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A B S T R A C T

Canine parvovirus type 2 (CPV-2) causes a highly contagious and fatal disease, developing into acute hemor-
rhagic enteritis and myocarditis, in dogs. CPV-2 has evolved, generating antigenic variants CPV-2a/2b/2c that
are globally distributed. However, investigating molecular characterization of CPV-2 among dog populations in
Mongolia has been limited. Herein, 42 stool samples were collected from dogs with clinical signs of infection,
and conventional PCR assays were employed to detect CPV-2 in 23. Our results indicated that during 2016–2018,
the new CPV-2a and 2c subtypes were detected in 34.7% of the samples, and the new CPV-2b subtype was
detected in 30.4% of samples. VP2 protein sequence analysis and next-generation sequencing of the complete
viral genome confirmed these antigenic types. However, sequence analysis indicated new and unreported mu-
tations, Pro580Thr, and Tyr584His in the CPV-2c subtype. From a PCR-positive sample, CPV-2c was successfully
isolated, and we performed an immunofluorescence assay for antigen detection. Additionally, we performed
genetic characterization and phylogenetic analysis to investigate genetic diversity among isolates from the re-
gion, resulting in high CPV-2 genetic diversity in the Mongolian dog population. Striking similarities were also
observed between sequences of the strains isolated from Mongolia and China over a similar time span.

1. Introduction

Canine parvovirus type 2 (CPV-2) is a significant virus of canines
worldwide and was first described in 1978 (Carmichael, 2005). This
non-enveloped single-stranded DNA virus belongs to the Parvoviridae
family and has an approximately 5.2 kb long genome, which encodes
two capsid proteins (VP1 and VP2) and two non-structural proteins
(NS1 and NS2). There is also a third protein, VP3, which is produced by
proteolytic processing of VP2 (Mohan Raj et al., 2010). CPV-2 is closely
related to feline panleukopenia virus (FPV) and to parvoviruses isolated
from raccoons, minks, and arctic foxes (Parrish, 1999; Truyen and
Parrish, 1995), with nucleotide variation from FPV being lower than
0.5%.

Since its global emergence, highly contagious CPV-2 causes acute

gastroenteritis and lymphopenia in young dogs and is endemic in the
most wild and domestic dog populations. Now, new antigenic types,
CPV-2a, 2b, and 2c, are circulating worldwide (Decaro et al., 2006;
Mohan Raj et al., 2010; Decaro and Buonavoglia, 2012; Sharma et al.,
2016; Zhao et al., 2017; Mira et al., 2018; Clark et al., 2018).

Genetic variation among CPV-2 isolates has been used to further
classify the virus among these three antigenic variants that differ in
their amino acid sequences and VP2 gene structure (Amrani et al.,
2016; Buonavoglia et al., 2001; Mira et al., 2018; Mohan Raj et al.,
2010). All the three antigenic variants differ from wild-type CPV-2,
except for a few amino acids in the VP2 protein, whereas genetic dif-
ferences among the variants are located at amino residue 426, with
types 2a, 2b, and 2c displaying Asn, Asp, and Glu residues, respectively
(Martella et al., 2006). Additional amino acid changes at position 297
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(Ser→ Ala) were observed in both CPV-2a and CPV-2b. Residue 297 is
located in a minor antigenic site close to epitope B, and substitutions at
this position may be responsible for changes in antigenicity of CPV
variants (Truyen, 2006). Canine parvovirus type 2a/2b with a mutation
at 297 (Ser→Ala) is designated as New CPV-2a/2b (Decaro et al.,
2006; Martella et al., 2005; Mohan Raj et al., 2010; Ohshima et al.,
2008). These CPV variations are present worldwide (Zhang et al., 2010;
Decaro and Buonavoglia, 2012; Wang et al., 2015; Parker et al., 2017).

