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a  b  s  t  r  a  c  t

Ninety-three  rectal swab  samples  were  taken,  from  dogs  suspected  of canine  parvovirus  (CPV) infection
and analyzed  by PCR.  A  fragment  of  the  VP2  gene,  was  amplified  in  41  (44%)  of  them,  resulting  CPV
positive  samples.  Sequencing  analysis  of these  PCR  products  showed  that 37 samples  (90.2%)  belonged
to  the  CPV2c  type,  whereas  four  samples  (9.8%)  were  identified  as CPV2a,  which  has  not  been  found  since
2008.

It was  also  found  that  24 out  of 37  CPV2c  samples  (65%),  carried  the  mutation  Thr440Ala,  whereas  this
mutation  was  absent  in the four  CPV2a  strains  reported  herein.

Using  phylogenetic  analysis  of  the full length  VP2  gene,  which  was  amplified  by  PCR  in  six  local  samples,
it  was  seen  that  CPV2a  Argentine  strains  reported  in  this  study,  were  genetically  closer to a previous
local  CPV2a  isolate  (year  2003)  and  to a South  African  CPV2a  strain,  than  to any  of  the  recently  reported
Uruguayan  CPV2a  strains.

The  results  obtained  in this  work,  together  with  those  reported  previously  in  Uruguay  strongly  suggest
that, in  spite  of the  geographical  proximity,  wild  type  CPV  strains  undergo  different  evolutive  pathways
in  each  country,  resulting  in the prevalence  of  different  strains  in  related  dog  populations.

Further  extensive  epidemiological  studies  are  needed  in order to improve  the understanding  of  CPV
evolution.

©  2015  Elsevier  B.V.  All  rights  reserved.

Canine parvovirus (CPV) is a 26 nm-diameter, non-enveloped
virus carrying a single stranded DNA genome of approximately
5200 nucleotides (Reed et al., 1988). It belongs to the Parvoviridae
family and is responsible for acute, sometimes fatal, gastroenteritis
in dogs (Decaro and Buonavoglia, 2012).

Canine parvovirus 2 (CPV2) was first recognized in 1978 as a
new pathogen of dogs; shortly after its emergence, CPV2 became
endemic in the global dog population. The original CPV2 strain con-
tinued to evolve, and was subsequently replaced by three different
but closely related antigenic variants, designated as CPV2a, CPV2b
and CPV2c, which now coexist in different proportions in the world-
wide dog population (Mochizuki et al., 1993; de Ybanez et al., 1995;
Greenwood et al., 1996; Truyen et al., 1996; Steinel et al., 1998;
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Sagazio et al., 1998; Truyen et al., 2000; Buonavoglia et al., 2000;
Pereira et al., 2000). The newest variant CPV2c, often associated to
severe disease in adult dogs including those that have completed
the vaccination protocols, it is becoming prevalent in different geo-
graphic regions, and this is the case in Argentina (Martella et al.,
2004; Nakamura et al., 2004; Kapil et al., 2007; Decaro et al., 2007,
2009a,b, 2013; Hong et al., 2007; Perez et al., 2007; Joao Vieira et al.,
2008; Calderon et al., 2011, 2009; Nandi et al., 2010; Ntafis et al.,
2010; McElligott et al., 2011; Filipov et al., 2014; Cavalli et al., 2014).

In Uruguay, a neighbor country, CPV2c was the predominant
variant during 2006–2009. However, an epidemiological change
occurred in 2010, with the emergence of a novel CPV2a strain,
which was detected with an increasing frequency up to 85% in
2011, and continues nowadays (Perez et al., 2012; Maya et al.,
2013).

In the present study, an update in the identification and molecu-
lar characterization of different CPV strains in Argentina is reported.

http://dx.doi.org/10.1016/j.jviromet.2015.06.012
0166-0934/© 2015 Elsevier B.V. All rights reserved.
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A total of 93 rectal swabs samples obtained from domestic dogs
from different regions of Argentina between October 2010 and
October 2013, were received in the laboratory for diagnostic pur-
poses.

