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Abstract
Background and Objective: Canine parvo enteritis is a highly fatal infectious disease of great importance in dogs, caused by canine
parvovirus (CPV-2) which mutated during last 3 decades. The new strains CPV-2 a, CPV-2b and CPV-2c have been isolated globally,
resulting in about 100% mortalities among infected dog populations. These great mortalities lead to major epidemiological problem.
Therefore, the aim of this study was to investigate the prevalence of the disease, isolation, identification of causative virus and evaluation
of different tests used for its diagnosis. Materials and Methods: About 189 dogs showing signs suggestive for CPV infection were
subjected to clinical examination; rapid immunochromatography (IC) on fecal samples; conventional PCR on blood and faeces to detect
CP viral DNA and to differentiate detected viral strains; quantitative RT-PCR to detect VP2 gene expression of viral cDNA; statistical analysis
to study effect of age, sex and breed using Chi-square test and to evaluate sensitivity, specificity and accuracy of used tests and prevalence
of CPV enteritis. Results: About 76  of  189  dogs  showed  clinical  signs  were  positive  for  IC. About 87 samples  were positive samples
for CPV-2b (VP2) gene by nucleotide sequence analysis. About 105 positive samples detected by qRT-PCR. Statistical comparison of IC
and conventional PCR to qRT-PCR showed that IC values were 72.38, 100, 84.65, 100 and 74%, PCR values were 82.85, 100, 90.47, 100 and
82.35% for sensitivity, specificity, accuracy, PPV, negative PV, respectively. No effect of sex, age, while, breeds showed effect on IC and
PCR results. The prevalence of CPV infection was 55.56% among examined population. Conclusion: The results of the sequence analysis
proved that PCR products of the CPV-2b cDNA had very low variations in their nucleotide sequence compared to published CPV-2b (VP2)
gene. The gene sequence of CPV-2b strain in this study had deposited under the Ac. No: KY655746.1 in Gen-Bank. These results were
confirmed by qRT-PCR assay quantitatively and qualitatively. 
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INTRODUCTION

Canine parvovirus enteritis is highly contagious disease
affects dogs from age of weaning and all ages. The disease
clinically characterized by anorexia, depression, dehydration,
pyrexia, vomiting, diarrhea which is profuse mostly
hemorrhagic and leucopenia. Sometimes dyspnea or sudden
death due to myocarditis which is more common in puppies
of 4-6 weeks old1-4. Infection occur via the fecal-oral route and
causative virus targeting cells of high mitotic activity in
intestinal villi, lymphoid tissues and bone marrow1-4.

Canine parvovirus viral enteritis caused by canine
parvovirus CPV which designed as CPV type 2 (CPV-2) while
CPV -1 is recorded as asymptomatic5. CPV-2 is a parvoviridae
family member, autonomous group, single stranded DNA
small virions, 28 nm in diameter, un-enveloped6. CPV-2 rapidly
mutated to different new version strains designed as CPV- 2 a,
CPV-2b, CPV- 2c which distributed worldwide3,7. 

In spite of the differences in genes and amino acids
sequences among Autonomous group members (FPV, CPV-2a,
CPV-2b,CPV-2c) are small, occurring mostly in VP2 gene which
responsible for major capsid protein of these viruses6,8,9. 

Lack of maternal immunity and vaccination or incomplete
vaccination programmes with modified live attenuated
vaccines make puppies at high risk2,3. Recovery rate in
diseased dog increases if dehydration, electrolytes imbalance
and secondary bacterial infection overcomed2,3.

No data regarding CPV-2 diagnosis by molecular
identification and characterization had published. Rapid
diagnosis, molecular detection of the causative virus is of great
epidemiological importance for diagnosis  and  control  of
CPV-2 infection in certain countries where CPV is of great
spread3,7 plus facilities against virus treatment is low as in
Egypt. Established routine diagnosis includes clinical
examination, direct IC for qualitative detection of viral antigen
in faeces has many disadvantages3,7. The current work aimed
to achieve accurate detection using molecular methods for
identification and genetic characterization of CPV-2 from
different sources as blood and faeces from live naturally
infected dogs. In addition to phylogenetic analysis was done
for knowing the origin of CPV infection in Egypt. 

