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RESUMO.- [Estudo filogenético do parvovírus canino 
tipo 2c no Centro-Oeste do Brasil.] Desde o final dos 
anos de 1970, o parvovírus canino tipo 2 (CPV-2) tem 
emergido como agente de severa e fatal enterite hemor-
rágica, principalmente em cães com idade inferior a seis 
meses. Três variantes antigênicas de CPV-2 foram descri-
tas mundialmente (CPV-2a/b/c). O objetivo do estudo foi 
determinar a presença do CPV-2 e suas variantes circulan-
tes em cães no Município de Cuiabá, Centro-oeste, Brasil. 
Das 50 amostras fecais, coletadas entre 2009 e 2011, 27 
foram positivas para CPV-2 na PCR, sendo 13 analisadas 
pelo sequenciamento de um fragmento de 583 pares de 
base do gene VP2. Todas as cepas foram caracterizadas 
como CPV-2c e apresentaram baixa variabilidade genética. 
Estes achados indicaram que o CPV-2c está circulando na 
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população canina do Município de Cuiabá, Região Centro-
-Oeste do Brasil.
TERMOS DE INDEXAÇÃO: Parvovirus canino, enterites, PCR, DNA, 
sequenciamento.

INTRODUCTION
Canine parvovirus (CPV) type 2 emerged around 1978 and 
is one of the most pathogenic etiologic agents in dogs. This 
virus causes hemorrhagic diarrhea, vomiting and lympho-
penia (Appel et al. 1979). After the initial appearance of 
CPV-2 in the mid-1980s, 2 antigenic variants were iden-
tified, CPV-2a and CPV-2b, which can be distinguished by 
monoclonal antibodies and at least five or six amino acid 
substitutions in the VP2 capsid protein gene (Parker et al. 
2001).

More recently, another antigenic variant, CPV-2c, was 
described in dogs from Italy; this variant differs from CPV-
-2b by one amino acid change from Asp to Glu at position 
426 (Buonavoglia et al. 2001). The same variant was later 
detected in other European countries (Decaro et al. 2007), 
Asia (Nakamura et al. 2004), Australia (Meers et al. 2007), 
North and South America countries including Brazil (Hong 
et al. 2007, Pérez et al. 2007, Streck et al. 2009).
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CPV variants are circulating worldwide, and their relative 
frequencies vary according to the geographic region analyzed 
and the time of sample collection (Pérez et al. 2012). Pinto 
et al. (2012) demonstrated that CPV-2c has been the main 
subtype detected in the canine population of some regions of 
Brazil, as previously found in the Uruguay (Pérez et al. 2007), 
Italy (Decaro et al. 2007), Germany (Decaro et al. 2011a), and 
Argentina (Calderón et al. 2011). Therefore, it is important 
to identify emerging CPV variants and developing preventive 
measures to control the spread of CPV-2 variants. In this con-
text, the objective of the current study was to identify the CPV 
variants present in the Cuiabá Municipality of Midwestern 
Brazil, between the years 2009 and 2011.

MATERIALS AND METHODS
A total of 50 domestic dogs (21 vaccinated and 29 unvaccinated 
against canine parvovirosis) ranging from 1 to 36 months old that 
presented clinical signs suggestive of CPV infection were selected 
for this study. The dogs were necropsied in the Laboratory of Ve-
terinary Pathology of Federal University of Mato Grosso (UFMT), 
Cuiabá, Mato Grosso State, Brazil, between February 2009 and 
August 2011. At necropsy, 2 mL fecal samples were collected in 
plastic tubes and frozen at -20°C until use. Fragments of the small 
intestine were also collected, fixed in 10% buffered formalin and 
processed according to standard histological methods. Paraffin-
-embedded tissue sections (5 µm) were stained with hematoxylin 
and eosin and microscopically evaluated with an optic microscope. 

For DNA extraction, the fecal samples were suspended (10%, 
w/v) in phosphate-buffered saline (PBS, 0.1 M, pH 7.2) and sub-
sequently clarified by centrifuging at 4,000 x g at 4 C for 15 min. 
The supernatants were homogenized in chloroform at a final con-
centration of 10%, centrifuged at 1,000 x g at 4 C for 15 min and 
diluted 1:10 in distilled water (Decaro et al. 2006). DNA was also 
extracted from a commercial vaccine (Lema Injex Biologic Tri Baby 
Vac®, CPVC780/916 ATCC) according to the method of Sangioni et 
al. (2005) and used as a positive control. Ultrapure water was used 
as a negative control. PCR was performed using the 555for and 
555rev primer set that amplify a 583 bp fragment of the VP2 gene 
(nucleotides 4003-4585) (Buonavoglia et al. 2001). The PCR am-
plification was performed using Taq recombinant polymerase (In-
vitrogen®, USA) in a thermocycler (MyCycler®, BIO-RAD, USA), as 
reported by Calderón et al. (2011). To investigate the heterogenei-
ty of the virus population, the amplified products of 13 representa-
tive samples were selected for sequencing and were purified using 
the GFX PCR DNA & Gel Band Purification Kit (GE Healthcare®, 
Buckinghamshire, UK). The sequencing reactions were performed 
with the same primers as those used for PCR amplification on an 
automated DNA sequencer (ABI-PRISM 3100 Genetic Analyzer, 
Applied Biosystems, Germany). Alignments and sequence analy-
sis were performed in molecular evolutionary genetic analysis 
software (MEGA version 5.0) (Tamura et al. 2011) using the Clus-
talW algorithm. In addition, a phylogenetic tree was constructed 
by the neighbor-joining (NJ) method, and bootstrap analyses were 
conducted using 1000 replicates. The evolutionary distances were 
computed using the Maximum Composite Likelihood method (Ta-
mura et al. 2011). For sequence comparison, the nucleotide se-
quences of CPV-2 (M38245), CPV-2a (M24003), CPV-2b (M74849) 
and CPV-2c from 11 countries including Brazil were retrieved from 
GenBank. All of the sequences generated in this study were deposi-
ted in GenBank (accession numbers: JQ429273-JQ429285).

