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ABSTRACT. Carnivore bocaparvovirus 1 (CnMV) infects dogs worldwide and can be responsible for different clinical signs 
in neonates and bitches during gestation. There is a limited number of CnMV sequences available in the NCBI database, so far. The 
present preliminary study aimed to obtain evidence of CnMV infection status among domestic dogs in Chile and evaluate the genetic 
relatedness of the sequences obtained with any type of bocaparvovirus already reported. Two partial nucleotide sequences of the VP2 
coding gene were obtained from forty blood samples and compared with 23 available sequences of Carnivore bocaparvovirus from 
1 to 6. Chilean sequences grouped within Carnivore bocaparvovirus 1 group, being sequence 5434 (Accession number, MH544475) 
more similar to the Japanese strain HM-6 and sequence 5423 (Accession number, MH544476) to the Chinese strain SH1.
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INTRODUCTION

Carnivore bocaparvovirus 1 (formerly canine minute 
virus (CnMV); minute virus of canines (MVC), and also 
known as canine parvovirus type 1) is a viral species be-
longing to Bocaparvovirus genus, within the Parvovirinae 
sub-family and family Parvoviridae family (Adams et al 
2014). Currently, this genus includes 21 species. The vast 
majority of these viruses were identified using molecular 
discovery approaches, and they have to be isolated yet 
(ICTV). CnMV is genetically related to Bocaparvovirus 
of ungulates and primates, in addition to 5 more species 
that infect carnivores (Carnivore bocaparvovirus 2 to 6) 
and is genetically distinguishable from other genera within 
the Parvovirinae sub-family that infect canines such as 
Protoparvovirus (Formerly Parvovirus genus) (ICTV)1. 

The genome of CnMV consists of single-stranded (ss) 
DNA, 5,097 to 5,390 bp in length (Ohshima et al 2004, 
Shan et al 2010, Schwarts et al 2014) encoding three capsid 
proteins, VP1, VP2, and VP3 (Schwarts et al 2012). All 
parvoviruses encode a nonstructural protein NS1 that is 
essential for viral DNA replication (Li et al 1990) and 
packaging of viral DNA into the capsid (Cotmore and 
Tattersall 2005). Sequencing of both NS1 and VP2 genes 
has been used for phylogenetic analyses and epidemiolog-
ical investigations in CnMV (Guo et al 2016).

Infection with CnMV has been associated with enteric 
and respiratory symptoms in neonates, reproductive failures 
with embryonic or fetal death after early transplacental 
infection and with late abortion, but most infections occur 

sub-clinically (Kapoor et al 2012, Bodewes et al 2014, 
Choi et al 2015). The clinical outcome caused by CnMV 
is most commonly seen in animals between the ages of 1 
to 5 weeks (Harrison et al 1992, Carmichael et al 1994, 
Järplid et al 1996). Serological evidence indicates that 
CnMV infection is widespread in the dog population, with 
a 5 to 70% seroprevalence worldwide (Carmichael et al 
1994, Mochisuki et al 2002).

Although there is information about the presence 
of CnMV in canines from several countries of different 
continents including North America, Europe, and Asia, 
its presence in our country has not been registered. The 
present study aimed to obtain evidence of the CnMV 
infection status among domestic dogs in Chile1.

MATERIAL AND METHODS

Forty blood samples from diseased patients were re-
ferred to the Bioingentech Laboratory between November 
2017 and June 2018 for molecular detection of Carnivore 
protoparvovirus 1(also known as Canine parvovirus type 
2). The samples were analysed through conventional PCR 
using two commercial kits with in-house primers developed 
by Bioingentech for Canine Parvovirus type 2 and also for 
Canine minute virus. The PCR protocols amplified partial 
sequences of 435 bp for Carnivore protoparvovirus 1 and 
286 bp of the gene coding for VP2 of CnMV. The PCR 
conditions consisted of initial denaturation for 3 min at 94 
ºC, followed by 30 amplifications cycles of denaturation 
for 30 s at 95 ºC, primer annealing at 56 ºC for 30 s, and 
extension at 72 ºC for 30s. The final extension step was 
performed for 5 min at 72ºC. After amplification, 5 µL 
of each reaction mixture was subjected to electrophoresis 

1	 ICTV. The online 10th report of the International Committee on Tax-
onomy of Viruses. Genus: Bocaparvovirus. https://talk.ictvonline.org/
ictv-reports/ictv_online_report/ssdna-viruses/w/parvoviridae/1041/
genus-bocaparvovirus , accessed 24 february 2020.
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in 1% agarose gel, and the amplified gene products were 
visualized under UV light after GelRed™staining. 

