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ABSTRACT

The global decline in pollinators, particularly honeybees (Apis mellifera) and solitary bees such as Osmia bicornis, has raised significant
concerns due to the increasing threats from environmental stressors and pathogen spillover. This study aimed to detect the presence of
honeybee-associated viruses in an O. bicornis population in the Czech Republic and investigate the potential for viral transmission between
A. mellifera and O. bicornis. Molecular techniques were used to determine the presence of five common viruses: Deformed Wing Virus (DWV),
Acute Bee Paralysis Virus (ABPV), Black Queen Cell Virus (BQCV), Lake Sinai Virus (LSV) and Apis mellifera Filamentous Virus (AmFV). Sampling
was done at two locations: an apiary where O. bicornis coexisted with A. mellifera and a remote site without commercial hives.

The results confirmed the presence of all five viruses in O. bicornis at the apiary, while only BQCV and DWV were consistently detected in
bees from the remote site. Interestingly, the viral load at the apiary increased over time, particularly, that of ABPV and DWYV, indicating that
proximity to A. mellifera hives facilitates virus transmission to O. bicornis. Moreover, the presence of virus was confirmed in all developmental
stages of O. bicornis, from larvae to adults, indicating potential for vertical transmission. Despite high viral incidence, no visible morphological
deformities were observed in O. bicornis, indicating that these viruses may exist asymptomatically in solitary bees. These findings underscore
the risks posed by managed bee populations to wild pollinators and the need for further investigations into the ecological effect of viral

spillover.
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Introduction

The decline in pollinator populations has become
a significant global concern, with both managed and
wild bees facing increasing threats from various environ-
mental and anthropogenic factors (McCallum and Dob-
son 2002; Potts et al. 2010; Goulson and Hughes 2015).
Among the species providing pollination services, hon-
eybees (A. mellifera) have attracted much attention due
to their critical role in agriculture (Klein et al. 2007) and
ecosystem stability (Tarpy 2003; Whitehorn et al. 2011).
However, solitary bees such as O. bicornis also play an
essential role in agricultural productivity (Ladurner et al.
2004). O. bicornis, commonly known as the red mason
bee, is a solitary bee widely distributed across Europe,
including the Czech Republic, and is highly efficient at
pollinating in early spring as they forage when temper-
atures are low. However, when they share habitats with
commercial bees like A. mellifera, solitary bees such as O.
bicornis can become infected with pathogens, which pose
a risk to their health and populations (Babin et al. 2024).

Various stressors, including habitat loss, pesticide ex-
posure, and pathogen transmission increasingly threaten
the health of both wild and managed bee populations.
Viral pathogens, in particular, are recognized as a major
contributor to the decline in bee health. Numerous virus-
es, including Deformed Wing Virus (DWV) (Genersch et
al. 2006), Acute Bee Paralysis Virus (ABPV), Apis mellif-
era Filamentous Virus (AmFV), Black Queen Cell Virus

(BQCYV) (Peng et al. 2011) and Lake Sinai Virus (LSV)
are well studied in A. mellifera populations (Singh et al.
2010; McMahon et al. 2015; Mraz et al. 2021), where they
are associated with colony collapse and significant reduc-
tions in bee vitality, often in conjunction with the para-
sitic mite Varroa destructor (Martin and Brettell 2019).

This study aims to investigate the molecular presence
of common honeybee viruses in the O. bicornis popu-
lation in the Czech Republic and evaluate their preva-
lence in relation to the proximity of commercial hives.
Utilizing molecular techniques, the presence of viruses
typically associated with honey bees were identified in
O. bicornis from various locations. In addition, whether
the distance from commercial hives correlates with the
incidence and load of these viruses in O. bicornis was as-
sessed, which indicates the potential for virus spillover
and its implications for wild bee conservation.

