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Abstract
Aim: This study aimed to detect and characterize current genotypes of canine parvovirus (CPV) in Egypt during 2018.

Materials and Methods: A total of 50 fecal swabs were collected from clinically infected domestic dogs of 2-5 months of
age, suspected to suffer from CPV infection, from Cairo and Giza Governorates. The samples were subjected to qualitative
antigen detection using the rapid test, followed by isolation on Madin-Darby Canine Kidney (MDCK) cells, molecular
characterization with partial amplification of VP2 gene using polymerase chain reaction (PCR), followed by sequencing
and phylogenetic analysis.

Results: Out of 50 fecal samples, 20 samples were positive (40%) by Rapid CPV/canine coronavirus Ag Test Kit. These
positive samples were cultured successfully on MDCK cells. Nine randomly chosen samples out of 30 apparently negative
samples were amplified using PCR with primers Hfor and Hrev to yield a typical 630 bp fragment. Then, six randomly chosen
samples out of nine were amplified using PCR with primers Pbs and Pbas to yield a typical 427 bp fragment. Sequencing,
BLAST analysis and assembly of the two fragments (630 bp and 427 bp) to produce 912 bp fragments, in the six samples,
revealed two serotypes CPV-2b and CPV-2c. The obtained strains were submitted to GenBank and given accession numbers
MK642272, MK642273, MK642274, MK 642275, MK642276, and MK642277. Phylogenetic analysis of the Egyptian
strains serotype 2b illustrated that they were closely related to Thailand strains (accession numbers KP715709, KP715694,
KP715701, and KP715700); while Egyptian strains serotype 2c was closely related to Thailand strains (accession numbers
MH711894 and MH711902), Taiwanese strain (KU244254), Chinese strain (MF467242), and Vietnamese strain (accession
number LC216910).

Conclusion: The current research recommends further epidemiological studies to assess the extent of the occurrence of
different serotypes of CPV in Egypt and the efficiency of imported and locally produced vaccines in protection against CPV
infection.
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Introduction

Canine parvovirus type 2 (CPV2) is one of the
most important global pandemic contagious viral dis-
eases affecting canine domestic population, especially
young puppies causing acute hemorrhagic enteritis,
myocarditis, vomition, and immunosuppression [1].
CPV2 has a small diameter (about 25 nm), enveloped
with an icosahedral capsid. CPV2 is classified within
the family Parvoviridae, subfamily Parvovirinae,
genus Protoparvovirus, and species carnivore proto-
parvovirus 1[2]. The viral genome is a single-stranded,
linear, negative-sense DNA comprising about 5200
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nucleotides. The genome encodes four proteins; two
non-structural proteins called NS1 (involved in viral
replication) and NS2 (has a role in capsid assembly)
and two structural proteins termed VP1 (involved in
cell infection) and VP2 (forms the viral capsid and is
the main protective antigen) [3].

The first recognition of this virus was in the
70s, as a novel virus among the domestic canines.
The virus was designated as CPV2, at that time, due
to the existence of minute virus of canine, known as
CPV1 [4]. During the 80s, the original virus (CPV2)
circulating globally acquired mutations, which led
to the emergence of two antigenic subtypes (CPV2a
and CPV2b) and replacement of the prototype CPV2
with the appearance of an additional antigenic subtype
(CPV2c) in 2000 in Italy [5].

In Egypt, the virus was initially reported in 1982,
in military police dogs showing clinical manifesta-
tions, pathological outcomes [6] and CPV antibod-
ies were detected by the serological study in spring

Veterinary World, EISSN: 2231-0916

326



Available at www.veterinaryworld.org/Vol.13/February-2020/14.pdf

months [7]. In 2005, a Penta Dog inactivated cell
culture vaccine containing CPV was prepared [8]. In
addition, the effect of different adjuvants on the inac-
tivated canine parvo vaccine was investigated [9]. Egg
yolk (IgY) was prepared against CPV conjugated with
fluorescein isothiocyanate and horseradish peroxidase.
The CPV was adapted among other canine viruses on
Madin-Darby Canine Kidney (MDCK) cells without
serum and oral vaccination of puppies was formulated
with canine core vaccine including parvovirus [10,11].
Isolation of CPV2 on Vero cells, polymerase chain
reaction (PCR), and sequence analysis confirmed the
presence of genotype CPV2b in 2012. While in 2014,
clustering of the virus within genotypes 2b and 2¢ was
observed [12,13]. Antibodies detected against CPV
in domestic dogs, using serodiagnosis, demonstrated
high susceptibility of 4-month-old puppies in 2016.
In 2018, genotypes 2a and 2b were identified using
genetic characterization with special reference to mul-
tiple mutations in genotype 2b [14,15]. Genotype 2b
is still circulating in Egypt with successful isolation of
virus on Vero cells [16].

