated and modified virus. 

These vaccine help to prevent CPV, but when there is emergence of newer 

antigenic variant, vaccine get fail to protect pups against CPV, so identification 

along with the knowledge of genetic variation of VP2 can be help in detecting the 

new strain of CPV and it help in development of new vaccine. 

Diagnosis of disease have been done by using various methods like 

Haemagglutination  (HA) Haemagglutination  inhibition test (HI) ,Rapid antigen 

detection kit, agar gel precipitation test (AGPT),Enzyme linked immunosorbent 

assay (ELISA),electron microscopy, indirect florescent antibody test, virus 

isolation by cell culture using Madin darby canine kidney (MDCK),Crandle feline 

kidney (CRFK) and A-72 cell lines. Among them, virus isolation done by using 

various cell lines is highly specific way to identification, HA and HI are simple, 

conventional method of diagnosis. For electron microscopy, concentrated virus to 

be required. ELISA using monoclonal antibodies is also the another way for 



4 
 

diagnosis of CPV.Restriction  Enzyme  (RE) digestion,  real  time  PCR,  Loop-

mediated  isothermal  amplification  (LAMP),  Nucleic acid hybridization or dot 

blot, in situ hybridization, nucleic acid sequencing .Among all conventional 

method, molecular assay like PCR ,nested PCR are highly specific and sensitive 

way of diagnosis. Real time PCR is also sensitive and specific technique for 

parvoviral DNA. 

Currently, it has been observed that the canine parvovirus serotypes 

circulating in the Indian landmass is completely different from that included in the 

vaccine and may leading to decrease in the efficacy of the CPV-2 build vaccines. 

(Greenwood et al 1995., Yule et al 1997, Pratelli et al., 2001) could be the one 

reason for the infection in the vaccinated pups (Savi et al., 2009). Vaccine which 

are used in India against canine parvovirus is inactivated, modified live vaccine 

which protect the pups, but recent study observed that the canine parvovirus 

circulating in India is entirely different from strain included in the vaccine, so there 

is failure of vaccination observed, because some of the study noticed that, 

proportion of parvoviral infection in vaccinated and un vaccinated dog is nearly 

same, these may be the reason for the infection in the vaccinated pups.( Savi et 

al., 2009).Considering this problem, it was observed strain used in vaccine that 

were isolated about 25 to 30 year ago (Nandi et al., 2010).   

Most of the stray dogs are unvaccinated against the disease and they 

become the origin of disease to others susceptible host, early diagnosis of CPV 

infection by using conventional as well as molecular methods help to protect 

dogs. 

Keeping in view of the above facts, the present study was aimed with 

following objective. 

1. To study incidence of Parvoviruses among canines using conventional 

methods. 

2. To characterize the Canine Parvovirus using molecular tools. 

3. To establish the phylogenetic relationship of Parvoviruses based on VP2 

gene sequence. 
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REVIEW OF LITERATURE 

In a recent time, Canine parvovirus-2 reported to the leading causative 

agent of morbidity in dogs and that leads to great concern about health of dogs 

and their owners. In India, its (Canine parvovirus-2) prevalence is on higher side 

and even reported in vaccinated breeds. Taken into consideration the given study 

was undertaken for molecular characterization of Canine parvovirus in number of 

literature has been reviewed. 

2.1 History of Canine parvovirus-2 

As early as in 1970, Binn et al.(1970) reported the first evidence of virus 

and termed it as “Minute virus of Canine” (MVC) or CPV type 1 or CPV-1 when 

investigated in faecal samples of number of dogs. 

Later on, Appel et al. (1978) reported a new type of dog disease with 

symptoms of severe gastroenteritis and myocarditis especially in pups, and it was 

first time noticed in USA in 1978, then it named as canine parvovirus type 2 and it 

was remained distinguished from other minute virus of canines that is Canine 

parvovirus-1. 

According to Truyen et al. (1996) CPV-2 reported with number of 

nucleotide changes as compared to original CPV-2. These changes are reported 

to be at positions like 3045, 3685 and 3699 and for CPV-2b one more change 

was recorded at position 4026 and with these changes both CPV-2a and CPV-2b 

remain prominent world-wide and replace original CPV-2 in the given time. 

According to Buonvoglia et al. (2001) new variant with antigenic change 

at a position with amino acid substitution Asp426Glu was recorded. This change 

leads to change in capsid protein which does act as antigenic moiety of CPV-2.  

2.2 Classification of CPV-2: 

Tattersall and Cotmore. (1990) while working on CPV-2 classification put 

forward that virus under family Parvoviridae,it remains classified with presence of 

subfamilies Parvovirinae and Densovirinae.  The subfamily Parvovirinae 

generally infects vertebrates and again remained classified into three genera 

such as Parvovirus, Erythrovirus and Dependovirus and another 
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subfamily,Densovirinae able to infects insects also which remain classified into 

three genera such as Densovirus, Iteravirus and Contavirus. 

Jones et al. (1997) hinted a close relation of Mink enteritis virus (MEV), 

Bluefox parvovirus (BFPV) and Raccoon Parvovirus (RPV) with CPV. 

Buonavoglia et al. (2001) observed a variant of CPV-2 as mutant CPV-2C 

in dogs with amino acid change at 426th position from Asp to Glu. 

Sakulwira et al. (2001) reported the time range when different CPV are 

originated. As per them, CPV being a member of autonomous parvovirus with 

single-stranded DNA of approximately 5Kb with non-enveloped structure reported 

first variant in 1979 as CPV-2, which was variant of CPV type 2a (CPV-2a). It 

remains widely spread and then again reported with another variant in 1984 as 

CPV-2b. In coming time, CPV-2b found to be replacing CPV-2a. 

As per Shackelton et al. (2005) statement, viral evolution simply remains 

associated with emergence of Carnivore parvovirus.They proposed a theory that 

CPV-2 might have emerged some 10 years earlier before it was discovered as a 

disease. They proposed that with number of mutations, virus might have 

emerged as a new type from unknown source and produce a capability to infect 

new host and associated ability to spread. With the promising adaptation virus 

remained highly infective in dogs as evident in 1978-79. In a study, parvovirus 

when investigated in CPV-2 vaccine programme rapidly accumulated mutation 

reported in vivo in number of isolates and resultant virus found to be 

accumulating rapidly during the process of passage in tissue culture. 

Carter and Wise. (2006) by doing comparative sequence analysis of 

Feline panleukopenia and CPV-2 virus for capsid proteinVP2, about 98% 

similarities was recorded indicated its close evolution. 

Decaro et al. (2013) investigated the predominance of virus variants in 

which, CPV-2a remained most predominant in number of countries followed by 

CPV-2C and CPV-2b. 

2.3 Virus Structure: 

Parrish et al. (1991) stated Canine parvovirus evolution with number of 

antigenic type replacement and several sequence evolution. They found that 
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Parvovirus having 5000 bases of ssDNA able to encode two structural proteins 

i.e., VP1 and VP2 and non-structural protein i.e. NS1 and NS2. Here VP1 and 

VP2 are the resultant of alternative splicing of messenger RNA and they share 

high percentage of amino acid sequence homology. As a whole, X-ray structure 

of CPV when determined by X-ray crystallography about 60 -70 copies of VP2 

proteins and 10 copies of VP1 found, it built up the capsid structure. 

Tsao et al. (1991) reported VP2 monomer with 8 stranded antiparallel β-

barrel with large loops remained inserted among the β-strands which can make 

up the capsid. Capsid surface remained with characteristic prominent region 

covered with three-fold axis of symmetry, with a circular canyon covering about 

five-fold axis of symmetry and remained with a depression of the two-fold axis of 

symmetry which interprets antigenic epitopes and remained affected by residue 

on the three-fold spike. 

Strassheim et al. (1994) reported VP1 and VP2 are resultant of alternative 

splicing of messenger RNA from the viral DNA with a common sequence for the 

two proteins. Resultant gene is said at some time as VP1/VP2 gene. It is 

reported that proteins are comprised of 748 amino acids in both VP1 and VP2 

proteins and becomes major component of non-enveloped icosahedral capsid of 

CPV-2 having 584 amino acid residues. Hardly any amino acid substitutions in its 

sequence can alter pertinent biological characteristics of the virus. 

Lamas-Saiz et al. (1996) related the particular site (three sites) present on 

the capsid that can affect canine host range on the three fold spike which 

remained separated on 25 to 30 Aº. They reported that folding of flexibility of 

loops with capsid structure, associated with virus receptor interactions or in 

capsid uncoating. Here they reported CPV is having agglutination property of 

erythrocytes as co-evidenced in porcine, monkey and dog erythrocytes. 

Weichert et al. (1998) reported similar to RNA virus, CPV-2 also remained 

variant in genomic content. Genome also found to be coding non-structural 

proteins, NS1 and NS2 along with structural proteins. NS1 simply remained 

covalently linked to 5’ end of newly synthesized DNA during packing and 

remained external to the capsid structure during later stages of infection. This 

present linkage reported to be disturbed by extracellular nucleases and finds 

special role in structural variation in capsid and in infection. 
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Murphy et al. (1999) prompted Parvovirusas non-enveloped, 25nm in 

diameter having icosahedral symmetry; they reported Feline and Canine 

parvovirus differences by involving mapped to the spike and found only two 

amino acid differences between the two isolates. 

Mizak et al. (2001) suggested that VP3 is resultant of VP2 by post 

translational proteolytic removal of about 15 to 20 amino acids available at N- 

terminus and present only in complete virion. As per recording, amino acids 

sequence of VP2 and VP3 are readily available at C-terminus region of VP1. 

While amino acids of N-terminus region of VP2 found to be identical to all CPV 

isolate and host range variants such as cats, mink and raccoons. 

2.4 Viral Replication: 

Kasamatasu and Nakanishi. (1998) reported Parvovirus replicating in 

specific cells by involving cellular and viral determinants into consideration. Here 

Parvovirus prefers to grow by replication in nucleus of dividing cells. The virus 

simply gets attached to cell by binding to specific sialic acid having 

oligosaccharides moieties and uses them as receptors on the surface of the cell. 

Here virion gets entry into the cells and travels all the way to cytoplasm to reach 

nucleus by endocytic pathway by involving clathrin coated vesicles using the cells 

own nuclear import machinery and their after viral genome attempted entry into 

the nucleus via the nuclear pore complex.  

Murphy et al. (1999) reported use of DNA polymerase to synthesize 

double stranded DNA via single stranded DNA viruses. Here 3’ terminal hairpins 

are responsible for synthesis of double stranded circular DNA which remains as 

self-primer for synthesis. This dimeric form of replicative intermediates from 

which two complete positive strands and two complete negative strands are 

generated by involving a complicated series of re-opening of circular forms which 

reinitiate replication at transiently formed hairpins, and remain repeated single 

strand endonuclease cleavages. 

Buonavoglia et al. (2001) reported Canine parvovirus type 2 evolution in 

Italy along with mutation rate of CPV genome. They put forward as the parvovirus 

DNA getting replicated by host cell DNA polymerases, chances of replication 

errors are very low and hence mutational events affecting biological properties 

are reported to be on lower side. 
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Parker et al. (2001) confirm the CPV entry in the host cell by involving 

viral casid co-localized with transferrin in perpendicular vesicles of cells shortly 

after entry, dynamic depend and by Clatherin-Mediated endocytic pathway. 

Badgett et al. (2002) related viral attenuation with evolutionary dynamics. 

They reported that an incidence of pattern of evolution remains consistent with 

recombination and not with discrete selective sweeps of specific mutations. 

Hoelzer and Parrish. (2010) reported Parvovirus infectivity in actively 

dividing host cells. Among pups older than 4 weeks, virus able to replicate in the 

tissue like bone marrow, spleen, lymph nodes and the progenitor cells in the 

crypts of Lieberkunhin of the intestine. They reported infection of neonatal 

animals and fetuses generally occurred during maternal immunity absence. In 

those other tissues can also get infected and resultant virus replication recorded 

in myocardium and/or cerebellum, which leads to myocarditis in puppies and 

appearance of cerebellar hypoplasia in kittens. In few cases, infection in utero 

also been linked with abortion or generalized viral replication in number of fatal 

organs. 

Majer-Dziedzic et al. (2011) realized the presence of variants in Canine 

parvovirus (CPV-2) strains by phylogenetic analysis. When investigated in 

Poland, they reported number of Parvoviruse’s prevalence records in cats and 

availability of even single mutation linked with basic biological trait change. 

Decaro and Buonavoglia. (2012) summarized the available replication of 

Canine parvovirustakes place in nuclei of cell and mostly in dividing cells of 

intestinal tissues of young and adult animals, foetuses and even new-borns. 

Srinivas et al. (2013) related replication of Canine parvoviruswith cell 

stage as S phase or early G2 phase of cell division cycle. This type of viral 

replication linked with profound pathogenesis of Canine parvovirus infection. 

2.5 Canine parvovirus type 2 variants: 

Binn et al. (1980) discriminated Canine parvovirus-2 from early parvovirus 

of dog that is minute virus of canines and referred as CPV-2. It is available 

worldwide as CPV-2 and reported to be endemic in many countries in domestic 

as well as wild dog population which leads to increased morbidity and mortality. 
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Buonavoglia et al. (2001) reported amino acid change in structural protein 

of type 2a and of CPV-2b as a variant Val instead of Ile. In Italy, they reported 

new strain of CPV-2 having amino acid substitution of aspartic acid to glutamic 

acid at 426 position. 

Decaro et al. (2005a) reported Single nucleotide protein of CPV type 2a 

and 2b in capsid protein gene sequence which leads to determines antigenic 

variation in viral capsid. 

Nakamuro et al. (2004) reported that antigenic features changes with 

mutation at 3’ fold spike of the CPV-2 capsid. Based on mutation now antibodies 

can distinguish CPV type 2b and Glu-426 mutant CPV-2c.VP2 hypervariable 

region serves as a gene region of interest in characterisation of CPV-2. 

Decaro et al. (2012) linked epidemiological and diagnostic aspects with 

two antigenic variants named as CPV-2a and CPV-2b when CPV-2 undergone 

genetic evolution. In recent time, CPV-2c was also detected in Italy and can 

spread rapidly to several countries. 

2.6 Transmission of CPV-2. 

Decaro et al. (2005b) put forward the transmission possibility of CPV-2 as 

a highly contagious infectious disease which can directly pass on to other dogs or 

via infected faeces. The dogs can easily transmit the infection into the 

environment, people or equipment. CPV-2 mainly getting transmitted by clothes, 

hand contact, shoes, food, water bowls; collars and leads to others. 

Houston et al. (1996) stated that CPV is highly stable in the environment 

and can survive up to year. During severe infection more than 109 viral 

particles/grams of faeces able to shade in the faeces. This source reported to the 

deadliest source of infection. This virus also remained resistant to the 

heat,drought, cold and humidity. 

Nandi et al. (2010) reported Canine parvovirus transmitted by oral contact 

with infected faeces as well as via contaminated surfaces. CPV simply can 

survive for months in faeces and can easily contaminated area for 5 months, if 

conditions are favourable. Dogs are also reported to be carrier for infected faeces 

as a source of contamination such as pet shops, breeding establishments, 

especially commercial set ups, veterinary hospitals and breeding kennels. 
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2.7 Clinical sign of CPV-2: 

Stann et al. (1984) reported dog suffering from CPV infection observed 

with symptoms of bloody diarrhoea, anorexia, Leukopenia (WBC<6,000/mm3) 

and fever (>39.6). 

Meunier et al. (1985) conducted experimental study on sero negative 

Beagle dogs of age two to nine week old by infecting them with parvovirus 

inoculums via intravenous routs,found that more than 30 percent dogs with 

symptoms of pyrexia, vomiting, depression and diarrhoea. 

Radostits et al. (2000) with the parvovirus infection, reported increased 

dehydration and reduction in elasticity of tissue. It is also linked with increased in 

body temperature which leads to hyperthermia and dehydration. 

Joshi et al. (2001) examined CPV infected pups in early days of post 

inoculation as appearing mild dullness and anorexia and mild diarrhoea on 4th 

day of post inoculation. Upon 4 days, pups increased in infection resulted in 

shedding yellowish watery diarrhoea. In few cases it also started smelling 

diarrhoea with mucosal sheds upon 6th day of post inoculation. Smelling 

diarrhoea with mucosal sheds on day 6 of PI. On between 4 to 5 days of Post 

infection moderate rise in temperature was observed. 