Materials and Methods

Sample collection

Samples A. mellifera were collected from a private api-
ary in South Bohemia, Czech Republic, between April and
July 2019. Pooled samples of 10 bees were taken at regu-
lar intervals from four hives at a single location, which
housed a total of 48 colonies. The presence of infections
was determined by screening 10 individuals from each
hive. For experiments involving O. bicornis, cocoons and
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queen bees were purchased from Luper s.r.o., Slovakia
(primaverahouse.sk). The cocoons were maintained at
room temperature (20-25°C) to induce hatching. Due to
the scarcity of O. bicornis, 2-5 individuals were taken from
each hive, whereas for A. mellifera 10 individuals were al-
ways collected. Samples of O. bicornis were collected at
specific time intervals. The first collection of O. bicornis
and A. mellifera samples was carried out immediately af-
ter the emergence of adult O. bicornis on April 10th, fol-
lowed by subsequent collections at intervals (see Table 2).
The solitary bee hives containing O. bicornis were placed
approximately 1 meter away from the A. mellifera hives,
which were positioned in groups of four on pallets. Two
additional O. bicornis hives were placed in isolated loca-
tions in forest, with the nearest A. mellifera colonies being
9 km away. At both locations monitored, approximately
50 O. bicornis cocoons hatched, with identical nesting suc-
cess and the number of nesting tubes was the same at all
sites. Subsequent collections of O. bicornis at the specified
intervals included the following developmental stages:
adults, larvae and cocoons (Table 2).

Sample preparation

All the samples of A. mellifera and O. bicornis were
immediately stored on ice in the field, transported to the
laboratory and then frozen at —80 °C until processing.

Table 1 Primers used in this study.

Nucleic acids isolation and reverse transcription

Bees, larvae and cocoons were each homogenized in
5 ml of PBS in the presence of glass beads. Total RNA was
extracted from 100 pl of supernatant using the RNeasy
Tissue Kit (Qiagen). Using random hexamer primers,
1 pg of RNA was reverse-transcribed with the RevertAid
First Strand cDNA Synthesis Kit (Thermo Scientific).
DNA was extracted from 120 ul of supernatant using
the DNeasy Blood and Tissue Kit (Qiagen) following the
manufacturer’s instructions for animal tissues. RNA was
resuspended in 20 pl of DEPC-treated water. The quanti-
ty and purity of RNA were measured using a spectropho-
tometer, and both RNA and DNA were stored at —80 °C
until further use.

PCR assays

All PCR reaction mixtures contained 2 pM of each
primer (Table 1); 1.0 mM MgCl2; 0.2 mM dNTPs;
1.25 U Hotstar Tag DNA polymerase (Qiagen); and 1 ul
of cDNA (for RNA viruses) or 3 pl of DNA product (for
A. mellifera Filamentous Virus). For the primers devel-
oped in this study, the PCR protocol involved an initial
denaturation at 94 °C for 15 minutes, followed by 35 cy-
cles of 94 °C for 30 seconds, 52 °C for 30 seconds, and
72 °C for 1 minute, with a final extension at 72 °C for
10 minutes. Positive and negative controls were included

Target gene Primers Sequence (5-3) Size (bp) References

DWVQ-F1 TAGTGCTGGTTTTCCTTT GTC

DWV 145 (Highfield et al. 2009)
DWVQ-R1 CTGTGT CGTTGATAATTG AAT CTC
ABPVQ_F2 GGA TGA GAG AAG ACC AAT TG

ABPV 169 (Highfield et al. 2009)
ABPVQ_R2 CCATAG GAACTAATGTTT ATT CC
BQCVQ_F1 CCA ATA GTA GCG GTGTTATCT GAG

BQCV 177 (Highfield et al. 2009)
BQCVQ_R1 AGC GTATAATAT GTC GGA CTGTTC
LSV1765-F TCAAYCTKGAGCGATTTCGTGCTG

LSV 603 (Ravoet et al. 2014)
LSV2368-R GAGGTGGCGGCGCSAGATAAAGT
Act_F1 CCT GGA ATC GCA GAT AGA ATG C

Actin 120 (Highfield et al. 2009)
Act_R1 AAG AAT TGA CCC ACC AAT CCATAC
AmFV rrSSUF ACG AAC GACTAT CTA GCC ATG AAC

AmFV 591 (Cornman et al. 2010)
AmFV rrSSUR GTC CGTTTC GGA GTG CAT GAC

Table 2 Sampling of A. mellifera and O. bicornis bees placed in an apiary close to bees and at a remote site without A. mellifera bees.

Date Sampling of A. mellifera and O. bicornis
A. mellifera in apiary O. bicornis close to apiary O. bicornis remote location

April 10 10 bees 3 pupae hatching 3 pupae hatching

April 25 10 bees 3 adults 3 adults

May 5 10 bees 2 adults + 3 larvae 2 adults + 3 larvae

May 24 10 bees 2 adults + 3 larvae 2 adults + 3 larvae

June 10 10 bees Tadult + 3 larvae 1 adult + 2 larvae + 2 pupae

July 1 10 bees 3 pupae 3 pupae

July 27 10 bees 3 pupae 3 pupae
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in each PCR reaction. A negative control lacking template
DNA and a positive cDNA control were created, with the
positive control enhanced by including the detection of
actin (Table 1). PCR products were electrophoresed us-
ing 1.4% agarose gels, stained with ethidium bromide
and visualized under UV light.

