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ABSTRACT

Importance: Canine parvovirus enteritis (CPE) is a contagious viral disease of dogs caused 
by the canine parvovirus-2 (CPV-2) associated with high morbidity and mortality rates. CPV-2 
has a high global evolutionary rate. Molecular characterization of CPV-2 and understanding 
its epidemiology are essential for controlling CPV-2 infections.
Objective: This study examined the risk factors and survival outcomes of dogs infected with 
CPV-2. Molecular characterization of CPV-2 genotypes circulating in Egypt was performed to 
determine the evolution of CPV-2 nationally and globally.
Methods: An age-matched case-control study was conducted on 47 control and 47 CPV-
infected dogs. Conditional logistic regression analysis examined the association between 
the potential risk factors and CPE in dogs. Survival analysis was performed to determine 
the survival pattern of the infected dogs. Thirteen fecal samples from infected dogs were 
collected to confirm the CPV genotype by CPV-2 VP2 gene sequencing, assembly of nucleotide 
sequences, and phylogenic analysis.
Results: Unvaccinated and roamer dogs had eight and 2.3 times higher risks of CPV infection 
than vaccinated dogs and non-roamer dogs, respectively. The risk of death from CPE was 
high among dogs without routine visits to veterinary clinics and among non-roamer dogs. 
Molecular characterization of CPV-2 confirmed its genotype identity and relationship with 
the CPV-2 c and b clade types.
Conclusions and Relevance: This study highlights the potential factors for CPE control, 
especially vaccination and preventing dogs from roaming freely outside houses. Isolated 
CPV genotypes are closely related to southern Asian genotypes, suggesting a substantial 
opportunity for global transmission.
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INTRODUCTION

The canine parvovirus-2 (CPV-2) is a highly contagious viral pathogen that often causes fatal 
enteric diseases in dogs worldwide. In addition to being fatal, the disease condition has been 
further complicated by the emergence of novel variants [1,2].

CPV-2 spreads rapidly among dogs directly via the fecal-oral route or indirectly through 
oro-nasal exposure to fomites contaminated by feces [3]. The principal pathogenetic fact in 
CPV-2 infections is the virus-induced destruction of rapidly dividing cells, including crypt 
intestinal epithelial cells, thymus, lymph nodes, and bone marrow precursor cells [4].

Comorbid conditions, such as parasitic, viral, or bacterial intestinal pathogens or stressors, 
are important predictors of CPV-2 infections. Some studies reported that these factors may 
precipitate or exacerbate disease [5-7]. The severity of signs depends on the maternally 
derived antibody titers of infected pups at the time of infection [8].

The CPV-2 virus is a member of the family Parvoviridae, subfamily Parvovirinae, genus Proto-
parvovirus, and species carnivore proto-parvovirus 1 [9]. The viral genome comprises 5.2 
kb single-stranded, linear, negative-sense DNA [10] with two major open reading frames. 
One encodes the non-structural proteins NS1 and NS2, whereas the other two encode the 
structural proteins VP1 and VP2 [11].

VP2 plays a principal role in determining the antigenicity and host range specificity of the 
CPV because 90% of the capsid is composed of VP2. Therefore, mutations that affect the 
VP2 gene are the primary source of different antigenic variants [12]. The CPV evolves very 
quickly, with high genomic substitution rates comparable to RNA viruses, at approximately 
104 substitutions per site per year [13]. This has led to the emergence of new variants. CPV-2 
evolved into three antigenic variants called CPV-2a in the United States, Japan, Denmark, and 
Australia in 1980; CPV-2b in the United States in 1984; and CPV-2c in Italy in 2001 [14-16].

The virus was first reported in Egypt in 1982 when it was isolated from military police dogs 
exhibiting the clinical signs of CPV-2 [17]. Several studies reported that CPV-2a, CPV-2b, and 
CPV-2c variants are circulating in Egypt [18-22].

