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a b s t r a c t

Bats are important hosts of many viruses and in several cases they may serve as natural reservoirs even
for viruses with zoonotic potential worldwide, including Europe. However, they also serve as natural
reservoir for other virus groups with important evolutionary relevance and yet unknown zoonotic poten-
tial. We performed viral metagenomic analyses on Miniopterus schreibersii bat fecal samples. As a result, a
novel parvovirus was detected for the first time in European bats. Although, bufavirus was recently dis-
covered as a novel human infecting parvovirus, here we report sequence data of the first bufavirus from
European bats related to human bufaviruses. Based on our sequence data a possible intragenic recombi-
nation event was detected within bufaviruses which may serves as an important milestone in their
evolution.

� 2015 Elsevier B.V. All rights reserved.

Bats are the most diverse and species-rich taxa among verte-
brates, with over 1250 species from all continents, except
Antarctica (Teeling et al., 2005). After the SARS pandemic in
2002–2003, bats and their role in the ecology of emerging viruses
became the objective of epidemiological investigations. They have
been recognized for the natural reservoir hosts of many viruses
with zoonotic potential (coronaviruses, paramyxoviruses, orthore-
oviruses) (Kohl and Kurth, 2014) or viruses with important evolu-
tionary relevance (Orthomyxoviruses, Hepadnaviruses,
Hepaciviruses) (Tong et al., 2013; Drexler et al., 2013; Quan et al.,
2013).

The family Parvoviridae comprises non-enveloped viruses with
a single-stranded DNA genome of approximately 5 kb. The subfam-
ily Densovirinae includes only arthropod-infecting viruses, while
Parvovirinae contains human and other vertebrate-infecting
viruses. The Parvovirinae subfamily is currently subdivided into 8
genera (Cotmore et al., 2014). Among DNA viruses, parvoviruses
exhibit the highest mutation rate, almost comparable to that

possessed by RNA viruses, furthermore they are extremely prone
to recombination (Decaro et al., 2009; Shackelton et al., 2007).
Parvoviruses are associated with a wide spectrum of acute and
chronic diseases in humans and animals, with at least five known
groups (Dependoviruses, Parvovirus B19, Human bocaviruses,
Parv4 viruses and recently described Bufaviruses) infecting
humans (Brown, 2010; Phan et al., 2012).

The discovery of bufavirus in 2012 from fecal samples of chil-
dren with acute diarrhea revealed a novel human-infecting par-
vovirus (Phan et al., 2012). Since then bufavirus has also been
detected in Bhutan, Finland and the Netherlands from human sam-
ples (Yahiro et al., 2014; Väisänen et al., 2014; Smits et al., 2014).
The evolutionary origin of this novel virus is still unknown. Here
we report the first parvovirus sequence data from European bats
related to human bufaviruses. Phylogenetic data demonstrate the
potential relatedness between bat-origin parvoviruses and primate
protoparvoviruses.

Fecal samples were collected from a single Miniopterus
schreibersii bat colony, at a cave in Szársomlyó mountain,
Hungary (GPS coordinates 45�51017N; 18�24040E), 2013. Sample
collection was performed as described previously (Kemenesi
et al., 2015). All bat species in Europe are strictly protected under
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the Flora, Fauna, Habitat Guidelines of the European Union
(92/43/EEC) and the Agreement on the Conservation of
Populations of European Bats (http://www.eurobats.org). Invasive
bat sampling is prohibited, hence we collected faecal samples
and all animal handling processes were conducted by a trained chi-
ropterologist with appropriate license for safe handling of bats.

After homogenization, samples were centrifuged at 15,000g for
10 min. DNA was extracted from 200 ll of supernatant using
GeneJet Viral DNA and RNA Purification Kit (Thermo Scientific) fol-
lowing the manufacturer’s instructions. Samples were subjected to
random primed PCR and semiconductor sequencing using the Ion
Torrent PGM platform. Library preparation, size selection of library
DNA, emulsion PCR, templated Ion Sphere bead enrichment and
sequencing, bioinformatics analysis was carried out as described
in detail elsewhere (Mihalov-Kovács et al., 2014).