Gupta et al. (2006) reported dogs having symptoms like acute 

haemorrhagic enteritis and mycocarditis were detected by rapid PCR technique. 

Once dog get infected by Canine parvovirusthen they serve as source of infection 

for other healthy dogs by shedding virus in their faeces. 

Nandi et al. (2010) confirmed the presence of Canine parvovirusin dogs 

by PCR and RE mapping of Dogs, where they appeared with vomition and 

haemorrhagic gastroenteritis in all age group. In addition few reported with 

myocarditis and heart failure in pups having age less than 3 months. 

Decaro and Buonavoglia. (2012) reported CPV replicates in oral nasal 

route after inoculation especially in lymphoid tissue and infected leukocytes in 3-7 

days of post inoculation in dogs. CPV get affinity to infecting leucocytes and 

induce lymphopenia.CPV able to replicate in cardiac cells of 2-3 weeks old sero 

negative pups causing fatal mycocarditis, level of haemorrhagic enteritis depend 

upon maternal antibody titre and time of getting infection. Initial clinical sign starts 
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with anorexia, depression, vomiting and bloody diarrhoea. Affection of pulmonary 

infection may leads to respiratory distress. When dogs are untreated them 

mortality reaches up to 70%. 

Thomas et al. (2014) related 26% of dog’s mortality with Canine 

parvovirus than all other viral diseases of dogs. 

Mylonakis et al. (2016) clinical conditions were recorded with CPV-2 

infection in host in the form of weakness, foul smelling diarrhoea, depression, 

anorexia which may form mucoid to purely hemorrhagic. It is also associated with 

dehydration and fever.  

Kilian et al. (2018) reported dogs with chronic gastrointestinal problem 

once infected with CPV-2. It leads to increased cell turnover rate and replicate in 

intestinal crypt epithelium and lymphoid tissue. 

2.8 Epidemiology of CPV2: 

Hadi et al. (2011) investigated by PCR assay that Iranian isolates of CPV 

in faecal samples leads to high-level diarrhoea in 44 dogs. Among them, 39 dogs 

found to be positive for CPV-2b, 5 samples for CPV-2a, observed that the CPV-

2b was predominant virus type. The presence of new antigenic variants, CPV-2a 

and CPV-2b were confirmed after identification of causative agent of CPV-2. 

Mohyedini et al. (2013) suggested that earlier diagnosis by molecular and 

immune-chromatographic based found to be useful; since if dogs were detected 

earlier the mortality remains about 25-30% but it exceeds aggressively to about 

91% if not detected earlier. 

Pedro et al. (2014) linked molecular and serological surveillance for 

canine enteric viruses in dogs by processed 53 faecal samples, out of these 23 

samples were positive for canine parvovirus and confirmed for the presence of 

71.6% antibodies against Canine parvovirus. They found that unvaccinated dog 

population are increasingly getting infected by the CPV. 

Parker et al. (2017) involved next generation sequencing for the study of 

12 dogs’ rectal swabs with symptoms of Parvovirus associated disease. They 

targeted RNA transcripts for better detection of only replicating virus of CPV. 
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Baba Sheikh et al. (2017) based on molecular concept and phylogeny, 

they investigated VP2 gene of Canines in Sulaimani Iraq and reported its world-

wide distribution which remained fatal to the puppies. Sequenced PCR positive 

samples indicated that CPV-2 has a unstable DNA genome. 

Oliveira et al. (2018) investigated Canine parvovirus 2c infection in dogs 

sampled from southern Brazil region. They found atrophy of villi, fusion of villi and 

diffuse segmental granulation. A mutating gene as VP2 was detected in number 

of isolates with 99.4 to 100% identity as per sequencing and diagnostic test. 

Balu and Thangaraj. (1981) reported 305 CPV cases in India at Madras 

and Ramadass and Khader probably for the first time with the symptoms such as 

vomiting, diarrhoea, leucopenia and depression. 

Savi et al. (2009) involved PCR and RFLP genotyping of field strains of 

Canine parvovirus from Haryana. They found all the fields isolates were CPV 2a 

and CPV 2b positive. In a study, use of RFLP to differentiate CPV-2 genetic 

variation found to be mainly important. They also reported the presence of CPV 

in vaccinated dogs; most possibly it may be because of vaccination failure. 

Manoj Kumar et al. (2010) investigated Canine parvovirusat molecular 

level by involving cloning and restriction endonuclease analysis. They also 

involved PCR along with RE for successful targeting of CPV genome and 

reported proper management and jurisdiction of disease.  

Parthiban et al. (2011) isolated Canine parvovirus from Puducherry,South 

India, by examine 128 faecal samples by HA ,ELISA,PCR and isolated in CRFK 

cell line. Typing of CPV-2 done by using monoclonal antibodies 

Chinchkar et al. (2014) when investigated field Canine parvovirus by 

involving in vitro cross neutralization performed against vaccinated dogs sera 

they revealed that sera of original antigenic type CPV-2 found to be neutralizing 

antigenic variation 2a and 2b in a better manner. They proposed the statement 

that vaccine containing CPV type 2viruses can be the candidate to immunize the 

dog against prevalent CPV-2a and CPV-2b infection.  

Thomas et al. (2014) based on PCR method detected epidemiological 

Canine parvoviral disease in dog based on PCR method in the region of Bareilly. 

They reported 52% samples of dog found to be positive for PCR. 
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Kaur et al. (2015) involved Madin Darby Canine Kidney (MDCK) cell line 

with PCR and nested PCR to detect the presence of CPV in the dogs. It was then 

sequenced then confirmed by sequencer for VP2 gene. 

Kaur et al. (2015a) reported the prevalence of CPV-2 in dogs of Ludhiana, 

Punjab to about 11% by PCR and to about 50% by nested PCR. Result showed 

more sensitivity towards nested PCR. 

Kulkarni. (2016) reported use of PCR-RFLP, to detect 9 sample positive 

for CPV-2 out of 25 samples tested for dog samples collected from Parbhani, 

Maharashtra. As per molecular phylogeny dominating CPV 2a is common in 

Parbhani. 

2.9 Diagnostics of Canine parvovirus infection: 

Disease diagnosis considered as a main step for cure of disease, as 

small outbreak disturb the whole population at a large scale directly or indirectly 

and hence better diagnostic facility ensures early control of the disease.  

There are now several diagnostic methods are available for CPV 

detection in biological sample, such as molecular, serological and conventional.  

Conventional method: 

2.9.1 Detection of CPV-2 Antigen by Haemagglutination Test: 

Scientist Al-Bayati et al. (2010) investigated from 90 sample size that, 

66% of agglutinated RBCs and considered as clinically suspected pups. Titres 

value about 32 also recorded to be positive.  

Chollam et al. (2012) compared PCR and HA test for CPV detection; 

among them with 76.11%, HA test scored better as only 54.87% positive cases 

recorded by PCR with the same sample. All PCR-positive samples were also 

positive by HA test. Hence HA test recorded to be the preliminary screening test 

over PCR and it remains low in cost makes it useful candidate. 

Puentes et al. (2012) reported HA titer as 320 and 1280 in each sample of 

CPV-2c from symptomatic puppies and reported complete heamagglutination at 

highest dilution.  
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Silva et al. (2013) by testing 112 faecal samples of one year old puppies; 

test found HA positive with 32 samples with titres ≥128 and eight samples 

revealed low positive response with 32 and 64. 

Chinchkar et al. (2014) by using 45 samples in HA test with Porcine 

RBCs; 23 samples found to be heamagglutinated and hence for identification of 

CPV, HA test recommended for sure.  

Kulkarni. (2016) recorded titer >64 as positive for 9 sample out of 25 

faecal samples by HA test. In porcine RBCs, this method reported to be handy, 

economic and easy to perform, for better diagnosis of CPV from faecal samples. 

Muthuraj et al. (2016) investigated about 30 rectal swabs of dogs 

considering CPV infection. Results recorded that HA titre>32 was positive with9 

samples (30%) and hence these dogs were reported diseased. 

2.9.2 Detection of CPV-2 Antigen by Antigen detection kit: 

Oh et al. (2006) succeeded in developing immuno-chromatography assay 

kit which detects antibodies of Canine parvovirus with 97.1% sensitivity and 

76.6% specificity. 

Schmitz et al. (2009) reported the 20% detection of CPV in acute 

haemorrhagic diarrhoea and chronic diarrhoea positive pups with 50 faecal 

samples by involving immuno-chromatography test. 

Al- Bayati et al. (2010) done a comparative study between antigen 

detection kit and HA test with 90 faecal samples, in which antigen kit found to be 

more specific (98.8%) and sensitive (100%). 

Reddy et al. (2012) used Scan VetTM PARVO kit to screen 30 random 

samples of diarrhoea dogs and found that 18 samples were positive. 

Sundaran et al. (2015) reported success of immuno-chromatographic strip 

test when examined fifty faecal samples, among 18 samples were showed 

positivity and compared with PCR assay. Strip test showed 92.86% specificity as 

compared to 72.22% of PCR and hence recommended to use in diagnosis of 

CPV infections in dogs. 
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Apaa et al. (2016) were collected 53 samples from dogs, 64% tested 

positive for CPV-2 with the SNAP Parvo Antigen Test. 

Hasan et al. (2016) reported the success of lateral flow assay when 

compared with PCR assay. They detected 20 samples found positive for CPV 

with (30.7%) prevalence out of 65 samples tested. 

Folitse et al. (2018) established the presence of CPV infection in 61.11% 

samples tested by involving commercial rapid test kit which was based on 

immuno-chromatography principle.  

Ahmed et al. (2018) while testing 40 rectal swab of diarrheic dogs by 

involving immuno-chromatography kit as FASTest PARVO strip; out of 40 

samples 33 (82%) reported positive.  

2.10 Detection of CPV-2 by Nucleic acid: 

Polymerase chain reaction: 

Kumar et al. (2011) investigated 52 faecal samples for CPV infection by 

involving nested PCR and its internal primer (PCPV-N set) and external primer. 

Among them, 27 samples reported positive with general PCR and n-PCR given 

31 positive samples. 

Parthiban et al. (2011) screened 128 rectal swabs for CPV-2 by using 

PCR, 18 samples which showed titre above 64 were found positive by PCR with 

681 bp band. 

Parthiban et al. (2012) by using differential PCR with 53 faecal samples, 

reported that CPV-2a and 2b antigenic type specific primers were able to detect 

17 samples positive by CPV-2b specific primers. 

Singh et al. (2013) recognized CPV by PCR when tested 100 dogs’ faecal 

samples from Mathura, Uttar Pradesh, India. They identified 63% positive cases 

with no sex variation recorded with CPV prevalence and dogs of the age group of 

≤6 months were prone  to CPV infection in comparison to >6 months.  

Srinivas et al. (2013) by working on molecular epidemiology principle able 

to detect CPV in southern India. By testing 128 samples of faecal type, primers 

set as pair H-for and H-rev able to detect 69 positive samples with 630 bp. 
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Chinchkar et al. (2014) while studying CPV isolates of India and its 

relevance with Canine parvovirus-2 vaccine; performed two independent PCRs 

and detected number of CPV-2 varieties and variants. Out of 45 samples tested 

by PCR by involving P2s/P2as and Pabs/Pabas primers, 27 samples found to be 

positive with 680 bp amplicon to confirm CPV presence in clinical samples 

Kaur et al. (2015) recommended using PCR, in detection of CPV infection 

by using DNS molecules isolated from suspected species. They tested 100 

samples; out of which 11 were found to positive for PCR yielding size of 1198 bp. 

Behera et al. (2015) reported the cases of CPV infected dogs of 

Bhubaneswar, Odisha, in which 71 rectal swabs were found to be positive for 29 

CPV cases as per PCR assay. 

Apaa et al. (2016) collected 53 faecal samples of dogs having symptoms 

of gastroenteritis in Nigeria. When checked by PCR using two sets of primers for 

VP2 gene and one set for canine GAPDH, intensifying 430 and 193 bp.In a result 

about 20 samples found positive for VP2 gene by short primer of VP2. 

Kulkarni. (2016) targeted 25 faecal DNA samples for CPV, check and 

among them 09 samples were found to be positive with a band of 747 bp. 

Baba Sheikh et al. (2017) reported by molecular typing of PCR using P1 

and P2 primers with size of 400 bp, samples were tested using the CPV-2ab 

primer pair expected size of 681 bp. CPV remained positive in dogs and further 

samples were screened by using specific primer CPV-2b. 

Oliveira et al. (2018) tested 24 faecal samples of dogs in southern Brazil, 

out of which 17 samples found to be positive for PCR. These dogs were positive 

for symptoms like parvovirus enteritis.  

Ahmed et al. (2018) by targeting VP2 gene with DNA sample of rectal 

swab of diarrheic dogs, out of tested 40 sample, about 33 samples reported 

positive for targeting with primer pair Hfor/Hrev. 

2.11 Genome sequence analysis of CPV-2: 

 Nandi et al. (2015) targeted VP2 gene by PCR, Restriction 

endonucleases and DNA sequence analysis of 36 clinical samples of dog 

reported to be suffered from CPV. They sequenced further PCR positive 
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samples. Sequencing was done for six PCR positive samples, out of which three 

were distinguished as CPV-2c, designated that this CPV type 2c was currently 

circulating in India. 

Decaro et al. (2013) by mass screening (615 faecal samples) of dogs in 

number of European countries by doing sequence analysis, dominance of CPV-

2a were recorded in most of the countries, which was descendent by CPV-2C 

and CPV-2b. 

Perez et al. (2014) by involving phylogenetic and genome sequencing of 

Canine parvovirus revealed field variants and emergence of a recombinant 

strains. They groups according to frequency,the higher-frequency bases ranged 

from 51.5 to 62.0% and belonged to a CPV-2c strain; the lower-frequency bases 

ranged in between 37.9 to 48.4% and belonged to a CPV-2a strain. They 

grouped Uruguayan CPV-2C and CPV-2a as two divergent phylogenetic groups 

and differentiated by both VP1/VP2 and nucleotide sequencing. 

Kaur et al. (2015) were sequenced PCR positive samples using NCBI 

BLAST and analyzed using multiple sequence alignment software Clustal 

Omega, revealed that four samples P14, P44, P45 and P89 were showing 

homology with vaccine strains with 100% query coverage and 100% 

homology.Samples and vaccines were showed difference at the nucleotide 

position 2773, 2816, 2817, 2885, and 3189. From the multiple sequence 

alignment, it could be conclude that the two vaccines belonged to CPV-2 type 

and the further samples were associated to CPV-2b type. 

Kulkarni.(2016) performed sequence analysis of nine PCR positive 

isolates,canine parvovirus sequenced contrast with , FPV from Argentina and 

USA , MEV from China, CPV-2 from USA, CPV-2a from  India and China,  CPV-

2b  from  Spain, China and Italy and CPV-2c from Uruguay,USA, reportedthat the 

sequence variation among CPV-2b and CPV-2Cat a position 746 such as AAT 

(Asparagine) and Asp (Aspartic acid), respectively which showed its diversity with 

sequence homology. The nucleotide maximum divergence between isolates and 

other CPV-2a isolates from India is 0.84% and homology 99.16%. 

Baba Sheikh et al. (2017) analysized total eight faecal samples for 

sequencing, Total Six virus sequences form clustered within the C5 branch, 

together with the CPV-2 from Egypt. Two remaining virus sequences clustered 
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within the C4 branch with CPV-2 sequences from Thailand, Taiwan, and China, 

terminated that CPV-2b strain was circulating in Sulaimani/Iraq. 

La Torre et al. (2018) analysized total 35 stool samples from different 

puppies exhibiting signs of the disease and positives by PCR.Sequencing were 

analyzed with an ABI 3730 DNA Analyzer, succeeded in characterizing CPV-2a, 

CPV-2b and CPV-2c by targeting VP2 gene of infected domestic dogs in 

Eucador. They observed high prevalence of CPV-2a followed by CPV-2b and 

CPV-2c. In addition by sequence analysis number of amino acid substitution at 

position such as 101, 139, 219 and other at VP2 gene was reported. 