Most of the commercial vaccines currently available are based on
CPV-2 or CPV-2b, and several studies have demonstrated that they are
able to cross-protect against all antigenically distinct types (Spibey
et al., 2008; Siedek et al., 2011; Reitzenstein et al., 2012; Hernandez-
Blanco and Catala-Lopez, 2015). However, CPV-2 infections are still
ubiquitous in dogs, which could potentially indicate failure of vacci-
nation (Mittal et al., 2014). Therefore, the identification and mon-
itoring of CPV-2 types circulating in the canine population are im-
portant in understanding its evolution and the development of control
measures, including vaccination enhancements (Pinto et al., 2012).
However, molecular characterization of CPV-2 viruses among dog po-
pulations in Mongolia is limited. To date, studies on CPV-2 in Mongolia
include high infection rates reported via rapid diagnostic kits (Tser-
endorj, A., unpublished data) and CPV-2a and 2b types first detected by
conventional PCR from stool samples collected in 2013 (Sharav et al.,
2015).

Here, we analyzed molecular characteristics and genetic diversity of
CPV-2 isolates from stool samples collected between 2016 and 2018 in
Ulaanbaatar, Mongolia, to better understand CPV-2 epidemiology and
shed light on better control measures. In addition, this is the first report
of the isolation and full genome characterization of CPV-2c variant
CPV/MGL/A16–5/2016 in Mongolia.

2. Material and methods

2.1. Sample collection and viral DNA detection

Stool samples (n=42) were collected from dogs showing symptoms
of fever, diarrhea, or vomiting, or hemorrhagic symptoms, from various
animal hospitals in Ulaanbaatar, Mongolia, between September 2016
and January 2018. The collected stool samples were kept in coolers
during transport to the laboratory and immediately stored at −20 °C
until analysis. Viral DNA was extracted from dog stool samples using
Wizard® genomic DNA purification kit (Promega, USA) according to the
manufacturer's protocol.

Conventional PCR using primer sets (Table 1) amplifying a 452 bp
fragment of the CVP-2 VP2 gene and GoTaq® Green Master Mix (Pro-
mega, USA) was performed to detect presence of viral DNA
(Kariatsumari et al., 1991). Reactions, each 25 μL, were performed
using a SimpliAmp™ Thermal Cycler (Applied Biosystems, Foster City,
CA, USA) and the following program: 5min at 98 °C and 40 cycles of
10 s at 98 °C, 15 s at 55 °C, 30 s at 68 °C, and 3min at 68 °C. Negative
control (DNA from a stool sample of an apparently healthy dog) and

positive control (DNA from pMEV; Horiuchi et al., 1994) were used.
PCR was employed to perform CPV-2 subtyping of positive samples.

Briefly, GoTaq® DNA Polymerase (Promega, USA) was used along with
CPV-2 primers designed to amplify specific regions of the VP2 gene
(Table 1), which were previously described in (Pereira and Durigon,
2000; Sharma et al., 2016).

2.2. VP2 gene sequence and phylogenetic analyses

DNA from positive samples was amplified via PCR using TaKaRa Ex
Taq TM DNA Polymerase (Takara Bio Inc.) and Hfor/Hrev and 555for/
555rev primers designed to amplify a specific region of the capsid gene
that is critical to biological properties of the virus (Parker and Parrish,
1997; Parrish et al., 1991) (Table 1). These primers were previously
described (Buonavoglia et al., 2001). Nucleotide sequencing was per-
formed at Macrogen Inc. (Seoul, Rep. of Korea), and DNA sequence raw
data were aligned and edited with Geneious 8.1.9 (Biomatters Limited,
Auckland, New Zealand). Nucleotide sequences of the VP2 gene and
deduced protein sequences were compared with other parvovirus iso-
lates retrieved from the GenBank database. They were aligned and
analyzed using the Clustal Omega multiple sequence alignment in
EMBL-EBI.

A preliminary phylogenetic tree was constructed with 98 sequences
(> 900 nucleotides) that corresponded to the partial coding sequence
of VP2 gene (available on GenBank as of 10/09/2018) and 11 isolates
from this study. The sequences were aligned using BioEdit 7.2.5, and
manual editing and tree reconstruction were performed with Molecular
Evolutionary Genetics Analysis (MEGA) 7.0 software (Kumar et al.,
2016) using a neighbor-joining (NJ) method with the Kimura 2-para-
meter model. A total of 1000 replicates were used to generate bootstrap
values.