Information regarding the breed, sex, age, vaccination status 
and CPV-2 sequencing results for the 13 representative samples 
are shown in Table 1.
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RESULTS
Of the 50 fecal dog samples, 27 (54%) were positive for 
CPV by PCR. The clinical signs observed in positive dogs in-
cluded vomiting, anorexia, lethargy and liquid hemorrhagic 

diarrhea. Macroscopic examination showed mucosal hype-
remia and roughness of the serosa of the small intestine, 
with hemorrhagic content in the intestinal lumen. The most 
significant intestinal lesion upon microscopic examination 
was severe necrotic enteritis with fusion of the intestinal 
villi.

The 13 sequenced CPV samples revealed the presence 
of a GAA codon at position 426 of the VP2 protein, which 
codes for glutamate, indicating that these strains were CPV-
-2c. The results of the amino acid sequence analysis showed 
that there was a low level of overall variability among the 
analyzed VP2 sequences, with only five amino acid changes 
affecting the VP2 protein. A non-synonymous mutation at 
amino acid residue 428 (Asn g His) was observed in sam-
ple BR 12/11. There was a single nucleotide polymorphism 
at position 4142 in two clinical samples (BR 04/10 and BR 
07/11), corresponding to a transition (G to A) in the first 
position of codon 452. One sample (BR 04/10) exhibited 
three unique residues (Tyr574, Ile575 and Lys577).

Several single nucleotide changes were found among 
the CPV-2c sequences: A424C in samples BR 09/11 and 
BR 12/11, A437G in BR 10/09, T469A in BR 10/09 and BR 
11/11, G503A in BR 07/11, A572T in BR 04/10, T535C in 
BR 02/09 and T576C in BR 04/10. All of these nucleotide 
changes were in the third codon position and did not chan-
ge the amino acid. All of the sequenced samples presented 
the typical amino acid T at the 440 position, whereas a V 
residue was found in all CPV strains in the 555 position.

Six of the thirteen CPV-2c isolates were found to be 
phylogenetically closely related to European, North and 
South American isolates recovered between 1993 and 
2010 (sequences obtained from GenBank; highlighted in 
Figure 1).

DISCUSSION
From 1980 to the present, CPV-2a and 2b have been the 
most significant CPV variants circulating in the Southeast 
region of Brazil (Pereira et al. 2007, Castro et al. 2011). 
However, CPV-2c has been detected in epidemiological sur-
veys conducted in South America (Pérez et al. 2007) inclu-
ding Southern (Streck et al. 2009) and Southeast region of 
Brazil (Castro et al. 2010). This article constitutes the first 
to provide information about CPV-2c infection in dogs from 
the Mato Grosso State in Midwestern Brazil.

Most of the sequenced samples (69.2%) were derived 
from 1 to 5 month-old puppies with variable vaccination 
statuses. The presence of CPV gastroenteritis in vaccina-
ted animals has been reported previously (McElligott et al. 
2010) and could possibly indicate a gap in the protective 
status of the puppies, most likely due to low levels of ma-
ternal antibodies or an immature immune system that is 
unable to respond properly to vaccination (Calderón et al. 
2011). The interference of residual maternally derived an-
tibodies with the vaccine virus may also explain the cases 
of CPV infection observed in vaccinated dogs (Decaro et al. 
2006).

The clinical and pathologic findings of the present stu-
dy were similar to those presented in previous reports 
(Cooper et al. 1979, Evermann et al. 2005, Oliveira et al. 

