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Introduction

In 2004 the Asian hornet Vespa velutina L. was accidentally
introduced into the South West of France. Although V.
velutina is found in tropical regions of Asia, it normally
inhabits in the cooler highland or upland regions that have a
climate comparable to that found in Southern Europe. To
date V. velutina has spread across much of France and to
other countries (consult the French natural history museum
website for more information http://inpn.mnhn.fr/). This
hornet has adapted well to its new environment colonising
urban, sub-urban, agricultural and woody areas (Rome et al.
2011). Eradication of the species from Europe is now
impossible.

In Asia, V. velutina is a predator that often targets on
European honey bees (Apis mellifera L) and to a lesser
extent the Asian honey bee (Apis cerana). V. velutina
workers hover in front of the hive waiting for returning
foragers. After catching the honey bee, the V. velutina
forager removes the head and abdomen of A. mellifera and
makes a meat ball of the flight muscles which is fed to its
larvae back in its nest. If a honey bee colony becomes
sufficiently deprived of workers, V. velutina will then enter
the hive, feed on the honey and on the brood. The first
results collected in France have shown that honey bees
represent a high proportion of the V. velutina prey spectrum
(Rome et al. 2011).

Figure 1
Spread of V. velutina throughout France and Europe
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Honey bees are affected by a whole range of pathogens:
macro parasites, bacteria, fungi and viruses. Many of them
are well known and have been studied for several decades.
With the development of molecular techniques, viruses
affecting honey bees are now better detected and often
quantified (Ribiére et al. 2008).

V. velutina nests are exposed to honey bee pathogens
through feeding on A. mellifera workers. In honey bees, the
worker (foragers and guards) age class has been proved to
be the best carrier age for pathogens of adult bees.
Moreover adult honey bees are often infected and carry
pathogens, especially viruses attacking brood stages (Ribiere
et al. 2008).

In this study, we examined the presence of 9 honey bee
pathogens in V. velutina adults and nests. The presence of
replicative RNA forms of 2 viruses (Black queen cell virus -
BQCV and Sacbrood virus — SBV) which were detected as
well, was also investigated in order to determine whether
these viruses could get through heterospecific barriers and
replicate in this new host.

Materials and Methods
Nest collection and dissection

Some free flying V. velutina workers (Trap 1, Swat 1 and
Swat 2) and eight nests (N1 to N8) were collected during the
summer of 2008, in the South West of France with the help
of Dr Gergouil. Nests were collected at different stages of
development and one of them (N8) was badly damaged in
the process of collection. During this sampling process, some
Vespa crabro adults were also collected (Cra 1). All samples
(whole nests and individual adults) were immediately frozen
after collection and sent to the ANSES laboratory in Sophia-
Antipolis (France).

All eight nests were measured and dissected in the
laboratory. For each nest, aliquots of adults, nymphs and
larvae were collected when available for subsequent
analysis. On one occasion in N8, meconium (i.e. a black
substance located on the bottom of each cell corresponding
to faeces and old mounts) was also sampled. Larvae were
classified as “healthy-like” or “diseased-like” using
phenotypic characteristics (Fig. 2). Healthy larvae had a
shiny, creamy colour, while diseased larvae exhibited
wrinkled body shapes and darker colours ranging from dark
pink to black.

Figure 2
Larvae of V. velutina, classified as healthy-like (b) and
diseased-like (a and c), collected from seven nests in the
South West of France

Detection of A. woodi and spores of Nosema spp.

Each adult hornet sample was subjected to the systematic
detection of the honey bee tracheal mite Acarapis woodi
(Acari: Tarsonemidae) and the presence of Nosema spp.
spores (Fungi: Microsporidae). A. woodi mites were screened
for according to approved OIE methods on thoraxes of 5
hornets. Muscle fibers were dissolved by adding lactic acid.
For Nosema spp. spore detection, the abdomens of the
same 5 hornets were triturated in water, centrifuged and the
pellets re-suspended in water. The parasitic mite Varroa
destructor could not be found in any of these V. velutina
nests.
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Molecular diagnostics

Sample preparation, RNA extraction and cDNA synthesis
were performed as described previously (Blanchard et al.
2007). Molecular diagnosis (CBPV, ABPV, IAPV, DWV, SBV
and BQCV) was performed by RT-gPCR (for CBPV) or RT-
PCR (for other viruses), using primers pairs described
previously.

Detection of the replicative RNA forms of BQCV and
SBV

To evaluate the ability of SBV and BQCV to replicate in Asian
hornets, we developed a specific RT-PCR assay to assess the
presence of minus-strand RNA, which is indicative of virus
replication. First strand cDNA was synthesized from the
extracted RNA described above. This primer consisted of a
tag unrelated to SBV or BQCV (lower-case) coupled to a
specific primer of SBV or BQCV (upper-case) (Fig. 3). A
positive SBV and BQCV bee sample was added to confirm
the efficacy of the minus-strand reverse transcription. The
reverse transcription was performed as described by Ribiere
et al in 2002. A minus-strand-specific PCR according to the
virus sought was then performed using a forward primer
corresponding to the tag sequence (Tagl) with either
another SBV-specific oligonucleotide as the reverse primer
(SBV2), or another BQCV-specific oligonucleotide as the
reverse primer (BQCV4) (Fig. 3,. The specificity of these
PCRs was checked by analysing the cDNAs obtained with
random primers which gave a negative result (Fig. 3 lanes 1,
4, 11 and 14 for Minus-strand specific viruses PCR). At the
same time, a control virus-specific PCR, using the primers
described, was performed on these random cDNAs and gave
a positive result (Fig. 3 lanes 1, 4, 11 and 14 for viruses-
specific PCR).