MATERIALS AND METHODS

Duration of the study: This study has been conducted during
the period between January 1, 2017 and October 30, 2018. 
 
Ethical approval and informed consent: The team informed
and received the permission of the owners of dogs included

in this study for taking samples used in this work. Samples
were collected as per standard sample collection procedure
without any harm to animals. The proposal of this study had
approval from National Research Center comity no: 1/12/2016. 

Chemicals: For molecular analysis, Trizol was bought from
Invitrogen (Carlsbad, CA, USA). The revere transcriptase and
polymerase chain reaction (PCR) kits were obtained from
Fermentas (Glen Burnie, MD, USA). For IC analysis, direct IC kits
were purchased from Bionote Inc., Korea.

Examined dogs: About 189 diseased dogs from different ages,
sex and breeds were checked clinically for detection of clinical
signs suggestive for CPV enteritis. 

Sampling: Fecal samples were collected from all clinically
infected cases (n = 189 dogs) and checked by rapid IC test
(rapid CPV Ag test kit for qualitative detection of viral antigen
in feces of all examined cases) and virus detection8-11. For
detection of CP virus in blood and fecal samples were
collected from all infected 189 dogs8-11. These dogs presented
clinical signs of canine parvovirus enteritis. Collected samples
were stored in 2 mL microtubes at a temperature of -80EC.

Clinical examination: One hundred and eighty-nine dogs
were received at a clinic at 6 October district located in Giza
Governorate, Egypt. History of the examined dogs including
breed, sex, age, past medical data history and registered
vaccination were recorded1,2. Dogs subjected to general and
specific clinical examination according to Gaskell et al.1. The
severity of the clinical signs observed in this study was
recorded as mild, moderate and severe1-3,8.

Immune-chromatography (IC): Direct IC (the antigen rapid
CPV Ag test kit, Bionote Inc., Korea) for the qualitative
detection of Canine Parvoviral antigen in Canine feces was
carried out on 189  fecal samples of dogs showing clinical
signs of CP viral infection9-11.

Molecular study
Extraction of total RNA and cDNA synthesis: Blood and fecal
samples collected from naturally infected dogs were used to
extract the total RNA using TRIzol® Reagent (Invitrogen,
Germany) Kit. The isolation method was carried out according
to the manufacturer’s instructions of the above Kit.
Approximately 500 µL from blood and 50 mg of fecal sample
were homogenized in 1 mL of TRIzol® Reagent in Eppendorf
tubes. Afterwards, total RNA was dissolved and preserved in
diethylpyrocarbonate (DEPC)-treated water up to use. 
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To assess the RNA yield and purity of the total RNA,
RNAse-free DNAse I (Invitrogen, Germany) was used to digest
DNA contamination. A small drop of isolated RNA was
examined photo spectro metrically at 260 nm. The purity of
total RNA was determined between 1.8 and 2.1 mg to be good
purified when it examined by spectrophotometer at the
260/280 nm ratio. To avoid RNA damaging, aliquots of RNA
were prepared after isolation for either reverse transcription
reaction or otherwise for storing at -80EC up to use.

To synthesize the complementary DNA (cDNA) isolated
RNA from all samples were reverse transcribed into cDNA. The
reaction volume was carried out in 20 µL. The reaction volume
was prepared according to the instructions of the Revert
AidTM First Strand cDNA Synthesis Kit (MBI Fermentas,
Germany). The reverse transcription (RT) reaction was
performed for 10 min at 25EC. Afterwards, the tubes of the
reaction were put in thermo-cycler machine for 60 min at 42EC
and then the reaction was terminated for 5 min at 99EC. The
PCR products containing the cDNA were kept at -80EC up to
use for DNA amplification9-15.

Primer design: Specific primers used in this study were
designed for different regions of VP2 gene which codes virus
capsid protein  using  primer  3  program  as  illustrated in
Table 1. 