Fig.1. Neighbor-joining tree (MEGA 5.0) based on the studied 
canine parvovirus sequences and the following reference se-
quences: M38245 (CPV-2), M24003 (CPV-2a), M74849 (CPV-
-2b), HQ450025 (CPV-2c, Argentina), HQ450027 (CPV-2c, 
Argentina), HQ445626 (CPV-2c, Argentina), FJ349322 (CPV-
-2c, Argentina), FJ005247 (CPV-2c, Italy), FJ236063 (CPV-
-2c, Brazil), FJ236064 (CPV-2c, Brazil), EU797726 (CPV-2c, 
Brazil), EU797727 (CPV-2c, Brazil), GU380305 (CPV-2c, Chi-
na), FJ005204 (CPV-2c, Germany), FJ005231 (CPV-2c, Italy), 
FJ005232 (CPV-2c, Italy), FJ005234 (CPV-2c, Italy), FJ005236 
(CPV-2c, Italy), EF375479 (CPV-2c, Uruguay), EF375480 (CPV-
-2c, Uruguay), FJ005235 (CPV-2c, USA), GQ395692 (CPV-2c, 
Brazil), GQ452297 (CPV-2c, Brazil), GU362935 (CPV-2c, Italy), 
HQ450029 (CPV-2c, Paraguay), EU273771 (CPV-2c, Portugal), 
EF375481 (CPV-2c, Uruguay), AY742942 (CPV-2c, Germany), 
GQ865518 (CPV-2c, Greece), GQ865519 (CPV-2c, Greece) and 
FJ005214 (CPV-2c, Spain). Statistical support was provided by 
bootstrapping with 1000 replicates. The scale bar indicates 
the estimated numbers of nucleotide substitutions per site.
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2009). In comparison to the original type 2, the antigenic 
variants 2a and 2b have been reported to be shed in the 
feces at much higher titers and to cause a more severe dise-
ase (Decaro et al. 2005a). In addition, Decaro et al. (2005b) 
have demonstrated in German shepherds dogs naturally 
infected with a field isolate of CPV-2c, that pups displayed 
clinical signs of parvovirosis (mucoid or watery diarrhea 
and transient leukopenia), however none showed either 
hemorrhagic diarrhea or vomiting. On the other hand, Spi-
bey et al. (2008) carried out an experimental infection of 
beagles dogs with a field isolate of CPV-2c that all infected 
control dogs became severely ill and displayed leukopenia 
from day 4 post-infection. Although the necropsied animals 
of this study showed severe macroscopic and microscopic 
intestinal lesions, the authors cannot suggest that CPV-2c 
could be associated with more severe disease than CPV-2a 
and CPV-2b due to the low number of samples analyzed. 
Indeed, it is reasonable to think that all three variants have 
a similar pathogenetic potential, which can increase depen-
ding on particular field conditions (age, immunological sta-
tus, stressing factors) (Decaro & Buonavoglia 2011b).

The synonymous substitution found at codon 503 of 
VP2 in the isolate BR07/11 was previously described in a 
Chinese CPV-2c strain (GU380305) collected in 2009, su-
ggesting that some Brazilian CPV-2c strains may share a 
common ancestor with this strain. However, the VP2 chan-
ges Asn g His at residue 428, Gly g Ser at residue 452, Glu 
g Tyr at residue 574, Lys g Ile at residue 575 and Gln g 
Lys at residue 577, as well as other single nucleotide chan-
ges, have not been reported in any CPV-2c strain to date. 
According to Pereira et al. (2007), Brazilian variants with 
a complete repertoire of mutations in the VP1/VP2 gene 
emerged only after the 1990s, when dogs were regularly 
vaccinated, and most of these mutations are consistent 
with a diversification process mediated by local adaptation.

In accordance with Pinto et al. (2012), the amino acid 
substitution Thr440Ala was not observed in any CPV-2c 
sequences, as previously described in CPV-2a and CPV-2b 
strains from Italy (Battilani et al. 2002), India (Chinchkar 
et al. 2006), Korea (Kang et al. 2008), and in CPV-2c strains 
from Argentina (Calderón et al. 2011) and Italy (Decaro et 
al. 2009). The 440 position is located at an important VP2 
domain, undergoing positive selection and envolved inde-
pendently in different populations (Decaro et al. 2007).

All CPV strains showed a V residue in the 555 position 
which has been described by Calderón et al. (2011) and 
Pinto et al. (2012). The Ile555Val change could possibly 
indicate a reversion to the original CPV-2 (Martella et al. 
2006).

Phylogenetic analysis of the variants circulating in the 
canine population of Cuiabá Municipality revealed a group 
composed of similar variants to those from other Brazilian 
States, Italy, Uruguay, Paraguay, Argentina, China, United 
States, Portugal, Greece, Germany and Spain, indicating 
that this variant as cosmopolitan. Such findings also sug-
gest that the variants from Brazil share a common ances-
tor with variants from different continents, however some 
substitutions affecting Brazilian CPV-2c strains have been 
already reported.

In conclusion, although few sequences were analyzed in 
this study, the results demonstrated that CPV-2c has been 
circulating and causing disease in dogs of Cuiabá Municipa-
lity. Additional research is necessary to estimate the overall 
prevalence, distribution and genetic diversity of CPV-2 va-
riants in Brazil. 
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