Little information is available on the prevalence of genotypes and mutations of CPV-2 in 
Egypt. In this study, molecular characterization and phylogenetic analysis of CPV-2 genotypes 
circulating in Egypt were performed. This paper discusses the possible implications of the 
risk factors associated with infection and mortality.

METHODS

Dogs and sample data
Ninety-four household dogs admitted to different private veterinary clinics for a clinical 
examination in the Gharbia governorate, Egypt, between October 2020 and March 2022 
were included in this study (Supplementary Fig. 1). Canine parvovirus enteritis (CPE) cases 
were diagnosed based on the clinical signs and fecal antigen detection test. Of these 94 
dogs, 47 had hemorrhagic enteritis and tested positive in the immunochromatographic 
test for CPV infection. The other 47 dogs were clinically normal and tested negative 
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in the immunochromatographic test. Thirteen fecal samples were collected from 
immunochromatographic test-positive samples for molecular examination. Two fecal 
samples were collected from the anus of the examined dogs using sterile swabs. The primary 
dog data and treatment history were collected during sampling. Furthermore, dog owners 
responded to questions related to their dogs, including disease history, vaccination status, 
sex, age, type of management, and type of feeding (Table 1, Supplementary Table 1). All dogs 
that showed clinical signs of CPE received the same treatment for all periods of illness.

Risk factors for parvovirus infection among examined dogs
An age-matched case-control study was conducted to identify the association between the 
risk factors and CPE using a multivariate conditional logistic regression model. Forty-seven 
cases and 47 age and sex-matched controls were included. The potential risk factors were 
as follows: the type of food—bones and raw foods, commercial dry food, home-cooked 
food, and a mix of the previous three categories; type of management, either roamer dogs 
(domestic dogs that are owned by an individual and are allowed to roam free without 
owner supervision) or non-roamer dogs (stay at home and not allowed to roam outside the 
house); if dogs eat outside home food; presence of other pets in the same house (multiple 
pet species); contact with stray dogs; vaccination against CPE; periodic follow-up with a 
veterinarian for routine checkups and vaccination; and breed.

Initially, univariate conditional logistic regression was used to detect the association between 
the potential risk factors and CPE. The final multivariate model included all risk factors 
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Table 1. Results of the univariate model for the association between the selected potential risk factors and 
individual parvovirus enteritis infection in dogs
Variable Categories Cases  

(n = 47)
Control  
(n = 47)

OR 95% CI p value

Vaccination Yes 18 34 - - -
No 29 13 6.3 1.9–21.4 0.003

Periodical vet follow-up Yes 14 29 - - -
No 33 18 3.5 1.4–8.7 0.007

Presence of other pets Yes 11 16 - - -
No 36 31 1.4 0.6–3.2 0.42

Owner previous knowledge of 
parvovirus enteritis

Yes 22 23 - - -
No 25 24 1.1 0.4–2.9 0.81

Contact with stray dogs Yes 14 5 4.0 1.13–14.18 0.03
No 33 42 - - -

Outside eatinga Yes 11 12 - - -
No 36 35 1.1 0.5–2.7 0.81

Management type Non-roamers 33 38 - - -
Roamers 14 9 1.8 0.98–3.23 0.06

Food type 1.2 0.8–1.9 0.4
Commercial dry 

food
8 8 0.7 0.2–2.8 0.6

Home cooked 4 9 0.3 0.1–1.4 0.13
BARF 5 3 1.9 0.4–10.4 0.47

Mixed food 30 27 - - -
Breed 0.5 0.3–0.8 0.005

German Shepherd 17 9 27.9 2.6–302.0 0.006
Pit Bull 8 5 19.9 1.3–307.4 0.032

Golden Retriever 7 10 2.3 0.6–9.7 0.25
Rottweiler 5 3 5.0 0.7–34.7 0.11

bOthers 10 20 - - -
OR, odds ratio; CI, confidence interval; BARF, bones and raw foods.
aIf dogs are allowed to eat at neighbors or from the streets; bOthers include Husky, Griffon, Pekingese, Cocker 
Spaniel, Labrador Retriever, Dogo Argentino, Shih Tzu, and Toy Poodle.