Research articles regarding CPV are few in num-
ber in Egypt and so an in-depth insight is needed to
highlight the genotypes circulating in Egypt and this
research is an attempt to contribute to this goal. There
are many reports concerning the infection of vacci-
nated dogs, which urges further investigation about
the efficacy of the available vaccines. This study
aimed to detect and characterize current genotypes of
CPV in Egypt during 2018.

Materials and Methods

Ethical approval

This study was approved by Ethical Committee
for Medical Research at the National Research
Centre, Egypt and in accordance with local laws and
regulations.

Samples

A total of 50 fecal swabs were collected from
Cairo and Giza Governorates during 2018 from clin-
ically infected domestic dogs of 2-5 months of age
(native breed and German Shepherd) showing mod-
erate-to-severe gastrointestinal signs including bloody
diarrhea, dehydration, vomition, inappetence, and
lethargy with no history of previous vaccination.

Fecal swabs were collected (separately from each
animal) in labeled tubes containing phosphate-buff-
ered saline (PBS) with 10% of antibiotic solution and
subjected to two cycles of freezing and thawing then
for centrifugation at 2000 rpm for 10 min. The super-
natant fluid was separated and kept at —80°C until
used for virus isolation [16].

Qualitative detection of CPV antigens in feces of dogs
All of the collected fecal swabs were tested for
CPV Ag using Rapid CPV/canine coronavirus [CCV]
Ag Test Kit (Cat. No. RC1105DD), Bionote, Republic
of Korea (according to manufacturer’s instructions).

Isolation of CPV on MDCK

Fecal swabs obtained from clinically infected
domestic dogs were washed with 1 ml PBS and cen-
trifuged at 10,000x g for 5 min/4°C. The positive sam-
ples for CPV antigens, using Rapid CPV/CCV Ag Test
Kit, were filtered using a 0.22 um syringe filter. The
MDCK cell line was grown to confluence in minimal
essential medium (MEM) (Sigma-Aldrich) containing
10% fetal calf serum (Sigma-Aldrich) at 37°C with
5% CO,. When the monolayers were 80-90% conflu-
ent, the growth medium was decanted and 0.1 ml of
viral inoculum was added to a 25 cm? tissue culture
flask. Simultaneous inoculations of similar flasks
with an equal volume of sterile PBS served as neg-
ative culture controls. Maintenance of cell cultures
was done using MEM with 1% fetal calf serum. The
inoculum was allowed to adsorb at 37°C for 1 h. After
1 h, the inoculum was pipetted out and the monolayer
was washed with PBS. Finally, MEM was added to
each monolayer including the controls then incubated
at 37°C. The monolayer was examined daily for the
appearance of cytopathic effects (CPEs) [17,18].

PCR for isolated virus
DNA extraction

DNA extraction from samples was performed
using the QIAamp DNA Mini Kit Cat. No. 51304
(Qiagen GmbH, Germany) according to manufactur-
er’s instructions. Briefly, 200 pl of the samples sus-
pension were incubated with 10 ul of proteinase K
and 200 ul of lysis buffer at 56°C for 10 min. After
incubation, 200 pl of absolute ethanol was added to
the lysate. The samples were washed and centrifuged
with reference to the manufacturer’s recommenda-
tions. Nucleic acid was eluted with 100 pl of elution
buffer provided with the kit.

Oligonucleotide primers

Primers listed in Table-1 were supplied from
Metabion (Germany).

PCR amplification

Primers were utilized in a 25 pl reaction contain-
ing 12.5 pl of EmeraldAmp Max PCR Master Mix
Cat. No. RR320A (Takara, Japan), 1 pl of each primer
of 20 pmol concentration, 7.5 ul of water, and 3 pl
of DNA template. The reaction was performed in an
Applied Biosystems 2720 thermal cycler.

Analysis of the PCR products

PCR products were separated by electrophoresis on
1.5% agarose gel (AppliChem GmbH, Germany) in 1%
TBE buffer at room temperature using gradients of 5 V/
cm. For gel analysis, 15 pl of the product was loaded in
each gel slot. A GeneRuler™ 100 bp ladder (Fermentas,
Germany) and GelPilot® 100 bp ladder (Qiagen GmbH,
Germany) were used to determine the fragment sizes.
The gel was photographed by a gel documentation sys-
tem (Alpha Innotech, Biometra, Germany) and the data
were analyzed through computer software.
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Table-1: Primers sequences, target genes, amplicon sizes, and polymerase chain reaction cycling conditions.

