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Genetic identification of astroviruses in wild boars
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Astroviruses are widely detected in pigs but their detection in wild boars is rather sporadic. In this study, astroviruses were detected in organ
homogenates of wild boars by applying nested reverse transcriptase polymerase chain reaction, and the typing was carried out by phylogenetic
analysis. Overall, 30/200 (15.0%) homogenates were positive for astroviruses. Genetic typing revealed that of 13 amplicons analyzed, 8 were
typed as porcine astrovirus lineage 2 (PAstV-2), 2 as lineage 4 (PAstV-4), 2 identical sequences were grouped with chicken astrovirus, and
1 sequence belonged to a bat astrovirus lineage. This first identification of chicken and bat astroviruses in wild boars indicates interspecies
transmission.
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Astroviruses as primary enteropathogenic agents belonging
to the family Astroviridae, which is comprised of two genera,
Mamastrovirus and Avastrovirus. The virions are small (28–30
nm), non-enveloped, and contain a single-stranded, positivesense RNA molecule of 6.4 to 7.7 kb. The genome is arranged
in three open reading frames (ORF) with ORF1a and ORF1b at
the 5´ end that encodes non-structural proteins and ORF2 at the
3´ end that encodes structural proteins [7]. Astroviruses infect a
wide range of mammalian species including humans, farm
animals (pigs, cattle, sheep), companion animals (cats, dogs), as
well as many wild and aquatic mammalian species and birds
[14]. Astrovirus infections in mammals are usually associated
with gastroenteritis.
Porcine astroviruses (PAstVs) isolated from pigs worldwide,
including several Central European countries, have been typed
into five highly genetic variable lineages (PAstV-1 to PAstV-5)
[1,4,15]. Viruses are mostly detected in enteric samples, but
recently, PAstV was also found in the bloodstream of pigs [1],
indicating a more complex pathogenesis of the virus.
Information on astroviruses in wild boars is rather sporadic.
Recently astroviruses have been confirmed present in fecal
samples of wild boars (Sus scrofa) in Hungary [10] and South
Korea [9].
In our laboratory, we have detected PAstV in over 90% of
tested rectal swabs of diarrheic and healthy pigs in Slovakia.
The detected astroviruses fall into all 5 genetic lineages
identified for PAstVs so far [11]. The high frequency of

detection and the genetic variability of astroviruses in domestic
pigs inspired our investigation of these viruses in genetically
related animals. The aim of this work was to investigate the
genetic diversity of astroviruses infecting wild boars.
To detect astroviruses, tissue homogenates, prepared as a pool
of spleen, kidney and lymph nodes, from 200 hunted wild boars
were used in the study. The three organs had been collected
from 100 juvenile boars (＜ 1 year old) and 100 mature wild
boars (＞ 1 year old) from different regions of Slovakia in 2012.
They were submitted by hunters to the Veterinary Institute in
Zvolen, Slovakia as a part of a national classical swine fever
virus surveillance program undertaken according to OIE rules.
o
Prior to use, the homogenates had been stored at –70 C and were
kindly provided by Miroslav Mojzis, DVM, Zvolen, Slovakia.
All pooled homogenates were negative for classical swine fever
virus.
Total RNA was isolated by applying the Trizol method and
synthesis of cDNA was carried out using random primers and
RevertAid Premium reverse transcriptase (Thermo Scientific,
USA). The polymerase chain reaction (PCR) primers panAV-F11
(forward), panAV-F12 (forward), and panAV-R1 (reverse) were
selected from the RNA-dependent RNA polymerase (RdRp)
gene in ORF1b. The primers panAV-F21 (forward), panAV-F22
(forward), and panAV-R1 (reverse) were used in semi-nested
PCR which amplified a 407 to 413 bp DNA product of PAstV
[2]. This type of PCR, along with above-mentioned primers,
can detect a wide spectrum of astroviruses in many hosts,
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including pigs, birds, and bats. Details of the procedure for the
synthesis of cDNA and determining the composition of PCR
mixture were similar to those for the detection of astroviruses in
domestic pigs and described in our previous work [11].
To analyze the detected astroviruses at the genetic level, PCR
amplicons (n = 13) from PAstV-positive samples were used for
sequencing and phylogenetic analysis. Selection of PCR
amplicons was carried out on the basis of their quality and to
cover the entire geographic area. Purification of PCR amplicons
and sequencing in both directions using Sanger’s method
employing inner panAV-F21 (forward), panAV-F22 (forward),
panAV-R1, and fluorescently labeled dideoxynucleotides was
carried out by a commercial company Microsynth Austria
(Austria). In our laboratory, the chromatograms were checked
and edited by using the computer program SeqMan (Lasergene
DNASTAR, USA). The nucleotide sequences were deposited
in GenBank accession Nos. MH511524 to MH511538. The
phylogenetic tree was constructed by the neighbor-joining
method using the Kimura-2 parameter in the software program
MEGA6 [13].