with p < 0.2. The Phi correlation coefficient was estimated to identify a collinear association 
between these risk factors and the more biological factors retained in the final model. The 
final multivariate model was constructed with the variables in the last two steps, and only 
variables with p < 0.05 were retained using a manual stepwise backward selection. All two-
way interactions between the risk factors in the model were assessed. The confounding 
factors associated with changes in the log of the odds ratio of other factors were identified 
and removed from the model.

Survival analysis
The number of days until death or recovery of each dog with CPE was identified. The Kaplan–
Meier curves for mortality among dogs with CPE of different sexes, vaccination status, 
management type, regular periodical follow-up with vets, age, breed, type of food, and 
whether the dogs ate from sources other than their homes were generated to demonstrate 
the pattern of survival during the days of treatment and an observation period of 30 days. The 
log-rank test was used to determine the differences between the survival curve patterns of the 
different groups over time.

Pairwise groups for each variable were compared, and the threshold p value was adjusted 
using a Bonferroni correction according to the following equation:

	 Pi ≤ α/n

where Pi and n are the adjusted p value and the number of comparison groups; α = 0.05.

All analyses were performed using IBM SPSS Statistics for Windows, version 21.0. (IBM SPSS, 
USA).

Molecular characterization of CPV-2 in collected fecal swabs
Viral DNA extraction
A commercial kit (QIAamp MinElut Virus Spin Kit; QIAGEN GmbH, Germany) was used for 
viral DNA extraction from 13 fecal swabs according to the manufacturer’s instructions. The 
positive and negative controls were included. The positive control sample was the reference 
CPV-2b strain (accession No. MN537830, as identified by Elbaz et al. [20]).

Polymerase chain reaction (PCR)
The CPV-2 VP2 gene fragment (630 bp) was amplified from the DNA extracted from 13 
collected samples and the positive and negative control samples using the primer set 
described in Table 2 [23]. The primers were manufactured by Metabion International AG 
(Germany). The reaction mixture (50 μL) was composed of 25 μL of 2X Dream Taq Green 
PCR Master Mix (Thermo Fisher Scientific), 5 μL of extracted DNA, 1 μL of each primer (10 
pmol), and nuclease-free water was added up to 50 μL. The positive and negative controls 
were included in each cycle. The cycling conditions for the T-gradient thermal cycler 
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Table 2. Detailed description of the oligonucleotide primers used in this study
Primer 
name

Sequence (5′–3′) Position Target gene Expected 
product size

Annealing 
temperature

VP2 for CAGGTGATGAATTTGCTACA 4185-4166 CPV-2 VP2 gene 630 bp 50°C
VP2 rev CATTTGGATAAACTGGTGGT 4003-4022
Primer positions refer to the CPV-2b strain (accession number: M38245). 
CPV-2, canine parvovirus-2.



(Biometra, Germany) were as follows: initial denaturation at 94°C for 5 min, followed by 40 
cycles of denaturation at 94°C for 1 min, annealing at 50°C for 1 min, and extension at 72°C 
for 1 min, and one cycle of final extension at 72°C for 10 min. The DNA was loaded onto 1.5% 
agarose gel (“Thermo Scientific agarose tablets). The PCR products were evaluated by gel 
electrophoresis using a 100 bp DNA ladder (Jena Bioscience, Germany) [24]. The bands were 
visualized and imaged using the gel documentation BioDocAnalyze system (Biometra).

Sequencing of CPV-2 VP2 gene
The PCR results were confirmed by the direct DNA sequencing of five randomly selected PCR 
amplicons. The amplified 630 bp DNA bands of the CPV-2 VP2 gene were excised from the 
gel and purified using a QIAquick PCR gel purification kit (Qiagen, USA) according to the 
manufacturer’s guidelines. The purified PCR products containing a 630 bp DNA fragment 
were sequenced by MACROGEN laboratory, Korea, using the same PCR primers. BLASTn 
searches were performed to compare the obtained DNA sequences using the reference 
sequences recorded in GenBank for their identification.