Ahmed et al. (2018) by investigating 25 samples, reported the presence 

of CPV-2a with number of amino acid substitution such as Ser 297 Ala, Thr 390 

Ala, and Asp 434 Gly and reported to be unique in its presence. The BLAST 

analysis manifested that the feline panleukopenia virus (FPV) sequences in 

samples which showed 99% sequence homology to other FPV sequences 

present in GenBank. 

2.12 Phylogenetic analysis of Canine parvovirus 2: 

Mohan Raj et al. (2010) involved phylogenetic analysis of canine 

parvovirus by proceeding ten clinical sample sequences, in a study it showed 

very close homology with Japan and India with one sequence while few of them 

remained in clade with CPV-2a strains of Korea, USA, Italy, Brazil, Germany, 

Taiwan and Vietnam and few sequences had distinct lineage but shared 

molecular relationship with new CPV-2a reference strains. 

Majer-Dziedzic et al. (2011) constructed dendrogram tree by using the 

program POPGEN32 according to Nei’s coefficient, and then the UPGMA 

algorithm (Unweighted Pair-Group Method Using Arithmetic Averages) was 

selected for hierarchical clustering analysis. as per phylogenetic analysis strains 

of Poland revealed phylogenetic difference reported in 1982-1985 and in 1995-

2009. Few strains of 1980 remained close to variant CPV-2a (11 strains) and 

variant of 2b (2 strains),while there were no fundamental differences found in  

genetic profiles of the strains isolated from 1995-2009, which were classified as 

belonging to variant 2c. 
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Pinto et al. (2012) tested 144 stool samples from symptomatic dogs by 

involving PCR to target CPV-2 gene. In a result, 29.2% (42/144) found to be 

positive. By sequence analysis 78.6% isolates were CVP-2c, 19% as CVP-2b 

and 2.4% as CVP-2a. They proposed the maximum prevalence of CVP-2c in 

Brazil.A phylogenetic analysis revealed that there was similarity found in other 

countries and type 2c has become the chief type of virus strain circulating in 

Brazil. 

Zhao et al. (2013) reported that, six of thirteen PCR positive isolates are 

phylogenetically close to the European North and South American isolates 

reported from 1993 and 2010. 

Singh et al. (2014) reported phylogenetic analysis of CPV isolated from 

Mathura, India. Phylogenetic and molecular evolutionary examination were 

conducted using MEGA version 4.0.  They reported that minimum divergence 

among themselves and also showed minimum divergence from their ancestors, 

such as MEV, this indicated that they recorded marginal divergence among 

present and ancestor strains.Study also divulged that canine parvovirus-2 

variants may constitute a potential warning to canine populations. 

Mukhopadhyay et al. (2014) studied on CPV with VP2 gene in India with 

85 samples in a result based on sequences of VP2 gene,after Sequencing of 

these samples identified the predominant CPV strain as CPV-2a (Ser297Ala) 

with one CPV-2b (Ser297Ala) and another one was CPV-2a variant strain 

(Ser297Gly). They identified major prevalence of CPV-2a. As per phylogenetic 

analysis, during 2011 most of the reports are given by Tamil Nadu and 

Maharashtra region and in 2012 it was from Northern India. They were found to 

be grouped together with CPV-2a of China and India the most. 

Yang et al. (2015) investigated two isolates (QIACP1403 and 

QIACP1404) and reported that they remained closely associated phylogenetically 

with strain CPV-BM11 retrieved from Chinese dog in 2011. 

Kulkarni.(2016) sequenced nine PCR positive samples by involving 

Muscle multiple sequence alignment in MEGA7 software. Phylogenetic analysis 

done by using Bayesian time-scaled.Samples identified as CPV-2a where all 

grouped in CPV-2a clade and thus reported that CPV-2a already remained 

prevalent in the circulating part of Parbhani,Maharashtra. 
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Thomas et al. (2017) reported based on phylogenetic analysis that VP2 

gene of CPV-2 of Northern India.Positive samples were subjected to 

oligonucleotide sequencing and these isolates were found to be similar to CPV-

2a excluding at positions 264, 297 and 440 amino acid residues, found that they 

shared close relationship with sequences of China. These sequences remained 

variant in the amino acid position 264, 297 and 440 and typed as variant of CPV-

2a. 

Ahmed et al. (2018) reported that VP2 gene of CPV isolated from Dogs in 

Pakistan found to be sequence aligned. Phylogenetic trees were initiated by 

aligning the molecules using CLUSTAL-W, and by Maximum likelihood method of 

phylogenetic tree construction with 1000 bootstrap replications in MEGA7 

program, resulted phylogenetically resembles their closeness with Chinese, 

Indian and Pakistani isolates especially of CPV-2a strains. This data directed 

towards endemic situation of the region. 

2.13 Isolation of Canine Parvovirus using cell line: 

Parthiban et al. (2011) by involving CRFK cell lines, PCR positive isolates 

were subjected to virus isolation. From total 18 samples about 3 samples 

reported with mild cytotoxic effect that resulted in rounding, increased granularity 

and detached cells observed after third passage.Rounding and degenerative 

changes observed after 72 hrs. of post infection in CRFK cell lines.  

Puentes et al. (2012) used CRFK cell line for characterized canine 

parvovirus type 2c.Total twelve samples from two samples were subjected for 

isolation. Result observed in the form of rounding of cells as cytopathic effect. 

Presence of virus further supported by PCR and HA tests. 

Zhao et al. (2013) tested 31 faecal samples, three samples of them found 

to be positive for CPV-2a. These virus load inoculation produced typical CPE in 

the form of rounding, detachment of cells and increased granularity and cells 

remained detached and second blind passages in F18 cell line. Further 

cytopathic effect was confirmed by electron microscopy. 

Kaur et al. (2015) involved Nested PCR samples (n=50) for isolation of 

CPV in MDCK cell line. Monolayer observed after 24-48 hours. Among them, five 

NPCR samples are cytopathic in nature showing typical cytopathic effect. The 
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CPE remained featured with rounding of cells within 24hr, cell clumping with 48hr 

and cell detachment after 72 hours of post inoculation. 

Brindalakshmi et al. (2016) reported the use of CRFK cell lines for the 

isolation of CPV. Virus get adopted in CRFK cell line and after infecting cell line 

with virus  they were produceCPE in cell line such as Rounding and degenerative 

changes after third passage level in 72 hrs of post inoculums, and confirmation 

done by using PCR. 

Vieira et al. (2017) obtained testing samples of parvovirus from dogs 

living in close proximity of human-wildlife interface located in Atlantic forest 

biome; Brazil. They observed that out of 100 samples tested, 67 (67%) samples 

of healthy dogs exhibited CPE on cell lines in the form of cell rounding and partial 

lysis of the monolayer in comparison to control. 
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MATERIAL AND METHODS 

3.1 Material 

3.1.1 Place and Facilities 

The proposed research work was conducted at the Department of 

Veterinary Microbiology and Animal Biotechnology Teaching and Research Cell, 

Nagpur veterinary college, Nagpur. 

3.1.2 The organism and test strain: 

Megavac 7 in 1 (Indian Immunological) contain Live Canine Distemper, 

Adenovirus (CAV-2), Parvovirus, Para influenza and Inactivated Adenovirus 

(CAV-1), Leptospirosis Vaccine, available in commercial market, Nagpur, 

Maharashtra which was used as a pragmatic control. 

3.1.3 Biological, chemicals and scientific instruments. 

The molecular biology and analytical grade chemical and reagents used 

in the current study were acquired from Himedia, Sigma (USA), Promega (USA), 

Invitrogen and Qiagen. Glassware used in study were obtained from 

BorosilTM,India 

3.1.4 Clinical samples: 

Total 91 faecal samples/rectal swabs were collected from dog exhibiting 

clinical sign like, vomition, anorexia, high temperature, depression, and 

gastroenteritis, hemorrhagic enteritis, from various clinics located in and around 

Nagpur. Samples were collected along with history, age, sex, breed, vaccination 

status of pups was also noted during sample collection. Sample collected by 

using sterile swab and stored in -20oC for further processing. 
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Table 1: Details of Samples collection from in and around Nagpur 

Sr 
No. 

Date Place Sex Age Breed 
Vaccination 

Status 
Sample 

code 

1 20/5/2017 Roy Pet Clinic, Nagpur Male 2 Labrador NV D1 

2 17/6/2017 Marwa clinic,Nagpur Male 3 
German 
Shepard 

V D2 

3 17/6/2017 Dr. Marwa clinic,Nagpur Male 1.5 
German 
Shepard 

V D3 

4 17/6/2017 Dr. Marwa clinic,Nagpur Female 3 
German 
Shepard 

NV D4 

5 17/6/2017 TVCC, Nagpur Male 3M 
German 
Shepard 

V D5 

6 20/6/2017 TVCC, Nagpur Female 6 
Non 

descript 
NV D6 

7 20/6/2017 TVCC, Nagpur Female 4 Pomeranian NV D7 

8 20/6/2017 TVCC, Nagpur Female 3 
German 
Shepard 

NV D8 

9 25/6/2017 TVCC, Nagpur Male 6 Doberman V D9 

10 25/6/2017 TVCC, Nagpur Female 3 Labrador V D10 

11 03/7/2017 TVCC, Nagpur Male 1.5 
German 
Shepard 

V D11 

12 03/7/2017 Mahajan  pet clinic Male 2 
Non 

descript 
V D12 

13 03/7/2017 Mahajan  pet clinic Female 2.5 
Non 

descript 
NV D13 

14 03/7/2017 Mahajan  pet clinic Female 6 Labrador V D14 

15 03/7/2017 Mahajan  pet clinic Female 2 Labrador NV D15 

16 07/7/2017 TVCC, Nagpur Male 3 
German 
Shepard 

V D16 

17 07/7/2017 TVCC, Nagpur Female 3.5 
German 
Shepard 

NV D17 

18 07/7/2017 TVCC, Nagpur Female 3 
German 
Shepard 

V D18 

19 07/7/2017 TVCC, Nagpur Female 6 Doberman V D19 

20 07/7/2017 Dr. Marwa clinic,Nagpur Male 1 Doberman NV D20 

21 07/7/2017 Dr. Marwa clinic,Nagpur Male 9 Labrador NV D21 

22 07/7/2017 Dr. Marwa clinic,Nagpur Female 6 Doberman V D22 

23 15/7/2017 Dr. Marwa clinic,Nagpur Male 6 Pomeranian NV D23 
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24 15/7/2017 Dr. Marwa clinic,Nagpur Male 3 
German 
Shepard 

V D24 

25 15/7/2017 Dr. Marwa clinic,Nagpur Male 3 Doberman V D25 

26 15/7/2017 TVCC, Nagpur Female 6 Pomeranian V D26 

27 03/8/2017 TVCC ,Nagpur Male 4 
Non 

descript 
NV D27 

28 03/8/2017 Dr. Marwa clinic,Nagpur Male 6 
Non 

descript 
NV D28 

29 03/8/2017 TVCC, Nagpur Female 4.5 
German 
Shepard 

V D29 

30 03/8/2017 TVCC, Nagpur Male 1.5 Labrador NV D30 

31 08/8/2017 TVCC, Nagpur Male 4 Labrador V D31 

32 08/8/2017 TVCC, Nagpur Male 3 Doberman V D32 

33 08/8/2017 TVCC, Nagpur Female 2 Labrador NV D33 

34 08/8/2017 TVCC, Nagpur Female 3.5 
Non 

descript 
NV D34 

35 13/8/2017 Dr. Marwa clinic,Nagpur Male 3 Great Dane V D35 

36 13/8/2017 Dr. Marwa clinic,Nagpur Male 3 
German 
Shepard 

NV D36 

37 13/8/2017 Dr. Marwa clinic,Nagpur Male 1 Doberman NV D37 

38 13/8/2017 Dr. Marwa clinic,Nagpur Male 9 Doberman NV D38 

39 17/8/2017 Polyclinic, Nagpur Female 3 Doberman NV D39 

40 17/8/2017 Polyclinic, Nagpur Female 7 Doberman NV D40 

41 21/8/2017 Polyclinic, Nagpur Female 1 Doberman NV D41 

42 21/8/2017 Polyclinic, Nagpur Female 2 Pomeranian NV D42 

43 21/8/2017 Polyclinic, Nagpur Male 3 
Non 

descript 
NV D43 

44 21/8/2017 TVCC, Nagpur Female 6 
German 
Shepard 

V D44 

45 25/8/2017 TVCC, Nagpur Female 5.5 
Non 

descript 
NV D45 

46 25/8/2017 TVCC, Nagpur Male 3.5 
Non 

descript 
NV D46 

47 25/8/2017 TVCC, Nagpur Male 3 Doberman NV D47 

48 25/8/2017 Hingna road,Nagpur Female 1.5 Labrador NV D48 

49 25/8/2017 Hingna road,Nagpur Male 1 
Non 

descript 
V D49 

50 25/8/2017 Hingna road,Nagpur Female 3 
Non 

descript 
NV D50 
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51 27/8/2017 Hingna road,Nagpur Male 3 Great Dane V D51 

52 27/8/2017 Hingna road,Nagpur Female 1.5 
Non 

descript 
NV D52 

53 27/8/2017 Hingna road,Nagpur Female 6 
Non 

descript 
NV D53 

54 02/9/2017 Hingnaroad,Nagpur Female 1 
German 
Shepard 

NV D54 

55 02/9/2017 Sanjivni clinic,Nagpur Male 2.5 Labrador NV D55 

56 02/9/2017 Sanjivni clinic,Nagpur Female 3 Great Dane V D56 

57 02/9/2017 Sanjivni clinic,Nagpur Male 4 
German 
Shepard 

V D57 

58 02/9/2017 Sanjivni clinic,Nagpur Male 4.5 
German 
Shepard 

NV D58 

59 02/9/2017 Sanjivni clinic,Nagpur Male 6 
German 
Shepard 

V D59 

60 12/9/2017 Raut pet clinic,Gittikhadan Male 2 Great Dane V D60 

61 12/9/2017 Raut pet clinic,Gittikhadan Female 3 
Non 

descript 
NV D61 

62 12/9/2017 Raut pet clinic,Gittikhadan Male 1.5 Doberman NV D62 

63 12/9/2017 Raut pet clinic,Gittikhadan Male 4.5 Labrador NV D63 

64 12/9/2017 Sanjivni clinic, Nagpur Male 5 
German 
shepard 

NV D64 

65 17/9/2017 Sanjivni clinic, Nagpur Female 5 Great Dane V D65 

66 17/9/2017 Sanjivni clinic ,Nagpur Female 5 Labrador NV D66 

67 17/9/2017 Raut pet clinic,Gittikhadan Female 5.5 Pomeranian V D67 

68 17/9/2017 Raut pet clinic,Gittikhadan Female 2.5 Great Dane NV D68 

69 26/9/2017 Sanjivni clinic ,Nagpur Male 4 Pomeranian NV D69 

70 26/9/2017 Sanjivni clinic, Nagpur Male 4 Doberman NV D70 

71 26/9/2017 Sanjivni clinic, Nagpur Male 3 
Non 

descript 
NV D71 

72 26/9/2017 TVCC, Nagpur Male 3 
German 
Shepard 

NV D72 

73 5/10/2017 TVCC, Nagpur Male 6 Doberman NV D73 

74 5/10/2017 TVCC, Nagpur Female 6 
Non 

descript 
NV D74 

75 5/10/2017 TVCC ,Nagpur Male 2 Doberman NV D75 

76 5/10/2017 TVCC ,Nagpur Male 4 Pomeranian NV D76 

77 13/10/2017 Mahajan  pet clinic Female 4 
German 
Shepard 

NV D77 
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78 13/10/2017 Mahajan  pet clinic Male 3.5 
Non 

descript 
NV D78 

79 13/10/2017 Mahajan  pet clinic Male 6 Great Dane NV D79 

80 13/10/2017 Bhojne pet clinic Male 5 Great Dane NV D80 

81 13/10/2017 Bhojne pet clinic Male 1 
Non 

descript 
NV D81 

82 13/10/2017 Bhojne pet clinic Male 6 Pomeranian NV D82 

83 6/12/2017 TVCC, Nagpur Female 7 
Non 

descript 
NV D83 

84 18/01/2018 Marwa clinic,Nagpur Female 1.5 
German 
Shepard 

NV D84 

85 23/01/2018 Marwa clinic,Nagpur Male 5.5 
Non 

descript 
NV D85 

86 26/02/2018 TVCC, Nagpur Male 2 
Non 

descript 
NV D86 

87 26/02/2018 TVCC, Nagpur Male 4 Pomeranian NV D87 

88 26/02/2018 TVCC, Nagpur Male 4 
German 
Shepard 

NV D88 

89 26/02/2018 TVCC, Nagpur Male 9 Pomeranian NV D89 

90 26/02/2018 TVCC, Nagpur Male 4 
Non 

descript 
NV D90 

91 03/03/2018 TVCC, Nagpur Female 7 
Non 

descript 
NV D91 

3.1.5 Clinical observations  

Detailed clinical examination was carried out for all the diarrheic dogs. 