Target Primers Amplified Initial Amplification (35 cycles) Final Reference
gene sequences segment denaturation extension
(bp) Denaturation Annealing Extension
Vp2 Hfor: CAGGTGA 630 94°C 94°C 55°C 72°C 72°C [20]
TGAATTTGCTACA 5 min 30s 40 s 45 s 10 min
Hrev: CATTTGGA
TAAACTGGTGGT
Pbs: CTTTAACC 427 94°C 94°C 55°C 72°C 72°C
TTCCTGTAACAG 5 min 30s 40 s 40 s 10 min
Pbas: CATAGTTA
AATTGGTTATCTAC

Sequence analysis of the PCR products

PCR products were purified using QIAquick
PCR Product extraction kit, Cat. No. 28104 (Qiagen,
Valencia) according to the manufacturer’s instructions.
BigDye™ Terminator v3.1 cycle sequencing kit, Cat.
No. 4337455 (PerkinElmer) was used for the sequence
reaction and then purified using Invitrogen™ Centri-
Sep™ Spin Columns. DNA sequences were obtained
using Applied Biosystems 3130 genetic analyzer
(HITACHI, Japan) in Elim Biopharmaceuticals Inc.,
CA,USA.ABLAST® analysis (Basic Local Alignment
Search Tool) was initially used to establish sequence
identity to GenBank accession numbers [19]. The evo-
lutionary history was inferred using the neighbor-join-
ing method [20]. The optimal tree with the sum of
branch length = 0.03463035 is shown. The tree is
drawn to scale, with branch lengths in the same units
as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were
computed using the p-distance method [21] and are
in the units of the number of base differences per site.
The rate variation among sites was modeled with a
gamma distribution (shape parameter = 1). This anal-
ysis involved 30 nucleotide sequences. Codon posi-
tions included were 1% + 2" + 3™ + non-coding. All
ambiguous positions were removed for each sequence
pair (pairwise deletion option). There were a total of
912 positions in the final dataset. Evolutionary analy-
ses were conducted in MEGA X [22].

Results and Discussion

In this study, suspected cases of non-vacci-
nated CPV including native breed (mixed breed) and
German Shepherd (pure breed) of age 2-5 months
were investigated. Out of 50 fecal swabs tested using
Rapid CPV/CCV Ag Test Kit, 20 samples were posi-
tive (40% of total samples). This test is the most com-
monly used field diagnostic tool because it is rapid,
simple and can be carried out by both veterinarians
and owners. However, the sensitivity of this test does
not exceed 50% due to large amount of viral antigen
required to produce strong visible band. This confirms
the high specificity and low sensitivity of the test as
previously declared [16].

The rapid kit positive samples were successfully
cultured on MDCK cells for three successive passages

showing typical CPE of rounding and detachment of
cells on 2-3 and 4-6 days’ time mark along with nega-
tive control, Figure-1. Furthermore, CPV was adapted
on MDCK cells with characteristic CPE only after the
5% passage, whereas CPE at the 7" passage was char-
acterized by rounding and shortening of cells [18].

The nine randomly selected samples from the
apparently negative ones were amplified using con-
ventional PCR with primers Hfor and Hrev, Table-1.
They were all shown to be positive at 630 bp mark,
Figure-2. The first fragment was used to assure the
presence of CPV in those samples. Then, six ran-
domly chosen samples out of the nine were amplified
using conventional PCR with primers Pbs and Pbas,
Table-1 [20]. All tested samples were positive with a
typical fragment at 427 bp, Figure-3. The positivity
of the randomly chosen samples confirms that molec-
ular-based tool (PCR) is much more sensitive than
immunochromatographic method (rapid test) [16].
Similarly, traditional and nested PCRs were used to
detect CPV with 81.63% (40/49) and 97.96% (48/49),
respectively [17].

Those six positive samples’ fragments were
sequenced and assembled along with same posi-
tive samples of the 630 bp fragment to produce a
912 bp fragment. The sequence undergone BLAST
analysis for further confirmation and for establish-
ing similarity with other strains (Table-2). Multiple
sequence alignment for both nucleotides and amino
acids revealed multiple mutations, as shown in
Figures-4 and 5.

The obtained six sequences were submitted
to GenBank and given the following acces-
sion numbers: MK642272 (2c), MK642273 (2c),
MK642274 (2c), MK642275 (2b), MK642276 (2b),
and MK 642277 (2b). VP2 426 Asp is another name for
CPV-2b and VP2 426Glu is another name for CPV-2¢
and this nomenclature is according to mutations/sub-
stitutions in VP2 capsid protein at residue 426. The
obtained multiple amino acid alignments, Figure-5, at
residue 169, which is equivalent to residue 426, for
serotype 2b, aspartic acid (D) designates CPV-2b,
and for serotype 2c, glutamic acid (E) designates
CPV-2c [4] and this was the basis of serotyping.

The phylogenetic analysis revealed that the
Egyptian strains serotype 2b was clustered with the
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Figure-1: Cytopathic effects produced on Madin-Darby Canine Kidney cells by canine parvovirus, (a) negative control cell
monolayer, (b) cell monolayer 2-3 days post-inoculation showing rounding and detachment of cells, and (c) cell monolayer
4-6 days post-inoculation showing rounding and detachment of cells.

630 bp

Figure-2: Agarose gel 1.5% (AppliChem) showing the
polymerase chain reaction amplification products of
expected fragment of 630 bp (lanes 1-9 samples). Lane L
represents 100 bp DNA ladder (GeneRuler™, Fermentas).
Lane Neg represents the negative control. Lane Pos
represents the positive control.