PCR amplification reaction: Three primer pairs which
encoding CPV-2a, CPV-2b and CPV-2c were designed9,12-15.
These primers were selected from different regions of VP2
gene were used in this study. The sequences of primer pairs
are presented in Table 1. 

The resultant cDNA was amplified by Eppendorf
thermocycler using selected primers. Amplifications were
performed with the PCR conditions. The PCR products were
electrophoresed on 1.5% agarose gel and then were stained
with ethidium bromide and visualized by Gel Doc., Bio-RAD,
USA12-15.

Sequence and phylogenetic analyses: The positive PCR
products for CPV (RNA; DNA parvovirus) were selected and
purified using an QIAGEN purification kits (QIAGEN, Germany).
Sequencing was carried out based on the amplified segment
using a standard ABI Big Dye terminator version 3.1 sequence
kit (Applied Biosystem). The obtained sequences were
analyzed for homology using the NCBI Basic Local Alignment
Search Tool (BLAST: http://www.ncbi.nlm.nih.gov). Multiple
sequence alignment was carried out using ClustalW2 and the
percentage   nucleotide  identity  was  determined  using  DNA

Table 1: CPV2-primers used in these study
Type of Primer Oligonucleotide Estimated product
CPV2 name sequence (5'-3') sizea (bp)
CPV-2a F CATTGGGCTTACCACCATTT 209

R AAATGGCCCTTGTGTAGACG
CPV-2b F ATTATTTGTGAAAGTTGCGCCT 229

R TGGATTCCAGTATGAGAGGCTC
CPV-2c F CATTGGGCTTACCACCATTT 209

R AAATGGCCCTTGTGTAGACG
GAPDH F GAGAAAGCTGCCAAATATG 193

R CCAGGAAATGACCTTGACA
aBased on available CPV genome sequences, CPV: Canine parvovirus

identity matrix. A neighbour-joining (NJ) phylogenetic tree
was constructed based on the Canine parvovirus sequences
using MEGA5 software. The tree reliability was assessed using
50 bootstrap replicates. All nucleotide sequences were
deposited with the NCBI GenBank (Table 1)16-20.

Quantitative real time-PCR (qRT-PCR): A step one real-time
PCR system (Applied Biosystem, USA) was used to assess the
copy of the cDNA of blood and fecal samples to detect the
expression values of the canine parvovirus VP2 gene. A
volume of 25 µL of reaction mixtures was prepared containing
12.5 µL of SYBR® green (TaKaRa, Biotech. Co. Ltd.), 0.5 µL of
forward and reverse primers, 6.5 µL DNA-RNA free water and
2.5 µL of the synthesized cDNA. A melting curve of the
reaction was performed for each qRT-PCR termination at
95.0EC to assess the quality of the primers. To verify that the
reaction of the qRT-PCR does not have any contamination PCR
tubes containing non template control were used. The
sequences of specific primers of the canine parvovirus gene
(CPV-2a, CPV-2b and CPV-2c) were used (Table 1). The relative
quantification of the target genes to the reference (GAPDH,)21

was determined by using the 2-))CT method. 

Statistical analysis: The statistical analysis of the obtained
results was done using Chi-square test to study the effect of
age, sex and breeds on results of different tests. Sensitivity,
specificity, accuracy, PPV and negative predictive values of
used diagnostic tests and prevalence of the disease in
population of this study were calculated according to Smith22.

RESULTS

Clinical examination: The severity of the disease varied from
severe, acute to subacute form that was fatal usually in
puppies. Clinical signs were summarized in Table 2. Some of
the clinical signs of the disease encountered in infected dogs
in this study.
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Table 2: Clinical signs detected in examined dogs
Breed Sex

No. of --------------------- Age -------------------- Dehydration Mucous
cases Small* Large** (month) Male Female Lethargy Fever (EC) Anorexia Thirst Vomiting Diarrhea (%) membranes
76 - 76 1.5-2 36 40 Severe 40 Severe Severe Severe Severe 10-12 Pale
38 8 30 2-4 20 18 Severe 40 Severe Severe Severe Severe 10-12 Pale
33 3 30 4-6 15 18 Severe 39.5- 40 Severe Severe Severe Severe 6-8 Pale
32 2 30 6-8 15 17 Moderate 39.5- 40 Severe Severe Moderate Moderate 6-8 Pale
10 - 10 8-12 5 5 Mild 38-39 Severe Severe Mild Mild 5-6 Pale
*Small breeds includes: Bull dog, Chihuahua, Chinese crusted, **Large breeds includes: Doberman, German shepherd, Rottweiler, Pitbull, Golden Retriever, Labrador
Retriever, Siberian Husky, Caucasian dog and Saint Bernard breed

