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Abstract:
BACKGROUND: Canine Parvovirus (CPV) is one of the 

major causes of fatal gastroenteritis in young dogs. After 
emergence of CPV-2, two new variants were reported and 
named CPV-2a and CPV-2b. In 2001 the newest variant was 
reported and named CPV-2c. The difference between CPV 
strains is related to amino acid changes in viral capsid pro-
tein (VP2). OBJECTIVES: The aim of the present study was 
genetic characterization of common CPV-2 strains which are 
prevalent in Iran. METHODS: Total of 50 fecal samples were 
examined by specific PCR primers for VP2 gene which codes 
virus capsid protein. PCR products were bidirectionally se-
quenced.  RESULTS: Sequence analysis results showed that 
based on the nucleotides encoding for residue 426 (nt 4062 
to 4064) all previously assumed CPV-2b samples were true 
CPV-2b, except for strain Ir28 which showed substitution of 
Asp (GAT) with Gly (GGT). The sequence alignment also 
showed that strains Ir3 and Ir19 are similar to the reference 
strain M74849.1 (CPV-2b) but other strains differed by ex-
hibiting further synonymous substitutions. CONCLUSIONS: 
A novel mutation in CPV-2 gene of Ir28 strain may lead to 
emergence of a new variant. This finding also emphasizes 
the previous study results which indicate the high evolution 
rate of CPV. 
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Introduction

Canine Parvovirus (CPV) was first re-
ported in 1978 and soon after became one 
of the major causes of fatal gastroenteritis 
in young dogs (Miranda &Thompson 2016; 
Duque-García et al. 2017). Virus belongs 
to feline parvovirus subgroup and the ge-
nus parvovirus (Decaro et al. 2005, 2012). 
Parvoviral enteritis is caused by canine par-
vovirus type 2 (CPV-2) which is a small, 
non-enveloped, single stranded DNA virus 
(Nakamura et al. 2004). Genomic substi-
tution rate of CPV-2 is similar to those of 

RNA viruses with value 10-4 substitutions 
per site per year (Zhou et al. 2017). After 
emergence of CPV-2, two new variants 
were reported and named CPV-2a and CPV-
2b.In 2001 the newest variant was report-
ed and named CPV-2c (Parrish et al. 1985, 
Buonavoglia et al. 2001). The difference 
between CPV strains is related to amino 
acid changes in viral capsid protein (VP2). 
Substitutions at positions 87 (Met to Leu), 
300 (Gly to Ala), 305 (Tyr to Asp) and 555 
(Val to Ile) caused the evolution of CPV2 to 
CPV-2a and changes in positions 426 (Asn 
to Asp) and 555 (Ile to Val) caused the evo-
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lution of CPV-2a to CPV-2b (Parrish et al. 
1991, Truyen et al. 1995). The newest de-
tected strain (CPV-2c) has in position 426 
a Glutamic acid, whereas CPV-2a and 2b 
have Asn and Asp in the same position, re-
spectively (Martella et al. 2004). Since the 
virus has experienced multiple mutations 
during a short period of time, it is necessary 
to monitor the virus contineously to detect 
any new change. The aim of the present 
study was the genetic characterization of 
CPV-2 strains in Iran.

Materials and Methods

Sample collection: Total of 50 fecal 
samples from young dogs, referred to Small 
Animal Teaching Hospital of University of 
Tehran from September 2011 to September 
2012, with clinical signs of acute gastro-
enteritis were collected using sterile swabs 
soaked with sterile water. Samples were 
stored at -70 ○C prior to performing PCR 
reaction. A commercial polyvalent vaccine 
(Biocan, Czech Republic) was used as posi-
tive control and stool sample from a healthy 
dog was used as the negative control.

