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The predominance of dietary viruses in bat guano samples had been de-
scribed recently, suggesting a new opportunity to survey the prevalence and to de-
tect new viruses of arthropods or even plant-infecting viruses circulating locally
in the ecosystem. Here we describe the diversity of viruses belonging to the order
Picornavirales in Hungarian insectivorous bat guano samples. The metagenomic
analysis conducted on our samples has revealed the significant predominance of
aphid lethal paralysis virus (ALPV) and Big Sioux River virus (BSRV) in Hunga-
ry for the first time. Phylogenetic analysis was used to clarify the relationship to
previously identified ALPV strains infecting honey bees, showing that our strain
possesses a close genetic relationship with the strains that have already been de-
scribed as pathogenic to honey bees. Furthermore, studies have previously con-
firmed the ability of these viruses to replicate in adult honey bees; however, no
signs related to these viruses have been revealed yet. With the identification of
two recently described possibly honey bee infecting viruses for the first time in
Hungary, our results might have importance for the health conditions of Hungari-
an honey bee colonies in the future.

Key words: Aphid lethal paralysis virus, Big Sioux River virus,
Rhopalosiphum padi virus, Apis mellifera, honey bee, bat guano

Besides representing the second largest group of mammals, bats are dis-
tributed all around the world with the exception of the two arctic areas (He et al.,
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2013; Calisher et al., 2006). In recent years, bats have received increasing atten-
tion in two perspectives: they possess major ecological impact and they serve as
natural hosts for a large variety of viruses that may pose a threat to human and
animal health (Li et al., 2010; Dacheux et al., 2014; Wang et al., 2015). Howev-
er, recent studies analysing the virus assemblages of insectivorous bat guano
samples have demonstrated the predominance of dietary viruses, suggesting that
next generation sequencing techniques enable us to obtain approximate infor-
mation on arthropod or even plant-infecting viruses circulating locally in the eco-
system (Donaldson et al., 2010; Li et al., 2010; Ge et al., 2012; He et al., 2013;
Dacheux et al., 2014; Kemenesi et al., 2016).

Rhopalosiphum padi virus (RhPV), aphid lethal paralysis virus (ALPV)
and Big Sioux River virus (BSRV) are members of the Dicistroviridae family
(Moon et al., 1998; Runckel et al., 2011). Rhopalosiphum padi virus is an aphid
pathogen, which is maintained in nature by horizontal transmission through
plants as passive reservoirs (Moon et al., 1998). The two latter viruses (ALPV
and BSRV) had been first linked with honey bees during a comprehensive meta-
genomic survey on honey bee colonies conducted in the USA in 2011. The fre-
quent detection of the virus in samples originating from different locations and
collection times raised the possibility that ALPV was not just of forage (pollen or
nectar) origin and presumably caused infection (Runckel et al., 2011). Later stud-
ies proved its infective potential to honey bees along with its capability of verti-
cal transmission (Ravoet et al., 2015). The presence of ALPV in European honey
bee colonies was first reported in Spain in 2013. This new strain showed high
sequence similarity to viruses previously detected in the USA (Granberg et al.,
2013). Soon thereafter, a study identified the presence of the virus in Belgium
where the detected ALPV nucleotide sequences showed the highest identity to
the Spanish and American honey bee related ALPV strains (Ravoet et al., 2013).

In this study, we first describe the presence of honey bee infecting viruses
in bat guano samples in Hungary.

Materials and methods

Sample collection

In this study, we investigated randomly selected guano samples collected
in multiple localities of Hungary. The study was approved by The National In-
spectorate for Environment, Nature and Water (No. 14/2138 — 7/2011); no ani-
mals were invasively sampled or harmed during collection. Samples were col-
lected as described by Kemenesi et al. (2014). Until laboratory processing, all
samples were stored in 500 ul RNAlater Stabilization Reagent (Qiagen) and kept
on dry ice.
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Sample preparation and viral nucleic acid extraction