CPV genomic DNA was extracted directly from the samples and a
fragment of the VP2 gene (nucleotides 4003–4585) was amplified
by PCR using a protocol previously described (Buonavoglia et al.,
2001). A fragment of 583 bp was amplified in 41 out of 93 (44%)
analyzed samples, resulting positives for CPV. Forty of the posi-
tive samples (97.6%) belonged to animals that had shown clinical
symptoms compatible with CPV, while the remaining animal was
asymptomatic. Interestingly, 33 out of 41 positive samples (80.5%),
were obtained from puppies which had been vaccinated against
CPV at least once, whereas four samples (9.7%) were recovered from
unvaccinated dogs and the vaccination status of the remaining four
dogs was unknown. Moreover, it must be highlighted that most of
the positive samples (92.7%), were recovered from 1 to 5 months
old puppies (Table 1).

The amplified DNA fragments were directly sequenced by
Macrogen Inc. (Korea). Sequence analysis showed that 90.2% of the
samples carried the amino acid (aa) Glu at the position 426, charac-
teristic of CPV2c strains, and 65% of these CPV2c strains showed the
substitution Thr440Ala (Table 1). The presence of this substitution
was slightly higher than that previously reported in 2009 (58%) and
2010 (50%) (Calderon et al., 2011).

The high prevalence of CPV2c strains in Argentina seen in the
last years, continues nowadays (Calderon et al., 2011). No CPV2b
strains have been detected among local samples since 2009. How-
ever, unexpectedly four CPV2a samples were found during the year
2012.

In order to evaluate any other change in those CPV2a strains,
the full length VP2 gene was amplified by PCR and cloned in the
pGEM®-T Easy Vector, from those four samples characterized as
CPV2a. Moreover, two representative strains which had been char-
acterized as CPV2c were subjected to full length VP2 amplification
and cloning.

The 11 critical amino acid positions in which changes were most
frequently reported (Desario et al., 2005) are shown in Table 2
for CPV2a strains. Analysis of the VP2 aa sequences, showed that
Uruguayan CPV2a and four out of five Argentine strains shared
typical aa changes with respect to the CPV2 strain (Met87Leu,
Ile101Thr, Ala300Gly, Asp305Tyr, Asn375Asp), also present in the
old CPV2a reference strain (1984). This strain is the one which
retains the mutation Val555Ile.

Three CPV2a Argentine strains (Arg 9, Arg 91 and Arg 98) pre-
sented the substitution Ser297Asn which has already been reported
in other Argentine strains (Gallo Calderon et al., 2011) and in
a South African CPV2a strain. In contrast, it has been reported
that Uruguayan strains displayed in this position the mutation
Ser297Ala, typical of the CPV2a/2b related isolates in Asia, Italy and
Germany (Nakamura et al., 2004).

None of the recently reported changes in Uruguayan CPV2a
strains, Phe267Tyr; Thr440Ala and Tyr324Ile (Perez et al., 2012)
were found in local CPV2a strains; except for this last mentioned
change which is present only in Arg 98 strain.

It is worth to mentioning that Arg 101 strain shares 10 out
of 11 critical aa of the CPV2 strain, with the exception being the
Ala300Asp change, which has been previously suggested to cause
the loss of canine host range and to alter the antigenic properties
of the virus (Llamas-Saiz et al., 1996).

Finally, a phylogenetic tree was built using 74 full-length VP2
sequences (six sequences determined in this study and 68 from the
GenBank database).