The detailed history of the case, clinical parameters such as rectal temperature, 

color of conjunctival mucus membrane, respiratory rate and heart rate, type of 

diarrhea and the level of dehydration were recorded.  

3.1.6 Hiculture Collecting Device (VS) 

Hiculture Collecting Device (VS) was used for collection of fecal samples. 

The device consisted of sterile transport viscose swab with polypropylene stick 

with Size 150 × 12 mm diameters. (M/S Himedia Laboratories Pvt. Limited, 

Mumbai, India). 
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3.1.7 Equipments 

Balance: Balance of Contech,India is used for weighing reagents in study 

Vortexer (Genei,Bangloare) 

Centrifuge machine (Thermo scientific,India) 

Autoclave (M.C.Dalal,india) 

Hot air oven (M.C.Dala,india) 

Refrigerator 40C (LG,India) 

Deep freezer (-200C) (Blue star,India) 

ULT freezer (-700C),(Thermo scientific,india) 

Hot Water bath (Memmert, Germany) 

Micropipettes (Eppendrof, Germany and Fisherbrand, USA) 

Spinvin (Genie, India) 

Thermo cycler pros (Eppendrof, Germany) 

Nanodrop (Eppendroff, Germany) 

Laminar air flow  (Microfilt, India) 

UV transilluminator  (Syngene G box, Uk) 

Gel electrophoresis apparatus (Genei,Banglore) 

Gel-documentation system (G-Box, genesys) 

CO2 incubator (Thermoscientific,USA) 

Inverted microscope (Zeiss, Germany) 

3.1.8 Plastic ware and other consumables 

Pipette tips (Genexy,India) 

96 well U bottom micro titreplates(Tarson,India ) 

Centrifuge tubes 15 ml and 50 ml (Himedia,India) 

PCR tubes (Axygen, USA) 

Cell culture flask (NEST,USA) 

Para film (bio basic inc., USA) 
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Syringes and needles (Dispovan,India) 

Syringe filter with 0.22 um pore size (Pall corp.USA) 

3.1.9 Canine parvovirus antigen rapid test kit 

UbioquickVET canine parvovirus antigen rapid test kit is used in study for 

screening of samples. 

3.1.10 Oligonucleotide primers: 

         The Oligonucleotide primers used for PCR to amplify VP2 gene of CPV-2 

virus are given in Table-2 

Table - 2. Details of Primers specific for VP2 gene of CPV used in PCR 

Primer name Sequence primers (5’-3’) Product size Reference 

CPV-2ab-F GAAGAGTGGTTGTAAATAATT 

681 bp 
Sheikh et 

al,(2017) 
CPV-2ab-R CCTATATAACCAAAGTTAGTAC 

3.1.11 MDCK cell line  

MDCK cell lines were procured from National Centre For Cell Sciences 

(NCCS), Pune, Maharashtra for present study. 

3.2 Methodology 

3.2.1 Haemagglutination (HA) test 

3.2.1.2  1% Porcine Erythrocytes 

The  blood  samples  were  collected  from  non-descript,  local  breed  of 

adult swine in  Alsever’s solution in equal quantity of both solution and blood 

(1:1,v/v)and kept at 40C for 48 hrs. The  centrifugation  was  carried  out  at  1500  

rpm  for  20  min  and  washed the RBCs  thrice in  Phosphate  buffered  saline  

(PBS)  having pH  7.2,  and  the  porcine erythrocytes  were stored at 40C for 

further use. 

3.2.1.3 Preparation of samples 

The fecal samples collected from suspected cases were immersed in 

PBS. The samples were then centrifuged at 2500 rpm for 20 min at 40C. The 
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supernatant were separated and preserved at -200C and these supernatant used 

for further HA test. 

3.2.1.4 Procedure 

The Haemagglutination test (HA ) test performed as per OIE . 

 Take 25 microliter of PBS into each well of U bottom microtitre plate. 

 Add 25 microliter of virus suspension in the first well.mix the contents 

properly and transfer 25 microlitres to the next well. Again mix the 

suspension and transfer to next well, thus carry out two fold dilution of 

virus up to ninth well. 

 Discard 25 microliter suspension from the ninth well.  

 The eleventh well is maintained as RBC control and 12th well as antigen 

control. 

 Add 25 microliter of 1% porcine RBC suspension in all the wells in a row. 

 Shake the plate well and keep it at 40C for 30 minutes. 

 Read the test in 30, 45 and 60 minutes of interval and record the result. 

Interpretation of the result: 

 HA titer of 64 and above was considered as positive for CPV antigen.  

3.2.2 Detection of Canine Parvovirus Ag 

 Fecal samples were screened for CPV antigen ubioquickVET Canine 

Parvovirus antigen rapid test kit  as per Folitse et al.(2017) 

3.2.2.1 Procedure: 

 The Rectal swab inserts into assay diluents and agitates it sufficiently in 

order to good sample extraction; make sure that suspension does not 

contain any precipitation by centrifuging it if required. 

 Placed it for few minutes. 

 Add 3 drop of the specimen into sample hole “s”. 

 Wait for 10 minutes and interpret the result. 

 The result is considered invalid after 15 minutes. 
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3.2.2.2 Interpretation of the result: 

 The sample was considered positive for the presence of CPV if two red 

bands appear one in the control line (C) and the other in the test line (T).   

 The sample was considered negative for CPV if one red band appears in 

the control line(C) with no apparent band in the test line (T).   

 If no purple band appears in the control line(C) or if a band appears in the 

test line (T) but not in the control line(C), then the test is invalid. 

3.2.3 Nucleic Acid Detection Methods 

3.2.3.1 Extraction of DNA from Vaccine. 

Megavac 7 in 1 (Indian Immunological) available in commercial market, 

Nagpur, Maharashtra, was used as a pragmatic control. The DNA was extracted 

from these vaccines using DNA extraction kit. (Promega kit,USA) 

3.2.3.2   Extraction of DNA from the faecal samples  

The DNA was extracted from faecal samples by using DNA extraction kit. 

(Promega kit,USA) 

3.2.3.3 Processing of faecal samples 

The fecal sample were collected in phosphate buffer saline (pH=7.2) to 

make suspension followed by centrifugation at 2000 rpm for 10 minutes, to 

remove shaggy particles and cellular debris. The clarified suspension was stored 

at -200C till further use. 

3.2.3.4 Procedure for extraction of viral DNA from Vaccine as per kit 

protocol 

 Three hundred microlitre of vaccine was taken in tube. 

 Add two hundred microlitre of proteinase K solution and vortex it properly. 

 Add four hundred microlitre of cell lysis buffer, vortex for 10 sec. 

 Incubate it at 560 C for 30 minutes. 

 After that add five hundred microlitre of binding buffer (BBA), vortex for 10 

sec. 
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 Place a Relia prep TM binding column into a collection tube for each 

sample. 

 After that add liquid portion of sample and to the binding column and 

centrifuge for 1 minute at maximum speed (rpm). 

 Discard the swab. 

 Place the column into a fresh collection tube. 

 After add five hundred microlitre of column wash solution given in kit to 

the column and centrifuge at maximum speed for 2 minutes. If the sample 

is still visible on top of the membrane, centrifuge the column for another 

minute. 

 After that place the column in a fresh collection tube. 

 Repeat the washing step twice for a total of 3 washes. 

 Place the column into a clean ,labeled 1.5 ml microcentrifuge tube and 

add fifty microlitre of nuclease free water and centrifuge the column for 1 

minute at maximum speed. 

 Then discard the column and the genomic DNA of vaccine can be placed 

at -200C. 

3.2.3.5 Procedure for extraction of viral DNA from rectal swab. 

 Take a rectal swab in PBS solution, vortex it properly. 

 Centrifuge the tube at 2000 rpm for 15 minutes. 

 Collect the supernatant in another vial. 

 Add two hundred microlitre of proteinase K solution and vortex it properly. 

 Add four hundred microlitre of cell lysis buffer, vortex for 10 sec. 

 Incubate it at 560 C for 30 minutes. 

 After that add five hundred microlitre of binding buffer (BBA), vortex for 10 

sec. 

 Place a Relia prep TM binding column into a collection tube for each 

sample. 
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 After that add liquid portion of sample in to the binding column and 

centrifuge for 1 minute at maximum speed (rpm). 

 Discard the swab. 

 Place the column into a fresh collection tube. 

 After add five hundred microlitre of column wash solution given in kit to 

the column and centrifuge at maximum speed for 2 minutes. If the sample 

is still visible on top of the memebrane, centrifuge the column for another 

minute. 

 After that place the column in a fresh collection tube. 

 Repeat the washing step twice for a total of 3 washes. 

 Place the column into a clean, labeled 1.5 ml microcentrifuge tube and 

add fifty microlitre of nuclease free water and centrifuge the column for 1 

minute at maximum speed. 

 Then discard the column and the genomic DNA of vaccine can be placed 

at -200C. 

3.2.3.6 Standardization of Polymerase Chain Reaction (PCR) for 

amplification of VP2 gene  

The  extracted viral  DNA  was  amplified  by  PCR  assay  using  VP2  

gene  specific primers. The PCR assay for VP2 gene was standardized using 

gradient PCR to obtain the maximum amplification of partial length of 681 bp 

product of the gene. The reaction was set up as follows. 

Components Volume/ reaction 

Template DNA 2 µl 

5X PCR buffer 10 µl 

Mg Cl2  (50 mM) 3 µl 

dNTPs (10 mM each) 1 µl 

Taqpolymeras(5 units/µl) 1 µl 

Forward Primer 2 µl 

Reverse Primer 2 µl 

Nuclease free water 29 µl 

Total 50 µl 
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DNA from a vaccine was used as a positive control and fecal sample from 

healthy dog kept as a negative control. All these ingredients are mix properly by 

vortexing. 

The reaction was carried out using following cycle conditions for VP2 gene. 

Steps Temperature Time 

Initial Denaturation 940C 5 Min 

3-step cycling for 30 cycles 

Denaturation 940C 1 Min 

Annealing 500C 2 Min 

Extension 720C 2 Min 

Final extension 720C 10 Min 

cooling 40C - 

The PCR product were removed from the Thermal cycler ProS 

(Eppendroff, Germany) and analyzed by gel electrophoresis. 

3.2.3.7 Confirmation of VP2 gene amplicons by agarose gel electrophoresis 

Gel casting plates were assembled and kept on leveled surface and open 

sides were then sealed with adhesive tape. Gel comb was set inside the chamber 

having 1 mm base above the platform. Boiled 1% agarose ( Sigma Aldrich) which 

was prepared in 0.5X Tris borate electrophoresis (TBE) buffer and then added 

with ethidium bromide when temperature reaches to about 50oC with final 

concentration at 0.5 µg/ml. Molten agar then poured on casting platform and 

allowed to solidify. After solidification carefully gel comb was removed along with 

tape. The plate was then submerged in the electrophoresis tank with well at the 

cathode end of the tank with sufficient quantity (about 1 mm level) of 

electrophoresis buffer (TBE, 0.5X) above the surface of the gel. 

About 5 µl of PCR product was then mixed with 3 µl of bromophenol blue 

(6X) (Sigma aldrich) gel loading dye and loaded into well. In another well, 100 bp 

DNA ladder (Sigma aldrich) was loaded as a marker. Further electrophoresis was 

carried out at 5 volts/cm and at end of migration gels were monitored under UV 

light for banding pattern by using UV transilluminator (Syngene G box, Uk). 
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3.2.4. Sequencing 

One sample randomly selected On the basis of amplicon of PCR, The 

PCR product were  selected and were commercial sequenced from Triyad 

Genomic, Coimbatore,Tamilnadu India and submitted to DDBJ. 

 3.2.4.1. Sequence and Phylogeny analysis  

The  obtained  sequences  from  the  field  sample  were  subjected  to 

BLAST   analysis   with   GenBank database   sequences   using   BLASTn 

algorithm available at NCBI blast  (http://blast.ncbi.nlm.nih.gov/Blast) the Clustal-

W (CLUSTAL 2.1 multiple sequence alignment) as per the method of Kauret  

al.,(2015)  to  confirm  the  presence  of  the  gene  specific  to  CPV. The  

nucleotide sequences of VP2 gene fragment of CPV were aligned using default 

parameters of muscle  alignment  implemented  in MEGA  6.0  software  

(http://www.megasoftware. net/)  as  per  the  method  of  Tamura et al., (2013) 

with  32  sequences  including sequences  of  Indian  and  foreign  CPV  isolates  

retrieved from   GenBank (http://www.ncbi.nlm.nih.gov/genbank/index.html). 

Molecular Phylogenetic analysis was carried using Maximum  Likelihood 

method based on the Kimura 2 –parameter model (Kimura., 1980).Initial tree (s)  

for the heuristic search were obtained automatically by applying Neighbor-Join 

and BioNJ algorithms to a matrix of pairwise distances estimated using the 

Maximum Composite Likelihood (MCL) approach, and then selecting the 

topology with superior log likelihood value. A discrete Gamma distribution was 

used to model evolutionary rate differences among sites (0.1160) the tree is 

drawn to scale, with branch lengths measured in number of substitutions per site 

.All positions containing gaps and missing data were eliminated.  

3.2.5 Isolation of Canine parvovirus-2  

Virus Isolation is done by using Madin Darby Canine Kidney (MDCK) Cell 

Line which was procured from National Centre of Cell Science, Pune (India).The 

fecal sample positive for canine parvovirus by PCR used for virus isolation in 

MDCK cell line. 

3.2.5.1Cell line and culture  

MDCK cell line was procured from National Centre of Cell Science, Pune 

(India) and was maintained in the Department of Veterinary Microbiology and 

http://www.ncbi.nlm.nih.gov/genbank/index.html
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Animal Biotechnology T & R Cell, Nagpur Veterinary Collage, Nagpur. The cell 

culture flask having MDCK cell line had been transported in maintenance 

medium as monolayer in cell culture flask. The cell culture flask (25 cm² cell 

culture flask) was kept in incubator at 37ºC with 5% CO2. Cells were observed 

under inverted microscope. 

3.2.5.2 Subculturing of MDCK cells    

Observed the cell under inverted microscope for confluent monolayer of 

MDCK cell line in cell culture flask was subjected to subculturing. The GM DMEM 

in the cell culture flask was discarded and monolayer of MDCK cells was given 

two washings with PBS (pH 7.2). Then, 1 ml of TPGV solution was added to 

cover the surface of cells and the flask was kept at 37ºC for 30 seconds for the 

detachment of the cells. Again, 2 ml of TPGV was put in to flask and kept for 1 

min, then medium was removed and a film of TPGV was left in the flask. Flask 

was kept at incubator at 37ºC with 5% Co2 for 5 min. Detachment of cell 

monolayer could be visualized against the tube light. Once the cell detachment 

was observed under inverted microscope, GM DMEM was added to neutralise 

the effect of trypsin. Vigorous pipetting was done for effective detachment and 

new flasks were seeded with these cells at the split ratio of 1:2. The new flasks 

were supplemented with 5 ml of GM DMEM each and incubated at 37ºC for 

obtaining a complete monolayer.  