Following homogenisation in 600 pl PBS, bat guano samples were centri-
fuged at 17,000 g at room temperature for 10 min. Before library preparation for
Ion Torrent PGM (Thermo Fisher Scientific) platform, 200 ul supernatant of
each sample was submitted to a viral enrichment protocol as described by Con-
ceicdo-Neto et al. (2015). Briefly, the supernatants were filtered through a 0.8-
pm Sartorius™ Vivaclear™ centrifugal (PES) filter (Fisher Scientific) and cen-
trifuged at 2,000 g for 10 min. After filtration, the samples were treated with a
mixture of 1 ul micrococcal nuclease (NEB), 2 ul of benzonase (Millipore) and
7 ul of buffer at 37 °C for 2 h. Thereafter, the samples underwent an RNA ex-
traction procedure conducted by the use of a DiaExtract Total RNA Extraction
kit (Diagon) according to the manufacturer’s instructions.

Semiconductor sequencing and bioinformatics

Library preparation for semiconductor sequencing was performed as de-
scribed by Banyai et al. (2016). The cDNA libraries were loaded onto lon-
Torrent 316 chip and sequenced following the protocol recommended for the Ion
PGM™ OT2 and Sequencing Kit. Bioinformatics analysis consisted of the map-
ping of reads longer than 40 bases against ~1.7 million viral sequences down-
loaded from GenBank using moderately rigorous mapping parameters (length
fraction, 0.6; similarity fraction, 0.8). The CLC Genomics Workbench (http://
www. clcbio.com/) was used for de novo sequence assembly and reference map-
ping of the Ion Torrent reads.

Polymerase chain reactions

In the case of ALPV and RhPV, the most representative sample was cho-
sen to amplify the missing gaps within the assembled contigs. PCR primers were
designed using OligoExplorer 1.2 to fill the gaps. PCRs were performed with
Superscript” III One-Step RT-PCR system with Platinum® Taq High Fidelity
DNA Polymerase (Invitrogen) in 25 pl reaction mixture according to the manu-
facturer’s instructions. Amplicons were purified with Gel/PCR DNA Fragments
Extraction Kit (Geneaid). Sequencing of the purified PCR products was per-
formed with BigDye Terminator v1.1 Cycle Sequencing Kit (Applied Biosys-
tems) on ABI-PRISM 310 Genetic Analyzer sequencing platform. Basic se-
quence manipulations and verifications were performed using GeneDoc v2.7
software. The longer (> 1,500 bp) amplified fragments were sequenced on lon
PGM™ System. SPADES 3.6.1 Genome Assembler software was used for the
assembly of the PCR products that were used for filling the gaps in the genome
sequences.
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Phylogenetic analysis

Reference viral sequences were obtained from the GenBank database. Nu-
cleotide sequence alignments were generated using Muscle Alignment (Edgar,
2004). Aligned sequences were trimmed to match the genomic regions of the vi-
ral sequences obtained in our study and phylogenetic trees generated by MEGA6
(Tamura et al., 2013), using the Maximum Composite Likelihood method, based
on the general time reversible model (GTR+G+I). The number of bootstraps for
simulations was 1,000. The GenBank accession numbers of the viral sequences
used in the phylogenetic analyses are indicated in the trees.

Results

Metagenomic analysis resulted in a high proportion of Picornavirales-
related sequences in all examined samples. The total number of reads for each
identified virus of this study is summarised in Fig. 1. In addition, several other
viruses were identified in samples of this study, which results were discussed
elsewhere previously (Kemenesi et al., 20154,b).
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Fig. 1. Total read number of the identified honey bee related viruses in bat guano samples of the
examined bat species

Of the selected 18 samples, we identified ALPV-related sequences in 16
samples collected in different locations of the country (Fig. 2, Table 1). The as-
sembled contigs from the obtained sequences segregated in separated clusters
covering different genome regions of different lengths. The PCRs conducted to
close the gaps (or to amplify the missing fragments) within the contigs obtained
in total a 8979-nt-long sequence of ALPV (GenBank: MF535297) encompassing
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the complete coding region and covering 91% of the complete genome. Using a
reference ALPV genome sequence (GenBank: KJ817182) we estimated that ap-
proximately 940 nt were missing at the 5> UTR region. Of the two ORFs that
were identified, one encodes the 1896-aa-long nonstructural polyprotein and is
flanked by IRES at both ends. The second ORF encodes the 801-aa-long capsid
protein. The 3 UTR Poly (A) tail was successfully amplified and sequenced.
BLASTn search showed 98% identity of our sequence to the honey bee related
Belgian strain (GenBank: KC880119). The phylogenetic analysis of ALPV strains
deposited in GenBank revealed two firmly separated clusters of ALPVs. Our
strain segregated into the cluster containing ALPV strains previously associated
with honey bees (GenBank: HQ871932, JX045858 and KC880119) and branched
together with the Belgian isolate (GenBank: KC880119), while strains associated
with aphid species segregated into the other cluster (Fig. 3).