As shown in Fig. 1, wild type viruses from Argentina and the rest
of the world are phylogenetically separated from older CPV2 strains
(which is only found in commercial live attenuated vaccines), with

Fig. 1. Molecular phylogenetic analysis by maximum likelihood method. The evolu-
tionary history was inferred by using the maximum likelihood method based on the
Tamura and Nei (1993) model. The tree with the highest log likelihood (−3916.1249)
is  shown. The percentage of trees in which the associated taxa clustered together
is  shown next to the branches. Initial tree for the heuristic search was obtained by
applying the neighbor-joining method to a matrix of pairwise distances estimated
using the maximum composite likelihood (MCL) approach. The tree is drawn to
scale, with branch lengths measured in the number of substitutions per site. The
analysis involved 74 nucleotide sequences. There were a total of 1755 positions
in  the final dataset corresponding to full-length VP2 genes of local and world-
wide strains of CPV. Evolutionary analysis was  conducted in MEGA6 (Tamura et al.,
2013).
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Table  1
Age, sex, vaccination records and clinical signs for dogs with CPV.

Year Strain Age (mo) Sex Breed Vaccination status Clinical signs CPV strain Precedence aa at 440

2011 Arg 73 2 M D V + 2c CABA A
2011  Arg 74 2 F BD V + 2c Buenos Aires A
2011  Arg 75 4 F BM V + 2c Buenos Aires A
2011  Arg 76 3 F S V + 2c Buenos Aires A
2011  Arg 77 3 M Da V + 2c Buenos Aires T
2011  Arg 78 3 F R V + 2c Buenos Aires A
2011  Arg 79 3 F LR V + 2c Buenos Aires A
2011  Arg 80 3 F BS V + 2c NA A
2011  Arg 81 1 M LR NV + 2c Buenos Aires T
2011  Arg 82 1 M CH V + 2c Buenos Aires A
2011  Arg 83 6 M GR V + 2c Buenos Aires T
2011  Arg 84 3 F SB ND + 2c Buenos Aires A
2011  Arg 85 2 F Pug V + 2c Buenos Aires A
2011  Arg 86 3 F BD V + 2c Buenos Aires A
2012  Arg 87 2 M P V + 2c Buenos Aires A
2012  Arg 88 2 M Ch V + 2c Buenos Aires A
2012  Arg 89 1 M GSch V + 2c Buenos Aires T
2012  Arg 90 2 F BS V − 2a Buenos Aires T
2012  Arg 91 2 F BD V + 2a Buenos Aires T
2012  Arg 92 3 F MB NV + 2c NA T
2012  Arg 93 4 F Bea V + 2c Buenos Aires T
2012  Arg 94 4 M GS V + 2c La Pampa T
2012  Arg 95 8 M MB NV + 2c Buenos Aires A
2012  Arg 96 2 F P V + 2c Buenos Aires A
2012  Arg 97 2 F DA V + 2c Buenos Aires T
2012  Arg 98 2 F Pug V + 2a Buenos Aires T
2012  Arg 99 2 F CLD V + 2c Buenos Aires T
2012  Arg 100 2 M CLD V + 2c Buenos Aires T
2012  Arg 101 2 M LR NV + 2a Buenos Aires T
2012  Arg 102 5 F YT V + 2c Buenos Aires A
2012  Arg 103 5 F BS V + 2c Buenos Aires A
2012  Arg 104 2 M BS NV + 2c Buenos Aires A
2012  Arg 105 2 M GS V + 2c Mendoza T
2013  Arg 106 2 M BS V + 2c Buenos Aires A
2013  Arg 107 5 M BS V + 2c Buenos Aires T
2013  Arg 108 2 F FBD ND + 2c Buenos Aires A
2013  Arg 109 2 F GR V + 2c Buenos Aires A
2013  Arg 110 2 F DB NV + 2c Buenos Aires A
2013  Arg 111 2 F RR V + 2c Buenos Aires A
2013  Arg 112 3 F GS V + 2c Buenos Aires A
2013  Arg 113 8 F Bea V + 2c Buenos Aires T

