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Prevalence and molecular characterization of canine parvovirus-2 in 
dogs in Giza Governorate, Egypt

Introduction

Canine parvovirus type-2 (CPV-2) is one of the most contagious and 
lethal viral infections affecting dogs worldwide (Khatri et al., 2017; Ogbu 
et al., 2017; Rishikesavan et al., 2021). CPV-2 belongs to the species Carni-
vore protoparvovirus 1, which is part of the genus Protoparvovirus (family 
Parvoviridae, subfamily Parvovirinae) (Schirò et al., 2022). The virus can 
survive more than one year in the environment and infection is carried 
out through fecal-oral or via oronasal route (Decaro et al., 2005; Albaz et 
al., 2015). Clinically, CPV-2 has two main forms, the enteric form which 
is characterized by acute fever, lethargy, anorexia, vomiting, and severe 
mucoid or bloody diarrhea (Lamm and Rezabek, 2008; Albaz et al., 2015) 
and the cardiac form that characterized by respiratory failure, cardiovas-
cular manifestations and in- utero infestation leading to sudden death 
(Schatzberg et al., 2003; Shima, 2015; Ain-Fatin et al., 2020).

At the genomic level, CPV-2 is a single-stranded DNA negative sense 
virus containing two open reading frames (ORFs) (Salman et al., 2021). 
The genome of virus encodes two nonstructural proteins (NS1 and NS2) 
and two structural proteins (VP1 and VP2). The VP2 protein is a major 
capsid protein and plays a role in the pathogenicity of the virus and the 
host immune response (Sheikh et al., 2017). 

CPV-2 was first reported in the 1970s. After that due to its high 
substitution rate, the virus exposed to several mutations evolving three 
antigenic variants CVP-2a (1979), CPV-2b (1984) and CPV-2c (2001) 
(Buonavoglia et al., 2001). Based on sequencing and molecular typing 
of VP2 capsid protein the three variants can be distinguished according 
to the encoded protein at the locus 426; asparagine (Asn) for CVP-2a, 

aspartic acid (Asp) for CPV-2b, and glutamic acid (Glu) for CPV-2c (Parker 
et al., 2001; Yanni et al., 2021). 

In Egypt, the virus was firstly reported in 1982, in military police dogs 
with GIT symptoms (Bucci et al., 1982). The isolation of CPV-2 on Vero 
cells and PCR confirmed the presence of CPV2b in 2012 (Yanni, 2012), 
while in 2014, clustering of the virus within genotypes 2b and 2c was 
found. These different variants could directly affect the immune response 
of the vaccinated animals as well as the efficacy of the diagnostic tests 
(Decaro et al., 2020). 

Accordingly, the current study aimed to investigate the presence of 
CPV among household dogs in Giza governorate, Egypt using SNAP test, 
and molecular identification and characterization of the most prevalent 
CPV-2 variants. 

Materials and methods

Ethical approval

All procedures, including the handling and collection of fecal sam-
ples, were approved by the Benha University ethical committee for animal 
studies (BUFVTM11-4-23). The owners of dogs were informed, and per-
mission was granted for collection of fecal samples. 

Samples collection 

The current study was performed on household dogs from differ-
ent veterinary hospitals and clinics, Giza governorate, Egypt during the 
period from January 2022 to December 2022. A total 300 fecal samples 
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were collected from dogs with no vaccination history and obvious clinical 
symptoms of diarrhea. The examined dogs were from different breeds 
(German shepherd, pit bull, Golden Retriever and Rottweiler), age ranging 
(<3 months, 3-6 months and > 6 month) and sex. Two fecal samples were 
collected directly from the anus of dogs using sterile swab.

The first sample was mixed with 1 ml phosphate-buffered saline solu-
tion; pH 7.2 and transported immediately in ice box to the laboratory of 
Animal Health Research Institute, Dokki, Giza for molecular identification 
and characterization. The second sample was used directly for detection 
of antigen using SNAP Kit.