Results

Detection of viruses

In this study, the presence of five different viruses in
two key bee species: A. mellifera and O. bicornis, were de-
tected. The sample sites included an apiary where both A.
mellifera and O. bicornis occurred, as well as a remote loca-
tion where O. bicornis was isolated from A. mellifera. PCR
analysis revealed the consistent presence of Black Queen
Cell Virus (BQCV), Deformed Wing Virus (DWV), Acute
Bee Paralysis Virus (ABPV), Lake Sinai Virus (LSV), and
Apis mellifera Filamentous Virus (AmFV) in both species
of bee. Importantly, in O. bicornis viruses were present in
larvae, pupae and adults. In particular, the BQCV virus
was detected first in the pupal stage and then throughout
adulthood. This indicates infection at an early stage and
the potential for vertical transmission from larval to adult
stages in O. bicornis. In A. mellifera, all viruses, except for

oIIIl|||

10.4. 25.4. 55. 24.5. 7. 27

F=N

w

N

-t

Osmia bicornis close to apiary

EBQCV mABPV mDWV

AmFV, were always present, which confirms the apiary as
a reservoir of many viral pathogens. Fig. 1 illustrates the
presence of these viruses over time.

Presence of viruses in larval stages

Viruses were not restricted to adult bees. As listed
in Table 2, viruses were present in the larval stages of
O. bicornis, especially BQCV and DWYV. Both these vi-
ruses were consistently present in larvae of O. bicornis
sampled in the area close to the apiary. This finding is
significant as it demonstrates that infection can occur
early in a bee’s development. The detection of DWV in
larvae may indicate viral spillover from A. mellifera to
O. bicornis at the apiary, which supports the idea of in-
terspecies viral transmission in shared habitats (Nanetti
etal. 2021a). The results highlight the importance of viral
presence in the early developmental stages, which may
contribute to the persistence and spread of viruses within
solitary bee populations. These findings are in accord-
ance with previous studies, which indicate that solitary
bees, like O. bicornis, can harbour honeybee-associated
viruses throughout their life cycle (Levitt et al. 2013).

Higher viral incidence close to the apiary

The data reveal a notable difference in viral incidence
close to and distant from the apiary. At the apiary, where

10.4. 25.4. 5.5. 24.5. 10.6.

Osmia bicornis remote location

HLSV mAmMFV

Fig. 1 Comparison of the Presence of Virus in O. bicornis at Two Locations Over Time; BQCV - Black Queen Cell Virus, ABPV - Acute Bee Paralysis Virus,
DWYV - Deformed Wing Virus, LSV - Lake Sinai Virus, AmFV - Apis mellifera Filamentous Virus.
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Fig. 2 Comparison of the presence of viruses in O. bicornis and four colonies of A. mellifera in an apiary. AM (1.4) - A. mellifera (hives 1-4), OB1 -
O. bicornis close to apiary. BQCV - Black Queen Cell Virus, ABPV - Acute Bee Paralysis Virus, DWV - Deformed Wing Virus, LSV - Lake Sinai Virus,

AmFV - Apis mellifera Filamentous Virus.

O. bicornis was in close proximity to A. mellifera, viral
infections were more frequent and abundant. In contrast,
O. bicornis collected from the remote location had few-
er virus infections, with only BQCV and DWV present
consistently. Over time, viral infections of O. bicornis at
the apiary steadily increased, particularly those by ABPV
and DWYV, which were detected more frequently in sam-
ples collected later in the season. The progression of viral
load in O. bicornis at the apiary suggests that viral trans-
mission dynamics are influenced by proximity to A. mel-
lifera populations (Graystock et al. 2016). This pattern is
further supported by the detection of LSV and AmFV in
O. bicornis at the apiary, but not in individuals from the
remote location. The consistent presence of many viruses
in O. bicornis populations near commercial hives raises
concerns about pathogen spillover and the effect of man-
aged bee colonies on solitary bee health. These findings
concur with those of other studies that document virus
transmission between managed and wild bee species in
mixed habitats (Singh et al. 2010).