F, female; M,  male; D, Doberman; BD, Bulldog, BM,  Brazilian Mastiff; S, Schnauzer; DA, Dachshund; R, Rottweiler; LR, Labrador Retriever; BS, Berner Sennenhund; CH,
Chihuahua; GR, Golden Retriever; SB, Saint Bernard; Pug, Pug; P, Poodle; GSch, Giant Schnauzer; MB,  Mixed Breed; Bea, Beagle; GS, German Shepherd; CLD, Chinese Lion
Dog;  YT, Yorkshire Terrier; FBD, French Bull Dog; DB, Dogue de Bordeaux; RR, Rhodesian Ridgeback. V, vaccinated; NV, no vaccinated; NA, no information available.
Ten  selected CPV2c fragment sequences obtained in this study, were submitted to the GenBank [accession numbers: Arg 73 (KM236574); Arg 77 (KM236575); Arg 81
(KM236576); Arg 83 (KM236577); Arg 89 (KM236578); Arg 93 (KM236579); Arg 94 (KM236580); Arg 95 (KM236581); Arg 105 (KM236582); Arg 108 (KM236583)].

the exception of Arg 101. Strikingly, this sample came from a dog
which had not received vaccination at all. Although we are detec-
ting a closely related vaccine strain in a sick animal, the available
data is insufficient to draw any further conclusion.

The phylogenetic analysis of the CPV2a strains circulating
in the canine population of Argentina, showed that three of
them were genetically related to a previous local CPV2a (Arg 9,

2003), and to a CPV2a strain detected in South Africa (2010),
while the Uruguayan CPV2a (2010–2011) strains were more
distant.

Two  Argentine CPV2c strains (Arg 107 and Arg 100) clustered
together, with former CPV2c local strains, and were genetically
related to international isolates of the same variant recovered
between 1997 and 2012.

Table 2
Variability of the CPV2a VP2 capsid protein.

87 101 267 297 300 305 324 375 426 440 555

CPV2 (1978) Met  Ile Phe Ser Ala Asp Tyr Asn Asn Thr Val
CPV2a  (1984) Leu Thr Phe Ser Gly Tyr Tyr Asp Asn Thr Ile
New  CPV2a (2003) Leu Thr Phe Ala Gly Tyr Tyr Asp Asn Thr Val
Uy  M344 (2011) Leu Thr Tyr Ala Gly Tyr Ile Asp Asn Ala Val
Arg  9 (2003) Leu Thr Phe Asn Gly Tyr Tyr Asp Asn Thr Val
Arg  90 (2012) Leu Thr Phe Ser Gly Tyr Tyr Asp Asn Thr Val
Arg  91 (2012) Leu Thr Phe Asn Gly Tyr Tyr Asp Asn Thr Val
Arg  98 (2012) Leu Thr Phe Asn Gly Tyr Ile Asp Asn Thr Val
Arg  101 (2012) Met  Ile Phe Ser Asp Asp Tyr Asn Asn Thr Val

CPV2 (1978): reference strain; CPV2a (1984): reference strain; “New strain CPV2a” (2003); Uy M344 (2011): representative Uruguayan CPV2a strain; Arg 9 (2003): Argentine
CPV2a  strain isolated in year 2003.
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These studies, taken together with those reported by our col-
leagues in the region (Aldaz et al., 2013), indicated that CPV is under
continuous evolution.

Since the first appearance of CPV2c strain in Italy in the year
2000, it has spread in different regions of the world. In Argentina,
CPV2c has been the predominant strain is since 2008 (>90%), and
CPV2a has reappeared with a low prevalence (<10%). Similar results
were reported in Uruguay showing CPV2c as the most prevalent
strain during 2007–2009, but has now been replaced by a novel
CPV2a (Perez et al., 2012).

Analysis of the aa sequences of the complete VP2 gene in CPV2a
local strains, showed that the most relevant changes with respect to
Uruguayan strains, were located in positions 297 and 324, in which
Ala and Ile were respectively seen in Uruguayan strains, whereas
Asn/Ser and Ile/Tyr were found in Argentine strains. Moreover, it
must be pointed out that Uruguayan CPV2a strains, carry the sub-
stitution Thr440Ala, which is absent in CPV2a local strains from this
report (Table 2).