PCR reaction: Genomic DNA was ex-
tracted from fecal specimens and commer-
cial vaccine using AccuPrep stool DNA ex-
traction kit (Bioneer Co, Korea) based on 
manufacturer’s instructions.Three different 
pairs of primers were used in this study. 
Primer pairs P2 and Pb which detect CPV2 
and CPV-b respectively, were designed by 
Pereira (Pereira et al. 2000). Third prim-
er pair (Pab) which detects CPV-2a and 
CPV-2b was designed by Senda (Senda 
et al. 1995). These primers were selected 
from different regions of VP2 gene which 
codes virus capsid protein. The sequences 
of primer pairs were as follows: Pb sense: 

5’_CTTTAACCTTCCTGTAACAG_3’, 
Pb antisense: 5’_CATAGTTAAATTGGT-
TATCTAC_3’, P2 sense: 5’_GAAGAGT-
GGTTGTAAATAATA_3’, P2 antisense: 
5’_CCTATATCACCAAAGTTAGTAG_3’ 
and Pab sense: 5’_GAAGAGTGGTTG-
TAAATAATT_3’, Pab antisense: 5’_
CCTATATAACCAAAGTTAGTAC_3’. 
Primer pairs Pb amplifies the region be-
tween nucleotides 4043 and 4470, and the 
length of PCR product is 427 bp. Primer 
pairs P2 amplifies the region between nu-
cleotides 3025 and 3706, and the length of 
PCR product is 681 bp. Primer pairs Pab 
amplifies the same region as primer pairs P2 
and the difference between these 2 primers 
is restricted to one base at the 3´ end of each 
primer. These 3 pairs of primers can differ-
entiate parvovirus strains from each other. 
Original CPV-2 virus could be recognized 
by primer pair P2, while CPV-2a could be 
recognized only by primer pair Pab and 
CPV-2b with primer pairs Pab and Pb.

PCR amplification was performed using 
high fidelity Taq polymerase (CinaClon, 
Iran) with an initial denaturation step at 95 
°C for 5 min, followed by 30 cycles of de-
naturation at 94 °C for 1 min, annealing at 
60 °C for 1min, and extension at 72 °C for 
1min. A final extension step was performed 
at 72 °C for 5 min. PCR products were elec-
trophoresed on 1.2% agarose gel and then 
were stained with ethidium bromide and vi-
sualized by Gel Doc.

For further analysis, the PCR products of 
CPV-2b positive samples were purified and 
sequenced bi-directionally by Macrogen 
Inc. (Seoul, South Korea) in an ABI 3730 
XL automatic DNA sequencer. 

Sequence analysis: Sequences were ana-
lyzed by BLAST through the National Cen-
ter for Biotechnology Information (http://
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www.ncbi.nlm.nih.gov) (Altschul et al, 
1997). The Sequence alignments were made 
using Clustal software and also protein pre-
diction was done using the BioEdit version 
7.0.5.3 software package (http://jwbrown.
mbio.ncsu.edu/Bioedit/bioedit.html).

The sequences of the reference strains 
with the following accession numbers: 
M38245.1 (CPV2), M24003.1 (CPV 2a iso-
late CPV-15), M74849.1 (CPV 2b isolate 
39), AY380577.1 (CPV 2c isolate 56/00) 
were retrieved from the NCBI Genomes 
database and were chosen for phylogenet-
ic analysis, which was conducted using 
MEGA6Beta (http://www.megasoftware.
net/mega41.html). A phylogenetic tree was 
constructed by the neighbor-joining method 
and bootstrapping over 1000 replicates was 
done to assess the confidence level of the 
branch pattern.

The nt sequence of the VP2 gene of the an-
alyzed CPV strains were deposited in Gen-
Bank under accession numbers KJ676838 
to KJ676846.

Results

Virus strains: Three pairs of differen-
tial primers were used in our study which 
can determine CPV2a and CPV2b strains. 
Based on PCR results,  18 out of 50 (36%) 
samples were positive for CPV-2a and 32 
(64%) were positive for CPV-2b. Vaccine 
strain was also positive for CPV-2 which is 
the original type (Fig. 1). 

Sequence analysis: Sequence analysis 
results showed that based on the nucleo-
tides encoding for residue 426 (position 
4062 to 4064) all previously assumed CPV-
2b samples were true CPV-2b, except for 
strain Ir28 which showed substitution of 
Asp (GAT) with Gly (GGT). This mutation 

is novel and has not been reported before. 
The sequence alignment also showed that 
strains Ir3 and Ir19 are similar to the ref-
erence strainM74849.1(CPV-2b) but other 
strains differed by exhibiting further synon-
ymous substitutions: C at nucleotide 4121 
and A at nucleotide 4430 (Ir13);C at nucleo-
tide 4265 (Ir35, 26 and 45); C at nucleotide 
4268 (Ir15, 20, 47 and 45); C at nucleotide 
4445 (Ir21, 22, 27, 24, 48 and 26) (Fig. 
2).Strains Ir21, 22, 27, 24, 48 and 26 are the 
most identified strains in Iran and that have 
a unique substitution (C) at position 4445.

