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Western honey bees (Apis mellifera) are important pollinators in the eco-
system and also play a crucial economic role in the honey industry. During the
last decades, a continuous decay was registered in honey bee populations world-
wide, including Hungary. In our study, we used metagenomic approaches and
conventional PCR screening on healthy and winter mortality affected colonies
from multiple sites in Hungary. The major goal was to discover presumed bee
pathogens with viral metagenomic experiments and gain prevalence and distribu-
tion data by targeted PCR screening. We examined 664 honey bee samples that
had been collected during winter mortality from three seemingly healthy colonies
and from one colony infested heavily by the parasitic mite Varroa destructor in
2016 and 2017. The subsequent PCR screening of honey bee samples revealed the
abundant presence of Apis mellifera filamentous virus (AmFV) for the first time
in Central Europe. Based on phylogeny reconstruction, the newly-detected virus
was found to be most closely related to a Chinese AmFV strain. More sequence
data from multiple countries would be needed for studying the detailed phylogeo-
graphical patterns and worldwide spreading process of AmFV. Here we report the
prevalent presence of this virus in Hungarian honey bee colonies.

Key words: Apis mellifera filamentous virus, honey bee, Apis mellifera,
Hungary, Europe, pathogen

Western honey bees (Apis mellifera) are not considered the most efficient
pollinators in the ecosystem, but they are widely used in agriculture as primary
pollinators mainly due to their generalist nature, the way of keeping and their ex-
tensive foraging ranges, which features making them extremely suitable for pol-
lination of expansive monocultures (NRC, 2006; McMenamin et al., 2016). Un-
fortunately, in the last decade, an increasing overwinter decline was observed in
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honey bee populations mainly in the USA, in some European countries and to a
lesser extent in the Middle East, Asia, and Africa. The contributing factors are
still unexplored; however, a general consensus suggests several interacting fac-
tors that can co-operate, such as forage quality, pathogens, pests, climate change,
pesticides, and expertise of the beekeeper (Steinhauer et al., 2014).

To date, more than 20 viruses have been identified in honey bees, of
which several were proved to be pathogenic while others are suspected to cause
inapparent infection or just have forage origin. Most of them are single-stranded
RNA viruses mainly belonging to the Dicistroviridae and Iflaviridae families
(McMenamin and Genersch, 2015). Only two DNA viruses with possible patho-
genicity to honey bees have been recognised. One of them is the invertebrate iri-
descent virus 6 (Iridoviridae) and the other one is the yet unclassified, large, en-
veloped dsDNA virus, namely Apis mellifera filamentous virus (AmFV), the
presence of which has been verified in Switzerland and Belgium (Clark, 1978;
Ravoet et al., 2014; Gauthier et al., 2015). In case of worker honey bees, acute
AmFYV infection is associated with the lysis of bee tissues leading to milky-white
haemolymph, and these bees often found crawling at the entrance of beehive.
However, the pathogenic potential of AmFYV is still questionable since the signs
of acute AmFV infection are rare and no considerable colony loss had been asso-
ciated with AmFV in the past (Hartmann et al., 2015).

Here we present the high prevalence of AmFV in Hungarian honey bee
colonies for the first time in this region.

Materials and methods

Sample collection

Dead worker honey bees were collected randomly from four apiaries in
four distinct villages during the winter of 2016-2017. Of the 664 collected honey
bees, 115 specimens originated from the village Visz, which were sampled from
highly decaying colonies. All other specimens were collected from apparently
healthy colonies from the villages of Latrany (254 specimens), Hajos (145 speci-
mens) and Somberek (150 specimens) (Fig. 1). All samples were stored at —80 °C
until further laboratory processes.

Nucleic acid extraction

Each honey bee was homogenised individually and the supernatants of
homogenates were pooled (133 pools, 5 specimens per pool) according to geo-
graphical origin. The nucleic acid extraction was performed from the pools of
supernatants using Virus DNA/RNA Extraction Kit II (Geneaid Biotech Ltd.,
New Taipei City, Taiwan) according to the manufacturer’s instructions.
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Fig. 1. Geographical locations of sampling sites within Hungary and the distribution of average
read number by virus groups of samples collected in Hajos and Visz. On the blank map of Hungary,
the black square (m) indicates Latrany, the black dot (e) indicates Visz, the black triangle (A)
indicates Somberek and the asterisk (*) indicates Hajos

Metagenomic survey

Library construction for lon PGM System (Thermo Fisher Scientific) was
retrieved in case of two samples to compare their metagenomes and to reveal the
presumed causative agent of the colony loss. We randomly selected a single rep-
resentative homogenate from the ailing colony (Visz) and from the apparently
healthy colony (Hajos), respectively. Before subjecting the samples to library
preparation, all materials were exposed to a viral enrichment protocol as de-
scribed by Conceicao-Neto et al. (2015). Thereafter, library construction was
performed by using NEBNext” Fast DNA Fragmentation & Library Prep Set for
Ton Torrent™ (New England Biolabs® Inc., Ipswich, USA) following the manu-
facturer’s instructions. Thereafter, the cDNA libraries were loaded onto Ion-
Torrent 316 chip and sequenced following the instructions recommended for the
Ion PGM™ QT2 and Sequencing Kit.