Thailand strains (KP715701, KP715700, KP715700,
and KP715694), as shown in Figure-6. The same find-
ing was clear in 2018 in an Egyptian 2b strain [16].
The Egyptian strains serotype 2c was clustered with
the Thailand strains (accession numbers MH711894
and MH711902), Taiwanese strain (KU244254),
Chinese strain (MF467242), and Vietnamese strain
(LC216910).

The strong interrelationship with Thailand,
Chinese, Vietnamese, and Taiwanese strains was fur-
ther emphasized from the sequence identity matrix
(Figure-7). The Egyptian CPV 2c strain (MK642274)

Figure-3: Agarose gel 1.5% (AppliChem) showing
the polymerase chain reaction amplification products
of expected fragment of 427 bp (lanes 1-6 samples).
Lane L represents 100 bp DNA ladder (GelPilot®, Qiagen).
Lane Neg represents the negative control. Lane Pos
represents the positive control.

was identical (100%) to Chinese strain (MF467242),
Thailand strains (accession numbers MH711894 and
MH711902), and Taiwanese strain (KU244254), while
identity percentage to Vietnamese strain (LC216910)
was 99%. The Egyptian CPV 2c strains (MK 642272
and MK642273) were similar (99.8%) to Chinese
strain (MF467242) and Thailand strains (accession
numbers MH711894 and MH711902); Vietnamese
strain (LC216910) was 98.9%, while the identity per-
centage to Taiwanese strain (KU244254) was 99.5%.
The Egyptian CPV 2b strain (MK642275) was sim-
ilar (99.4%) to Thailand strains (accession numbers
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Table-2: Some strains used in phylogenetic tree including the designation of the obtained Egyptian strains.

No. Accession number Strain designation

Serotype Country of origin

1. MK642272 NRC/Egy1/2019 2c Egypt
2. MK642273 NRC/Egy2/2019 2c Egypt
3. MK642274 NRC/Egy3/2019 2c Egypt
4, MK642275 NRC/Egy4/2019 2b Egypt
5. MK642276 NRC/Egy5/2019 2b Egypt
6. MK642277 NRC/Egy6/2019 2b Egypt
7. MH711902 CPV 2c strain CU21 2c Thailand
8. MH711894 CPV 2c strain CU24 2c Thailand
9. KR869671 CPV 2a strain CPV/BJ137 VP2 protein gene 2a China
10. KP715701 CPV isolate CPV-VT80 VP2 protein gene 2b Thailand
11. KP715700 CPV isolate CPV-VT75 VP2 protein gene 2b Thailand
12. KP715694 CPV isolate CPV-VT54 VP2 protein gene 2b Thailand
13. KP715709 CPV isolate CPV-VT114 VP2 protein gene 2b Thailand
14. KU244254 CPV 2c capsid protein (VP2) gene, complete cds 2c Taiwan
15. LC216910 CPV 2c VP2 gene for viral protein 2, complete cds, strain: 2c Vietnam

CPV/dog/HCM/20/2013
16. MF467242 CPV isolate CPV-GX1581 VP2 protein gene, complete cds 2c China
CPV=Canine parvovirus

| PPy PPN |

F0202622_Vac SAE 2b Ttaly
222823 Vac_29/97 2b Italy
625223 vacS_India
KPT15694_CRV-7154_2b_Thailand
Ke715700_CBY-1175_2b Thailand
Ke715701_CoY-7180_2b Thailand
Ke715709_CoV-YT114 25 Thailand
KR002800 CPV/CN/INT_Za_China
KR611506_CBY-LN-14-3 Za _China
KR869670_CPV/BJ131 Za China
KR869671_CPV/BJ137 2a_China
KRB69677_CPY/BH80 24 China
KRB69676 CP/BJ524 24 _China
KT162022 BI14-1_ 26 China
KUB66393_KATNS 2 India
KX198141_CP/Sul b Traq
16216910 CP, 2c Tietaan
K0244254 €9V 2¢_Taivan

138245 CBY-2h USA
M74857_CBY-133 2 USh
MP467236_CoV-EN1543 2a China
MP46T247_ CPV-GR1S81_2¢ China  |...
MET11694_CPY_CU24_Zc Thailand |...
MET11907_CPY_CU21_2¢_Thailand |...
MK642272 Sexotype_2¢ Eqypt
MK642273 Serotype_2c_Eqypt
MK642274Sexotype_ 2¢_ Eqypt
MK642275 Sexotype_ 2b Eqypt
M642276 Sexotype_2b Eqypt
MK642277 Sexotype_2b Eqypt