Sequence analysis of CPV-2 VP2 gene
The nucleotide and amino acid sequences obtained from five randomly selected samples 
(No. 4, 5, 10, 12, and 13) from non-vaccinated dogs were submitted to the GenBank database 
with the accession numbers MZ005305 (KES-2 strain), MZ005306 (KES-4 strain), MZ005307 
(KES-5 strain), MZ005308 (KES-9 strain), and MZ005309 (KES-12 strain), respectively. The 
nucleotide and amino acid sequences of the isolates were compared with other sequences 
obtained from GenBank (http://www.ncbi.nlm.nih.gov/Genbank) using MEGA X software 
(http://www.megasoftware.net/) to construct a phylogenetic neighbor-joining tree with 1,000 
bootstrap repeat tests. BioEdit software-version 7.1 was used for nucleotide and deduced 
amino acid sequence alignments [25].

The Research, Publication, and Ethics Committee of the Faculty of Veterinary Medicine, 
Kafrelsheikh University, Egypt, approved this study (KFS-IACUC/184/2024).

RESULTS

Of the 94 dogs examined, 38 were female and 56 were male. The age distribution was 44, 
42, and eight dogs were ≤ three months, between < three months to six months, and < six 
months, respectively.

Risk factors for parvovirus infection among examined dogs
The presence of other pets at home, lack of owner experience of CPE, eating food outside the 
home, and eating mixed foods were non-significant factors (p < 0.2) increasing the risk of 
CPE in dogs. They were not incorporated into the final multivariate model (Table 1). The risk 
of CPE was 6.3, 3.5, 4, 1.8, 27.9, and 19.9 times higher in dogs that belonged to owners who 
did not vaccinate them against CPE, belonged to owners who did not have frequent periodical 
veterinary follow-ups with vets, had a chance of contact with stray dogs, were roamers, and were 
German shepherd and Pit Bull breeds, respectively; these findings were significant at p < 0.05. 
These variables were moved to the following analysis step for collinear testing. A significant 
negative correlation was observed between the variable “contact with stray dogs” and the other 
three variables. Therefore, it was removed from the final step. The variable “periodical follow-
up with the vet” also had a significant positive correlation with the vaccination variable and 
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was removed from further analysis. The breed variable was removed from the final multivariate 
analysis because it was significantly positively correlated with the management type. The latter 
variable was retained because it was a more biologically plausible factor for CPV-2 infection.

The final multivariable model incorporated only vaccination and the type of management 
variables. Dogs with owners who did not follow a regular regime for disease vaccination were 
at almost 8.2 times higher risk of CPE (95% confidence interval [CI], 2.1–31.9; p < 0.003) than 
other vaccinated pets. In addition, roamer dogs were at a 2.3 times higher risk for CPE (95% 
CI, 1.1–4.9; p < 0.04) than non-roamers.

Results of survival analysis
Of the 47 dogs infected with parvovirus, 13 died, resulting in a case fatality rate of 27.7%. Female 
and non-vaccinated dogs had poorer survival rates than male and vaccinated dogs, respectively, 
but the difference was not significant (Fig. 1). On the other hand, non-roamer dogs had an 
almost significantly poorer survival rate than roamer dogs (p < 0.06), and dogs belonging to 
owners who did not regularly visit veterinary clinics had a significantly poorer survival rate than 
dogs belonging to owners who regularly visited vets (p < 0.06) (Fig. 1). Supplementary Fig. 2 
presents the Kaplan–Meier survival curves for all other examined variables.
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Fig. 1. Kaplan–Meier survival curves for dogs with parvovirus entities for sex, housing system, different vaccination status, and veterinary follow-up status. 
CI, confidence interval.