Morphological deformaties of adults, pupae, and larvae
Interestingly, despite the widespread infection of both
A. mellifera and O. bicornis, no morphological deform-
ities were observed in any of the developmental stages
of O. bicornis. Pupae, larvae, and adults appeared mor-

phologically normal, despite high viral incidence in cer-
tain cases, particularly by DWV and ABPV. This indi-
cates that, at least in O. bicornis, these viruses may exist
asymptomatically, with no immediate detrimental effects
on bee morphology. In contrast, other studies have re-
ported symptoms such as wing deformities in A. mellifera
colonies heavily infected with DWYV, particularly when
they are also infested with mites (Highfield et al. 2009).
In this study, no notable morphological symptoms were
observed in either species. However, previous studies re-
port significant symptoms in A. mellifera under certain
conditions, such as wing deformities in colonies heavily
infected with DWV and infested with mites. This absence
of visible symptoms in O. bicornis infected with similar
viral loads indicates that solitary bees may have a dif-
ferent or less visible response to these viruses compared
to honeybees, warranting further investigation into the
sub-lethal effects of honey bee viruses on wild bees like
O. bicornis.

Discussion

Recent research indicates that honeybee viruses, such
as DWYV, ABPV, BQCV, AmFV and LSV are not limited
to A. mellifera, but also infest wild bees, including soli-
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tary bees like O. bicornis (Ravoet et al. 2014; Schoonvaere
et al. 2016; Nanetti et al. 2021a). This interspecies trans-
mission raises concerns, particularly in areas where com-
mercial beekeeping is widely practised (Li et al. 2014).
More than 20 viruses are reported infesting honeybees
(Ryba et al. 2012a), mainly belonging to the families Di-
cistroviridae and Iflaviridae, which are characterized by
positive-sense, single-stranded RNA genomes that form
“mutant clouds” of dynamically evolving variants (Laur-
ing and Andino 2010; Li et al. 2014).

Deformed Wing Virus (DWV) is the most wide-
spread and well-studied honeybee pathogen, classified
as a non-enveloped, single-stranded RNA (+) virus with-
in the Iflavirus genus of the family Picornaviridae (De
Miranda and Genersch 2010). DWV consists of three
distinct genomotypes: A, B and C (McMahon et al. 2016;
Mordecai et al. 2016) and is frequently associated with the
parasitic mite Varroa destructor, in which it can asympto-
matically replicate (Ryabov et al. 2014). This virus is not
only found in species closely associated with honeybees,
such as Aethina tumida (Eyer et al. 2009, Nanetti et al.
2021b), Galleria mellonella (Levitt et al. 2013) and Vespa
spp. (Forzan et al. 2017), but also in a variety of Apis and
non-Apis species that can act as incidental hosts (Singh
et al. 2010; Levitt et al. 2013). In some Bombus species
DWYV reduces individual lifespan and deforms their
wings (Fiirst et al. 2014; Graystock et al. 2016).

Acute Bee Paralysis Virus (ABPV) is another wide-
spread honeybee pathogen, classified as a non-enveloped
single-stranded RNA (+) virus within the Apavirus genus
of the family Dicistroviridae (Benjeddou et al. 2001; Chen
et al. 2006). ABPV is genetically similar to Kashmir Bee
Virus (KBV) and Israeli Acute Paralysis Virus (IAPV)
(De Miranda and Genersch 2010). While ABPV does not
replicate in Varroa destructor (Berényi et al. 2006; Ge-
nersch et al. 2010), it has been reported as present in var-
ious Bombus species since at least 1964 (Bailey and Gibbs
1964). This virus has a broad host range and is reported
infecting numerous bee species, including Bombus spe-
cies and others (Alvarez et al. 2018; Dalmon et al. 2021).

Black Queen Cell Virus (BQCV) belongs to the Cripa-
virus genus in the family Dicistroviridae. It is a non-en-
veloped, single-stranded RNA (+) virus that frequently
infects adult honeybees (Benjeddou et al. 2001; Berényi
et al. 2006; Chen et al. 2006). BQCV primarily causes
symptomatic infections in queen pupae, resulting in the
decomposition of these pupae (Siede and Biichler 2003).
The virus is widespread and affects several Apis species
and subspecies, including A. mellifera, A. cerana indica,
A. cerana japonica, A. dorsata and A. florea (Mookhploy
et al. 2015). In addition to honeybees, BQCV has been
detected in a wide range of other organisms, including
small hive beetles, hoverflies, roaches, spiders and wax
moths (Bailes et al. 2018). The presence early in the year
of Black Queen Cell Virus (BQCV) in both O. bicornis
populations is noteworthy. It raises the possibility that
the virus may have already been present in these bees pri-

or to the experiment, either due to latent infection or pre-
vious exposure. One plausible hypothesis is that BQCV
could have been introduced during overwintering, as
the virus was consistently detected in O. bicornis pupae
and persisted into adulthood. This indicates the potential
for vertical transmission of BQCV in O. bicornis, which
could explain the early-season presence of this virus.