Detection of CPV antigen using SNAP KIT

 The CPV antigen was investigated in collected fecal samples using 
rapid SNAP parvo test (Ag test kits for parvo) (IDEXX Laboratories GmbH, 
Ludwigsburg, Germany) according to the instructions of the manufac-
turer. 

Molecular diagnosis

For identification and characterization of CPV in the studied area, 
fifteen fecal samples from the positive animals with SNAP test were ex-
amined by PCR targeting VP2 gene. The DNA of CPV was extracted from 
fecal samples using QIAamp DNA stool Mini Kit (Qiagen, USA) following 
the manufacturer’s protocol. 

The screening primer pairs Hfor: CAGGTGATGAATTTGCTACA/ Hrev: 
CATTTGGATAAACTGGTGGT were used to amplify the VP2 gene as previ-
ously described by Buonavoglia et al. (2001). The PCR reaction was per-
formed in 25 μL volume, where the master mix for each reaction con-
tained 1 μl from forward and reverse primer (20 pmol/μl), 12.5μL of 2X 
Dream Taq Green PCR Master Mix (Thermo Fisher Scientific, Germany), 5 
μL of RNase-free water and added 5 μL from DNA template. The PCR re-
action was performed in Thermocycler (Biometra, Germany) as following; 
primary denaturation at 95°C for 5 min, followed by 35 cycles of 94°C for 
30 S, 72 °C for 45 S, and 72°C for 2 min. 

The positive result of the PCR amplification was detected by visual-
ization of the PCR products of 630bp length. The amplification product 
was separated by (1.5%) agarose gel electrophoresis and the gel were 
photographed by a gel documentation system (Biometra, Germany).

CPV2 antigenic variant typing

 For molecular characterization, the highly concentrated DNA from 
two positive samples were subjected to sequence analysis. The QIAquick 

PCR Product extraction kit (Qiagen Inc. Valencia CA, USA) was used for 
purification of the PCR product. A purified PCR product was sequenced in 
the forward direction using an Applied Biosystems 3130 automated DNA 
Sequencer (ABI, 3130, USA) and a ready reaction Bigdye Terminator V3.1 
cycle sequencing kit according to the instruction of the manufacturer. 
A BLAST® analysis (Basic Local Alignment Search Tool) (Altschul et al., 
1990) was initially performed to establish sequence identity to GenBank 
accessions. The obtained sequences were deposited in Gene Bank with 
the following accession numbers: (OQ148615 and OQ148616).

Phylogenetic analysis

A comparative analysis of sequences was performed using the CLUST-
AL W multiple sequence alignment program, version 12.1 of MegAlign 
module of Lasergene DNAStar software Pairwise (Madison, Wisconsin, 
USA) which was designed by Thompson et al. (1994). The obtained amino 
acid sequences were aligned with four references retrieved from GenBank 
(MH685923, MH711902, MH711894 and MH711900). Phylogenetic anal-
ysis was performed using MEGA6 software and maximum likelihood tree 
(Tamura et al., 2013).

Statistical analysis

Statistical analysis of the data was performed using IPM SPSS soft-
ware version 24.0 ( IPM,USA). the relationship between variables and se-
ropositive dogs was assessed using the chi-square test. Statistical signif-
icance was determined at threshold of P<0.05 or P< 0.01 or P< 0.001.

Results

The results of Rapid SNAP parvo test revealed that out of 300 sam-
ples there were 218 positive samples for CPV-2 (72.67%). The prevalence 
of CPV-2 infection was significantly (P<0.0001) varied between the ex-
amined breeds, the highest prevalence rate was observed in Rottweiler 
(93.3%), followed in Golden Retriever (74.5%) then Pit Bull (51.9%) then 
German Shepherd (25%). Moreover, the prevalence of CPV-2 was signifi-
cantly associated with age and sex of examined dogs. The prevalence rate 
was increased in dogs young of less than 3 months (85.2%) particularly in 
females (91.9%), as shown in Table 1. 

 The PCR findings confirmed that all positive results with detectable 
band at 630 were also positive for the SNAP test (Fig. 1).