The observation that there is a different prevalence in Uruguay
and Argentina of CPV2a strains, taken together with the different
genetic origins seen in the phylogenetic tree, reinforces the obser-
vation that CPV strains followed different evolution pathways in
Argentina and Uruguay, in spite of the geographical proximity and
the intense exchange of animals between both countries.

Therefore, further active and careful epidemiological surveys
are necessary to understand the dynamics of CPV evolution in the
region and worldwide (Hoelzer et al., 2008; Clegg et al., 2011).

Conflict of interest

The authors of this study declare that they have no conflict of
interest, financial or otherwise, related to this article.

Acknowledgements

This work was supported with funds from FEVAN and CONICET.
We thank Mrs. Silvia Rojana and Dr Lorena Boado for their technical
assistance.

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.jviromet.2015.
06.012

References

Aldaz, J., Garcia-Diaz, J., Calleros, L., Sosa, K., Iraola, G., Marandino, A., Hernandez,
M.,  Panzera, Y., Perez, R., 2013. High local genetic diversity of canine
parvovirus from Ecuador. Vet. Microbiol. 166, 214–219.

Buonavoglia, C., Martella, V., Pratelli, A., Tempesta, M.,  Cavalli, A., Buonavoglia, D.,
Bozzo, G., Elia, G., Decaro, N., Carmichael, L., 2001. Evidence for evolution of
canine parvovirus type 2 in Italy. J. Gen. Virol. 82, 3021–3025.

Buonavoglia, D., Cavalli, A., Pratelli, A., Martella, V., Greco, G., Tempesta, M.,
Buonavoglia, C., 2000. Antigenic analysis of canine parvovirus strains isolated
in  Italy. New Microbiol. 23, 93–96.

Calderon, M.G., Mattion, N., Bucafusco, D., Fogel, F., Remorini, P., La Torre, J., 2009.
Molecular characterization of canine parvovirus strains in Argentina: detection
of  the pathogenic variant CPV2c in vaccinated dogs. J. Virol. Methods 159,
141–145.

Calderon, M.G., Romanutti, C.,A,D.A., Keller, L., Mattion, N., La Torre, J., 2011.
Evolution of canine parvovirus in Argentina between years 2003 and 2010:
CPV2c has become the predominant variant affecting the domestic dog
population. Virus Res. 157, 106–110.

Cavalli, A., Desario, C., Kusi, I., Mari, V., Lorusso, E., Cirone, F., Kumbe, I., Colaianni,
M.L., Buonavoglia, D., Decaro, N., 2014. Detection and genetic characterization
of  canine parvovirus and canine coronavirus strains circulating in district of
Tirana in Albania. J. Vet. Diagn. Invest. 26, 563–566.

Clegg, S.R., Coyne, K.P., Parker, J., Dawson, S., Godsall, S.A., Pinchbeck, G., Cripps,
P.J., Gaskell, R.M., Radford, A.D., 2011. Molecular epidemiology and phylogeny

reveal complex spatial dynamics in areas where canine parvovirus is endemic.
J.  Virol. 85, 7892–7899.

de Ybanez, R.R., Vela, C., Cortes, E., Simarro, I., Casal, J.I., 1995. Identification of
types of canine parvovirus circulating in Spain. Vet. Rec. 136, 174–175.

Decaro, N., Buonavoglia, C., 2012. Canine parvovirus – a review of epidemiological
and diagnostic aspects, with emphasis on type 2c. Vet. Microbiol. 155, 1–12.

Decaro, N., Desario, C., Amorisco, F., Losurdo, M.,  Elia, G., Parisi, A., Ventrella, G.,
Martella, V., Buonavoglia, C., 2013. Detection of a canine parvovirus type 2c
with a non-coding mutation and its implications for molecular
characterisation. Vet. J. 196, 555–557.

Decaro, N., Desario, C., Billi, M.,  Mari, V., Elia, G., Cavalli, A., Martella, V.,
Buonavoglia, C., 2009a. Western European epidemiological survey for
parvovirus and coronavirus infections in dogs. Vet. J. 187, 195–199.