We selected VP2 gene sequences (> 900 nucleotides) from 11 CPV-
2 isolates based on our preliminary phylogenetic analysis, antigenic
diversity, and genetic relations. These were analyzed together with the
sequences of the 11 CPV-2 viruses collected from 2016 to 2018 to
construct NJ tree with MEGA 7.0 software using the Maximum
Composite Likelihood method. Bootstrap analyses were performed with
1000 replicates (Kumar et al., 2016).

2.3. Complete genome sequencing

On the basis of VP2 gene sequence analysis, DNA from a selected
CPV-2c strain was used to prepare sequencing libraries with NEB Next
Ultra DNA Library Prep Kit and Multiplex Oligos for Illumina (New
England Biolabs, Ipswich, MA, USA), and the complete genomic se-
quences of selected viruses were determined by next-generation se-
quencing (NGS) using the MiSeq (Illumina)™ sequencer platform. The
annotation was performed by CLC Genomics Workbench 11.0.1 (CLC
bio, Aarhus, Denmark) using a de novo assembly method.

Table 1
Primers used in this study.

Primer Detection of genotype Primer sequence (5′-3′) Position (nt) Genome location Amplicon size (bp) Reference

V1 VP2 GTACATTTAAATATGCCAGA 3029–3048 VP2 452 Kariatsumariet al. (1991)
V52 ATTAATGTTCTATCCCATTG 3459–3479
CPV-2abs CPV-2a GAAGAGTGGTTGTAAATAATT 3025–3045 681 Pereira et al. (2000)
CPV-2abas CCTATATAACCAAAGTTAGTAC 3685–3706
CPV-2bs CPV-2b CTTTAACCTTCCTGTAACAG 4043–4062 427 Pereira et al. (2000)
CPV-2bas CATAGTTAAATTGGTTATCTAC 4449–4470
Hfor Only used for sequencing CAGGTGATGAATTTGCTACA 3556–3575 629 Buonavoglia et al. (2001)
Hrev CATTTGGATAAACTGGTGGT 4166–4185
555for CAGGAAGATATCCAGAAGGA 4003–4022 583 Buonavoglia et al. (2001)
555rev GGTGCTAGTTGATATGTAATAAACA 4561–4585
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2.3.1. Database accession numbers
Eleven (n=11) sequences for the VP2 gene were submitted to

GenBank under accession numbers MK241940-MK241950, and com-
plete genome sequences were submitted with accession number
MH660909 (Table 2).

2.4. Virus isolation in cell culture and immunofluorescence assay (IFA)

Crandell feline kidney (CRFK) cells were grown in 60mm Petri
dishes containing Eagle's Minimal Essential Medium (E-MEM, Corning
USA) with 10% fetal bovine serum (FBS, Invitrogen, USA) at 37 °C with
5% CO2. For isolation of CPV-2 using cell culture, three PCR-positive
samples were inoculated onto CRFK monolayers, 70–80% confluency.
The infected monolayers were incubated for 48–72 h and harvested and
screened by PCR assays and immunofluorescence to confirm the pre-
sence of infectious virus.

IFA was conducted to detect specific CPV-2 antigen in CRFK cells.
Low-density CRFK cells were prepared 24 h after incubation. Then, the
medium was removed from each dish, and 400 μL of isolated parvovirus

was added. After incubation at 37 °C for 48 h, CRFK cells were har-
vested; each sample was suspended with 100 μL PBS. The negative
controls of PBS and parvovirus samples were added onto slides. Acetone
fixation was performed at −30 °C for 30min. For the blocking process,
5% FBS was added, and slides were incubated at room temperature for
30min. IFA was performed using the P2–284 (1 μg/mL) monoclonal
antibody (Horiuchi et al., 1997) as the primary antibody and Alexa
Fluor 488 goat anti-Mouse IgG (1 μg/mL) for the secondary antibody.
Finally, coverslips were mounted with a drop of mounting medium. The
image of infected cells were taken using a Nikon Eclipse E200 fluor-
escence microscope under a 100× objective lens.