FU222822 Vac_SAE 2b Italy
FJ202823 Vac_29/97_2b Italy
JN625223 uc5 India 3
0715594 CP7- VTN 2b Thailand |,
KF715700 CP7- VT75 Zb Thailand |,
9715701 CP7- V‘IUO Zb Thailand |,
KP715709 cov-vT1id Zb Thailand |
MWZBW GV/O’/LNI 2| China
I(RHISM CPV-IN-14- 9 h China |,
KMS%N CPV/BJ131 . Zl China
KR569571 @V/BJ]J7 Zl China
KRB69677_ CPV/BJ“O ZA China
Miﬁ%ﬂ GV/BJSN 2! China
K‘IIEZO?? BJl4-1 Zb China
KWSGJSJ KATN3 Zl TIndia
Kﬂ’!lﬂ QV/Snl Zb Iraq
I£216910 PV 2 Vietnan
KWMZN GV 2c Taivan
¥36245_C2Y-2b_USh

)ﬂ“52 CPY-. 133 2b UsA
)1!467236 CPY- MSH 2a China
)N£7242 CP7-( 611551 Zc China
WHHSJ CPV_CU24 Zc Thailand |
VET11902_CPV_ CU21_ 2¢_Thailand |,
MKE42277 Serotype_2¢ Eqypt
MKE42273 Serotype_2¢_Eqypt
MK642274_Serotype 2c Eqypt
MKE42275_ Serotype_2b Eqypt
MRE42276 Serotype 2b Eqypt |-
WK642277 Serotype 2b Eqypt  |. K

FI222623 Vac_29/57 2b Italy
JH62522.? vu:i India
KP715694_CRV-VI54_2b_Thailand
KP715700_COV-275_2b_Thailand
KP715701_CPV-VT80_25_ Thailand
KP715709_CPV-VT114 2b Thailand
KR002800 CPV/CH/LNT_2a China
KRE11506_COV-IN-14-9 Za China
KRB69670_CPV/BI131 Za China
KRB69671_CPV/BI137 2a China
KRB69677_CPV/BI4E0_2a China
KRB69676_CPV/BI524_2a China
KT162022 BI14-1 2b China
KU866393_KATN3 2a_India
KXI9B14I_CPV/Sul 2b Traq

1216910 CP 2c Tietoan
KU244254_CPV_2¢_Taivan
138245 CoY-25 USh
¥74857_CoY-133 2b USh
MP467236_CoV-EN1513 2a China
MP47247 CPV-GR1581_2¢_China
mmu CPY_CU24 Zc Thailand

JUPSY FOOOY VOO FOVOY TUOY POVOYIPUODY POUR IPUPDS PUVRY IPUPRY POUPY RPVPY PRPOY IPPPOY POPOY I
FJ222822 Vac_SAE 2b Italy PCACCATTTC TAAATTCTTT GCCTCAAGCT GAAGGAGGTA CTAACTTIGG TTATATAGGA GTTCAACAAG ATAAAAGACG TGGTGTAACY

MET1190Z_CPV CO212¢_Thailand
MKE42272_ Serotype_2¢_Eqypt
MKE42273 Serotype_2c_Eqypt
MKE42274, Serotype_2¢_Eqypt
MKE42275, Serotype_2b Eqypt
MKE42276_ Serotype 2b Eqypt
MKE42217 Serotype 2b Eqypt

Figure-4: Multiple nucleotide sequence alignment of the obtained canine parvovirus Egyptian strains in comparison with
different known global strains, generated by BioEdit program version 7.0.5.3. The similarities are shown as dots while
differences are shown as letters and/or boxes. [Additional figures can be available from the corresponding author].

KP715694, KP715700, KP715701, and KP715709),
while the Egyptian CPV 2b strains (MK642276
and MK642277) were similar (99.7%) to the same
Thailand strains.

This outcome raises the question about the epi-
demiological origin of the Egyptian strains and their

strong relation to some Southeastern Asian countries
(Thailand and Vietnam), China, and Taiwan.

Conclusion

The parvovirus infection is strongly prevalent in
Egypt with all its known serotypes; 2a, 2b, and 2c. This
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FJ222822 Vac . SAHZb Italy SDEFATGTEE NRALG. 3 A EGGINFGYIG G FTNITE ATIMRPAEVG YSAPYYSFEA
!'J222823 Vac 29/97 7b ) Italy .

J'N625223 vac5 India
I<P715694_QV-VT54_2b_Thailand
KP715700_CPV-V175 2b Thailand
KP715701 CPV-VT80_. 2b Thailand |..
1(1’715709 CPV-VTIM 2b Thailand |
KR002800 CPV/CN/LNI 2a China
I(R611506_CPV-LN-14-9_2a_China
KR869670_CPV/BJ131 22 China
KR869671 CPV/BJ137_2a China
KR869677_CPV/BJ480_2a China
KR869678_CPV/BJ524_2a China
1162022 BJ14-1 2b China
KU866393 KATN3 2a_India
Kx198141 CPV/Su.l ) ) Iraq
LC216910 CPV 2¢ | Vietnan
KU244254_CPV_2¢_Taivan
M38245_CPV-2b USA
M74852_CPV-133 2b USA
MF467236_CPV-EN1543 2a China
MF467242_CPV-GX1581 2¢ China
ME711894 CPV_CU24 . 2c Thailand
mueoz CPV CI721 2c Thailand
MK642272 Sezotype > 2¢ : Eqypt
MK642273 3 Serotype 2c Egypt
MK642274. { Serotype 2c Egypt
MK642275_ ) _Serotype 2b Eqypt
MK642276 5 Serotype 2b Egypt
MK642277_Serotype 2b Eqypt