Molecular characterization of CPV-2 in collected fecal swabs
Conventional PCR successfully amplified the 360 bp fragment of the CPV-2 VP2 gene from 13 
tested samples (100%) (Fig. 2).

DNA sequencing and sequence analysis of CPV-2 VP2 gene
Phylogenetic analysis of the obtained CPV-2 VP2 partial gene sequences showed that 
the analyzed sequences belonged to two clades (CPV-2b and CPV-2c). The KES-5 strain 
(MZ005307) was clustered in the CPV-2b clade with the other Egyptian CPV-2b strains 
(Ali22 and 2019 EGY2 strains) with 100% and 99.8% identity, respectively. Moreover, KES-2 
(MZ005305), KES-4 (MZ005306), KES-9 (MZ005308), and KES-12 (MZ005309) clustered in 
the CPV-2c clade with other CPV-2c strains.

The KES-2 strain matched 99.8% of the CPV-2c strains tested (Thai CU21, Nigerian CPV614, 
South Korean CPV2c1 and 19D179, Chinese HB2017, CPV-Ahf1H, and Vietnamese HN7AA). 
In addition, the KES-4, KES-9, and KES-12 strains were identical (with 100% identity) to the 
previously mentioned CPV 2c strains (CU21 strain, CPV614 strain, CPV2c1, 19D179, HB2017, 
CPV-Ahf1H, and HN7AA strains) (Fig. 3, Supplementary Table 2). Furthermore, the deduced 
amino acid sequence analysis showed that KES-5 strain (MZ005307) had a typical CPV-2b 
amino acid profile (amino acid tyrosine at position 267, glutamine at position 370, aspartic 
acid at position 426, and alanine at position 440) with a single amino acid substitution (X 292 
N) compared to other CPV-2b strains from GenBank (Table 3). The KES-2, KES-4, KES-9, and 
KES-12 strains showed CPV-2c amino acid profiles (amino acid tyrosine at position 267, arginine 
at position 370, glutamic acid at position 426, and threonine at position 440) compared to the 
other CPV-2c strains from GenBank (Table 3, Supplementary Fig. 3).
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1,500 bp

1,000 bp

500 bp

100 bp

630 bp

M 1 2 3 4 5 6 7 8 9 10 11 12 13Pos Neg

Fig. 2. Polymerase chain reaction amplicons of tested samples showing 630 bp bands in positive samples: 4, 5, 10, 12, and 13. Molecular weight marker (gene 
ruler ladder of 100 bp). Pos denotes the positive control, neg denotes the negative control, and lanes 1–13: examined samples.

Table 3. Amino acid mutations of the VP2 gene sequences of different CPV-2 variants
Accession No. CPV-2 variant Amino acid positions

267 370 426 440
EF666066 CPV-2a Phenylalanine Glutamine Asparagine Threonine
LC622065 CPV-2a Phenylalanine Glutamine Asparagine Threonine
MZ005307a CPV-2ba Tyrosinea Glutaminea Aspartic acida Alaninea

MK614452 CPV-2b Tyrosine Glutamine Aspartic acid Alanine
KP715709 CPV-2b Tyrosine Glutamine Aspartic acid Alanine
MZ005305b CPV-2cb Tyrosineb Arginineb Glutamic acidb Threonineb

MZ005306b CPV-2cb Tyrosineb Arginineb Glutamic acidb Threonineb

MZ005308b CPV-2cb Tyrosineb Arginineb Glutamic acidb Threonineb

MZ005309b CPV-2cb Tyrosineb Arginineb Glutamic acidb Threonineb

MT010564 CPV-2c Tyrosine Arginine Glutamic acid Threonine
CPV-2, canine parvovirus-2.
aCPV-2b (the strain in this study); bCPV-2c (our strains in this study).