The PCR products that amplified CnMV from 2 samples 
were purified using the Kit Wizard® SV gel and PCR clean-
up system (Promega). Finally, the purified PCR products 
were sequenced to verify that the bands corresponded to 
the correct genes. Sequencing was performed on an ABI 
PRISM® 3130 Applied Biosystems instrument at the 
Pontifical Catholic University of Chile. Once obtained, 
the two sequences were submitted to GenBank (strain 
5423: accession number, MH544476 and 5434: accession 
number, MH544475) and were further evaluated by mul-
tiple pairwise comparisons with another 23 international 
sequences of Carnivore bocaparvovirus species from 1 
to 6 that are reported infecting carnivores (canine, feline, 
mink) and the species type of the genus Bocaparvovirus 
(Ungulate bocaparvovirus 1) available in GenBank using the 

Clustal Omega program (Larkin et al 2007). Subsequently, 
the evolutionary history was inferred with the Maximum 
Likelihood method and Jukes-Cantor model (Jukes and 
Cantor 1969), and the test of phylogeny was the bootstrap 
method with 500 replications. The analysis involved 26 
nucleotide sequences and a total of 260 positions in the 
final dataset. The evolutionary studies were conducted in 
MEGA7 (Kumar et al 2006). 

RESULTS AND DISCUSSION

From 40 blood samples analysed, there were 3 samples 
positive to CnMV (7.5%), 72.5% (29/40) to Carnivore 
protoparvovirus 1 and 7.5% (3/40) presented coinfection 
with both viruses. The samples positive to CnMV were 
obtained from puppies between two and three months 
of age, and only two samples were sent for sequencing.

Figure 1. Phylogenetic analysis based on the nucleotide sequence of partial VP2 gene of Carnivore bocaparvovirus1. Phylogenetic 
tree constructed using the Maximum Likelihood method and Jukes Cantor model method with 500 bootstrap replicates. Only bootstrap 
values >70% are displayed over the tree branches. GenBank accession numbers, strain names, and countries of isolation are shown. 
Black rhombus indicate Chilean sequences obtained in this study. There was a total of 260 positions in the final dataset. Location 
codes: Japan (JP), Chile (CL), United States (US), China (CN), Hong Kong (HK), Portugal (PT), Korea (KR). Bovine parvovirus 1 
(BPV, Bocaparvovirus). 
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The two partial Chilean sequences of CnMV are epi-
demiologically unrelated, but they shared 94.6% identity 
between them and 94.6-97.6% with partial sequences from 
China, Japan, and the United States genotyped as Carnivore 
bocaparvovirus 1 (data not shown). The highest identity 
percentages were observed between sequence 5434 and 
the Japanese HM-6 (97.6%) and between sequence 5423 
and the Chinese SH1(97.37%). 

In this first phylogenetic approach, the two Chilean 
partial VP2 sequences grouped within CnMV species, 
together with sequences from the United States, China, and 
Japan including the U.S. reference strain GA3 (GenBank 
accession no. AF495467). The remaining sequences were 
located in the Carnivore bocaparvovirus species 2 to 6 
(figure 1).

The first evidence of CnMV in Chile reflects what 
happens around the world, with a wide distribution of 
these biological agents in enteric cases or subclinical in-
fections. For instance, clinical specimens from 346 dogs 
were examined by PCR for CnMV presence in Japan. 
Specific gene fragments from samples of four diseased 
puppies were detected (1.2%). In addition, the same study 
shows that 5.0% of dogs possessed antibodies against 
CnMV (Mochisuki et al 2002). Likewise, Guo et al (2016) 
indicated that 15 out of 201 (7.5%) faecal samples from 
dogs affected with diarrhea were positive for CnMV in 
veterinary hospitals in China.

CnMV should be considered when young pups die 
suddenly with signs of respiratory or enteric disease or 
in cases of sudden death with heart failure (Pratelli et al 
1999). Epidemiological investigation in China revealed 
a high co-infection rate of CnMV with other enteric vi-
ruses (Carnivore protoparvovirus 1, canine coronavirus, 
canine kobuvirus) suggesting CnMV as a potential enteric 
pathogen that could be associated with viral diarrhea in 
dogs (Guo et al 2016). 

Similarly, the CnMV detected in Chile occurred in 
the context of enteric disease of young dogs’ concom-
itant with infections with Carnivore protoparvovirus 1. 
Unfortunately, we have no information if the coinfected 
puppies also presented respiratory or cardiac problems. The 
epidemiology of CnMV infections must be investigated in 
our country to corroborate the link of these infections with 
respiratory, cardiac or exclusively enteric outcome. Further 
studies are needed to determine the prevalence of CnMV 
in the domestic dog population in Chile and to clarify the 
genetic relationships among Chilean and international 
CnMVs from the whole genome or the combination of 
complete VP2 and NS1 gene analyses. As it is a global 
concern, more experimental evidence should be generated 
regarding the role of CnMV in puppy mortality and dog 
reproductive disorders. 