3.2.5.3 Preparation of virus inoculums/ sample processing 

The collected fecal sample were suspended in 10% (W/V) phosphate 

buffered saline (PBS, pH 7.2),was centrifuged at 10000 rpm for 10 minutes rpm 

at 4°C to collect the supernatant. Collected supernatant then filter through 0.45 

membrane syringe filter, and these filtrated mixed with equal volume of DMEM 

medium contain 2% FBS and 10 ug/ml crystalline trypsin.After proper mixing 

incubate it at 37o C for 60 min.after incubation 1 ml of mixture inoculated into cell 

culture flask with 80-90% confluent monolayer of MDCK.Kept it for 1 hour of 

incubation in CO2 incubator at 370C with 5% CO2 for complete adsorption. 

Washed the cells 3 times with plain DMEM .After washing over layered the cells 

with maintenance medium contain 1 ug/ml crystalline trypsin and placed the flask 

in CO2 incubator at 370C with 5% CO2.and examined under inverted microscope 

daily up to 5 days for the appearance of cytopathic effects (CPE). One un-
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infected monolayer cell culture flask was kept as normal cell control by adding 

maintenance media for maintenance of the MDCK cells. 

3.2.5.4 Harvesting of the virus  

After incubation for 5 days for the CPE, the cell line irrespective of 

whether CPE appeared or not was subjected to two cycles of alternative freezing 

and thawing. The samples which did not exhibit CPE in first passage were further 

subjected to 2nd and 3rd passage. The cell culture fluid was collected in micro 

centrifuge tube and stored at -20°C to be used for further passaging of the 

samples. 

3.2.5.5 PCR of cell culture passage samples 

The cell culture fluid of the sample which showing CPE obtained were 

screened for the confirmation of canine parvovirus by PCR. The cell culture fluids 

were subjected for DNA extraction using DNA extraction kit (Promega, USA).  As 

described earlier 3.2.3.5.The PCR of the sample was done using same cycling 

condition and confirmation of VP2 gene amplicon by agarose gel electrophoresis 

was done as described earlier 3.2.3.6 and 3.2.3.7. 
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RESULT AND DISCUSSION 

Canine parvovirus-2 is one of the most infective pathogenic viruses, 

highly contagious and deadly disease of dog specially pups, and it can prove 

fatal if untreated. It is responsible for causing diarrhea accompanied by severe 

hemorrhagic enteritis and myocarditis in dogs. In 1978, Canine parvovirus 

emerged as one of the serious viral infection in dog population causing heavy 

mortality. 

Canine parvovirus cause blood tinge dirrahoea, vomittion, dehydration 

and infected dog serve as a potential source of infection to 

others.Immunosuppression is one of the major causes of CPV, which may lead to 

reduce immunity of dog against other infectious diseases.(Kaur et al., 2015). 

  In India, CPV-2 was first recorded in Chennai city by Balu and Thangraj 

in 1981.Chennai has large number of populations of canines, hence there is high 

risk of infection, several occurrences of diseases have been reported from 

various states of India from both vaccinated as well as unvaccinated dogs. 

In the 1980s, the original CPV-2 underwent antigenic changes and was 

totally replaced by novel antigenic variants nominated as CPV-2a, CPV-2b and 

more recently CPV-2c and the original CPV-2 virus is tough to record for its 

presence in canine populations and existed only in vaccine formulations. It is still 

being formulated in the preparation of commercial vaccines. Therefore, effective 

vaccine treatment against CPV infection in dogs remains ineffective to protect 

pups against new CPV antigenic variants. Thus, vaccine used currently to 

prevent CPV-2 infection in dogs fails to effectively protect pups against the new 

CPV antigenic variants. 

Although the clinical cases of CPV are diagnosed by clinical signs, the 

confirmation must be done at laboratory. In a testing setup, number of regular 

methodologies such as hemagglutination inhibition (HI), ELISA, PCR, virus 

isolation, electron microscopy, immunochromatography, Immunofluorescent test 

(IFT) and agarose gel precipitation test are very common. However, a prompt 

diagnosis from the laboratory is beneficial to the clinical practitioner for immediate 

initiation of suitable therapy. 
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 There are various diagnosis methods including both conventional and 

molecular, seeing the severity of infection, present study was undertaken by 

using various diagnostic methods include Haemagglutination test (HA), antigen 

detection kit, Polymerase chain reaction, genome sequencing with phylogenetic 

analysis along with isolation of CPV in cell line.  

4.1 Haemagglutination test 

Haemagglutination test involves the haemagglutination activity of canine 

parvovirus, typically with the procine RBS’s maintained at 4°C (Carmichael et al., 

1980) and by which we can differentiate CPV from Feline panleukopenia virus 

(FPV), minute virus of canines and Mink Enteritis Virus (MEV). The property of 

binding to the specific sialic acid receptor is important for diagnosis. HA test is 

rapid, specific and inexpensive results are generated in 2-4 hours. The only 

limitation is the need of regular supply of the reactive RBCs and check for 

specificity of low tittered reaction with haemagglutination inhibition assay 

(Senda., 1986). In the present study also, canine parvovirus took 1-2 hours to 

agglutinate the pig RBC at 4OC. These findings were correlating with the 

observations made by (Marulappa et al.,2009). 

In the present study, a total  of 91 faecal samples were collected from dog 

with different  places of Nagpur having symptoms like diarrhoea, (Plate 1 and 2)  

gastroenteritis with pyrexia, vomition (Plate 3) were screened for presence of 

CPV-2,by haemagglutination test using porcine erythrocyte as per OIE. Samples 

showing mat formation considered as positive and HA titer above 32 considered 

as positive for HA. (Muthuraj et al., 2016). 

4.1.1. Frequencies wise prevalence of CPV infection by HA test 

A total 91 faecal samples were screened by HA test of them 22 (24.17%) 

samples agglutinated pig RBC with titer ranging from 64-1024. Nine samples 

shows 64 HA titer, Six samples shows HA titer 128, four sample shows 256 HA 

titer, Two sample shows HA titer 512 and only one sample shows HA titer 1024 

(Table 3, Plate 4 and 5). The HA titer of processed faecal samples above 64 

were considered as positive for the canine parvovirus (Shashidhara and 

Kapil.,2009).  Our result was found similar with Kulkarni (2016) who processed 

25 fecal sample out of these 9 sample were positive for HA showed titer >64 

considered positive whereas Reddy et al. (2012)  found that total 217 faecal  



Plate 1: Dog showing Bloody diarrhea (CPV-2)  

Plate 2 : Dog showing acute Bloody diarrhea (CPV-2)  



Plate 3: Dog showing Vomition (CPV-2)  
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samples for CPV antigen by HA test of them 72 samples were positive 

with titers ranging from 32-1024. Silva et al. (2013) were collected total 112 fecal 

samples out of these 32 samples tested highly positive with titers >128, eight 

tested positive with titers 32 and 64.Umar et al. (2015) were collected 198 faecal 

samples from dogs out of them 45 samples were found positive by 

haemagglutination with prevalence of 22.7 %. 

Table 3: Distribution of HA titres of CPV positive faecal samples with their 

frequencies. 

HA titre Frequencies 

64 9 

128 6 

256 4 

512 2 

1024 1 

Total 22 

Although epidemiological analysis is not the focus of present study, it is 

essential to document some observations related to age of pups, sex, breed and 

their vaccination status. Samples which show positive titers were distributed 

according to age, sex, breed and vaccination status of dogs by HA inTable 4. 

 

 

 



 Plate 4 : HaemagglutinationTest  of CPV vaccine and   
               control with Pig RBCs.  
               Positive control:-1 
               Negative control:-2 

1 2 

 Plate 5  : Haemagglutination Test of CPV with Pig RBCs to   
               sample  
               Lane 1,2,3,6 and 7 show matt formation :- positive     
               samples. 

               Lane 4,5 and 8 show button formation :- Negative        

     samples.  

    Lane-1 

     Lane-2 

     Lane-3 

     Lane-4 

       Lane-5 

        Lane-6 

       Lane-7 

       Lane-8 
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Table 4:Details of Age, Sex, Breed and Vaccination Status of samples 

positive by HA 

Sr.No Lab code HA positive Age Sex Breed 
Vaccination 

status 

1 CPV-36 + 3 M German Shepherd NV 

2 CPV-37 + 1 M Doberman NV 

3 CPV-68 + 2.5 F Great dane NV 

4 CPV-32 + 3 M Doberman NV 

5 CPV-55 + 2.5 M Labrador NV 

6 CPV-78 + 3.5 M Non descript NV 

7 CPV-60 + 2 M Great dane NV 

8 CPV-12 + 2 M Non descript V 

9 CPV-81 + 1 M Non descript NV 

10 CPV-72 + 3 M German Shepherd NV 

11 CPV-62 + 1.5 M Doberman NV 

12 CPV-84 + 1.5 F German Shepherd NV 

13 CPV-8 + 3 F German Shepherd NV 

14 CPV-59 + 6 M German Shepherd NV 

15 CPV-26 + 6 F Pomerian V 

16 CPV-58 + 4.5 M German Shepherd NV 

17 CPV-67 + 5.5 F Pomerian NV 

18 CPV-85 + 5.5 M Non descript NV 

19 CPV-17 + 3.5 F German Shepherd NV 

20 CPV-23 + 6 M Pomerian NV 

21 CPV-5 + 3 M German Shepherd V 

22 CPV-21 + 9 M Labrador NV 
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4.1.2. Age, sex, breed and vaccination status wise prevalence of CPV-by 

HA. 

In the present study, total 22 HA positive faecal samples were distributed 

according to age, sex, breed and vaccination status. Age wise distribution 

showed that maximum positive samples belong to age group of 0-3 (26.60%) 

followed by 4-6 (23.07%) and then 6-9 (14.28%).(Fig.1) highest prevalence was 

observed in male dog (30.18%)(Fig.2).Breed wise analysis of data indicated that 

highest prevalence in German shepherd (36.36%), followed by Pomerian (30 %), 

Great Dane (25%), Doberman (18.75%),  Labrador (16.66%) and Non descript 

(17.39%) (Fig.3).Three samples were positive with prevalence of (17.8%) in 

vaccinated and (30.15%) in non vaccinated dogs. (Fig.4) .The results in respect 

of age were corroborated with the reports of Banja et al. (2002b). Younger pups 

showed more prevalence as they lack effective innate immunity against virus and 

CPV showcased close affinity for dividing cells available in the intestine of the 

young animals. 

The present study of sex-wise prevalence is in contrast with Banja et al. 

(2002) who confirmed that sex does not influence the incidences of the CPV 

infection. Whereas Reddy et al. (2012) and Kaur et al. (2015) reported that male 

(37.30% and 63.63%) was more prone to CPV than female (27.47 and 

36.36%).As per breed wise recording, current study showcased harmony with 

Sagar. (2005) report where he stated that Indian canine parvo virus enteritis has 

got the status of new emergence and few breeds like German shephard 

,Labrador, Spitz and at under sever risk of parvo viral enteritis as compared to 

Mongrels which remain less susceptible. Similarly,Sanjukta et al.(2011) recorded 

the similar findings with 50% presence of CPV in Doberman followed by German 

shephard (41.1%) and Spitz (32.5%). Regarding result of vaccination status of 

the dogs, Deepa and Saseendranath. (2002) also reported vaccination failures in 

dogs due to vaccinated with killed or live virus vaccines. Possibility of ineffective 

vaccine response may be arising due to inadequate repetition of the booster 

doses of killed vaccine Hoskins. (2006), or it may be because of new genetic 

composition of the emerging CPV strains (Decaro et al.,2008). 

 

 



 

      Fig. 1:  Age-wise status of Canine Parvovirus by HA 

 

 

      Fig. 2 :  Sex-Wise distribution of Canine Parvovirus by HA 
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  Fig. 3:  Breed-Wise Prevalence of Canine Parvovirus by HA 

 

 

Fig. 4:  Prevalence of Canine Parvovirus by HA based on the vaccination 

status. 
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4.2. Detection of CPV-2 Antigen by Kit 

A rapid detection of CPV-2 infection can control secondary infection of 

susceptible contact animals especially in kennels and shelters and clinical 

diagnosis are error prone, by involving laboratory methods. CPV-2 detection 

could be speed up in infected dogs. Among many available tests, 

immunochromatography assay (ICA) rated top in the rapid detection of CPV-2 

cases and also offers their high sensitivity at low cost and can be performed by 

any veterinarians as well as by owners (Esfandiari and Klingeborn.,2000). 

However, it remains affected by the viral load available in the sample and 

remained noneffective at low viral load. 

 In the present study, a total of 91 faecal samples were screened for 

presence CPV antigen by ubioquickVET parvovirus antigen detection rapid test, 

of them 34 (35.86%) samples were found positive. (Plate 6 and 7). The present 

findings agree with findings of Sundaran et al. (2015) who stated rapid 

immunochromatographic strip test certainly capable of detecting canine 

parvovirus infection. 

There are diverse ways for detection of the virus antigen in canine feces 

by rapid antigen test kit. This enables the specific parvovirus antibodies to 

identify antigen in canine feces with high degree of accuracy.These results 

agreed with other investigators Esfandiari and Klingeborn.(2000), also same 

results recorded by Mosallanejad et al.(2008), when used the same test kit which 

showed high sensitivity and specificity to detect the subtypes in Iran, also Oh et 

al. (2006) used kit to detect antibodies rather than antigen. 

 



     

Plate 6  : Ubio quickVET Canine parvovirus antigen  
               rapid test kit showing positive and negative     
               reaction for CPV antigen. 
               Both “C” and “T” line show –Positive. (Sample-11)              
               Only “C” line show  -Negative. (Sample-24) 
 

Plate 7: Sample compare with commercially available   
              Parvovirus vaccine. 
              Parvovirus vaccine:-Positive 
             Sample No 11:-positive 
             Sample No 24:-Negative 
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Table 5:Details of Age, Sex, Breed and Vaccination Status of samples 

positive by Antigen detection Kit 

Sr.N
o 

Lab 
code 

Antigen 
Kit 

Age Sex Breed 
Vaccination 

status 

1 CPV-36 + 3 M 
German 
Shepherd NV 

2 CPV-37 + 1 M Doberman NV 

3 CPV-20 + 1 M Doberman NV 

4 CPV-21 + 9 M Labrador NV 

5 CPV-42 + 2 F Pomerian NV 

6 CPV-25 + 3 M Doberman NV 

7 CPV-47 + 3 M Doberman NV 

8 CPV-8 + 3 F 
German 
Shepherd NV 

9 CPV-60 + 2 M Great Dane NV 

10 CPV-78 + 3.5 M Non descript NV 

11 CPV-7 + 4 F Pomerian NV 

12 CPV-18 + 3 F 
German 
Shepherd V 

13 CPV-12 + 2 M Non descript V 

14 CPV-43 + 3 M Non descript NV 

15 CPV-46 + 3.5 M Non descript NV 

16 CPV-67 + 5.5 F Pomerian NV 

17 CPV-58 + 4.5 M 
German 
Shepherd NV 

18 CPV-54 + 1 F 
German 
Shepherd NV 

19 CPV-11 + 1.5 M 
German 
Shepherd NV 

20 CPV-30 + 1.5 M Labrador NV 
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21 CPV-72 + 3 M 
German 
Shepherd NV 

22 CPV-81 + 1 M Non descript NV 

23 CPV-85 + 5.5 M Non descript NV 

24 CPV-3 + 1.5 M 
German 
Shepherd V 

25 CPV-68 + 2.5 F Great Dane NV 

26 CPV-54 + 1 F 
German 
Shepherd NV 

27 CPV-23 + 6 M Pomerian NV 

28 CPV-84 + 1.5 F 
German 
Shepherd NV 

29 CPV-41 + 1 F Doberman NV 

30 CPV-5 + 3 M 
German 
Shepherd NV 

31 CPV-17 + 3.5 F 
German 
Shepherd NV 

32 CPV-12 + 2 M Non descript V 

33 CPV-64 + 5 M 
German 
Shepherd NV 

34 CPV-88 + 4 M 
German 
Shepherd NV 

4.2.1. Age, sex, breed vaccination status wise prevalence of CPV-by 

Antigen detection kit. 