DISCUSSION

Epidemiological data on the CPV are scarce in Egypt and other African countries. Ndiana et 
al. [26] suggested that there is a need for widespread epidemiological surveillance among 
domestic dogs to understand the evolution and variability of CPV in these geographic areas. 
This study was undertaken to advance the understanding of the CPV in a region endemic to 
the Middle East and enhance knowledge on the epidemiology and control strategies for CPV-
2 infection in various global locations where the CPV is prevalent because of similar animal 
breeding practices.

In the current study, the most commonly reported risk factor predisposing individuals to 
CPV-related disease was a lack of protective immunity. This may be due to the failure of 
passive transfer of antibodies via colostrum, incomplete or ineffective primary vaccination 
course, or failure of vaccination to induce immunity because of interference by maternal 
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CPV-2b

CPV-2a

0.0010

Fig. 3. Phylogenic Neighbor-Joining tree of the CPV-2 VP2 gene sequences with a 1,000-repeat bootstrap. The 
tree was separated into three clades: clade 1, in which the CPV-2a strains from Genbank were aligned. The KES-5 
strains identified in this study (red triangle) were aligned with other CPV-2b strains obtained from GenBank. In 
clade 3, in which strains KES-2 (MZ005305), KES-4 (MZ005306), KES-9 (MZ005308), and KES-12 (MZ005309) 
identified in this study (red circles) were aligned with other CPV-2c strains retrieved from GenBank. 
CPV-2, canine parvovirus-2.



antibodies [27]. The prevalence of infection among non-vaccinated dogs was significantly 
higher than that among those that had received vaccines, confirming previous findings that 
unvaccinated puppies are at the greatest risk of developing CPV-related diseases [28,29].

The management types that permit dogs to roam freely outside houses and on streets are 
responsible for significantly increasing the risk of CPV-2 infection. This may be attributed 
to the exposure of non-infected dogs to the feces and fomites of CPV-2 infected dogs, 
particularly stray dogs, which are considered a significant risk factor for CPV infections 
[29,30] and stray dogs, constituting a large number of Egyptian dogs [31].

Mekky et al. [22] in Egypt and Ngwa et al. [32] in Cameroon were unclear as to why CPV-2 
infections were significantly more prevalent among German shepherd and Pit Bull breeds 
than in other breeds. Other studies carried out in Egypt reported that Pit Bull [33], German 
Shepherd [34], and Rottweiler [22] breeds were significantly associated with a higher risk of 
CPV-2 infections than other breeds of dogs.

To the best of the authors’ knowledge, there are few available articles on the risk factors 
of death among puppies with CPE [35-37]. Therefore, the current study assessed the risk 
factors associated with low survival rates among puppies with CPE for the first time in the 
Middle Eastern region. Unvaccinated and female puppies had a poorer survival rate than 
vaccinated and male puppies, but the difference was not significant. This result differs from 
the finding of a significantly poor survival rate among non-vaccinated puppies by Ling et al. 
[35], possibly due to the long observation period and large sample size of Ling et al. [35]. In 
contrast, Ling et al. [35] did not find a difference in mortality rates between vaccinated and 
non-vaccinated puppies in non-litter dogs, which is consistent with the present findings. 
Furthermore, vaccinated dogs still show symptoms of parvovirus entities [38], possibly 
because 10% of puppies did not have a sufficient protective titer due to the persisting 
maternal antibody interference role [39]. This might also be because of improper or irregular 
vaccination, the use of a poor-quality vaccine, and the improper storage or handling of 
vaccines [38,40].

The survival rate among dogs that routinely visited veterinary clinics was significantly 
high, possibly due to the sound medical care and vaccinations provided to these dogs. 
Interestingly, dogs with free access to roam outside their homes had better survival rates than 
dogs without access to the streets. The reason behind this may be the higher significance of 
granzyme B gene expression in dogs that can roam free outside homes than in other dogs 
that stay in houses all the time, which provokes a stronger immune system in dogs that roam 
outside the house [41].

