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Abstract It is suggested that Bovine kobuvirus (BKV) is
involved in the etiology of gastroenteric diseases especially
among calves; however, this association remains unknown.
This study evaluated 216 fecal samples from cattle with
and without diarrhea symptoms obtained from different
regions of Brazil. A 216 bp fragment of the BKV 3D gene
was amplified by RT-PCR in 14.4 % (31/216) of the
studied samples, and 17 samples were subjected to
nucleotide sequencing. All positive samples were obtained
from animals aged less than 5 months, and most of animals
presented diarrhea (p < 0.05). Phylogenetic analyses
showed that the obtained sequences were grouped within
the genogroup 2 of BKV forming subclades specific for
each Brazilian municipality sampled. In addition, the
alignment of the sequences revealed differences of
nucleotides between sequences from different locations.
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Our results indicate for the first time that there is a regional
genotypic differentiation of BKV in Brazil.
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Kobuvirus is a genus of viruses belonging to the family Pi-
cornaviridae [1]. Three species are currently known: Aichi
virus A (Aichi virus, AIV) [2], Aichi virus B (Bovine kobu-
virus, BKV) [3], and Aichi virus C (Porcine kobuvirus, PKV)
[4]. Kobuvirus-like infections have been described in other
animal species such as dogs [5], bats [6], boars [7], sheep [8],
red foxes [9], goats [10], cats [11], rodents [12], ferrets [13],
and birds [14]. Kobuviruses have small non-enveloped
virions with icosahedral symmetry and diameter of
27-30 nm. The virus genome is composed of single-stranded
positive sense RNA, ranging from 8.2 to 8.4 kb [15]. Its
genome encodes a single large polyprotein that is later
cleaved to produce active viral proteins, and it is organized
into three structural regions (VPO, VP3 and VP1), seven
nonstructural regions (2A-2C and 3A-3D), and a leader
protein (L). The 3D region encodes RNA-dependent RNA
polymerase (RdRp) and comprises a region that is conserved
among kobuviruses [3]. Aichi virus detection in water and
sewage indicates that this virus can be transmitted by the
fecal-oral route [16, 17]. The main clinical symptoms
associated with AIV infection are diarrhea, abdominal pain,
nausea, vomiting, and fever [2]. However, it is still not clear
whether there is an association between gastroenteritis (in-
cluding diarrhea) and BKV infection.

BKYV is divided into four different genogroups, and has
been detected in diarrheic and asymptomatic cattle in Japan
[3], Thailand [18], South Korea [19], Hungary [20],
Netherlands [21], Belgium [22], Italy [23], Brazil [24], and
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China [25]. Some studies have also indicated genetic dis-
tinctions among BKV detected in different locations
[25, 26]. Infections caused by this agent in Brazil have
been poorly characterized. In this study, we have detected
and analyzed the genotypic differentiation of BKV present
in fecal samples obtained from cattle herds from several
Brazilian locations.

Fecal samples from 216 (either diarrheic or healthy)
animals were collected from July 2007 to June 2013. The
samples were originated from cattle herds from the six
Brazilian states: Sao Paulo (96 samples, 44.4 %), Minas
Gerais (92 samples, 42.6 %), Parana (3 samples, 1.4 %),
Mato Grosso do Sul (6 samples, 2.8 %), Rio Grande do Sul
(15 samples, 6.9 %), and Ronddnia (4 samples, 1.9 %).
Animals were classified according to their gender, age,
dairy or beef aptitude, and breeding system. Age classifi-
cation comprised three categories: calf (less than 6 months
of age), young (between 6 months and 2 years of age), and
adults (above 2 years of age). According to this classifi-
cation system, of all tested animals, 22 (10.2 %) were
adults, 45 (20.8 %) were young, and 149 (69.0 %) were
calves. Forty-one animals (19.0 %) were male and 175
(81.0 %) were females. Ten animals (4.6 %) were raised in
extensive farming conditions and 206 (95.4 %) in semi-
intensive or intensive farming. Thirteen animals (6.0 %)
were beef cattle and 203 (94.0 %) were dairy cattle.
Eighty-nine animals (41.2 %) presented with symptoms of
diarrhea, whereas 127 animals (58.8 %) were not.

Sample harvesting was performed according to Hoet
et al. [27]. RNA was extracted from 300 pL of fecal sus-
pension with TRIzol™ (Life Technologies, USA),
according to the manufacturer’s instructions. Reverse
transcription was performed using the ImProm-ITI"™ Rev-
erse Transcription System (Promega, USA) and random
primers (Invitrogen, USA), in accordance with the manu-
facturer’s instructions. The UNIV-kobu-F/R primers were
used to amplify a fragment of 216 bp of the 3D region
(RNA-dependent RNA polymerase) of the BKV genome
[20]. An amplicon of the bovine actin gene as described by
Renshaw et al. [28] was used as internal control for DNA
presence and quality. PCR reactions were performed using
GoTag™ Colorless Master Mix (Promega, USA),
according to the manufacturer’s instructions. Nuclease-free
water was used as a negative control.

The amplified products were gel extracted and
sequenced directly on both strands with the same primers
used in the PCR, in an automated ABI 3730 DNA Analyser
(Applied Biosystems, USA).