Fig. 2. Locations of bat sampling sites. Red dot: Abaliget; blue dot: Alba Regia Cave, Isztimér;
orange dot: Manfa; green dot: Szuaddo-Cave, Mecsek; black dot: Szarsomlyd, Nagyharsany;
purple dot: Long forest, Felséberecki. Each dot is also indicated in the last column of Table 1

BSRV-related sequences (GenBank: MF928582) were present in only one
bat guano sample collected in Felsdberecki (Fig. 2, Table 1). The alignment of
the assembled contigs showed 87% sequence identity to the American honey bee
associated BSRV strain (GenBank: JF423195) and 99% sequence identity to a
Kenyan strain (GenBank: KY826434) isolated from black bean aphid (Aphis fa-
bae). As the obtained sequences covered the same region of the genome, the de-
sign of specific primer pairs to amplify further fragments or even the complete
genome proved to be unfeasible.
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Fig. 3. Phylogenetic analysis of aphid lethal paralysis virus strains detected in bat guano samples in
Hungary, 2012-2013. The phylogenetic tree was constructed using the Maximum Composite Like-
lihood method, based on the general time reversible model (GTR+G+I). The number of bootstraps
for simulations was 1000. The ALPV strain characterised in the present study is indicated by a
black dot. Silhouettes represent the two firmly separated clusters of ALPV

Sequences displaying similarity to RhPV were present in 8 samples (Fig. 2;
Table 1) and the assembled contigs were segregated throughout the genome cov-
ering its different regions. Compared to our sequence (GenBank: MF535298)
with a reference RhPV strain (GenBank: AF022937) approximately 340 nt were
missing at the 5> UTR region of the genome. Further PCRs were performed to
fill the gaps. Thus we obtained a 9667-nt-long sequence covering approximately
96% of the complete genome. The new sequence contained the complete coding
region, which consists of two ORFs. The first ORF that encodes the 1998-aa-long
nonstructural polyprotein, is bordered by IRESs at both ends in the same way as
in ALPV. The 3° UTR poly (A) tail of the genome was successfully amplified
and sequenced too. The BLASTn search with our sequence showed 97% se-
quence identity to an American RhPV strain deposited in GenBank (AF(022937).

Discussion

In this study, we examined the viral assemblages of selected bat guano
samples. Similarly to previous research, this study revealed the dominance of di-
etary viruses (Donaldson et al., 2010; Li et al., 2010; Ge et al., 2012; He et al.,
2013; Dacheux et al., 2014; Kemenesi et al., 2016). Interestingly, geographical
segregation of the detected viruses could be observed between the sampling sites
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(Table 1). Our findings may suggest distinct viral load in the local insect com-
munity, which is typical of the area from which the samples originated. Referring
to the findings of previous studies (Donaldson et al., 2010; Li et al., 2010; Ge et
al., 2012; He et al., 2013; Dacheux et al., 2014; Kemenesi et al., 2016), the meta-
genomic screening of bat guano samples may represent an alternative and indi-
rect surveillance method to predict or indicate new threats to the local honey bee
colonies. The necessity of this new screening procedure is confirmed by many
factors. In the last decades, unusually large losses of honey bees were reported
mainly from the USA and Europe. Many theories exist, suggesting different con-
tributors in the decline of colonies including pathogens, pesticides, nutrition and
limited genetic diversity but the main contributor in this phenomenon is not fully
elucidated yet (Ravoet et al., 2013). Colony Collapse Disorder (CCD), another
negative contributor, is associated with extensive honey bee loss mainly in the
USA (Vanengelsdorp et al., 2009; McMenamin and Genersch, 2015). Although
CCD is defined by clear aspects, nowadays elevated pathogen levels are also
characteristic of CCD colonies (McMenamin and Genersch, 2015).