3. Results

3.1. Detection and characterization of CPV-2

A total of 23 CPV-2 positive samples were detected from 42 stool
samples based on PCR between 2016 and 2018 in the capital city of
Mongolia (Table 2). Known breeds were the Caucasian shepherd,
Rottweiler, Tibetan mastiff, Siberian husky, Central Asian shepherd,
and Mongolian mastiff (Bankhar). According to data from pet owners,
six (26.08%) of the positive dogs were living in the Bayangol district,
four (17.39%) were living in the Chingeltei district, and three (13%)
were living in the Sukhbaatar district of Ulaanbaatar, centrally located.
The overall apparent genetic surveillance in dogs was 54.7% (95% CI
38.7–70.2) in stool samples as discerned by conventional PCR assay.
The amplicons detected in 34.7% (8/23) of the samples were CPV-2a,
and in 30.4% (7/23) and 34.7% (8/23) of the samples, CPV-2b and
CPV-2c were detected, respectively. Among the positive samples,
39.13% (9/23) of the dogs were 3months old and 43.47% (10/23) of
the dogs were 4months old. Ten (43.47%) of the positive dogs were
female and 13 (56.52%) were male. All dogs were aged between 2 and
6months, with or without a vaccination history, of different breeds, and
of both genders. For more information about the dogs used in this
study, see Table 2.

3.2. Amino acid sequence analysis and phylogeny

The VP2 proteins were aligned with sequences of related variants/
strains obtained from GenBank. The asparagine or aspartic acid at VP2
residue 426 resulted in identification of CPV-2a or 2b, respectively. The
genetic characterization of CPV-2c declare glutamic acid change at
residue 426, was detected in all positive PCR samples. However, the
amino acid residue at position 297 and 555 was alanine and valine,
respectively, suggesting all samples were new strains of CPV-2a and 2b.
In contrast, analysis of the VP2 protein has shown that three mutations
in amino acids residues 274, 580, and 584 for only CPV-2c in
Mongolian field isolate strains (Table 3). Our data indicated that the
currently circulating CPV-2 in Ulaanbaatar were the 2c subtype with
minor amino acid mutations.

We investigated a partial CPV VP2 gene sequence to determine
genetic variability of field strains circulating in the capital city of
Mongolia. The phylogenetic tree was constructed using partial VP2
gene nucleotide sequences of CPV strains obtained from the GenBank
database and Mongolian isolated CPV strains (Fig. 1). The CPV-2a and
2b isolates from Mongolia sequenced as part of this study were clus-
tered in the phylogeny with sequences for other virus sampled in var-
ious Eurasian countries such as Italy, China, India and Thailand. The
Mongolian CPV-2c strains were more-closely related to CPV-2c strains
isolated from Asian region than to earlier strains isolated in the
1970–2000s in the Europe and America.

3.3. Virus isolation and full-length viral genome sequence with NGS

CPV-2c was successfully isolated from one of the three positive
samples that was inoculated in CRFK cells and sequenced. No

Table 3
Amino acid residues in the VP2 protein.

Country, virus Year Amino acid at residue Accession
number

274 297 300 426 555 580 584

USA, FPV 1967 Arg Ser Ala Asn Val Pro Tyr EU659111
USA, CPV-2 1979 Arg Ser Ala Asn Val Pro Tyr EU659116
USA, CPV-2a 1984 Arg Ser Gly Asn Ile Pro Tyr M24003
USA, CPV-2b 2000 Arg Ala Gly Asp Val Pro Tyr EU659119
CPV-2a subtype
Italy 2014 Arg Ala Gly Asn Val Pro Tyr MH491880

China 2011 Arg Ala Gly Asn Val Pro Tyr JX660690

2010 Arg Ala Gly Asn Val Pro Tyr MH685920
2013 Arg Ala Gly Asn Val Pro Tyr KF676668
2015 Arg Ala Gly Asn Val Pro Tyr MG583676