Lake Sinai Virus (LSV) is a single-stranded RNA (+)
virus classified within the Sinaivirus genus of the family
Sinhaliviridae, with two strains identified so far: LSV-
1 and LSV-2 (Runckel et al. 2011; Daughenbaugh et al.
2015). Cases of LSV spillover are reported in Andrena
spp- (Ravoet et al. 2014), Bombus spp. (Parmentier et al.
2016) and species of the familes Halictidae and Megachi-
lidae (Dolezal et al. 2016). Active viral replication of LSV
is confirmed in O. cornuta (Ravoet et al. 2015), while in
Varroa destructor, only the positive-sense strand of the
virus genome is present and no replication confirmed.
Oral transmission of LSV via contaminated pollen is also
plausible (Ravoet et al. 2015).

Apis mellifera Filamentous Virus (AmFV) is an un-
classified double-stranded DNA virus that primarily in-
fects honeybees (Gauthier et al. 2015; Hartmann et al.
2015). Severe infections result in milk-white haemolymph
due to a high concentration of virions, which results in
weakness in bees and a tendency for them to gather near
hive entrances. Despite these symptoms, AmFV is weak-
ly pathogenic and has little effect on the lifespan of bees
(Hou et al. 2016; Quintana et al. 2021). Spillover cases are
reported in other hosts, such as, Andrena spp., Bombus
spp. (Plischuk et al. 2021) and Osmia spp. (Ravoet et al.
2014).

In countries like the Czech Republic (with an average
of 10.1 hives per km? in 2022), the proximity of commer-
cial hives to natural habitats heightens the risk of disease
transmission to native pollinators (Ryba et al. 2009).
Interestingly, despite the close proximity of A. mellif-
era colonies, there was no evidence of transmission of
BQCYV between hives, particularly hive 1, which was in-
fected with very few viruses. The strength of the colonies
and the age of the bees might have accounted for this.
Hive 1, for instance, could have had a stronger colony
with a higher number of foragers and nurse bees, which
are known to play a crucial role in colony immunity. The
exposure of young foraging bees to virus may have been
less and potentially limited internal colony transmission.
Strong colonies are typically better equipped to manage
virus infections through social immunity mechanisms,
such as hygienic behaviour and robust brood care, which
could account for the variation in the incidence of viral
infections in the hives.

This could indicate the presence of barriers to viral
transmission, such as variations in colony health, im-
mune responses, or hive-specific management practices.
It is also possible that some colonies had pre-existing re-
sistance or tolerance of certain viruses, which could lim-
it the spread within the apiary. In contrast, weak or old
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colonies might be more susceptible to viral infections,
resulting in a higher diversity and prevalence of viruses
in their hives. These observations indicate that further
research is needed to explore the dynamics of viral trans-
mission both in and between species in mixed pollinator
habitats, considering factors like colony strength and the
age distribution of bees. Understanding the prevalence
and distribution of these viruses in wild bee populations,
such as O. bicornis, is essential for assessing the effect on
pollinator health and developing mitigation strategies
(Alger et al. 2019). It is possible that these viruses were
present in O. bicornis populations long before molecular
tools made detection possible. These viruses may have
existed asymptomatically or at low levels, only becom-
ing apparent with advanced diagnostics. This indicates
that O. bicornis might have developed tolerance to such
infections, maintaining viral presence without visible
symptoms. Monitoring the prevalence of these viruses
through environmental nucleic acid detection is essential
for identifying newly introduced pathogens, which fre-
quently occur at a low incidence and prevalence (Ryba et
al. 2012b), and for promptly implementing measures to
safeguard bees and maintain ecosystem stability (Gisder
and Genersch 2017).

Condlusions

The above findings indicate that O. bicornis is not only
susceptible to honeybee viruses, but may act as a reser-
voir for these pathogens, particularly in environments
where it coexists with A. mellifera. The absence of visi-
ble symptoms when infected highlights the complexity
of host-virus interactions in solitary bees, raising impor-
tant questions about the long-term health implications
for these species in shared habitats. Further research is
required to elucidate the full ecological and evolutionary
consequences of viral spillover from managed honeybee
populations to wild pollinators like O. bicornis.
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