REFERENCES

Adams MJ, Lefkowitz EJ, King AM, Carstens EB. 2014. Ratification 
vote on taxonomic proposals to the International Committee on 
Taxonomy of Viruses. Arch Virol 159, 2831-2841. 

Bodewes R, Lapp S, Hahn K, Habierski A, Förster C, et al. 2014. Novel 
canine bocavirus strain associated with severe enteritis in a dog litter. 
Vet Microbiol 174, 1-8. 

Carmichael LE, Schlafer DH, Hashimoto A. 1991. Pathogenicity of minute 
virus of canines (MVC) for the canine fetus. Cornell Vet 81, 151-171. 

Carmichael LE, Schlafer DH, Hashimoto A. 1994. Minute virus canines 
(MVC, canine parvovirus type-1): pathogenicity for pups and sero-
prevalence estimate. J Vet Diagn Invest 6, 165-174.

Cotmore SF, Tattersall P. 2005. Encapsidation of minute virus of mice 
DNA: aspects of the translocation mechanism revealed by the 
structure of partially packaged genomes. Virology 336, 100-112.

Choi JW,   Lee KH, Lee JI, Lee MH,   Lee KK, et al. 2015. Genetic 
characteristics of canine bocaviruses in Korean dogs. Vet Microbiol 
179, 177-183. 

Guo D, Wang Z, Yao S, Lia C, Geng Y, et al. 2016. Epidemiological 
investigation reveals genetic diversity and high co-infection rate 
of canine bocavirus strains circulating in Heilongjiang province, 
Northeast China. Res Vet Sci 106, 7-13.

Harrison LR, Styer EL, Pursell AR, Carmichael LE, Nietfeld JC. 1992. 
Fatal disease in nursing puppies associated with minute virus of 
canines. J Vet Diagn Invest 4, 19-22. 

Hoelzer K, Shackelton LA, Holmes EC, Parrish CR. 2008. Within-host 
genetic diversity of endemic and emerging parvoviruses of dogs 
and cats. J Virol 82, 11096-11105.

Jukes TH, Cantor CR. 1969. Evolution of protein molecules. In: Munro 
HN (ed). Mammalian Protein Metabolism. Academic Press, New 
York, USA, Pp 21-132.

Järplid B, Johansson H, Carmichael LE. 1996. A fatal case of pup infection 
with minute virus of canines (MVC). J Vet Diagn Invest 8, 484-487.

Johnson FB, Hoggan MD. 1973. Structural proteins of HADEN virus. 
Virol 51, 129-137. 

Kapoor A, Mehta N, Dubovi EJ, Simmonds P, Govindasamy L, et al. 2012. 
Characterization of novel canine bocaviruses and their association 
with respiratory disease. J Gen Virol, 93, 341-346. 

Kumar S, Stecher G, Tamura K. 2016. MEGA7: Molecular evolutionary 
genetics analysis version 7.0 for bigger datasets. Mol Biol Evol 33, 
1870-1874.

Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan PA, 
et al. 2007. Clustal W and Clustal X version 2.0. Bioinformatics, 
23, 2947-2948. 

Lederman M., Bates RC, Stout ER. 1983. In vitro and in vivo studies of 
bovine parvovirus proteins. J Virol 48, 10-17.

Manteufel J, Truyen U. 2008. Animal Bocaviruses: A Brief Review. 
Intervirology, 51, 328-334.

Mochizuki M., Hashimoto M, Hajima T, Takiguchi M, Hashimoto A, 
et al. 2002. Virologic and serologic identification of minute virus 
of canines (canine parvovirus type 1) from dogs in Japan. J Clin 
Microbiol 40, 3993-3998.

Ohshima T, Kishi M, Mochizuki M. 2004. Sequence analysis of an Asian 
isolate of minute virus of canines (Canine parvovirus type 1). Virus 
Genes 29, 291-296.

Pratelli A, Buonavoglia D, Tempesta M, Guarda F, Carmichael L, et al. 
1999. Fatal canine parvovirus type-1 infection in pups from Italy. 
J Vet Diagn Invest 11, 365-367. 

Schwarts D, Green B, Carmichael LE., Parrish CR. 2002. The Canine 
Minute Virus (Minute Virus of Canines) is a distinct parvovirus 
that is most similar to bovine parvovirus. Virology 302, 219-223.