India 2012 Arg Ala Gly Asn Val Pro Tyr KF772940
2018 Arg Ala Gly Asn Val Pro Tyr MH545963

Thailand 2015 Arg Ala Gly Asn Val Pro Tyr KP715681
Singapore 2016 Arg Ala Asp Asn Val Pro Tyr KX618915
Mongolia 2016 Arg Ala Gly Asn Val Pro Tyr MK241940

2018 Arg Ala Gly Asn Val Pro Tyr MK241941

CPV-2b subtype
China 2011 Arg Ala Gly Asp Val Pro Tyr JQ268284

2016 Arg Ala Gly Asp Val Pro Tyr KY937663
Mongolia 2017 Arg Ala Gly Asp Val Pro Tyr MK241942,

MK241943

CPV-2c subtype
Vietnam 2013 Arg Ala Gly Glu Val Pro Tyr LC214969
Indonesia 2013 Arg Ala Gly Glu Val Pro Tyr LC216910
China

2016 Arg Ala Gly Glu Val Pro Tyr MF001435,
MF001437

2017 Arg Ala Gly Glu Val Pro Tyr MF347724,
MH155193

Tailand 2016 Arg Ala Gly Glu Val Pro Tyr MH711902
2016 Arg Ala Gly Glu – – – MH711893

Italy 2008 Arg Ala Gly Glu Val Pro Tyr FJ005245
Greese 2009 Arg Ala Gly Glu Val Pro Tyr GQ865519
Uruguay 2011 Arg Ala Gly Glu Val Pro Tyr KM457142
Croatia 2014 Arg Ala Gly Glu Val Pro Tyr KP859576
Brazil 2015 Arg Ala Gly Glu Val Pro Tyr KY073269
USA 2015 Arg Ala Gly Glu Val Pro Tyr MF457594
Mongolia 2016 Arg Ala Gly Glu Val Pro Tyr MK241946

2017 Lys Ala Gly Glu Val Pro Tyr MK241945
2016 Arg Ala Gly Glu Val Thr Tyr MK241944
2018 Arg Ala Gly Glu Val Pro Tyr MK241947,

MK241949,
MK241950

2018 Arg Ala Gly Glu Val Pro His MK241948
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cytopathic effect was observed in CRFK cells, at least up to the seventh
passage. The presence of virus in harvested cell culture supernatant was
detected by PCR and confirmed by IFA. Via IFA, the isolated virus,
CPV2/MGL/A16–5/2016, in CRFK cells was confirmed using mAb
P2–284 as the primary antibody and Alexa Fluor 488 goat anti-Mouse
IgG for the secondary antibody at 48 h post-inoculation (100× mag-
nification). At 48 h post-inoculation in the presence of CPV (Fig. 2),
some fluorescence was observed in the nuclei of cells.

The isolated virus (CPV2/MGL/A16–5/2016) was sequenced in its

entirety by NGS. The genomic sequence consisted of 5075 nucleotides
(nt), containing two open reading frames (ORFs). ORF1 was located at
nt positions 270–2276, and it encodes NS1 (668 aa) and NS2 (165 aa).
ORF2 encoded two structural proteins: VP1 (727 aa) and capsid protein
VP2 (584 aa). Genome sequencing revealed the key glutamic acid lo-
cated at position 426. Other amino acids of importance detected were
Leu, Thr, Ala, Gly, and Tyr located at positions 87, 101, 297, 300, and
305 of the full-length sequence of this virus.