The PCR-positive samples for astrovirus sequences provided
an electrophoretic band visible at position 410 bp. A total of 30
(15.0%) positive samples were detected among the collection of
200 wild boar samples. Fifteen juvenile and 15 mature wild
boars were identified as infected by astroviruses. In a previous
study using metagenomic analysis, PAstV was detected in 5 of
10 fecal samples from wild boars in Hungary [10]. On the other
hand, only 1 of 146 fecal samples of wild boar in South Korea
was positive for PAstV [9]. However, it should be noted that the
astroviruses mentioned in those two published papers were
identified in fecal samples, whereas the samples in the present
study originated from parenchymatic organs and/or lymph
nodes.
Genetic analysis of selected PCR amplicons (Fig. 1) revealed
that 8 boars were infected with PAstV-2 and 2 boars with
PAstV-4. The PAstV found in wild boars in Hungary [10] and
South Korea [9] were both typed as representative of the
PAstV-4 lineage. For comparison, domestic pigs have yielded
all five PAstV lineages [1,11]; it is likely that additional PAstV
lineages will be detected in wild boars in the future.
Two identical astrovirus sequences (2761, 2774) detected in
wild boars were identified as chicken astrovirus (CAstV-2; Fig.
1). Both virus-positive wild boars originated from distinct
geographic regions of Slovakia. The origin of the chicken
astrovirus in the wild boars is unclear. We speculate that this
astrovirus may have been of dietary origin or the result of some
direct/indirect contact between wild boars and birds. To test this
hypothesis, we selected chicken and pheasants as possible
sources of chicken astrovirus. We analyzed rectal swabs of 10
hens from Slovakia for astrovirus presence. All birds were
positive for astrovirus and had identical nucleotide sequences
(data not shown). Genetic analysis confirmed that the astrovirus
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Fig. 1. Phylogenetic tree of astroviruses. The tree was
constructed from a 317 to 347 bp DNA fragment (primers were
omitted) depending on the astrovirus nucleotide sequences of
the RNA-dependent RNA polymerase (RdRp) gene by a
neighbor-joining method incorporated in MEGA6 [13]. Sequences
from Slovakian wild boar samples are in bold with arrows,
sequences from domestic pigs in Slovakia are marked with a
triangle, while those from chickens are marked with a black
circle and from pheasants with a black cube. Selected sequences
from GenBank are labeled with their country of origin and
accession numbers. The scale bar represents the number of
nucleotide substitutions per site. PAstV, porcine astrovirus;
CAstV, chicken astrovirus; TAstV, Turkey astrovirus; BAstV, bat
astrovirus; DAstV, duck astrovirus; ANV, avian nephritis virus.
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sequence from our hens (CHI4) was grouped with avian
nephritis virus type 1&2 (ANV 1&2; Fig. 1). We also undertook
detection of astrovirus in 21 rectal swabs from pheasants, and 5
of those were astrovirus-positive. Genetic analysis of the PCR
product revealed that the pheasant astrovirus sequence (BZ3)
was grouped with a turkey astrovirus (TAstV-2; Fig. 1), and the
sequence was not genetically related to astroviruses found in
wild boars or chickens. Nevertheless, to the best of our
knowledge, we have identified for the first time that pheasants
are also infected by astrovirus, thereby extending the spectrum
of bird species to be infected by this virus.
Several authors have observed that avian astroviruses do not
strictly infect avian species only. For example, Avastrovirus has
been detected in diarrheic mink in China [12] and in feces from
cats in Florida [8]. In addition, non-human primates can harbor
a wide spectrum of mammalian and avian astroviruses [6]. Our
study has confirmed that chicken astrovirus can be detected in
wild boars.
Surprisingly, the nucleotide sequence of sample 2840 fell into
the phylogenetic branch of the bat astrovirus (BAstV) cluster
(Fig. 1). This sequence was grouped together with a nucleotide
sequence that was detected in a saliva sample from Plecotus
auritus (isolate P4; Fig. 1) in Germany in 2011. Thus, we have
identified for the first time a bat astrovirus in a wild boar, but the
origin of this astrovirus in the boar is unknown. All other bat
astrovirus sequences previously identified in the Czech
Republic [5] and Germany (Fig. 1), as well as in Hungary (data
not shown due to short nucleotide sequences available in
GenBank), were not related to the bat astrovirus identified in the
wild boar in Slovakia. A comprehensive phylogenetic analysis
has shown that some sequences found in bats do cluster with
astrovirus strains from other species, including fox, cattle, and
mice [3], an observation suggesting that bats could be involved
in the interspecies transmission of astroviruses.
In summary, of the five known PAstV lineages, lineages
PAstV-2 and PAstV-4 were identified in wild boar samples from
Slovakia, thereby elucidating the genetic diversity of detected
PAstVs in wild boars. In addition to PAstV, two identical
chicken astrovirus sequences and one bat astrovirus sequence
were detected for the first time in wild boars. Our observations
indicate that astroviruses are able to undergo interspecies viral
transmission in wild boars and other animals.
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