In the present study, total 34 samples positive by antigen detection kit 

distributed according to age, sex, breed and vaccination status (Table 5). Age 

wise distribution showed that maximum positive samples belong to age group of 

0-3 (51.11%,) followed by 4-6 (48.71%) and then 6-9 (14.28%). (Fig.5) Highest 

prevalence was observed in male dog (60.37%). (Fig.6) Breed wise analysis of 

data indicated that highest prevalence in German shepherd (72.72%), followed 

by Pomerian (40 %), Doberman (25%). (Fig.7) 4 samples were positive with 

prevalence of (14.28%) in vaccinated and (46.03%) in non-vaccinated dogs. 



 

Fig. 5:  Age-wise status of Canine Parvovirus by Antigen detection kit 

 

 

Fig.  6:  Sex-Wise distribution of Canine Parvovirus by Antigen detection Kit 
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Fig. 7:  Breed-Wise Prevalence of Canine Parvovirus by Antigen  detection kit 

 

 

Fig. 8:  Prevalence of Canine Parvovirus by Antigen detection kit based on 

the vaccination status 
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(Fig.8).Similar result found to Vakili et al. (2014) who reported,out of 50 

samples tested, 39 (78%)were positive below the age of 6 months.Also, the 

similar result of sex-wise prevalence in the present study agreed with Vakili et 

al.(2014) reported increasing incidences with male (62%) dogs. Vaccinated dogs 

(16%) are less prominent as compared to un-vaccinated (35.41%) Reddy et al. 

(2015). As per Cavalla et al.(2001) as low number of incidences are reported with 

vaccinated dogs indicated the success of the vaccination in them. 

4.3. Detection of CPV-2 by polymerase chain reaction. 

PCR is sensitive, rapid technique to detect the nucleic acid from various 

samples, PCR has been improved the accuracy of diagnosis and help to identify 

infectious cause of diseases.PCR has ability to synthesis millions copies of 

specific segments of genes. 

PCR technique has been widely used for diagnosis of Canine parvovirus, 

as compare to haemagglutination test and other conventional diagnostic test, 

PCR gives most sensitive and accuracy of diagnosis.PCR has been first time 

used for diagnosis of canine parvovirus in Turkey. 

In present study viral DNA was amplified by PCR assay using VP2 gene 

specific primers. Total 91 rectal swabs were collected from the dogs showed 

signs of diarrhoea, and hemorrhagic enteritis, gastroenteritis with pyrexia. The 

PCR assay for VP2 gene was first standardized to obtain the maximum 

amplification of partial length of 681 bp product of the gene. Collected samples 

were screened by PCR. DNA was extracted from faecal sample of dogs for 

detection of CPV by Promega DNA extraction kit.Quality of DNA was checked on 

Nanodrop (Eppendorf). Out of 91 faecal samples, 41 samples were found 

positive by PCR with product size of 681 bp.Incidence rate of canine parvovirus 

was found to be (45.05%) according to present study. The result is depicted in 

(Table 6. Plate 8).  Nearly similar findings were reported by Behera et al. (2015) 

by testing 71 faecal samples about 29 (40.85%) samples recorded positive by 

involving PCR assay for the study of epidemiology of canine parvovirus infection 

in dogs located in Bhubaneswar. 

Kaur et al. (2015) were collected 100 fecal samples from diarrheic dogs, 

out of these 11 samples were found positive by PCR yielding a product size of 

1198 bp. 



     

1       2      M       4     5     6        7        8 

681 bp 

 500 bp 

100 bp 

 Plate 8  :Amplification of VP2 gene of Canine  

                parvovirus-2 by PCR. 

Lane 1:-Sample No 11 

Lane 2:- Positive control (Vaccine) 

Lane 3:-Ladder 100 bp 

Lane 4:- Sample No 37 

Lane 5:- Sample No 36 

Lane 6:- Sample No 68 

Lane 7:- Negative sample 

Lane 8:- Blank 
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Apaa et al. (2016) collected 53 faecal samples from dogs, of them20 

samples were found positive by PCR yielding a product of 430 and 193 

bp.Kulkarni et al. (2016) extracted DNA’sfrom 25 fecal samples of canine 

parvovirus out of them 09 samples were found to be positive by PCR with band 

of 747 bp size.Ahmed et al. (2018) were collected total 40 rectal swabs from dog 

showing symptoms of bloody diarrhea. Out of them 33 samples were confirmed 

by amplified partial VP2 gene using specific primer pair Hfor/Hrev through PCR. 

Table 6: Details of Age, Sex, Breed and Vaccination Status of samples 

positive by PCR. 

Sr.N
o 

Lab 
Code 

PCR 
positiv

e Age Sex Breed 
Vaccination 

status 

1 CPV-11 + 1.5 M German Shepherd V 

2 CPV-15 + 2 F Labrador NV 

3 CPV-20 + 1 M Doberman NV 

4 CPV-21 + 9 M Labrador NV 

5 CPV-18 + 3 F German Shepherd V 

6 CPV-36 + 3 M German Shepherd NV 

7 CPV-37 + 1 M Doberman NV 

8 CPV-41 + 1 F Doberman NV 

9 CPV-55 + 2.5 M Labrador NV 

10 CPV-54 + 1 F German Shepherd NV 

11 CPV-60 + 2 M Great dane V 

12 CPV-62 + 1.5 M Doberman NV 

13 CPV-68 + 2.5 F Great dane NV 

14 CPV-72 + 3 M German Shepherd NV 

15 CPV-29 + 4.5 F German Shepherd V 

16 CPV-43 + 3 M Non descript NV 
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17 CPV-25 + 3 M Doberman NV 

18 CPV-8 + 3 F German Shepherd NV 

19 CPV-85 + 5.5 M Non descript NV 

20 CPV-32 + 3 M Doberman NV 

21 CPV-61 + 3 F Non descript NV 

22 CPV-59 + 6 M German Shepherd NV 

23 CPV-26 + 6 F Pomerian V 

24 CPV-78 + 3.5 M Non descript NV 

25 CPV-84 + 1.5 F German Shepherd NV 

26 CPV-81 + 1 M Non descript NV 

27 CPV-75 + 2 M Doberman NV 

28 CPV-42 + 2 F Pomerian NV 

29 CPV-12 + 2 M Non descript V 

30 CPV-58 + 4.5 M German Shepherd NV 

31 CPV-5 + 3 M German Shepherd V 

32 CPV-7 + 4 F Pomerian NV 

33 CPV-3 + 1.5 M German Shepherd V 

34 CPV-77 + 4 F Non descript NV 

35 CPV-64 + 5 M German Shepherd NV 

36 CPV-67 + 5.5 F Pomerian V 

37 CPV-88 + 4 M German Shepherd NV 

38 CPV-59 + 4 M German Shepherd NV 

39 CPV-30 + 1.5 M Labrador NV 

40 CPV-23 + 6 M Pomerian NV 

41 CPV-17 + 3.5 F German Shepherd - 
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4.3.1. Age, sex, breed vaccination status wise prevalence of CPV-by PCR. 

In the present study, total 41 PCR positive faecal samples were 

distributed according to age, sex, breed and vaccination status. Age wise 

distribution showed that maximum positive samples belong to age group of 0-3 

(57.77%) followed by 4-6 (35.89%) and then 6-9 (14.28%) (Fig 9). Highest 

prevalence was observed in male dog (49.05%) (Fig 10).As per breed study 

highest occurrence reported in German shepherd (72.72%), followed by 

Pomerian (50%), Doberman (43.75%). (Fig 11).Eight samples were positive with 

prevalence of (28.57%) in vaccinated and (52.83%) in non-vaccinated dogs. The 

results are shown in (Fig12) Thus; maximum animals affected by CPV were of 0-

3 months of age similar results were also documented by (Biswas et al.2006, and 

Singh et al.2013) who mentioned the severity of the CPV in young animals. 

Result of sex-wise prevalence in the present study was similar to the report given 

by Khan et al.(2006) and Srinivas et al. (2013) who stated increased prevalence 

in male for the CPV infection.Behera et al.(2015),The high prevalence of CPV in 

male dogs might be due to more chance of exposure due to certain behavioral 

pattern and selective preference of keeping male dogs by pet owners. Regarding 

results of breed wise prevalence in the present study was similar with Singh et al. 

(2013) who stated that Labrador, Pomeranian and German shepherd breeds are 

more prone to CPV infection. 

The PCR result of vaccination status of the dogs reveled some of the 

vaccinated dogs were positive for CPV by PCR indicating that it might be 

possible, the CPV presence in the vaccinated dogs cannot be ruled out. However 

history could not be obtained for possible causes of vaccination failure, faulty 

vaccination and interference of maternal immunity reported by (Decaro and 

Buonavoglia., 2012 and Chinchkar et al.,2014).There are reports by Nigerian 

Veterinarians that the canine parvovirus is common in vaccinated dogs (Shima et 

al.,2015). 

4.4. Detection of CPV by Conventional and Molecular diagnostic tests. 

Global spread of the parvoviral infection putting up the global concern. To 

add up severity numbers of clinical signs are quite common to other enteric 

diseases and hence put up a major challenge to detect it urgently. It is 

understood that regularly used conventional methods such as EM and virus 



 

Fig. 9:  Age-wise status of Canine Parvovirus by PCR 

 

 

Fig. 10 :   Sex-Wise distribution of Canine Parvovirus by PCR 
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       Fig. 11:  Breed-Wise Prevalence of Canine Parvovirus by PCR 

 

 

Figure. 12:  Prevalence of Canine Parvovirus by PCR based on the      

vaccination status 
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isolation remain affected by the low sensitivity, time consuming approach 

and relatively expensive (Esfandiari, and Klingeborn.,2000, Desario et al., 2005 

and Cho et al.,2006). It is also known that serological tests by involving antibody 

remain successful but generally fail to detect the acute infection. Another test 

known as HA HI tests although remain simple but suffered from low sensitivity 

and demand the supply of fresh erythrocytes. (Desario et al.,2005 and Silva et 

al., 2013). In comparison to many failures, now molecular markers detection by 

PCR showcase its defined specificity (Subhashini et al., 1997) and sensitivity 

Sakulwira et al, (2001) compared to used conventional antigens or other 

antibody-based methods. However, this test demand expensive machines and 

reagents and hence applied at limited places (Mohyedini et al., 2013). Among 

them, IC based canine fecal antigen test kits represent itself the fastest kit to 

detect parvoviral infection and also remains sensitive, simple and rapid in 

performance (Vakili et al., 2014). 

However, the necessity of expensive equipment and reagents restricts its 

use as a field level test (Mohyedini et al., 2013). The most rapid method for 

diagnosis of parvoviral infections in practice is IC based canine fecal antigen test 

kits which are sensitive, simple, and rapid (Vakili et al., 2014).The test protocol is 

easy and does not demand special equipment (Cho et al., 2006; Esfandiari and 

Klingeborn .,2000; and Mohyedini et al., 2013). 

In the present study of the 91 faecal samples subjected to HA, antigen 

detection kit of CPV and PCR to compare the sensitivity of these tests. Out of 

them 22 (23.91%) samples were found positive by HA. 34 (37.36%) samples 

were found positive by antigen detection kit and 41 (45.05%) samples were found 

positive by PCR. shown in (Table 7 Fig 13) 

Our results showed that PCR was more sensitive than HA and antigen 

detection kit.The result agreed with Vakili et al. (2014) who involved PCR and 

immunochromatography assay for detection of Canine parvovirus during 

hemorrhagic gastroenteritis. They reported 50 rectal swabs testing, out of them 

34 samples confirmed positive with immunochromatography and as expected 50 

samples positive by PCR. 

HA as a test certainly now proving better as far as its low cost and 

implementation is concerned. As in this study, a very poor correlation between 
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HA and PCR method as they observed many positive viral DNA in a HA negative 

samples. This lack in sensitivity may be due to the absence of HA activity in CPV 

strains (Parrish et al., 1988) or it may be possible that higher level of viral titres 

are demanded to produce HA and also in the fact that presence of specific 

antibodies in the intestinal luman majorly inconsistency most of the CPV virions, 

and these reducing or preventing Parvoviral binding to Erythrocyte (Decaro et al., 

2005; Descairo et al., 2005). It is also reported that unrelated outputs of results 

are may be because of low HA titre (32-64) of the sample supplied. 

As per Decaro et al., (2010) EIA, HA and PCR remain sensitive to the all 

types of CPV including CPV-2C resultant of genetic variation and finds itself 

capable of checking even with genomic changes. It is ascertained by preliminary 

screening where 23-33% of dogs with negative result but symptomatically 

positive cases could be further checked by more sensitive PCR technique to 

improvise the CPV diagnosis. In a further check, possibility of mutation at a 

binding region of primer/probe regions needs to be the regular practice to avoid 

skips (Hong et al., 2007). 

Table 7: Details of detection of CPV by conventional and molecular 

diagnostic tests. 

Test HA 
Antigen detection 

kit 
PCR 

Number of Positive 
samples 

22 (23.91%) 34 (35.86%) 41 (45.05%) 

Number of faecal  
samples tested 

91 91 91 

4.5. Composition of antigen detection kit with PCR: 

Dogs infected with Parvovirusposing a global threat: As clinical sign is 

common with other enteric diseases it demands rapid diagnosis conditions and 

protocols to initiate the precise treatment. Among many test, rapid 

immunochromatography based canine faecal antigen test remains sensitive, 

simple and rapid. (Vakili et al., 2014).In the current study, where antigen-based 

kit was detecting moderate positive cases when compared to PCR. Hence any 

antigen detection kit sensitivity possibly remains dependant on viral load 



 

 

 

 

 

 

 

Fig. 13:   Comparison of CPV-2 positive samples by  HA,Antigen detection kit 

and PCR. 
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available in sample (Schimtz and Coenen., 2009).The result is 

represented in (Table 8). 

By using combination of tests, it can be evaluated with number of different 

sample sets which could be involved in designing strategy for CPV identification 

in dogs. In the current study, when LFA test was combined with PCR, lower 

number of positive cases than individual test was recorded. Here two LFA 

positive samples failed to remain positive in PCR test. The possibility of failure in 

PCR could be related with inhibitory content in faecal matter. This result remains 

comprehensive with findings of Mochizuki et al. (1993) and Tinky et al. (2015) 

who confirmed the possibility of PCR failure due to presence of inhibitory 

materials in faeces and that resulted in false negative result. Instead, the 

negative PCR result, found to be positive for LFA test. This confirms the proper 

handling is prerequisite for managing sensitivity. 

Table 8: Sensitivity and Specificity of antigen detection kit in relation to 

PCR for detection of Canine Parvovirus Antigen. 

Test  
PCR  Sensitivity Specificity 

Positive Negative Total 

78.08% 96% 
Antigen 

detection 
kit 

Positive 32 2 34 

Negative 9 48 57 

Total  41 50 91 

In the present study, sensitivity and specificity of antigen detection kit 

(UbioquickVET kit) compared to PCR was found to be 78.08%and 

96%respectively. The results agree with Vakili et al. (2014) who stated that PCR 

remnants more sensitive than test LFA. Tinky et al. (2015) confirmed the 92.8% 

specificity of PCR as compared to 72.7% obtained with immune chromatography 

strip test. In contrast, Esfandiani and Kinge Born. (2000) informed better 

specificity (98.8%) and sensitivity (100%) with immunochromatography assay or 

LFA. Hence in the current study use of LFA test to detect rapid screening in field 

level and further confirmation could be done by PCR. 
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4.6. Sequence analysis of VP2 gene of sample 

For the sequence analysis, a sample randomly selected on the basis of 

amplicon of PCR, The PCR product were selected and submitted to the Triyad 

Genomic, Coimbatore, Tamil nadu, India for sequencing of VP2 gene. After 

obtaining the sequence, these were analyzed using NCBI BLAST and MEGA 6.0 

software (http: //www.megasoftware. net/).The sequences of the sample were 

submitted to the DDBJ GenBank and the sample was assigned the GenBank 

accession number LC404128 for CPV -37. Phylogenetic tree was constructed by 

neighbor joining method by bootstrap with the branch length 0.1160. 