MF134808 Canine parvovirus strain CPV-BJ03/17 China

MK241941 Canine parvovirus 2a strain CPV2/MGL/s18-3/2018 Mongolia

MK241940 Canine parvovirus 2a strain CPV2/MGL/A16-6/2016 Mongolia

MH685920 Canine parvovirus 2a isolate YZ10-5 China

MH545963 Canine parvovirus 2a strain TN/CPV2a/2018 India

MH491880 Carnivore protoparvovirus 1 isolate 28020 Italy Lombardia 16 12 2014 Italy

MG583676 Canine parvovirus 2a strain CPV/CN/ya1/2017 China

KP715681 Canine parvovirus isolate CPV-VT97 Thailand

KF772940 Canine parvovirus 2a strain Tri6 India

KF676668 Canine parvovirus 2a strain CPV-JS2 China

JX660690 Canine parvovirus isolate SC02/2011 China

KX618915 Canine parvovirus strain 2a Singapore

2a

KR869676 Canine parvovirus 2a strain CPV/BJ361 China

KY937663 Canine parvovirus strain Shenzhen/H4/2016 China

MK241942 Canine parvovirus 2b strain CPV2/MGL/S17-7/2017 Mongolia

JQ268284 Canine parvovirus 2b strain CPV-LZ2 China

MK241943 Canine parvovirus 2b strain CPV2/MGL/s17-5/2018 Mongolia

2b

MF001435 Canine parvovirus 2c strain CPV/CN/YZ1/2016 China

MH711902 Canine parvovirus 2c strain CU21 Thailand

LC214969 Canine parvovirus 2c CPV/dog/HCM/7/2013 Vietnam

MF001437 Canine parvovirus 2c strain CPV/CN/YZ8/2016 China

LC216910 Canine parvovirus 2c CPV/dog/HCM/20/2013 Indonesia

MH711893 Canine parvovirus 2c strain CU16 Thailand

MF347724 Canine parvovirus isolate 20170322-BJ-26 China

MH155193 Canine parvovirus isolate CPV/canine/LZ/2/2017 China

MK241944 Canine parvovirus 2c strain CPV2/MGL/A16-9/2016 Mongolia

MK241947 Canine parvovirus 2c strain CPV2/MGL/s18-1/2018 Mongolia

MK241948 Canine parvovirus 2c strain CPV2/MGL/s18-4/2018 Mongolia

MK241949 Canine parvovirus 2c strain CPV2/MGL/s18-8/2018 Mongolia

MK241950 Canine parvovirus 2c strain CPV2/MGL/s18-9/2018 Mongolia

MK241945 Canine parvovirus 2c strain CPV2/MGL/S17-2/2017 Mongolia

MK241946 Canine parvovirus 2c strain CPV2/MGL/A16-5/2016 Mongolia

2c Asia

GQ865519 Canine parvovirus 2c strain GR09/09 Greece

FJ005245 Canine parvovirus 2c strain 127/08-B Italy

KY073269.1 Canine parvovirus 2c isolate UFMT Brazil

MF457594.1 Canine parvovirus strain OH20219 USA

KP859576.1 Canine parvovirus 2c isolate HR793 Croatia

KM457142.1 Canine parvovirus 2c isolate UY370 Uruguay

2c Europe/America

Mink enteritis virus Positive control (reversed)

82

65

96

76
61

85

60

0.002

Fig. 1. CPV-2 phylogenetic tree analysis.
The evolutionary history was inferred using the neighbor-joining method. The optimal tree with the sum of branch length, =0.037, is shown. The percentage of
replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches. 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
Maximum Composite Likelihood model and are in the units of the number of base substitutions per site. All positions containing gaps and missing data were
eliminated. There were a total of 595 nucleotides in the final dataset. Evolutionary analyses were conducted in MEGA7.
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4. Discussion

CPV-2 virus in dogs spread worldwide since 1970s, but antigenic
variants CPV-2a emerged in1979; the other, CPV-2b appeared in 1984
had several amino acid substitution in VP2. Subsequently, CPV-2a/2b
having a amino acid mutation at 297 (Ser to Ala) designated as New
CPV-2a and -2b (Martella et al., 2005; Decaro et al., 2006; Ohshima
et al., 2008).