Table 3: Results of examined samples for CPV using Immune-chromatography
N (%)
------------------------------------------------------------

Case Male Female
Positive 36 (39.5) 40 (40.8)
Negative 55 (60.4) 58 (59.1)
Total 91 98

Table 4: Results of conventional PCR of examined samples 
N (%)
------------------------------------------------------------

Case Male Female
Positive 41 (45.1) 46 (46.9)
Negative 50 (54.9) 52 (53.1)
Total 91 98

Fig. 1(a-b): Positive and negative dog samples identified by
CPV-2b (VP2) gene (229  bp),  (a)  Feces  samples
and (b) Blood samples

Immune-chromatography (IC): Results of IC showed that 76
fecal samples from 189 of examined dogs were positive,
results were distributed between males and females as shown
in Table 3.

Molecular study
Conventional PCR: The PCR succeeded in identifying 87
infected cases among   189  examined  dog  samples  as 
shown  in Table 4.
Template cDNA collected from dog samples (blood and

feces) with clinical signs of Canine parvovirus was amplified
using the specific CPV primers that was previously designed
according to complete CDS of capsid protein gene of CPV
genome. In the present study, 3 specific primers were used
encoding CPV-2a, CPV-2b and CPV-2c analogues.
The cDNA from all examined CPV samples produced clear

bands upon amplification with its primer with a 229 bp
product size (Fig. 1). The primer was specific for CPV-2b (VP2)
gene fragment in infected dogs. However, the other
analogues including CPV-2a and CPV-2c were not identified in
any analyzed samples as well as negative dogs exhibited no
CPV bands.

Sequencing results: Analysis of the genomic region
encompassed by the primers of the CPV-2b gene and its
predicted amino acid sequence allowed discrimination  of
CPV-2b from all its variants. Analysis of the sequences of all
products illustrated in phylogenetic tree showed a high
degree of nucleotide homology. The identification  of  the
CPV-2b sequence in the current study was determined
according to BLASTN programs version 2.5.1+at the GenBank
NCBI on the website http://blast.ncbi.nlm.nih.gov/Blast.cgi,
using FASTA  format.   The  assembled  sequence  was
assigned by Gene Bank accession numbers KY655746.1 and
revealed  that the examined   sequence   significantly 
matched CPV-2b, with a maximum of 99.8% identity with the
VP2 gene sequences  of the reference strain (accession
number = HG004610) available in the Gene Bank.
Phylogenetic analyses of isolates with other sequences are
depicted in Fig. 2. 
The sequence of CPV-2b identified in this study and the

full sequences of the CPV-2b gene (published isolates
collected from various parts of the world, including Asia,
Europe,  South  America,  North   America   and   Australia  from
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Fig. 2: Phylogenetic tree constructed from the CPV-2b gene nucleotide sequences of the Canine parvovirus strain generated in
this study and other sequences obtained from the GenBank database

GenBank)  were  phylogenetically   analyzed   with   the   MEGA
version 4.0 software (Fig. 2). The data showed that several
different clusters were formed, the sequence isolated in this

study in a distinct clade showed more similarity and closely
related to strain Canine Parvo Virus-2b H in C004610.1from
India (99.8% similarity). 
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Table 5: Comparison between immune-chromatography (IC) according qRT-PCR
findings of examined cases of CPV 

IC
Method of ---------------------------------------
identification Positive Negative Total
qRT-PCR
Positive 76 (T+) 29 (F-) 105
Negative 0 (F+) 84 (T-) 84
Total 76 113 189
T+: True positive, T-: True negative, F+: False positive, F-: False negative,
Sensitivity: 72.38%, Positive pre-detective values (+PPV): 100%, Specificity: 100%
negative pre-detective values, -NPV: 74%, Accuracy: 84.65%