On the basis of BLAST analysis, the samples and other vaccine strains 

had 36-42% homology with Canine Parvovirus. In the multiple sequence 

alignment, nucleotide sequences of the sample (CPV -37) and the vaccines were 

compared and aligned with the available VP2 nucleotide sequences in the 

Genbank, revealed that the samples belonged to the CPV-2b antigenic type.The 

nucleotide sequences of the samples and the vaccine strains were also 

phylogenetically analyzed with the VP2 gene sequences of the other Indian and 

world isolates available in the GenBank. From the phylogenetic tree including the 

Indian isolates JN625222, JN6253219,JN625220,JN625224,JN625221, 

KR703264 and EU274304 it was revealed that  the sequence in the present 

study formed a separate node from rest of the Indian isolates indicating regional 

variation in the CPV isolates (Plate 9). From the phylogenetic tree including the 

worldisolates,HQ589342,HQ589342,FJ349320,FJ349321,FJ197846,FJ197847,K

R703264,FJ197833,FJ197832,FJ197845,FJ197842,FJ197839,FJ197834,AB128

923,KY348775,AB120727,AB120724,AB120720,AB120728,JN625223,AB12072

5,AB120721,AB120723,it was observed that all the 32 sequences  analyzed in 

the present analysis were phylogenetically distributed into three separate 

bifurcation  each  having separate node .The sequence in the present study  had  

53 and 54% homology with the Argentina FJ349324,FJ349323 (CPV 2a and 2b) 

Canine Parvovirus sequence . Looking to the bootstrap phylogeny tree there was 

almost 50% sequence identity of occurrence of same possible taxonomic unit. 

The present study findings of Phylogenetic analysis of VP2 gene of dog 

for parvovirus infection differ in respect to homology but similar type of virus 

strain circulating in India with the findings of Kaur et al. (2015) who performed 

sequence analysis of CPV. The PCR amplicon of VP2 gene was sequenced and 



     

Plate 9: Phylogenetic analysis of VP2 gene of CPV-37 sample with  

              vaccines, Indian and World isolates. 
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homology searched by NCBI BLAST and CLUSTAL omega. Based on the 

close homology four samples (P14, P44, P45 and P89) along with vaccine strains 

showcased 100% homology with the Query CPV. By using CLUSTAL omega 

nucleotide sequences of all isolates and two vaccines candidates were compared 

and aligned with already submitted VP2 sequences such as EU659116.1 (CPV-

2), EU3103 73.2 (CPV-2a), JQ743893.1 (CPV-2b) and JF414822.1 (CPV-2c). 

Analysis revealed that numbers of variations was recorded at position 2773, 

2816, 2817, 2885, and 3189 in the samples and two vaccines. With the 

CLUSTAL omega, it could be concluded that two vaccines strains belonged to 

CPV-2 type and related closely with CPV-2b. 

Baba Sheikh et al. (2017) studied phylogenetic analysis using partial VP2 

gene. Total eight samples analyzed for sequencing, The CPV-2 sequences 

originated from different continents including Asia, Europe, USA country and 

Africa. The VP2 sequences of CPV formed five different clusters (C1–C5). All six 

CPC sequences on the current study clustered within C5 branch, in together with 

CPV-2 of Country Egypt (Accession number KM21294). Two remaining virus 

sequences clustered within the C4 branch with CPV-2 sequences from Thailand, 

Taiwan, and China, current alignment of eight nucleotide of field virus sequences 

showed homology in the range 95-99%, which conclude that CPV-2b was 

currently the only virus circulating in Sulaimani/Iraq. 

Yang et al. (2015) determined the nucleotide sequence of VP2 genes of 

QIACP1403 and QIACP1404 and framed to translation in amino acid sequences 

and further analyzed by molecular weight and found to be of CPV-2b type. 

Number of SNPs based amino acid changes were detected for VP2 gene 

residues of these two isolates. Phylogenetic analyses showed that these two 

isolates were (99.5%) having close homology with strain CPV-BM11 and remain 

isolated from china Dog in 2011.  

The similarity rates of nucleotide identity among CPV strains were 

variable (78.6 to 99.16%). After phylogenetic analysis the samples was 

characterized as CPV -2a reported by Mohan raj. (2010), Majer-Dziedzic et al. 

(2011), Mukhopadhyay et al. (2014), Perez et al.(2014) Kulkarni et al.(2016) and 

Ahmed et al. (2018). Whereas, samples were characterized CPV- 2c reported by 

Nandi et al. (2010), Pinto et al. (2012) and Zhao et al. (2013). Majer-Dziedzic et 

al.(2011) reported that the mutations in the original CPV-2 strains and the 
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appearance of the variants (2a, 2b and 2c) were due to the particular amino acid 

changes predominantly in the capsid protein VP2. Perez et al.(2012) emphasized 

on the dynamic changes in CPV variants and highlighted the importance of 

surveillance programs to provide a better comprehension of virus epidemiology.  

4.7. Isolation of CPV-2 virus in MDCK cell line: 

Ability to adapt, detect and isolate parvovirus from MDCK cell lines has 

been attempted by inoculating one faecal sample of pups less than 6 month of 

age were earlier found to positive for parvovirus by PCR was selected for virus 

isolation in cell culture. After the inoculation virus get adopted in cell. The 

complete monolayer was obtained within 48-72 hours (plate 10).Virus inoculated 

in MDCK cell line and show cytopathic effect in the form of rounding of cells 

(plate 11)  within 24 hr of post infection and after 48 hrs there was complete 

rounding of cell was observed, (plate 12) CPE has been marked after 72 hr in the 

form of clumping of cells (plate 13).The cytopathic effect remain continued after 

96 hrs with detachment of cell.(plate 14) These changes were typical of 

parvovirus infection in MDCK cell line and were also  reported by Kaur et al. 

(2015)  who examined 60 samples selected for isolation, only five NPCR positive 

samples exhibited cytopathic effects (CPE) in the MDCK cell line. The CPE 

observed in the shape of rounding of cells within 24 hr, clumping of cells within 

48 hr and detachment of cells within 72 hr of inoculation. Zhao et al. (2013) 

examined fecal samples, isolated the type CPV-2a from three fecal samples, 

among three samples, one isolate CPV-2 and with second blind passages, 

typical CPE as rounding, increased granularity and detached cells recorded to be 

appearing in the contaminated F81 cells.Kaur et al. (2015b),isolated canine 

parvovirus-2 by using MDCK cell line, samples shoe cytopathic effect in the form 

of rounding, clumping and detachment of cell,complet destruction of cell structure 

after 96 hours of PI. Brindalakshmi et al. (2016), isolated virus in CRFK cell line, 

rounding as well as degenerative changes were observed as cytopathic effect at 

third passage level of 72 hours post infection. Vieira et al. (2017) was isolated 67 

out 100 (67%) CPV samples. The cytopathic effect remained associated by cell 

rounding and/or partial or total lysis of the formed monolayer when checked with 

control. 

The cell culture fluid from the samples exhibiting CPE was collected to 

isolate the DNA. The DNA extracted from cell culture fluid of the samples 
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exhibiting CPE was subjected to PCR. In PCR, 681bp product were amplified 

which confirmed the presence of CPV and the harvested materials were 

preserved at -80°C. 

 

 



Plate 10 :  Monolayer of MDCK cell line  

                  at 10 x magnification 

Plate 11 :Rounding of cell start at 24 hours of post- 
                infection at 10 x  magnification  



 Plate 12 :Complete rounding of cells after 48 hours of  

                 post-infection at 10X magnification. 

Plate 13   : Clumping of cell observed after 72 hours  

                   of post-infection at 10 x magnification 



 Plate 14: Detachment of cell observed after 96 hours  

                 of post-infection at 10x magnifications. 
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SUMMARY AND CONCLUSION 

Canine parvovirus is one of the most important viral diseases among the 

dog population, highly contagious disease of dog causing  hemorrhagic enteritis 

and myocarditis.CPV-2 is stable virus which mainly affecting canine 

population.CPV-2 spread from dog to dog by straight or incidental contact with 

infected feces of dog. In India, the disease was first time reported by Balu and 

Thangaraj in 1981.Many cases reported from vaccinated dogs.CPV is widely 

prevalent throughout the world and numbers of incidence have been reported 

from India, early diagnosis is an important aspect for preventing dog from such 

virus, by keeping in view, present study was tackled to study the molecular 

characterization of canine parvovirus-2 and different diagnostic aspect of CPV. 

In the present study, total 91 samples were obtained from dog exhibiting 

the sign of severe gastroenteritis.Collected faecal samples were screened by 

haemagglutination test, Antigen detection kit using UbioquickVET kit, Detection 

of VP2 gene by PCR, Sequencing and Phylogenetic analysis and isolation of 

virus using MDCK cell line. Among the Samples (91) screened, 22 samples 

were established positive with HA titre>64. Highest prevalence of Canine 

parvovirus was observed in the age category of 0-3 (26.60%)followed by 3-6 

(23.07%) and 6-9 (14.28%).It was observed that pups below the age of 6 month 

are most prone to CPV infection. 

Sex wise prevalence showed that maximum prevalence was observed in 

male (30.18%) as compare to female (15.78%) dogs by HA test.In the current 

study, unvaccinated dogs (30.15%)were showed maximum prevalence than 

vaccinated dogs (17.8%), but some vaccinated dogs were also positive for CPV 

infection by HA test due to antigenic variant.  

Total 91 faecal samples were screened by using UbioquickVET antigen 

detection kit,among these 34(35.86%) samples were found positive by kit. 

Highest prevalence of CPV was observed in the age group 0-3 (51.11%) followed 

by 3-6 (48.71%) and 6-9 (14.28%).Male (60.37%) showed high prevalence than 

female (28.94%).Four samples were found positive in vaccinated dogs with 

prevalence (14.28%) and in non-vaccinated dog prevalence was observed 
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(46.03%).Twelve faecal samples which were negative by HA test were found 

positive by Antigen detection kit.(UbioquickVET). 

Further samples were processed for DNA extraction and subjected for 

PCR for detection of VP2 gene.  Out of 91 faecal samples 41(45.05%) samples 

were found positive with uniform band of 681 bp.By PCR, maximum prevalence 

observed in age group of 0-3 (57.77%)and 3-6 (35.89%).Sex wise male (49.05%) 

were more susceptible for CPV infection than female (39.46%)dogs and 

unvaccinated (52.38%) dog showed highest prevalence rate than vaccinated 

(28.57%) dogs, indicated that new antigenic strain was circulating and due to 

these there was failure of  vaccination .Among all these test ,Breed wise 

examination of data indicated that highest currency in German shepherd 

(72.72%), followed by Pomerian (50%) and Doberman (43.75%). 

PCR was found to be highest sensitivity detecting (45.05%) as positive 

followed by antigen detection kit (35.86%) and HA (23.91%).PCR was further 

compared with the Antigen detection Kit for detection of CPV infection with 

respect to sensitivity and specificity. The antigen detection kit show moderate 

sensitivity and specificity as compared to PCR. The sensitivity and specificity of 

PCR was 78.08% and 96%. 

After amplifying VP2 gene by specific primer, further PCR product was 

subjected for sequenced commercially and obtained sequence data was 

analyzed using bioinformatics tool such as NCBI BLAST and phylogenetic 

analysis was carried out using MEGA 6 software. The sequences of the sample 

were submitted to the DDBJ Genbank and the sample was assigned the 

Genbank accession number LC404128 for CPV -37sample which belonged to 

the CPV-2bantigenic type. 

On the basis of BLAST analysis,In the multiple sequence alignment, 

nucleotide sequences of  sample (CPV -37) and the vaccines  were compared 

and aligned with the available VP2 nucleotide sequences in the 

Genbank.Phylogenetic analysis revealed that the sample and other vaccine 

strains has36-42% homology.The nucleotide sequences of the samples and the 

vaccine strains were also phylogenetically analyzed with the VP2 gene 

sequences of the other Indian and world isolates available in the GenBank.It 

revealed that the sequence in the current study formed a separate cluster from 
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rest of the Indian isolates indicating regional variation in the CPV isolates.It was 

observed that all the 32 sequences analyzed in the present study were found that 

isolates were distributed into three separate bifurcation, each  having separate 

node .The sequence in the present study  has  53 and 54% homology with the 

Argentina FJ349324,FJ349323 (CPV 2a and 2b) of Canine Parvovirus sequence. 

Among all PCR positive samples, one sample randomly selected for virus 

isolation in MDCK cell line, virus gets adopted after 3 passages. Characteristic 

cytopathic effect was noticed after 24 hours of post infection in shape of rounding 

of cell, followed by complete rounding of cell after 48 hours, clumping in 72 hours 

of post infection and eventually detachment of cell after 96 hours. 

Thus it can be concluded from the present study that: 

Conclusion 

1. Canine faecal samples were screened by Haemagglutination test (HA), 

antigen detection kit and PCR, revealed that 23.91%, 35.86% and 45.05% 

cases positive for CPV-2. 

2. Highest incidence of canine parvovirus-2 was found in pups’ upto the age 

of 3 month. 

3. There was significance difference between sexes with respect to 

susceptibility to CPV-2 infection. Males were found to be more prone to 

CPV-2 infection than female. 

4. The CPV-2 positive cases were also found in dogs that had been 

vaccinated for the virus. 

5. German shepard (72.72%) was found to be more prone for CPV-2 

infection followed by Pomeranian (50%) Doberman (43.75%) and Non-

descript (30.43%). 

6. The prevalence of CPV-2 based on the age, sex and breed was similar in 

HA, Antigen detection Kit and PCR.  

7. PCR is more sensitive than HA and antigen detection kit. 

8. The Sensitivity and specificity of PCR with other diagnosis test was 

established to be 78.08%and 96%. 
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9.  PCR with highest sensitivity was taken as a gold standard to relate the 

finding of CPV-2 with other diagnostic test. 

10. From the sequence and phylogenetic analysis, it was concluded that the 

isolates of Nagpur region showing 53-54%homology with the isolates from 

the Argentina. 

11. Partial length VP2 gene sequence analysis revealed the sample CPV -37 

(Accession number-LC404128) belonged to CPV-2b. 

12. One positive sample was used for infecting MDCK cell line showed 

significance cytopathic effect (CPE) in shape of rounding (48 hours), 

clumping (72 hours) and detachment (96 hours) of post infection was 

observed. 
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APPENDICES 

A) Reagents used for sample processing 

10% (W/V) phosphate buffered saline (PBS, pH 7.2) 

 

Phosphate buffered saline (PBS) pH 7.2 

 

Sodium chloride (NaCl)                                              :  8.0 g 

Potassium chloride (KCl)                                            :  0.20 g 

Disodium hydrogen phosphate (Na2HPO4.2H2O)    :  1.44 g 

Potassium dihydrogen phosphate (KH2PO4)            :  0.24 g 

TGDW                                                                         :  800 ml 

 

Dissolve and adjust pH to 7.2 with HCl. Add TGDW to 1000 ml. Sterilize by 

autoclaving 

 

B)Reagent used for HA test. 

 

Alsever’s solution  - 

D-Glucose                           -2.05 gm 

Citric acid                            -0.055 gm 

Sodium citrate                     -0.8 gm 

Sodium chloride                  - 0.42 gm 

Distilled water                      -100 ml 

 

Mix it well and sterilize in autoclave at 1160C for 10 min.allow to cool and stored 

in the refrigerator. 

 

C)Reagents/buffers for polymerase chain reaction 

i) Agarose  

Agarose (Invitrogen) was used for the preparation of Agarose gel. 

 

                  Agarose                            : 2.0 gm 

                 TAE buffer                         : 100 ml 

Heat the suspension to completely dissolve the agarose. 
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ii) Ethidium bromide (10 mg/ml) 

 

Ethidium bromide                                : 1 g 

TGDW to make                                   : 100 ml 

Stir on magnetic stirrer for several hours and store in dark bottles at room 

temperature. 

 

iii) Gel loading buffer (6X) 

Bromophenol blue                                 : 0.25 g 

Sucrose                                                 : 40 g 

TGDW to make                                     : 100 ml 

 

iii) TAE buffer (50X) 

Tris base                                               : 12.1 g 

Glacial acetic acid                                 : 2.85 ml 

0.5 M EDTA                                           : 5 ml 

TGDW to make                                     : 50 ml 

 

D) Reagents for Isolation of Canine parvovirus-2 

 

i) Fetal Bovine Serum  

Fetal bovine serum (FBS) procured from Hi-Media (India) was used in this study. 