The sequence analysis of the two selected positive samples with PCR 
assay confirmed that the samples were CPV-2 and the obtained sequenc-
es were deposited in GenBank with the following accession numbers: 
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Factor No of examined animals No of positive P value

Breed 300 218 (72.67%)

German shepherd 32 8 (25%)

<0.0001*
Pit bull 54 28 (51.9%)

Golden Retriever 94 70 (74.5%)

Rottweiler 120 112 (93.3%)

Age 300 218 (72.67%

<3 months 135 115 (85.2%)

<0.0001*3-6 months 113 90 (79.6%)

> 6 months 52 13 (25%)

Sex 300 218 (72.67%)

Male 163 92 (56.4%)
<0.0001*

Female 137 126 (91.9%)

Table 1. Prevalence of canine parvovirus-2 in dogs in relation to breed, sex and age.

*: The results are significant at P<0.0001



(OQ148615 and OQ148616). 
According to the phylogenetic relatedness of the partially sequenced 

VP2 gene, the two examined samples were clustered in the CPV-2c clade 
and separately from the CPV-2a and CPV-2b clades (Fig. 2). 

The size of the protein sequence obtained for each sample after the 
assembly and translation of the nucleotide sequence was 190 aa, starting 
at residue 261 until 451 of the VP2 gene. Regarding the mutation pres-
ent at residue 426 of the CPV-2c (Asn426Glu), it was found that there is 
great homology among the current study strains (OQ148615, OQ148616) 

and the international CPV-2c strains: the Chinese strains with accession 
number (MH685923) and the Thailand strains (MH711894, MH711900, 
MH711902).

Furthermore, there are several amino acid substitutions in our exam-
ined samples when compared to those that originated from GenBank. 
Primarily, there are two common amino acid substitutions present in 
CPV-2b compared to CPV-2c and CPV-2a; the first at residue 266 where 
tyrosine is replaced by phenylalanine (Tyr266Phe), and the second at resi-
due 324 where isoleucine is replaced by tyrosine (Ile324Tyr). Additionally, 
there is a common amino acid substitution present in both the CPV-2a 
and CPV-2b variants compared to the CPV-2c variant, in which arginine is 
replaced by glutamine (Arg370Gln) at residue 370. (Fig 3). 

Discussion

CPV-2 antigenic variants in Egypt are considered a serious obstacle 
for controlling CPV-2 infection in young puppies, so a regular investiga-
tion of various CPV-2 variants became urgent. Unlike DNA viruses, CPV-2 
has been known to continuously evolve into various antigenic variants 
worldwide due to its high mutation rate. This variability has a negative 
impact on dog health, especially in young puppies, leading to high deaths 
(Singh et al., 2021). The periodic molecular characterization of CPV-2 us-
ing sequencing and phylogenetic analysis paves the way for controlling 
such problems in the field. Early detection of new antigenic variants and 
mutations is subsequently considered of a great epidemiological rule 
(Decaro and Buonavoglia, 2012). In Egypt, the current molecular situation 
of CPV-2 should be regular updated for efficient control of the disease, 
so this study was carried out to determine the prevalence of CPV-2 and 
identify the CPV-2 variant among dogs in Giza governorate, Egypt. 

This study revealed that 218 out of 300 dogs were positive for CPV2 
(72.67%) by using the SNAP parvo test, which was higher than previous 
rate (59.7%) reported by Sayed-Ahmed et al. (2020) in dogs in Dakah-
lia governorate, Egypt and 66.6% in dogs Baghdad, Iraq (Al-Bayati et 
al., 2010). In another study the higher previous rate (90.6%) for CPV-2 
was found in dogs in Nevis Island in the Caribbean Region (Gainor et al., 
2021). The variation in prevalence of CPV-2 between different countries 
might be attributed to breed, management practice, environmental con-
dition, diagnostic test, and sample size (Selim et al., 2020; 2021; 2022)

Regarding the breed, the prevalence was higher Rottweiler breed 
(93.3%) than the other breeds. The reason of the high prevalence of CPV 2 
in Rottweiler breed is unclear but it may be attributed to susceptibility of 
Rottweiler to genetic immunodeficiency, also this breed is more popular 
and common than other breeds (Odueko, 2020). Moreover, Folitse et al. 
(2018) observed that Rottweiler breed was the most susceptible breed to 
CPV infection compared to other breeds in his study. 