Figure-5: Multiple amino acid sequence alignment of the obtained canine parvovirus Egyptian strains in comparison
with different known global strains, generated by BioEdit program version 7.0.5.3. Similarities are shown as dots while
differences are shown as letters and/or boxes. [Additional figures can be available from the corresponding author].

| A MKB842272 Serotype 2¢c Egypt
A MK642273 Serotype 2c Egypt
MH711902 CPV CU21 2¢ Thailand
MH711894 CPV CU24 2c Thailand
MF467242 CPV-GX1581 2c China
KU244254 CPV 2c Taiwan
A MK642274 Serotype 2c Egypt
LC216910 CPV 2c Vietnam
— - KR869671 CPV/BJ137 2a China
A MKB642275 Serotype 2b Egypt
A MK642276 Serotype 2b Egypt
A MK642277 Serotype 2b Egypt
KP715694 CPV-VT54 2b Thailand
KP715709 CPV-VT114 2b Thailand
I KP715700 CPV-VT75 2b Thailand
KP715701 CPV-VTS80 2b Thailand
——— KR611506 CPV-LN-14-9 2a China
KR002800 CPV/CN/LN1 2a China
KU866393 KATNS3 2a India
MF467236 CPV-HN1543 2a China
KR869670 CPV/BJ131 2a China
KR869677 CPV/BJ480 2a China
KR869678 CPV/BJ524 2a China
KT162022 BJ14-1 2b China
r KX198141 CPV/Sul 2b Iraq
[ FJ222822 Vac SAH 2b ltaly
JNB25223 vac5s India
FJ222823 Vac 29/97 2b ltaly
M38245 CPV-2b USA

[

M74852 CPV-133 2b USA

Sy |
0.0020

Figure-6: Phylogenetic analysis created by MEGA X version 10.0.5 showing clustering of Egyptian canine parvovirus
strains with Thailand, Chinese, Taiwanese, and Vietnamese strains.

study was carried out to identify the prevalence of each ~ samples, which are not enough to establish realistic epi-
serotype, determining the dominant one and muta-  demiological data. The serotypes and mutations identi-
tions. Most Egyptian studies have a limited number of  fied throughout this study might provide evidence for
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StrainNumber 1 2 3 4 5 6 7 s 9 10 112 13 14 15
train Designation i ! i :