The sequence similarities between the obtained
sequences and BKV reference sequences were performed
using the BLAST software, version 2.0 [29] with consensus
sequences obtained from the CAP3 Contig software [30].
The editing and sequence alignments were performed using
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ClustalW software, version 1.4 [31], implemented in
BioEdit Sequence Alignment Editor software, version 7.0.9
[32]. Distance matrices were generated from the percent-
ages of similarity/identity between nucleotide and deduced
amino acid sequences using the global alignment algorithm
tool in the MatGAT software, version 2.0 [33]. Phyloge-
netic reconstruction was generated using nucleotide
sequences, according to the Neighbor-Joining (NJ) method,
Kimura 2-parameter model. In this analysis, we used
bootstrap nodal support for 1000 pseudoreplicates in
MEGA software, version 5.0 [34].

Association between RT-PCR results and clinical results
was analyzed by the Chi square test, the confidence limits
for the test was set at 95 % (p < 0.05).

The RT-PCR results for amplification of the 3D gene
fragment from 216 stool samples analyzed showed that 31
(14.4 %) were positive for BKV. All positive samples were
from calves which aged less than 5 months. Regarding
gender, the majority of positive samples were from females
(74.2 %). From 31 positive samples, 24 were obtained
from animals presenting diarrhea (77.4 %). The association
between the presence of BKV and diarrhea indicated by
this method was statistically significant (p < 0.05). Among
the positive samples, 28 (90.3 %), originated from dairy
cattle. Regarding the production system, only 9.7 % of the
animals were raised in an extensive system, while the
majority 28 (90.3 %) were from intensive or semi-intensive
farms.

Positive samples were obtained from herds located in
the following four Brazilian states: 20 (64.5 %) from Sao
Paulo, 5 (16.1 %) from Minas Gerais, 3 (9.7 %) from
Rondonia, and 3 (9.7 %) from Rio Grande do Sul (Suppl.
Figure 1). Of 31 positive samples, 17 were sequenced and
identified as BKV-related sequences. The samples
sequenced in this study were clustered within BKV gen-
ogroup 2, but differed in specific subclades at the different
cities studied (Fig. 1).

Our samples when compared to samples from other
countries, representing the four genogroups of BKYV,
showed identities ranging from 86.0 to 93.0 % (nucleotide)
and 91.2 to 100.0 % (deduced amino acid) (Table 1).
Specific nucleotide substitutions in certain locations of the
gene in the different municipalities sampled are noted,
indicating that this virus may be in continuous recombi-
nation and/or mutation (Suppl. Table 1).

BKYV was detected in 14.4 % (31/216) of the samples,
similar to a previous study performed in Brazil on 2014,
relating an 18.0 % (40/222) positivity rate [24]. Di Martino
et al. [23] and Reuter and Egyed [20] reported a positivity
of 49 % (7/142) in Italy and 6.2 % (2/32) in Hungary,
respectively, while higher positivity rates (34.9 and
77.8 %) were found in China [25] and in Netherlands [21],
respectively.
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Fig. 1 Cladogram representing phylogenetic reconstruction using a
nucleotide fragment of 216-bp product 3D of BKYV, related to the
region 7535-7705 of the U-1 sample (GenBank: AB084788).
Bootstrap values higher than 50 % for 1000 pseudoreplicates are

The seventeen samples subjected to nucleotide
sequencing were collected from six Brazilian locations
(Descalvado-SP, Pedregulho-SP, Lins-SP, Carmo do
Cajuru-MG, Rosario do Sul-RS and Buritis-RO) (Suppl.
Figure 1). The average distance between these municipal-
ities ranges from 200 to 2400 km [35].

It is suggested that the 3D region is suitable for the
classification of BKV genogroups [26]; thus, the sequenced
samples in this study were clustered within the genogroup
2, forming specific subclades for each sampled munici-
pality (Fig. 1). In addition to the samples sequenced in this
study, two sequences obtained from a previous study in
Brazil were retrieved from GenBank (BokoV-02/202 and
55/2012) and were used for reconstruction of the

shown at the nodes. BRA sequences obtained in the present study are
labeled with filled circle. GenBank accession numbers are shown on
the tree. The scale bar represents the phylogenetic distance between
sequences

phylogenetic tree. These samples formed a separate sub-
clade in the same genogroup of the studied sequences;
however, there was no precise information about their
origin [24]. High rates of viral positivity in animals
showing diarrhea symptoms (p < 0.05) confirmed the
suspicions of previous studies [23, 26]. However, virus
detection in diarrheic animals is not a clinical sign in BKV-
infected cattle [20]. Experiments using gnotobiotic cattle
experimentally infected with BKV are needed to explain
whether these viruses are involved in the etiology of
diarrhea in these animals.

The prevalence of BKV in calves (all positive animals in
this study) as compared to those of other age categories,
reinforce the high BKV detection in animals under 6
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months of age [23, 26]. The percentage of positive swine
animals is smaller with increasing age [36], similar to the
results found in cattle.

Our results indicate the regional specificity of the BKV
genome in Brazil, similar to the results found by Chang
et al. [25], analyzing the VP1 gene in China, where they
found genetic diversity among BKYV in the country; how-
ever, the samples did not show specific geographical
characteristic for different sampled regions.

It is suggested that studies with larger fragments or even
the complete genome of BKYV, should be undertaken in
Brazil, for a better understanding of how this virus
behaves. Like others picornavirus, it is possible that BKV
undergoes recombination events occurring between viruses
infecting animals of the same and/or different species [37].

In conclusion, we report for the first time the genotypic
differentiation of BKV in Brazil, from samples originating
from different regions. Our results contribute to the
expansion of knowledge of regional specific characteristics
of the BKV genome. The frequency of infection was sta-
tistically significant in cattle with diarrhea symptoms, and
all positive samples were from calves of less than 5 months
of age.
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