About the age, puppies less 3 months were more susceptible to CPV2 
infection 85.2% than the older, it may be attributed to poor maternal 
immunity supplied for these puppies or interference with maternal an-
tibodies (El-Neshwy et al., 2019). Regarding the sex, in our study it was 
found that the prevalence was higher in female 91.9% than males 6.4%. 
Similar observations have been concluded by Al-Bayati et al. (2010) who 
recorded that the prevalence in female 92.3% was higher than male 7.7%. 
The current research stated that there is benefit of dog vaccination to 
minimize the chance of spread of CPV2 (infection rate in non- vaccinated 
97% is higher than vaccinated 22.4% (Mokhtari et al., 2018; Sharma et 
al., 2019).  

The phylogenetic analysis and molecular typing for CPV-2 isolate in 
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Fig. 1. Agar gel electrophoresis using CPV-2 primers. (L) DNA ladder 100 bp, lanes (1: 5) 
positive samples and specific bands at 630 bp.

Fig. 2. Phylogenetic relatedness of the VP2 gene CLUSTAL W, version 12.1. Maxi-
mum-likelihood unrooted tree generated after 500 bootstraps indicated clustering of the 
tested strain with CPV-2c.

Fig. 3. Nucleotide alignment report for the two studied strains. Nucleotide alignment of the two analyzed strains showing great homology among the current study 
strains and international CPV-2c strains (Amino acid sequence showing high identity with CPV-2c strains).



the present study revealed that the circulating variant during the period 
of study was CPV-2c and it has a strong relation to the CPV-2c strain 
of some Southeastern Asian countries (Thailand, China, and Korea) (Za-
her et al., 2020). This strong antigenic similarity may be attributed to the 
strong economic relationship between Egypt and the countries of the 
Middle East, with several Chinese businessmen travelling between these 
countries sometimes with their pets, so an epidemiological link can be 
expected (Tegegne et al., 2022).

Moreover, Elbaz et al. (2021) stated that the circulating CPV-2 vari-
ants in Dakahlia governorate, Egypt, were CPV-2b and CPV-2c, while Ndi-
ana et al. (2022) declared that all CPV-2 variants were detected in dog 
populations. Contrary, Abdel-Rhman et al. (2019) and Etman et al. (2021) 
reported that the detected CPV variant at their area of study in Egypt 
were strongly close to the CPV-2a. Further, AL-Hosary (2018) reported 
that the circulating CPV-2 variants in Egypt (Assiut province) were CPV-2a 
and CPV-2b. 

Controlling CPV-2 infection using the CPV-2b variant raises the big 
question of whether the new variant could respond to the vaccine or not 
(De la Torre et al., 2018). There are several opinions about that. For in-
stance, failure of vaccination has been reported in CPV-2 vaccinated dogs 
due to infection with the CPV-2c variant; this proves that the antigenic 
mutation of CPV-2 can lead to vaccination failure (Decaro et al., 2009). On 
the other hand, using vaccines containing the CPV-2b strain gives better 
protection against CPV-2c than vaccines containing CPV-2 (the original 
strain) (Yanni et al., 2021). The amino acid residue at locus 426 is the 
same in CPV-2 (the original strain) and CPV-2a (Etman et al., 2021), so this 
amino acid residue can’t differentiate between the original strain and the 
CPV2a strain (Castro et al., 2011).

Conclusion

The present study confirmed that CPV infection is serious problem 
among dogs in Egypt. The prevalence of CPV-2 is strongly associated 
with breed, age and sex of dogs. The sequencing and phylogenetic anal-
ysis are very important to identify the circulating CPV-2 variant in the 
dog population and select the most appropriate vaccine. Moreover, the 
further epidemiological studies are required to assess the efficiency of 
commercial vaccines in protection against the three strains of CPV-2: 
types a, b, and c.
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