Sequence comparison and phylogenetic 
analysis: A phylogenetic tree was construct-
ed from all CPV-2b positive samples (4043-
4470 nt) and an additional 35 sequences 
were retrieved from the GenBank database. 
Sequences M38245.1 (CPV2), M24003.1 
(CPV 2a isolate CPV-15), M74849.1 (CPV 
2b isolate 39), AY380577.1 (CPV 2c isolate 
56/00) were chosen as reference sequences 
(Fig. 2). 

Iranian isolates 3, 5, 19, 26, 35, and 45 
clustered together with the European and 

Figure 1. Representatives of PCR results. MW is molecu-
lar weight ladder (100 bp, Fermentas, Germany). Lane 1 is 
PCR-product 681bp using primer pairs of Pab, Lane 2 is 
PCR-product 681bp using primer pairs of P2 (positive con-
trol, commercial vaccine), Lane 3 is PCR-product 427bp 
using primer pairs of pb, Lane 4 is negative control (stool 
of healthy dog).
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some American and East Asian strains. 
Among these, Ir26 and Ir5 segregated to-
gether with M74849.1 (CPV 2b) reference 
isolate whereas Ir28, 35 and 45 segregated 
with Indian, Taiwan and Arizona strains, 

respectively. Other Iranian CPV-2b isolates 
formed separate cluster, with South Africa 
strain and the Ir13 being separated by a long 
branch which accounts for distinct aa sub-
stitution detected by sequence analysis.

Figure 3. Neighbour-joining tree based on the partial VP2 gene sequences (4043-4470 nt) of canine parvoviruses. Iranian 
CPV isolates are indicated by Ir. The following reference strains were used for phylogenetic tree construction: M38245.1 
(CPV2), M24003.1 (CPV 2a isolate CPV-15), M74849.1 (CPV 2b isolate 39), AY380577.1 (CPV 2c isolate 56/00). The 
sequences from regions outside Iran were retrieved from GenBank and for each country one representative sequence was 
selected for the phylogenetic tree. A statistical support was provided by bootstrapping over 1000 replicates.
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Discussion

Since its first detection in 1978, canine par-
vovirus has experienced multiple mutations 
which lead to the emergence of new variants 
CPV-2a, 2b and 2c. There are many reasons 
for development of new antigenic variants. 
Vaccination programs and increased immu-
nity against CPV has decreased the mortal-
ity and spread of the virus, however, host 
immunity pressure may be a cause of emer-
gence of new antigenic variants (Decaro and 
Buonavoglia 2011, 2012). Additionally, be-
cause some viral variants replicate over oth-
ers, the virus population changes over time 
(Hoelzer at al. 2008). Antigenic variants 
possess different biological and antigenic 
properties such as the improved ability of 
CPV-2a and CPV-2b to bind to the transfer-
rin receptor. Therefore, as a consequence of 
a further adaptation, new CPV variants may 
cause a more severe disease (Carmichael, 
2005; Hueffer & Parrish 2003).

According to PCR results, in Iran CPV-2b 
(64%) is more prevalent than CPV-2a(36%). 
Replacement of original CPV-2 with new 
variants CPV-2a and 2b within a few years 
is an example of how CPV has evolved and 
spread. At the moment the original CPV-2 
is not circulating in canine population and 
is only used in vaccine production whereas 
variants 2a, 2b and 2c have different preva-
lence among different countries. A peculiar-
ity of parvoviruses of the feline subgroup is 
that single nucleotide substitutions may de-
termine drastic phenotypic changes affect-
ing antigenicity, host range in vivo and in 
vitro, and hemagglutination (Buonavoglia 
et al. 2001). CPV-2a and 2b are different in 
five or six aa in viral capsid protein in com-
parison with the original CPV-2. Also, only 