In this study, we identified and characterised two recently described virus-
es infecting honey bees in Hungary for the first time. Our study revealed the
presence of an aphid lethal paralysis virus strain in bat guano samples sharing the
highest nucleotide identity with ALPV strains previously isolated from honey
bees (GenBank: HQ871932, J1X045858 and KC880119). Furthermore, phyloge-
netic analysis of our strain confirmed the phylogenetic relationships among
ALPYV strains reported previously (Liu et al., 2014) and indicated the existence
of two major lineages of ALPVs. One lineage is composed of ALPV-AP and
ALPV-AM strains described from pea aphid (Acyrthosiphon pisum = AP) and
honey bees (4pis mellifera = AM) respectively, while the other group consists of
ALPYV strains found in other aphid species, as well as in bat faeces and western
corn rootworm (Diabrotica virgifera virgifera), such as a previously described
Hungarian ALPV strain. Therefore, our study suggests that the different ALPV
strains presumably represent different virus species. Furthermore, ALPV species
may be subject to a strong selective pressure, which may result in host range dif-
ferences and altered infectivity of the virus. According to these findings, the
presence of an ALPV strain in Hungary that is capable of infecting honey bees
may have adverse consequences for the Hungarian honey bee colonies along
with BSRV (Runckel et al., 2011). The significant prevalence of ALPVs in hon-
ey bees has been suggested to be strongly associated with the presence of Nose-
ma apis and Nosema ceranae spores (Runckel et al., 2011; Ravoet et al., 2013).
Our metagenomic analysis, unfortunately, did not produce any results that would
indicate the presence of these spores in the samples. However, previous studies
have reported their presence in Hungarian apiaries (Bakonyi et al., 2002; Tap-
aszti et al., 2009).
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The confirmed ability of these viruses to replicate and the presence of ma-
ture virions in adult honey bees may suggest their role in honey bee health, alt-
hough no signs of the infection have been revealed yet (McMenamin and
Genersch, 2015; Ravoet et al., 2015). Only two of the identified viruses (ALPV
and BSRV) have been reported previously as possible infective agents of honey
bees (Lee et al., 2015; Ravoet et al., 2015). We cannot declare with complete cer-
tainty the infective capability of RhPV, since spillover events have been demon-
strated and virus transmission between hosts is influenced by the elevated inter-
actions between insect species sharing the same resources (Mordecai et al.,
2016). Even though the BSRV strain described in this study showed stronger
homology to an aphid-related sequence, because of the above statements the
pathogenic capability of our strain cannot be totally excluded.

Therefore, as it has been suggested by many studies, the importance of
monitoring honey bee pathogens is based on the elevated number of detectable
pathogens which have significant adverse consequences for the health and winter
mortality of the colony (Vanengelsdorp et al., 2009; Cornman et al., 2012; Ravoet
et al., 2013). Moreover, since the colonies affected by CCD are characterised by
elevated susceptibility to different pathogens, the increased virus and Nosema
spp. load and the synergism of pathogens with which honey bees are co-infected
lead to rapid and extensive worker honey bee depletion (Vanengelsdorp et al.,
2009; Cornman et al., 2012).

Comprehensive studies have already summarised the persisting pathogenic
agents of honey bees in Hungary (Forgach et al., 2008; OMME, 2017). The pre-
sent study gives additional information about the presence of possible pathogens
of honey bees in the country. Furthermore, as it has been suggested previously,
examining bat guano samples proved to be an efficient way to detect potentially
emerging infectious diseases of humans or animals, including economically im-
portant species (Wu et al., 2016). This study presents the first genetic data re-
garding ALPV and BSRV from Central Europe, and contributes to the general
understanding of the genetic diversity and geographic distribution of these virus-
es. These data may provide a basis for further surveillance studies, especially on
the economically important pathogens described here, potentially infecting hon-
ey bee populations.
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