Molecular detection of AmFV and phylogenetic analysis

Further PCRs were carried out to reveal the presence and prevalence of
AmFV by the involvement of additional honey bee samples. All the 133 pools
were screened with oligonucleotide primers described by Hartmann et al. (2015),
using the GoTaq G2 Flexi DNA Polymerase kit (Promega, Madison, USA) ac-
cording to the manufacturer’s instructions. The PCR amplicons were purified us-
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ing Gel/PCR DNA Fragments Extraction Kit (Geneaid Biotech Ltd., New Taipei
City, Taiwan), and were sequenced on both strands using the BigDye Terminator
v1.1 Cycle Sequencing Kit (Thermo Fisher Scientific, Walthan, USA) and ABI
Prism 310 Genetic Analyzer (Applied Biosystems). Basic sequence handling and
verification were performed using GeneDoc v2.7 software. Multiple sequence
alignment was prepared by MUSCLE online tool (Li et al., 2015). The phyloge-
netic tree was based on partial nucleotide sequences of the BRO-B protein cod-
ing region of AmFV sequences retrieved from the GenBank database. For the
maximum-likelihood tree, the best fit nucleotide substitution model was selected
based on the Bayesian information criterion as implemented in the MEGA7
software (Kumar et al., 2016). Model selection and Maximum Likelihood phylo-
genetic tree were constructed by MEGA7 software.

Results and discussion

The metagenomic survey of the two honey bee specimens displaying dif-
ferent handling background and geographic origin revealed the dominant pres-
ence of Apis mellifera filamentous virus (AmFV) in both samples, although with
different read number distributions (Hajoés: 574 reads of 637 viral reads; Visz:
3,972 reads of 6,020 viral reads) (Fig. 1). However, the analysis revealed a more
prominent difference in the two metagenomes regarding the distribution of well-
known honey bee pathogens (members of the [flaviridae family). The meta-
genomic data of the sample collected from apparently healthy colonies (Hajos)
showed the absence of reads related to pathogens belonging to the Iflaviridae
family. In contrast, the metagenome of the specimen that was sampled from de-
caying colonies (Visz) displayed 1,886 reads related to viruses of the Iflaviridae
family, namely Deformed wing virus, Sacbrood virus and Varroa destructor virus
(Fig. 1). According to the beekeeper, the latter group of honey bees was strongly
infested by the parasitic mite Varroa destructor at the time of collection and
showed signs of viral infections and nosemosis. Consequently, more than 200 of
the beekeeper’s 400 colonies were lost. According to our observations, we can
confirm that the beekeeper’s expertise greatly influences the health conditions of
honey bees as has been described by Jacques et al. (2017). Especially, due to the
horizontal and vertical transmission routes of certain honey bee pathogens
(McMenamin et al., 2016), adequate beekeeping practices may greatly reduce the
risk of infections. AmFV-specific PCR screening verified the presence of the vi-
rus in all examined 133 pools; however, the beekeepers had not noticed crawling
bees at the entrance of hives at the time of collection, but during the homogenisa-
tion we noticed milky haemolymph in a few pools. It should be noted that the ab-
sence of signs does not definitely mean that this virus does not represent any
danger to Western honey bees (Apis mellifera), since in the case of the Eastern
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hive honey bee (4pis cerana) the pathogenic potential of this virus has already
been proved (Hou et al., 2016). In addition, a switch of a plant infecting virus
(Tobacco ringspot virus, Secoviridae) from plants to honey bees has already been
described (Li et al., 2014) which emphasises the importance of tracking inappar-
ent viruses in the future.

To locate the phylogeographic origin of virus sequences identified in this
study, a maximum-likelihood phylogenetic tree was constructed (Fig. 2). The
tree shows that our sequences display two different geographic origins. Sequenc-
es of samples from Somberek (GenBank: MH431927) and Visz (GenBank:
MH431926) are clustered together with European sequences creating a distinct
European cluster and sharing 98% identity with sequences from Switzerland.
The other two sequences of this study [from Hajoés (GenBank: MH431928) and
Latrany (GenBank: MH431929)] segregated to a separate cluster with sequences
from China, forming a distinct Asian cluster. Our phylogenetic tree well defines
how the transport of honey bee colonies between foraging places, the interna-
tional trade of bee and non-bee products or the exchange of queens between api-
aries could contribute to the spread of different pathogens as suggested previous-
ly (Vanengelsdorp and Meixner, 2010; Jacques et al., 2017).
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Fig. 2. Phylogenetic tree of partial nucleotide sequences of the 460-bp-long BRO-B protein coding
region of Apis mellifera filamentous virus (AmFV). The phylogenetic tree was constructed by
Mega 7 program (Kumar et al., 2016) by using the maximum-likelihood method with Tamura-3
parameter model (T92) and 1000 replicates bootstrap value (only node values above 50% are
shown). Sequences of the recent study are indicated in bold

Taken together, our findings suggest that AmFV infection can greatly af-
fect the majority of individuals in a colony. Although there was no mortality
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linked specifically to this virus in the last decade (Hartmann et al., 2015), it still
deserves attention and further investigations since very few data are available
about its distribution to draw definitive conclusions.
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