In one sample parvovirus sequences were detected. These con-
sensus sequences were 250 and 127 nt long and were represented
by 24 and 2 sequence reads, respectively. The identified viral
sequences were used for further primer design, using Oligo
Explorer v1.2 software. In addition, PCR primers (BParV-F: 50-ATC
TGG GGC TTA TTC ATT TGG-30 and BParV-R: 50-CGG GTT ATG TCC
TTG TTG TAT-30) were designed for routine screening and 5 out
of the total 13 samples were found to be positive. The expected
amplicon size for screening PCR was approximately 230 nt long.
Another set of primers (BParV Long-F: 50-AAA TGG ATG CTT GGT
CAT CCA-30 and BParV Long-R: 50-TTC CTT TGA AGA CCA TGG
TTC-30) were designed to obtain a larger fragment of the genome
using Phusion High-Fidelity DNA Polymerase (Thermo Scientific),
according to the manufacturer’s instructions. Sequences were fur-
ther edited and aligned using GeneDoc 3.2 and ClustalX 2.0,
respectively. The phylogenetic trees were constructed with
MEGA v5.0 software using the Maximum-Likelihood method,
based on the General Time Reversible model (GTR + G + I). For
amino acid analyses 352 amino acid long sequence of NS1 region
was analyzed using Neighbor-joining method with Poisson model.
Number of bootstraps for simulations was 1000. Similarity plot
analysis was performed with SimPlot v3.5.1 software using the
Kimura 2 parameter model with a window size of 500 nt and a step
size of 20 nt (Lole et al., 1999).

A 3438 nt long fragment of the genome (encompassing a 975 nt
of the NS1 region and a 2013 nt segment of the VP1/VP2 genes)
was obtained and used further in genetic analyses (Fig. 1). In addi-
tion to the NS1 and the VP1/VP2 regions, a smaller ORF, encoding
the putative middle protein (PMP) was also identified with a length
of 450 nucleotides. Phospholipase A2 motif of the VP1 region was
identified, which is typically present in most of the parvoviruses,

but absent in other viral families. A Walker loop motif
(GXXXXGK T/S) was identified in the NS1 region as GPASTGKS in
our sequences, same as described previously in human bufaviruses
(Phan et al., 2012; Yahiro et al., 2014). The nucleotide sequence
identities with the reference Chinese bat parvovirus strains fell
between 77% and 81%. On the other hand, nucleotide sequence
similarity with viruses in the Parvovirinae family ranged between
45% and 47%, while the amino acid sequence identity ranged
between 35% and 42%. The nucleotide and amino acid identity
between bat bufavirus (BtBV) strains and those detected from
human patient samples are shown in Table 1.

Based on the phylogenetic analyses (Fig. 2A), the novel BtBVs
(KR078343-‘‘BtBV/V3/HUN/2013’’ and KR078344-‘‘BtBV/V7/HU
N/2013’’) were closely related to human bufaviruses belonging to
the Protoparvovirus genus and Primate protoparvovirus 1 species.
Hungarian BtBV sequences were highly similar to those viruses
detected previously from bats in China (unpublished data,
GenBank accession numbers: KC154061 and KC154060), which
therefore are also related to bufavirus sequences. Although the
Hungarian viruses were closely related to bufaviruses, they formed
a separate monophyletic branch (Fig. 2B and C). Phylogeny
revealed that bat-related bufaviruses might have had common
unknown ancestors with bufaviruses identified from humans so
far. In a recent publication, a novel parvovirus (WUHARV) was
described in nonhuman primates, which were most closely related
to bufavirus 2 genotype (Handley et al., 2012). Based on recombi-
nation analyses (Fig. 3), an intragenic recombination event was
detected in the viral protein segment, which assumes that this
nonhuman primate bufavirus might be a result of past recombina-
tion event between bat and human bufaviruses.
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Fig. 1. Genome organization of novel bat bufaviruses. A Walker loop motif (GPASTGKS) in the NS1 region and the phospholipase A2 (PLA2) motif of the VP1 region were
identified. A potential intragenic recombination site of the VP region is shown.

Table 1
Nucleotide and amino acid identities between bat bufavirus (BtBV) strains and those
detected from human patient samples.

KR078343 (BtBV/V3/HUN/
2013)

KR078344 (BtBV/V7/HUN/
2013)

Total NS1 VP1 Total NS1 VP1

nt aa nt aa nt aa nt aa nt aa nt aa

KC154060 77 61 80 66 76 59 77 61 80 66 76 58
KC154061 81 67 84 71 81 68 81 67 84 71 81 68
JX027295 65 44 63 44 68 49 65 44 63 44 68 49
JX027296 64 44 63 44 68 49 65 44 63 44 68 49
JX027297 63 43 62 42 67 47 63 44 62 42 67 48
KM580348 63 43 63 43 66 47 63 44 63 43 66 47
JX627576 64 43 64 43 67 47 64 44 64 43 67 48
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