Decaro, N., Desario, C., Elia, G., Campolo, M.,  Lorusso, A., Mari, V., Martella, V.,
Buonavoglia, C., 2007. Occurrence of severe gastroenteritis in pups after canine
parvovirus vaccine administration: a clinical and laboratory diagnostic
dilemma. Vaccine 25, 1161–1166.

Decaro, N., Desario, C., Parisi, A., Martella, V., Lorusso, A., Miccolupo, A., Mari, V.,
Colaianni, M.L., Cavalli, A., Di Trani, L., Buonavoglia, C., 2009b. Genetic analysis
of  canine parvovirus type 2c. Virology 385, 5–10.

Desario, C., Decaro, N., Campolo, M.,  Cavalli, A., Cirone, F., Elia, G.,  Martella, V.,
Lorusso, E., Camero, M.,  Buonavoglia, C., 2005. Canine parvovirus infection:
which diagnostic test for virus? J. Virol. Methods 126, 179–185.

Filipov, C., Desario, C., Patouchas, O., Eftimov, P., Gruichev, G., Manov, V., Filipov, G.,
Buonavoglia, C., Decaro, N., 2014. A ten-year molecular survey on parvoviruses
infecting carnivores in Bulgaria. Transbound. Emerg. Dis. November, http://dx.
doi.org/10.1111/tbed.12285

Gallo Calderon, M.,  Wilda, M.,  Boado, L., Keller, L., Malirat, V., Iglesias, M.,  Mattion,
N., La Torre, J., 2011. Study of canine parvovirus evolution: comparative
analysis of full-length VP2 gene sequences from Argentina and international
field strains. Virus Genes 44, 32–39.

Greenwood, N.M., Chalmers, W.S., Baxendale, W.,  Thompson, H.,  1996. Comparison
of  isolates of canine parvovirus by monoclonal antibody and restriction
enzyme analysis. Vet. Rec. 138, 495–496.

Hoelzer, K., Shackelton, L.A., Parrish, C.R., Holmes, E.C., 2008. Phylogenetic analysis
reveals the emergence, evolution and dispersal of carnivore parvoviruses. J.
Gen.  Virol. 89, 2280–2289.

Hong, C., Decaro, N., Desario, C., Tanner, P., Pardo, M.C., Sanchez, S., Buonavoglia, C.,
Saliki, J.T., 2007. Occurrence of canine parvovirus type 2c in the United States.
J.  Vet. Diagn. Invest. 19, 535–539.

Joao Vieira, M.,  Silva, E., Oliveira, J., Luisa Vieira, A., Decaro, N., Desario, C., Muller,
A., Carvalheira, J., Buonavoglia, C., Thompson, G., 2008. Canine parvovirus 2c
infection in central Portugal. J. Vet. Diagn. Invest. 20, 488–491.

Kapil, S., Cooper, E., Lamm, C., Murray, B., Rezabek, G., Johnston 3rd, L., Campbell,
G.,  Johnson, B., 2007. Canine parvovirus types 2c and 2b circulating in North
American dogs in 2006 and 2007. J. Clin. Microbiol. 45, 4044–4047.

Llamas-Saiz, A.L., Agbandje-McKenna, M.,  Parker, J.S., Wahid, A.T., Parrish, C.R.,
Rossmann, M.G., 1996. Structural analysis of a mutation in canine parvovirus
which controls antigenicity and host range. Virology 225, 65–71.

Martella, V., Cavalli, A., Pratelli, A., Bozzo, G., Camero, M.,  Buonavoglia, D., Narcisi,
D., Tempesta, M., Buonavoglia, C., 2004. A canine parvovirus mutant is
spreading in Italy. J. Clin. Microbiol. 42, 1333–1336.

Maya, L., Calleros, L., Francia, L., Hernandez, M.,  Iraola, G., Panzera, Y., Sosa, K., Perez,
R.,  2013. Phylodynamics analysis of canine parvovirus in Uruguay: evidence of
two successive invasions by different variants. Arch. Virol. 158, 1133–1141.