1222822 vac_sa_2b_ttaly 1 99.1% 99.0% | 99.1% 99.1% 99.3% 99.1% 993% 99.3% | 993% 99.3% | 993% O3
1222803 vac_29/97. 26 taly 2 99.1% 991% | 991% 99.1% 993% 991% 993K 993% 93N 993% 993k  993%
IN625223 vacS, India 3 99.1% | 99.1% 99.3% 99.1% 99.3% 99.3% 993% 99.3%  99.3% 99.3%
 (p715696 CPVYTS 25 Thailand 4 99.1% | 99.1% - 997% | 99.7% 99.3% | 993%  99.3% 99.5% | 993% 99.3%  99.3%  99.3%
it Crive7E 0. Siaiiand 5 99.1% | 99.1% 1000%: 99.7%  99.3%  99.3%  99.3% 99.5%  993% 99.3% | 99.3%  99.3%
 $715701 CPVATTSO, 25, Thaitand 6 99.1% | 99.1% 99.3% | 993% 99.3% 99.5% 993% 99.3%  99.3%  99.3%
08 Couarie 14 25 oot 7 99.1% 1 99.1% 99.3% | 99.3% | 99.5% | 99.3%  99.3% | 99.3%  99.3%
xmzaoo:cw/cmu-a_z-a_cnm s 99.3% | 99.3% 99.3% | 99.3% 99.7%  99.7%  99.7% | 100.0%
L RE11506 CPV-LNA49. 2 China ) 99.1% | 99.1% 99.3% | 99.3% 99.5% | 99.5% | 99.5% | 99.7%
Kgssgsm:cw/m,_n_;_c-,,,., 10 99.3% | 99.3% 99.3% 99.3% 99.7% ’99.'5%_ 1D 99.5% | 100.0% 100.0% | 100.0% | 99.7%
(Rs9671 CPv/21137_23_China 1 99.3% | 99.3% 995k 995k 99.5% 997%  99.5% | Csas
(R869677. CPV/81480. 23 China 12 99.3% | 99.3% 99.3% | 99.3%  99.7% | 99.5% | 100.0% 99.7%
(Res9673_CPV/B524 23 China 13 99.3% ' 99.3% | 993% (99.3%  997% 99.5% 1000% 99.5% | 1000% 99.7%
L 162022 B2 26 CHina 14 99.3% | 99.3% 99.3% | 99.3%  99.7% | 99.5%  100.0%  99.5% | 100.0% 99.7%
8e6% KAt Sande 15 99.3% | 99.3% 99.3% 99.3% 100.0% 99.7% 99.7% 99.5%  99.7%
KXIS&!M:CPV/Su:_Z;_Haq 16 99.5%  99.5% 99.3% 99.3%  99.7% | 99.5%  99.7%  99.5% | 99.7% $99.7%
| coisioas e i 17 99.1% | 99.0% 99.2% | 99.2%  99.2% | 99.4%  99.2%  99.6% . 99.2% 99.2%
1344054 P B Totis 18 98.7% : 98.6% 98.9% | 98.9% 98.9% 99.1% 98.9% 99.3%  98.9% 98.9%
| 3245 CPL2b LA 13 99.3% | 99.3% 98.6% | 98.6% 99.1% | 98.9%  98.9%  98.9% . 98.9% 99.1%
74iE3. o135 25 DS 20 99.7% : 99.7% 99.1% 1 99.1%  99.3% ' 99.1% | 99.3% 99.3% ' 99.3% 99.3%
Mrasnzs_cw-n;:sas_u_cnim 21 99.1% | 99.1% 99.3% | 99.3% 99.7% | 99.5%  997% 99.3% | 99.7% 99.7%
Lok Coe i i bt 22 99.1% | 99.0% 99.2% | 99.2%  99.2% | 99.4% | 99.2% 99.6% & 99.2% 99.2%
H723884 €. €U 2 Thalld 23 99.1% | 99.0% 99.2% | 99.2% 99.2% | 99.4%  99.2% 99.6% | 99.2% 99.2%
31000 v L1 e it 2 $99.1%  99.0% 99.2% | 99.2%  99.2% ' 99.4%  99.2% 99.6% | 99.2% 99.2%
e R 25 99.0% | 98.9% 99.1% | 99.1% 99.1%  993% 99.1% 99.5%  99.1% 99.1%
k642273 _Sercrype_2¢_Egyee 2 99.0%  98.9% 99.1% | 99.1%  99.1% (99.3%  99.1% 99.5% | 99.1% 99.1%
. 27 99.1%  99.0% i D 99.2% [99.2% 99.2% |99.4% | 99.2% |99.6% | 99.2% 99.2%
k642275 Serctype_25. Exypt 28 987% [387%  9BT% |99.4% 99.4%  99.4% 994K 99.2% |99.4% 99.0% 99.4%  99.2% 99.2%
b K642276 Surceype 20 Egypt 29 99.1% (99.1%  99.1% [997% 997% | 997% 997% 99.5% (99.5%  99.5% 99.5% | 99.5% 99.5%
A7 Serotya b Eippt. 30 99.1% | 99.1%  99.1% 997% 997% 99.7% 997% 99.5% 99.5% 99.5% 99.5%  99.5% 99.5%