During 2016–2018, we isolated and characterized CPV in vacci-
nated and unvaccinated dogs in Mongolia. By type-specific PCR of stool
samples from dogs, we revealed the presence of CPV-2a and CPV-2c in
equal proportions; however, the new CPV-2b subtype was predominant
from 2016 to 2017. CPV-2c was not detected in Asia until 2012 (Decaro
and Buonavoglia, 2012), and since then, CPV-2c has been detected in
South Asia (Lin et al., 2017; Nandi et al., 2010; Vannamahaxay et al.,
2017). Since 2018, the CPV-2b subtype was not detected in Ulaan-
baatar, with CPV-2c becoming predominant. Our results evidenced
prevalence of CPV-2c in the Mongolian dog population via our mole-
cular epidemiology survey.

The sequence analysis of VP2 demonstrated that “new CPV-2a” and
“new CPV-2b” subtypes were circulating in Mongolia during
2016–2018. These subtypes replaced the prototype CPV-2a/2b strains
and became predominant types in many countries (Decaro et al., 2006;
Martella et al., 2005; Mohan Raj et al., 2010; Ohshima et al., 2008). The
VP2 amino acid mutation at position 297 from serine to alanine has
reportedly been shown to not affect antigenicity (Zhang et al., 2010),
whereas the CPV-2c subtype has been predominant in the dog popu-
lation since 2018 instead of 2b. In addition, this study detected three
different site mutations among CPV-2c-positive samples in Mongolia.
One isolate possessed an amino acid mutation of arginine to lysine at
position 274 of the VP2 protein. The GH loop comprised between the
βG and βH strands of VP2 region, which is formed by residue 267 to
498. This region contains sites with the greatest variability, influenced
by its presentation on the capsid surface (Decaro et al., 2009). The
change was at R274K, which was encountered in one South Korean
isolates (Kang et al., 2008). Other mutations were threonine and his-
tidine at amino acid residues 580 and 584 in the capsid protein, re-
spectively. These mutation never been detected before in CPV-2c.
However, CPV-2b from Italian strain have mutation at 580 residue (Pro
to Ser), it was conserved at the C-terminus of VP2 protein (Decaro et al.,
2009). This was the first report that the CPV-2c variant have mutation
in the residue 584 of VP2 protein. The result of our NJ tree demon-
strated that CPV-2 (n=7) isolates from Mongolia sequenced in this

study clustered with isolates from the various Asian countries such as
China, Thailand and Vietnam all of which belong to the 2c genotype.
Striking similarities were also observed between sequences of strains
isolated from Mongolia and China over a similar time span. NGS ana-
lysis showed the same aforementioned key residues of the CPV variants
(Cavalli et al., 2008) and was characterized as CPV-2c on the basis of
the presence of codon GAA at positions 4062–4064 of the viral genome,
accounting for a glutamic acid residue at position 426 of the encoded
protein (Amrani et al., 2016).

The commercial vaccines currently available worldwide, including
Mongolia, are based on CPV and CPV-2b, and several studies have
demonstrated that they are able to cross-protect against all antigenic
types (Spibey et al., 2008; Siedek et al., 2011; Reitzenstein et al., 2012).
However, in our work, 10 out of 23 CPV-2-positive dogs were vacci-
nated against CPV and yet demonstrated clinical symptoms. The vac-
cine against 5 viral antigen injected to the healthy dogs 6 weeks of age
or older. Puppies should receive 3 doses, each administered 3weeks
apart for complete vaccination. The 8 dogs has been completed vacci-
nation according to vaccine guidelines and before presentation of
clinical symptoms and remained 2 dogs has been incomplete vaccina-
tion (Mouzin et al., 2004). Therefore, additional study regarding CPV
vaccination methods, including strain selection, delivery time, and cold
chain, is necessary to fully understand the dynamics of cross-protection
efficacy and to enhance current vaccination strategies, being mindful of
virus evolution.

5. Conclusions

In summary, the current findings present entirely new information.
In 2016–2018, subtype CPV-2c was predominant in Ulaanbaatar,
Mongolia. CPV-2c, which has displayed unreported mutation of amino
acid residues at 580, and 584 position in VP2. Our results indicate that
the recent CPV-2c isolate from Mongolian field strain shares a common
evolutionary origin with Chinese strains.
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