McElligott, S., Collins, P.J., Sleator, R.D., Martella, V., Decaro, N., Buonavoglia, C.,
O’Shea, H., 2011. Detection and genetic characterization of canine parvoviruses
and coronaviruses in southern Ireland. Arch. Virol. 156, 495–503.

Mochizuki, M.,  Harasawa, R., Nakatani, H., 1993. Antigenic and genomic
variabilities among recently prevalent parvoviruses of canine and feline origin
in  Japan. Vet. Microbiol. 38, 1–10.

Nakamura, M.,  Tohya, Y., Miyazawa, T., Mochizuki, M.,  Phung, H.T., Nguyen, N.H.,
Huynh, L.M., Nguyen, L.T., Nguyen, P.N., Nguyen, P.V., Nguyen, N.P., Akashi, H.,
2004. A novel antigenic variant of canine parvovirus from a Vietnamese dog.
Arch. Virol. 149, 2261–2269.

Nandi, S., Chidri, S., Kumar, M.,  Chauhan, R.S., 2010. Occurrence of canine
parvovirus type 2c in the dogs with haemorrhagic enteritis in India. Res. Vet.
Sci. 88, 169–171.

Ntafis, V., Xylouri, E., Kalli, I., Desario, C., Mari, V., Decaro, N., Buonavoglia, C., 2010.
Characterization of canine parvovirus 2 variants circulating in Greece. J. Vet.
Diagn. Invest. 22, 737–740.

Pereira, C.A., Monezi, T.A., Mehnert, D.U., D’Angelo, M.,  Durigon, E.L., 2000.
Molecular characterization of canine parvovirus in Brazil by polymerase chain
reaction assay. Vet. Microbiol. 75, 127–133.

Perez, R., Bianchi, P., Calleros, L., Francia, L., Hernandez, M.,  Maya, L., Panzera, Y.,
Sosa, K., Zoller, S., 2012. Recent spreading of a divergent canine parvovirus
type 2a (CPV-2a) strain in a CPV-2c homogenous population. Vet. Microbiol.
155, 214–219.

Perez, R., Francia, L., Romero, V., Maya, L., Lopez, I., Hernandez, M.,  2007. First
detection of canine parvovirus type 2c in South America. Vet. Microbiol. 124,
147–152.

Reed, A.P., Jones, E.V., Miller, T.J., 1988. Nucleotide sequence and genome
organization of canine parvovirus. J. Virol. 62, 266–276.

Sagazio, P., Tempesta, M.,  Buonavoglia, D., Cirone, F., Buonavoglia, C., 1998.
Antigenic characterization of canine parvovirus strains isolated in Italy. J. Virol.
Methods 73, 197–200.



Author's personal copy

M. Gallo Calderón et al. / Journal of Virological Methods 222 (2015) 145–149 149

Steinel, A., Venter, E.H., Van Vuuren, M.,  Parrish, C.R., Truyen, U., 1998. Antigenic
and genetic analysis of canine parvoviruses in southern Africa. Onderstepoort
J. Vet. Res. 65, 239–242.

Tamura, K., Nei, M.,  1993. Estimation of the number of nucleotide substitutions in
the control region of mitochondrial DNA in humans and chimpanzees. Mol.
Biol. Evol. 10, 512–526.

Tamura, K., Stecher, G., Peterson, D., Filipski, A., Kumar, S., 2013. MEGA6: molecular
evolutionary genetics analysis version 6.0. Mol. Biol. Evol. 30, 2725–2729.

Truyen, U., Platzer, G., Parrish, C.R., 1996. Antigenic type distribution among canine
parvoviruses in dogs and cats in Germany. Vet. Rec. 138, 365–
366.

Truyen, U., Steinel, A., Bruckner, L., Lutz, H., Mostl, K., 2000. Distribution of antigen
types of canine parvovirus in Switzerland, Austria and Germany. Schweiz.
Arch. Tierheilkd. 142, 115–119.