Table 6: Comparison between qRT-PCR and conventional PCR and findings of
examined cases of CPV 

PCR
Method of ---------------------------------------
identification Positive Negative Total
qRT-PCR
Positive 87 (T+) 18 (F-) 105
Negative 0 (F+) 84 (T-) 84
Total 87 102 189
T+: True positive, T-: True negative, F+: False positive, F-: False negative,
Sensitivity: 82.85%, Positive pre-detective values (+PPV): 100%, Specificity: 100%,
negative pre-detective values (-NPV): 82.35% and Accuracy: 90.47%

Quantitative real time-PCR
Expression levels of CPV-2b in dogs: qRT-PCR succeeded in
detection of 105 truly infected cases among the population of
the current  study  than  that detected by conventional PCR
(84 cases) and IC (76 cases).

Figure 3 represented the results of CPV gene expression
levels in dog samples (blood and feces). 

The results revealed that the CPV-2b (VP2 gene) was very
low and not detected in all control dog samples. However,
expression levels of CPV gene in different infected dog
samples were very high compared with control dogs.
Additionally, the expression levels of CPV gene increased with
highly significant (p<0.01) differences in feces samples
compared with blood samples (Fig. 3). 

Statistical analysis: Results of statistical analysis proved that
sex and age have no significant effect on results of IC and
conventional  PCR. While, breed play role on the results of
both tests where there is significance difference between
small and large breeds on accuracy of both IC and
conventional PCR. qRT-PCR is considered as gold standard of
this study. 

Table 5 and Fig. 4 represented the comparison between
IC and qRT-PCR showing 72.38, 100, 84.65, 100 and 74% on
sensitivity, specificity, accuracy, positive predictive value and
negative protective value

Table 6 and Fig. 4 represented the comparison between
conventional PCR and qRT-PCR showing 82.85, 100, 90.47, 100
and 82.35% on sensitivity, specificity, accuracy, positive
predictive value and negative protective value.

Figure 5 represented the comparison of results of
different tests as percentages. The prevalence of CPV enteritis
was 55.56% detected among the present population.

DISCUSSION

The present work was conducted by using conventional
PCR technique which was designed firstly to detect presence
of CPV-2 and secondly to differentiate the different CPV-2
strains in the population samples of the present work
according to which stated by Mohyedini et al.9, Zhong et al.10

and Tinky et al.11.
The PCR was achieved by primers designed and custom

synthesized based on nucleotide sequence of  VP2 gene of
CPV strains: CPV-2a, CPV-2b and CPV-2c as recommended by
Mohyedini et al.9, Zhong et al.10 and Tinky et al.11. 

In order to knowing the existing parvovirus strains in
district  where  this  study applied. The current findings were
87 cases were identified as infected cases with CPV-2b by
conventional PCR among 189 cases showing clinical signs
suggestive for Canine parvovirus enteritis, this in correlation
with Zhong et al.10, Tinky et al.11 and Cavalli et al.13.

PCR finding revealed that CPV-2b is the main strain
circulating in Egypt where CPV-2a, CPV-2c not recorded in
population of this work correlated with that of Gagnon et al.23. 

Phylogenetic analysis was done and the current
phylogenetic tree among the genetically closet 50 CPV-2
isolates showing 98-100% genetic assembly with the
sequence of VP2 in the current isolated strains partially
(Accession no of the present study: KY655746.1-VP2-Romane
0.18856). VP2 in the isolated strains of this study was
genetically stasis to VP2 gene of 50 CPV isolates included in
this tree18-20,23-25. 
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Fig. 5: Comparison between results of different  assays  for
CPV-2b identification 

This study proved that PCR technique is more accurate in
detection of infected cases, PCR Showing 87 positive cases
than IC test which detected 76 cases only this due to high
sensitivity of conventional PCR in detection of infected cases
even those harboring low log of viraemia as reported by
Mohyedini et al.9, Zhong et al.10 and Tinky et al.11.