 

ii) Antibiotic and Antimycotic solution  

 

Antibiotic and antifungal solution (100X) containing streptomycin (10 mg/ml), 

penicillin (10,000 units) and amphotericin B (25μg/ml) from Sigma (USA) was 

used in the study.  

 

iii)  L-glutamine 

The L-glutamine used in media preparation was procured from Amresco (USA). 

A solution of 30mg/100ml of L-glutamine was used in the study.  
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iv) Growth and Maintenance Media  

 

DMEM (Dulbecco’s Modified Eagle’s Medium) (Sigma, USA) with Sodium 

bicarbonate and L-glutamine was used for propagation and maintenance of 

MDCK cell line and for cultivation of Canine parvovirus.  

v) Growth medium (GM)  

 

Stock DMEM                                               : 89ml  

Foetal Bovine Serum                                  : 10ml  

L-glutamine (30mg/100ml)                          :1.0ml  

Antibiotic and antimycotic (100X)               :0.1ml  

The pH was adjusted to 7.2. The growth medium was filtered through 0.22μm 

membrane filter (47mm diameter) (Millipore, USA) and after sterility checking for 

72 hours at 37°C, the medium was kept at 4°C until further use.  

 

vi)Maintenance medium (MM)  

 

The composition of the maintenance medium was similar to growth medium 

except that the fetal bovine serum was added at the rate of 1 per cent instead of 

10 per cent.  

Stock DMEM                                           : 89ml  

Fetal Bovine Serum                                : 1.0ml  

L-glutamine (30mg/100ml)                     :1.0ml  

Antibiotic and antimycotic (100X)             : 0.1ml  

The pH was adjusted to 7.2. The maintenance medium was filtered through 

0.22μm membrane filter (47mm diameter) (Millipore, USA) and after sterility 

checking for 72 hours at 37°C, the medium was kept at 4°C until. 

 

vii) Trypsin Phosphate Glucose Versine (TPGV) solution  

      Trypsin                                               : 100mg  

      Versine (EDTA)                                  : 200mg  

      Glucose                                               : 500mg  

      Phosphate buffered saline                  : 100ml  

It was subjected to filtration with 0.22μm membrane filter (Millipore, USA) 

and was stored in aliquots at 4°C. 
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ABSTRACT 

Canine parvovirus is an important pathogen of dogs and is responsible for 

serious occurrences of morbidity and mortality, in spite the availability of safe and 

successful vaccines. The virus belongs to the family Parvoviridae .Canine 

parvovirus causes hemorrhagic enteritis and bloody diarrhea in puppies above 

the age of 12 weeks.CPV emerged as a new virus in the late 1970s.Now, the 
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disease condition has been complex further due to development of new antigenic 

variants namely CPV-2a, CPV-2b, and CPV-2c above the years.VP2 is the major 

capsid protein of CPV which responsible for the evolution of diverse antigenic 

types. The virus is widely prevalent throughout the world and a more number of 

incidences have been reported from India by various workers. The present study 

was undertaken to study the incidence of Parvoviruses among canines  in and 

around Nagpur using conventional methods and molecular tools, further   an 

isolate were subjected for the phylogenetic relationship of Parvoviruses based on 

VP2 gene sequence of field isolate. 

In the present study, total 91 faecal samples/rectal swabs collected from 

dogs suspected for CPV-2 and screened for CPV antigen by HA, Ubio quickVET 

kit and PCR. The incidence of CPV by these tests was found to be 23.91%, 

35.86% and 45.05% respectively. Age wise distribution showed that maximum 

positive samples belong to age group of 0-3 (26.66%) followed by 4-6 (23.02%) 

and then 6-9 (14.28%). Highest prevalence was observed in male dog (30.18 %). 

Breed wise examination of data indicated that highest prevalence in German 

shepherd (36.36%), followed by Pomerian (30 %), Labrador (28.71%) Great 

Dane (27.77%), Doberman (18.75%), andNon descript (17.39%).Three samples 

were positive with prevalence of 17.8% in vaccinated and 30.15 % in non 

vaccinated dogs by HA. 

Age wise distribution showed that maximum positive samples belong to 

age group of 0-3 (51.11 %) followed by 4-6 (25.64%) and then 6-9 (14.28%). 

Highest prevalence was observed in male dog (43.39%).Breed wise analysis of 

data indicated that highest prevalence in German shepherd (72.72%), followed 

by Pomerian (40 %), Doberman (25%).Four samples were positive with 

prevalence of 14.28 % in vaccinated and 46.03 % in non vaccinated dogs by 

Antigen detection kit. 

Age wise distribution showed that maximum positive samples belong to 

age group of 0-3 (57.77%) followed by 4-6 (35.89%) and then 6-9 

(14.28%).Highest prevalence was observed in male dog (49.05%) than female ( 

39.46%).Breed wise analysis of data indicated that highest prevalence in German 

shepherd (72.72%), followed by Pomerian (50%), Doberman (43.75%).8 samples 

were positive with prevalence of 28.57% in vaccinated and 52.38 % in non 

vaccinated dogs by PCR.Indicating PCR exist more sensitive and specific. 
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In the present study, sensitivity and specificity of antigen detection kit 

(Ubio quickVET kit) compared to PCR was found to be 78.08%and 96% 

respectively. PCR detected more number of positive samples than Antigen 

detecting kit indicating that PCR is more sensitive than Antigen detection Kit. 

For the sequence analysis, a sample randomly selected on the basis of 

amplicon of PCR, the sequence analysis revealed that the samples were CPV-2b 

antigenic type. Sequence was submitted to the genebank and was assigned 

accession number (LC404128) for CPV-37. Phylogenetic analysis revealed has 

53 and 54% homology with the Argentina of Canine Parvovirus sequence.  The 

sequence in the present study formed a separate node from rest of the Indian 

isolates indicating regional variation in the CPV isolates. The finding suggested 

that more survey needed to know the true prevalence and significance of CPV 

worldwide. 

A PCR positive sample was adopted to grow in MDCK cells and produced 

typical cytopathic effect with normal architecture of cells got disrupted and 

rounding of cells occurs along with clumping and finally detachment of cells has 

been marked after 96 hours. The cell culture fluid was collected to extract DNA 

that was subjected to PCR. CPE positive samples amplified 681 bp product in 

PCR. 
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izca/k lkjka’k 

v- izca/kkps f’k"kZd % 'okukauke/khy ikbOgks fo"kk.kq&2 

jksxkps ukxiqj vkf.k lHkksorkrhy 

foHkkxkrqu lq{e js.kfo; xq.ko.kZu 

    

c- fo|kF;kZps iq.kZ ukao % Mksjyhdj ik;y jkts’k 

    

d- ekxZn’kZdkps ukao o iRrk 

 

% MkW- 'kqHkkaxh jk- okjds  

       izk/;kid 

i'kqoS|fd; lq{efto’kkL= o 

i'kqtSora=Kku foHkkx] ukxiwj 

i'kqoS|d egkfo|ky;] ukxiwj 

    

M- iznku dj.;kr ;s.kkjh inoh % LukrdksRrj inoh ¼,e-Ogh-,l-lh-½ 

    

b- inoh iznku dj.;kps o"kZ % 2018 

    

Q- eq[; fo"k; % i'kqoS|fd; lq{efto’kkL= 

    

x- izca/kkrhy ,dw.k i`"B %  60 

    

g- lkjka’kkrhy ,dw.k 'kCn % 533 

    

bZ- fo|kF;kZph lgh %  

    

t- vxzsf"kr dj.kkÚ;k vf/kdkÚ;kph 

lgh] ukao vkf.k iRrk 

%  

 

lg;ksxh vf/k"Bkrk 

ukxiwj i’kqoS|d egkfo|ky;] ukxiwj 
 

lkjka'k 

'okukaupk ikOgksZOgk;jl gk ikOgksZOghjhMs dqVqackrhy vlw.k gk 

'okukukae/khy egRokpk jksx vkgs- ;kfo"kk.kqdjhrk lqjf{kr vkf.k izHkkoh yl 
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miyC/k vlwu lq)k jksxizknqHkkZo o e`R;qnj vk<Gqu ;srks- 'okukauP;k 

ikOgksZOgk;jl eqGs 12 vkBoM;kais{kk vf/kd o;kaP;k fiYykaue/;s vkrM;kapk 

jDrL=koklkscr nkg vlrks vkf.k jDrkpk vfrlkj gksrks- 1970 P;k n’kdke/;s 

lh-ih-Ogh- gk fo"kk.kw mn;kl vkyk- vkrki;ZarP;k o"kZHkjkr feJ Lo:ikr 

eq[;%r fofo/k vWfVtfud vlysys lh-ih-Ogh-&2,] ,Dl-ih-Ogh-&2ch vkf.k 

lh-ih-Ogh&2lh ;keqGs jksxfLFkrh r;kj >kysyh vkgs- Ogh-ih-&2 gk lh-ih-Ogh- 

fo"kk.kqpk ckg; izfFkus vlw.k fofo/k vWUVhtfud izdkj mRiUu dj.;kdfjrk 

tckcnkj vkgs- gk fo"kk.kw laiw.kZ txHkjkr izpfyr vlw.k g;k fo"kk.kwpk izknqZHkko 

tkLr izek.kkr Hkkjrke/;s dke dj.;kÚ;k yksdkadMwu uksano.;kr vkyk- lnj 

vH;kl Øekr ikjaikfjd i)rh vkf.k lq{e js.kfc; xq.ko.kZukapk okij d:u 

'okukaue/khy ikOgksZOgkjl pk ukxiwj o lHkksorkrhy Hkkxkapk oa’kkoGhd 

fo’ys"k.kkuqlkj Ogh-ih-&2 tuqd fo’ys"k.k fo"VsP;k ueq.;kae/kwu fofo/k {ks=krqu 

dj.;kr vkys-  

 lnj vH;kl Øekr lh-ih-Ogh-&2 fo"kk.kw djrk] la’kf;r vlysY;k 

,dq.k 91 fo"Vsps@ xqn~}kjsps uequs ?ks.;kr vkys vkf.k lh-ih-Ogh- fo"kk.kwaph 

izfrtu pkp.kh ,p-,-] ;qchdks fDod OgsV fdV vkf.k tuqdh; 'k`a[kys}kjs 

Nk.k.kh dj.;kr vkyh- lh-ih-Ogh fo"kk.kwpk iz?kkr ;kp pkp.;k.k}kjs 23-91 

VDds] 35-86 VDds vkf.k 45-05 VDds brdk vk<Gyk- lh-ih-Ogh- fo"kk.kqapk 

lokZr tkLr izknqHkkZo gk uj 'okukaue/;s ,p-,- izfrotu pkp.kh fdV] tuqds 

'k`a[kyk}kjs vk<Gyk- o;kuqlkj ikOgksZOgkjl fo"kk.kqps forj.k dsys vlrk lokZr 

tkLr ldkjkRed ueq.ks 0&3 o;ksxVkrhy ¼26-66 VDds½ 4&6 o;ksxVkrhy 

¼23-02 VDds½ vkf.k 6&9 o;ksxVkrhy ¼14-28 VDds½] ,p-,- pkp.kh }kjs 

dj.;kr vkys- rlsp izfrtu pkp.kh fdV }kjs 0&3 o;ksxVkr ¼51-11 VDds½ 

4&6 o;ksxVkr ¼25-64 VDds½ rj 6&9 o;ksxVkr ¼14-28 VDds½ vls 



 
xxv 

 

vk<Gys- rlsp tuqds 'k`a[kys}kjs 0&3 o;ksxVkr ¼57-77 VDds½] 4&6 

o;ksVkr ¼35-89 VDds½ rj 6&9 e/;s ¼14-28 VDds½ vk<Grks- tkrhfuokg 

ofxZdj.kkuqlkj lokZr tkLr ldkjkRed uequs ,p-,- pkp.kh}kjs teZu 'ksiZM 

¼26-36 VDds½ iksesfj;u ¼30 VDds½] ykWczkMksj ¼28-71 VDds½ xzsV Msu ¼27-77 

VDds½ MkscZjeku ¼18-75 VDds½ o ukWu&fMlØhIV ¼17-39 VDds½ vk<Gys- 

rlsp ylhdj.k dsysY;k 3 ueq.;ke/;s ¼17-008 VDds½ vkf.k ylhdj.k u 

dsysY;k ¼30-15 VDds½ vlk iz?kkr vk<Gyk- rlsp izfrtu pkp.kh fdV }kjs 

teZu 'ksiMZ ¼72-22 VDds½ iksesfj;u ¼40 VDds½ ykWczkMksj ¼25 VDds½ vlk 

vk<Gys- 4 ylhdj.k dsysY;k ueqU;kae/;s ¼14-28 VDds½ rj ylhdj.k u 

dsysY;k 'okukaue/;s ¼46-03 VDds½ iz?kkr vk<Gyk- rlsp tuqds 'k`a[kyk 

izfrØh;s}kjs teZ.k 'ksiZM ¼72-72 VDds½ iksesfj;u ¼50 VDds½] MkscZjeku ¼43-

75 VDds½ vlk vk<Gq.k vkyk- 8 ylhdj.k dsysY;k ¼28-57 VDds½ vkf.k 

ylhdj.k u dsysY;k 'okukae/;s 52-38 VDds ueqU;kaue/;s ldkjkRed iz?kkr 

vk<Gyk- R;keqGs vls vk<Gys dh tuqds 'k`a[kyk izfrØh;k vf/kd laosnu’khy 

vkf.k fof’k"V vkgs- lnj vH;klkr tuqds 'k`a[kysP;k rqyusr izfrtu pkp.kh 

fdV ph laosnu’khyrk vkf.k fof’k"Vrk 78-08 VDds vkf.k 96 VDds 

vk<Gyh-  

 Øe fo’ys"k.kkuqlkj ljldV fuoMysys ts ueq.ks tuqds 'k`a[kys}kjs 

ldkjkRed gksrs rs ueq.ks lh-ih-Ogh-&2ch izfrtuhd izdkjps vk<Gys- lh-ih-

Ogh&37 djhrk Øe tuqds; c¡dsr tek dsys vlrk R;kyk ,y-lh- 404128 

vlk lkadsfrd Øe ns.;kr vkyk- oa’kkoGh fo’ys"k.kkuqlkj 'okukaue/khy 

ikOgksZOgkljl fo"kk.kw 53 VDds vkf.k 54 VDds vjtsaVhuk lkscr vf/kd lkE;rk 

n’kZforks- lnj vH;klkrhy Øe Hkkjrkrhy brj ueq.;kaulkscr ,d osxGk uksM 

r;kj dsyk vlw.k lh-ih-Ogh fo"kk.kqaph ueq.;ke/;s foHkkfx; fofo/krk vk<Grs-  
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 lnj 'kks/kk}kjs vls y{kkr ;srs dh laiw.kZ ns’kkr lh-ih-Ogh- fo"kk.kqpk [kjk 

izknqHkkZo vkf.k egRo tk.kwu ?ks.;kdfjrk vf/kd losZ{k.k dj.;kph xjt vkgs-  

 ,e-Mh-lh-ds- is’kha}kjs tuqds 'k`a[kyse/;s ldkjkRed ueq.;kph rikl.kh 

dsyh vlrk laiw.kZ is’khapk vkdkj foLdGhr >kyk vkf.k is’kh xksykdkj gksÅu 

,dk fBdk.kh xksGk >kY;k rlsp 96 rklkauarj is’kh iw.kZr% foLdGhr gksÅu 

is’khps foHkktu >kys vls fo’ks"k lkWVksikFkhd ifj.kke vk<Gys- lh-ih-Ogh- 

fo"kk.kwph ,e-Mh-lh-ds- is’khae/;s Bjkfod lkWVksikFkhd ifj.kke n’kZfoysY;k 

is’khP;k nzokrqu 681 ch-ih- tuqds vlY;kps t.kqds; 'k`a[kys}kjs i`"Vh dj.;kr 

vkyh- 
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