StainNumber . 16 17 18 | 19 20 21 22 23 | 24 25 26 27 28 29 . 30

Istrain Designation

[F1222822 Vac_SAH_2b _Italy 1 99.5% 99.1% 98.7% 99.3% 99.7%  99.1% . 99.1%  99.1% | 99.1% = 99.0% 99.0% = 99.1% 98.7% 99.1% = 99.1%
1222823 vac_29/97. 20 ttaly 2 99.5% 99.0% 98.6% 99.3% 99.7% 99.1% 99.0% 99.0% 99.0% 98.9% 98.9% 99.0% 98.7% 99.1%  99.1%
625223 vacs, Indle 3 99.5% 99.1% 98.7% 99.3% 997% 99.0% 99.1% 99.1%  99.1% 99.0% 99.0% 99.1% 987% 99.1%  99.1%
L 71508 CERNTER 20 Thaikind s 99.3% 99.2% 98.9% 98.6% 99.1% 99.3% 99.2% 99.2% 99.2% 99.1% 99.1% 99.2% 99.4% 99.7%  997%
k715700, CovavTrs. 25 haitand 5 99.3% 99.2% 9B.9% 98.6% 99.1% 99.3% 99.2% 99.2% 992% 99.1% 99.1% 99.2% 99.4% 997%  997%
kp715701 CPV-VTS0_20 Thailand 6 99.3% 99.2% 98.9% 98.6% 99.1% 99.3% 99.2% 99.2% | 99.2%  99.1% 99.1%  99.2% 99.4% 99.7%  997%
(P715209 CAEVT114 26 Thatiand 7 99.3% 99.2% 98.9% 98.6% 99.1% 99.3% 99.2% 99.2%  99.2% 99.1% 99.1%  99.2% 99.4% 99.7%  99.7%
KROOZB(XJ:CPV/CWLN-J_;:_CM\- 8 99.7% 99.2% 98.9% 99.1% 99.3% 99.7% - 99.2%  99.2% | 99.2%  99.1%  99.1% . 99.2% 99.2% - 99.5% = 99.5%
IkR611506 CPV-LN-123_23_China s 99.5% 99.4% 99.1% 98.9% 99.1% 99.5% 99.4% 99.4%  99.4% 99.3% 99.3% 99.4% 99.4% 99.5% 99.5%
kkrsss670 cPv/a1131 20 China ‘ 10 997% 99.2% 98.9% 983% 993% 997% 992% 992% 992% 991% 991% 992% 992% 995K  995%
[KR869671_CPV/BJ137_2a_China 1 99.5% 99.6% 99.3% 98.9% 99.3% 99.3%  99.6% 99.6% = 99.6% 99.5% 99.5% ' 99.6% 99.4% 99.5% = 99.5%
lkrssse77_crv/21480_2a _China 12 997% 992% 983% 989% 993% 997% 992% 992% 992% 991% 99.1% 992% 2% 995% 995%
lkres9673_cpv/a524 23 China : 13 997% 99.2% 98.9% 983% 993% 997% 992% 992% 992% 99.1% 99.1% 99.2% 99.2% 99.5%  995%
N ———_— 14 997% 99.2% 98.9% 98.9% 99.3% 997%  99.2% 99.2% | 99.2% 99.1% 99.1% 99.2% 99.2%  99.5%  99.5%
Kus“ggg:mm;_h—_mdn 15 H 98.9% 99.1% 99.3% 99.7%  99.2%  99.2% | 99.2% < 99.1% < 99.1% A 99.2% 99.2%  99.5% = 99.5%
lx198141_CPY/Sul_25_iraq 16 98.9% 991% 995% 995% 992% 990% 992% 99.% 99.1% 992% 992% 995% 995%
lLc216910 cPV._2¢ Viemam 17 99.6% 98.5% 99.0% 99.0% 100.0% 100.0% 100.0% 99.8% 99.8% 100.0% 99.3% 99.2%  99.2%
leuaceass Py 2 Tamwan 18 98.2% 98.6% 98.6% 99.6% 99.6% 99.6% 99.5% 995% 99.6% 99.0% 989% 98.9%
Msws_{w_,;_u'“ i 19 98.2% D "98.9% | 98.5% < 98.5% | 98.5%  98.4%  98.4%  98.5% 98.3% 98.6%  98.6%
h74852_cPv.133 26 USA 20 X 0%  98.6% 99.0% 98.9% 98.9% 99.0% 987% 99.1%  99.1%
L ecr23t coenmice % cri 2 99.5% 99.0% 98.6% 99.0% 98.9% 98.9% 99.0% 99.2% 99.5% 99.5%
[ara7242 crvansses 2c cniom 2 99.2% 100.0% 99.6% 1000% 99.8% 99.8% 1000% 99.3% 99.2%  99.2%
IMH71183¢_CPY_CU2¢_2¢_Thailsnd 23 99.2% 100.0% 99.6% 99.8%  99.8% 100.0% 99.3% 99.2%  99.2%
hati711502 CPY. CUZ1 26 Thaitand 20 99.2% 100.0% 99.6% 98.5% 99.0% 99, 99.8% 100.0% 99.3% 99.2%  99.2%
T A A 25 99.1% S98% 995% S8.4% 99% 8% 99, ; D 1000% sesx seaw 9% s
K42273_Serctype._ 2 Egypt 26 99.1% 99.8% 99.5% 98.4% 98.9% 98.9% 99.8% 99.8% 99.8% 100.0% | 99.1%  99.1%
K642275 _Serceype_2:_Egypt 27 99.2% 1000% 99.6% 98.5% 99.0% 99.0% 100.0% 100.0% 1000% 99.8% 99.8% [

K§42275_ Serotype_25_ Egypt 28 99.2% 99.3% 99.0% 98.3% 98.7% 99.2% 99.3% 99.3% 993% 99.2%  99.2%

642276 Serceype_2_Egypt 29 99.5% 99.2% 9B3% SBE% 99.1% 995K 992% 992%  992%  99.1% 90.1%
xss2277 serenyoe 25 eyt 30 99.5% 99.2% 98.9% 98.6% 99.1% 995% 99.2% 99.2%  99.2% 99.1%  99.1%

Figure-7: Sequence identity matrix generated by BioEdit program version 7.0.5.3. showing identity percentage between
the Egyptian canine parvovirus strains and other global known strains.

the inadequate protection of some commonly used and
produced vaccines in Egypt.

The cross-protection between different serotypes
in vaccination and its extent is still a debatable issue
worldwide and very difficult to evaluate; as some
claim that CPV-2 can protect against new antigenic
types including latest type (CPV-2¢), some claim
that CPV-2b, during challenging, can protect against
virulent field strain CPV-2¢, and others that current
CPV vaccines failed to protect against field strains.
Vaccines should include the prevailing antigenic types
of'a field virus to provide complete protection. Caution
should be given during vaccine development to avoid
mismatch between the vaccinal strain (modified live

vaccine) and infecting strain that can lead to increase
the risk of an outbreak. This research reports mutation
in parvovirus (DNA virus) that is not commonly found
in this type of virus.
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