PCR can differentiate between different CPV-2 strains,
while this cannot achieved by IC which gave positive results
only for infected cases carrying all strains CPV-2a, CPV-2b and
CPV-2c, this  in  agreement  with  Mohyedini  et  al.9  and
Zhong et al.10.

The only advantage of IC is its reliability for diagnosis of
CPV infection in houses and veterinary clinics easily9-11. But IC
test of moderate sensitivity so it detected only 76 infected
dogs among 189 examined cases, where, these in correlation
with Mohyedini et al.9 and Faz et al.26.

qRT-PCR due to its high accuracy and sensitivity26

considered the gold standard test in this study to which
conventional PCR and IC were compared according to

Mohyedini et al.9, Smith22 and Faz et al.26. Conventional PCR
showed  82.85,  100,  90.47,  100  and  82.35%,  while IC
showed 72.38, 100, 84.65, 100 and 74% for sensitivity,
specificity, accuracy, positive pre-detective value and negative
pre-detective value, respectively, these findings correlated
with that of Faz et al.26.

qRT-PCR (gene expression analysis test) in this study used
as a qualitative accurate confirmatory test for detection of VP2
gene of CPV-2 strains in samples of infected cases14-17.

Gene expression analysis test proved that it is not only a
qualitative but also serve as molecular quantitative diagnostic
technique with high accuracy value than conventional PCR for
detection of low concentration of CPV-VP2 gene in fecal
samples of infected dogs which may reach to 1.0-103-7.0×109

viral DNA in microgram of feces in agreement with Kumar and
Nandi12.

Also, qRT-PCR showed higher sensitivity in quantitative
detection of CPV DNA than conventional PCR even in very low
concentration which reach to 1-103 viral DNA in microgram of
feces12,17.

Prevalence of CPV enteritis in population of this study was
55.56% in Egypt, this findings are in correlation with that of
Faz et al.26, Miranda et al.27 and Pedroza-Roldan et al.28.

Statistical analysis results proved that there is no
significant difference between male and females dogs fecal
samples when assayed by either IC or PCR. By another mean
sex has no effect on results of IC and PCR when used for
diagnosis of CPV infection as confirmed by Faz  et  al.26. Age
has no significant effect on results of IC and PCR . Thus, the IC
and PCR  have  the  same  accuracy  for  all  different age
groups. These findings in correlation with that reported by
Awad et al.29, who, stated that both age and sex of infected
dogs has no effect on results. 
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Statistically, the results found that there is a significant
difference between small sized and large sized breed on
accuracy of IC and PCR. This means that this significant
difference between different dog breeds attributed to
difference in susceptibility for CPV infection as recorded by
Hall et al.2, Goddard and Leisewitz3 and Decaro et al.26, who
reported that Doberman and Rottweiler breeds are more
susceptible than other dog breeds.

CONCLUSION

Prevalence of CPV-2b infection was 55.56% among
population of this study. IC, conventional PCR and qRT-PCR all
together considered reliable tests for diagnosis of CPV-2
infection in dogs accurately. The results of the sequence
analysis proved that PCR products of the CPV-2b cDNA had
very low variation in their nucleotide sequence of all isolates
in comparison published CPV-2b (VP2) gene. The gene
sequence of CPV-2b strain in this study had deposited under
the Ac. No: KY655746.1 in Gen-Bank. These results were
confirmed by results of gene expression analysis test (RT-PCR)
quantitatively and qualitatively. 

SIGNIFICANCE STATEMENT

This study succeeded in identification of the existing
strain of CPV which is CPV-2b that makes alarm  and
mortalities among dog population, in addition to estimating
the prevalence of CPV infection in dogs in Egypt. This study
will help the researchers  to  uncover  critical  area  of leakage
in  diagnostic  abilities   of   IC  and  PCR  in  comparison  to
qRT-PCR, that not explored by many  scientists. Thus, an
clinico-epidemiological evaluation of IC and conventional PCR
may be arrived at. The present results recommend the use of
qRT-PCR as gold standard test with the use of different
molecular methods in diagnosis and measuring CPV
prevalence. 
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