The genotypes of the CPV-2 strains were previously investigated in Egypt. Abdel-Rhman et 
al. [42], Awad et al. [43], Al-hosary et al. [21], and Etman et al. [44] reported that CPV-2a and 
CPV-2b are the predominant viruses isolated from infected dogs in Egypt. Zaher et al. [18] 
and Elbaz et al. [20] previously recorded the CPV-2c genotype in Egypt, while Magouz et al. 
[34] in a neighboring governorate to the study area indicated that only CPV-2a and CPV-2c 
were circulating in that area. These latter studies were carried out in restricted geographic 
regions and time periods, and only partial fragments of the VP2 gene were analyzed. On 
the other hand, an analysis of the full-length VP2 gene/protein of 19 positive samples 
collected from many governorates in Egypt over three years identified that CPV-2c was the 
predominant virus genotype circulating in Egypt: 2019–2021 by Amer et al. [45] or from Cairo 
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and Giza governorates by Ndiana et al. [26]. They concluded that this genotype replaced 
the CPV-2b genotype, which agrees with the findings on the predominance of the CPV-2c 
genotype. This finding may be due to the vaccination stress favoring CPV-2c to prevail, and 
the antigenic mutation may be responsible for vaccination failure.

The phylogenetic tree showed that the CPV-2b strain (KES-5) clustered with Egyptian, Thai, 
Nigerian, South Korean, Chinese, Vietnamese, and Indian CPV-2b strains, which agrees with 
those of Zaher et al. [18] and Elbaz et al. [20]. Tegegne et al. [46] reported that the findings 
of this strong antigenic similarity between the genotypes of Egyptian and Southeastern Asian 
countries may be attributed to the strong economic relationship between these countries, 
with several Chinese business people traveling between these geographic regions, sometimes 
with their pets.

The other strains (KES-2, KES-4, KES-9, and KES-12) clustered with the CPV-2c strains 
(CU21, CPV614, CPV2c1, 19D179, HB2017, CPV-Ahf1H, and HN7AA). These findings are in 
agreement with Zaher et al. [18] and Elbaz et al. [20] in Egypt. Ndiana et al. [26] reported 
that Egypt, being a tourist country, makes it possible for the CPV-2c mutant to spread within 
the country from other African, Asian, and European countries.

Interestingly, the deduced amino acid sequence analysis confirmed that the KES-5 strain is 
CPV-2b, identical to the Egyptian CPV-2b strains, with a typical CPV-2b amino acid profile 
(amino acid tyrosine at position 267, glutamine at position 370, aspartic acid at position 
426, and alanine at position 440). In contrast, the KES-2, KES-4, KES-9, and KES-12 strains 
showed a CPV-2c amino acid profile (tyrosine at position 267, arginine at position 370, 
glutamic acid at position 426, and threonine at position 440). These results concur with 
Awad et al. [43], Ohshima et al. [47], and Decaro et al. [48], who reported that CPV-2 strain 
typing is usually based on VP2 protein 426 amino acid residue substitutions (aspartic acid 
in CPV-2b and glutamic acid in CPV-2c). Balboni et al. [49] and Chiang et al. [50] recently 
showed that the CPV-2b strains contain the tyrosine, glutamine, aspartic acid, and alanine at 
positions 267, 370, 426, and 440, respectively. They also reported that the CPV-2c strains have 
amino acids tyrosine, arginine, glutamic acid, and threonine at positions 267, 370, 426, and 
440, respectively. These amino acid polymorphisms could result in proximity differences in 
the pathogenicity of the different genotypes.

This study has some limitations that will be considered in future research. The information 
on maternal antibody exposure was not collected, and the number of samples for which 
sequencing was small. Therefore, these limitations will be addressed in future research.

In conclusion, this paper reported that unvaccinated dogs and dogs that roam outside houses 
had a greater risk of infection. The isolated CPV-2 genotypes are not unique to Egypt but are 
related to isolated genotypes in other parts of the world, suggesting a strong opportunity for 
global transmission.
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