2 aa changes in VP2 has caused the evo-
lution of CPV-2a to CPV-2b (Parrish et al. 
1991; Truyen et al. 1995). The most recently 
reported strain is which named CPV-2c has 
only one aa change in important residue 426 
of VP2 in comparison with CPV-2b (Chiang 
2016). In addition, recent studies have re-
ported a new CPV-2a variant which is only 
different from CPV-2b and 2c in position 
426 of the VP2 protein. This mutation re-
stricts the differences among the antigen-
ic variants 2a, 2b and 2c to only one aa at 
position 426, that is Asn in CPV-2a, Asp in 
CPV-2b and Glu in CPV-2c. These findings 
show how few aa changes can profoundly 
change the antigenic characterization of the 
virus and also emphasizes the importance 
of changes in residue 426 which has led to 
emergence of new CPV variants. Our study 
shows a novel mutation in this important 
position which may lead to emergence of 
a new variant. However, this mutation was 
observed in only one of our samples and 
more studies are needed to determine the 
prevalence of this mutation in the dog popu-
lation. This finding also emphasizes the pre-
vious study results which indicate the high 
evolution rate of CPV (Vannamahaxay et al. 
2017). The newest variant CPV-2c was re-
ported to cause more severe disease in most 
of the cases and in adult dogs which were 
vaccinated annually (Decaro and Bounavog-
lia 2011). Therefore, continuing monitoring 
of virus types will help to detect any new or 
potentially more pathogenic variant. In ad-
dition, it is necessary to evaluate the current 
vaccines ability in protecting dog popula-
tion against newer CPV-2 variants. 
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تشخیص یک موتانت جدید پاروو ویروس سگ در ایران
غلامرضا نیکبخت بروجنی1* شهرام جمشیدی2 شهاب الدین محی الدینی1

1( گروه میکروبیولوژی و ایمونولوژی، دانشکده دامپزشکی دانشگاه تهران، تهران، ایران
۲( گروه بیماری‌های داخلی، دانشکده دامپزشکی دانشگاه تهران، تهران، ایران

‌)‌‌دریافت مقاله: 29 فروردین ماه 1396،  پذیرش نهایی: 17 خرداد ماه 1396(

‌چکیده 
زمینه مطالعه: پاروو ویروس )CPV( یکی از عوامل مهم گاستروانتریت کشنده در سگ‌های جوان است. پس از پیدایش سویه 
دوم آن )CPV-2( دو واریانت جدید 2a-CPV  و 2b-CPV گزارش شدند و در سال 2001 بود که 2c-CPV شناخته شد. تفاوت‌های 
موجود در بین سویه‌های ویروس به تغییرات در اسید آمینه کپسید  )VP2( ویروسی بازمی گردد. هدف: در مطالعه حاضر ویژگی‌های 
ژنتیکــی ویروس‌هــای CPV-2 در ایران مورد بررســی قرار گرفتند. روش کار: تعداد 50 نمونه مدفوع با روش PCR و با اســتفاده از 
پرایمرهای اختصاصی ژن VP2 که کپسید ویروس را کد می کنند مورد آزمایش قرار گرفتند. محصولات افزوده سازی به روش دو 
سویه تعیین توالی شدند. نتایج: بر اساس نتایج تعیین توالی نوکلئوتیدهای کد کننده اسید آمینه 426 ویروس )نوکلئوتید 4054-4062( 
 Gly( با اسید آمینه  )GAT(اAsp جایگزینی اسید آمینه Ir28 2 با گزارش‌ها مطابقت داشتند و تنها سویهb-CPV تمامی سویه‌های
GGT) را نشان داد. همردیفی توالی‌ها نیز تشابه سویه‌های Ir3 و Ir19 را با سویه مرجع 2b-CPV( M74849.1( نشان دادند. سایر 
 2-CPV موتانت جدیدی از ژن  Ir28 سویه‌ها جایگزینی‌های همنام )بدون تغییر در اسید آمینه( داشتند. نتایج نهایی نهایی: سویه
را داراست که به نظر می‌رسد در ایران رخ داده باشد. از سویه دیگر این موتانت موید مطالعات پیشین است که نشانده میزان بالای 

تغییرات در پاروو ویروس سگ هستند.
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