Figure 3
Visualisation of the PCR products obtained with minus-strand
specific SBV or BQCV PCR, amplifying PCR fragments of 490
bp or 627 bp respectively, and with SBV or BQCV-specific PCR,
amplifying PCR fragments of 469 bp or 606 bp respectively.
Lane MW: 100 bp DNA ladder (Invitrogen)

Minus-strand specific SBV PCR SBV-specific PCR

5 6 7 8 9 10 MW 1 2 3

Minus-strand specific BQCV PCR

BQCV-specific PCR

MW 11 12 13 14 15 16 17 18 19 20 MW 11 12 13 14 15 16 17 18 19 20 MW

Lanes 1 to 20: see table below

Lanes 1 and 11 | A. mellifera sample RT Random primers

Lanes 2 and 12 | A. mellifera sample RT ms SBV/ ms BQCV

Lanes 3 and 13 | A. mellifera sample RT without random primers

Lanes 4 and 14 | V. velutina sample RT Random primers

Lanes 5 and 15 | V. velutina sample RT ms SBV / ms BQCV

Lanes 6 and 16 | V.velutina sample without random primers

Lanes 7 and 17 Negative control RT Random primers

Lanes 8 and 18 | Negative control RT SBV ms

Lanes 9 and 19 | Negative control RT without random

Lanes 10 and 20 Negative control PCR

Results

All nests received were relatively small, with the exception of
N8, which could not be measured with accuracy although it
size was bigger than the others. Wasp populations recorded
in all 7 nests were variable depending on the development
stage and the conditions of capture. One nest (N4) was very
small. Eggs were found in 4 nests. Nymphs and larvae were
numerous in all nests. Conversely, adult wasps were not
found in high numbers in any of the nests, with the
exception of N5. This is probably due to the method of
collecting the nests.

Honey bee pathogen detection

Nosema spores and acari (A. woodi and V. destructor) were
not detected in any of the adult wasp samples (n=9). SBV,
BQCV and DWV were the three the most frequently found
viruses in adults and larvae. CBPV and ABPV were only
detected once in the same sample of adult wasp collected
with the trap, and in one sample of diseased-like larvae,
collected from N7. IAPV was not detected in any of the
samples. None of the viruses were detected in nymphs with
the exception of DWV, which was identified in 3 samples.
Surprisingly, viruses (SBV, BQCV and DWV) were also
detected in meconia.

In the only sample of V. crabro obtained, the SBV, BQCV
and DWV viruses were all detected.
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The appearance of the diseased V. velutina larvae (Fig. 2)
clearly reminded some symptoms of SBV and BQCV
diseases in honey bee larvae: larvae failing to pupate and
changing from its usual pearly white colour to pale yellow,
becoming finally dark brown from the anterior end. Contrary
to sacbrood diseased honey bee larvae, the V. velutina
larvae do not present accumulation of fluid between their
body and its unshed skin, forming a sac. The replicative
forms of the SBV and BQCV viruses were detected in adults
and larvae of V. velutina independently of their appearance
(diseased-like or healthy-like).

Discussion

Honey bee pathogens in V. Velutina

These results convincingly demonstrate the detection of
SBV, BQCV and DWV in V. velutina adults, larvae and
nymphs. CBPV and ABPV were also detected but to a lesser
extent. It was also found that at least two of the honey bee
viruses (SBV and CBPV) were able to replicate in V. velutina
(RNA detected). The detection of the replicative form did not
correlate with the diseased-like aspect of the larvae. Indeed,
the replicative RNA form was detected in adults and larvae
independently of their appearance.

Honey bee viruses, like other honey bee pathogens,
generally persist as unapparent infection. Outbreaks of
clinical infections in honey bee colonies are characterized,
depending on the virus, by the occurrence of morphologically
abnormal bees or brood and modified behaviours. There are
two main transmission routes for honey bee viruses: vertical
and horizontal transmission between bees but also
vectorisation through V. destructor. Some of the viruses
(DWV, ABPV) operate in synergy with the parasitic mite V.
destructor, which acts as an inducer and vector of the virus.
For SBV, the disease was transmitted experimentally to
honey bee larvae of all ages by contaminating their food with
the virus, with 2-day old larvae being the most susceptible.
Although primarily a disease of larvae, SBV multiplies in
adult bees without inducing obvious symptoms.

For SBV and BQCV, oral transmission from adults to larvae is
thought to propagate through infection. Transmission
between adult honey bees is thought to propagate through
unapparent and persistent infections. Moreover, a study
using molecular detection techniques to investigate BQCV in
10 individual queens and their offspring has indicated that
BQCV may be transmitted vertically. Since the oral route is
the most likely route of transmission in our study (no V.
destructor were observed in any of the nests), our results
have shown that numerous honey bee viruses can be
transferred from one species to another merely by eating
contaminated prey. Whether honey bee viruses also occur in
V. velutina populations without close contact with infected
honey bees is not presently known. So far, honey bee
viruses have been considered as pathogens with high host
specificity, although few studies have yet demonstrated the
presence of honey bee viruses in other hosts. More work
should be conducted on wild fauna in order to determine
whether other insects could act as reservoirs for honey bee
viruses and other pathogens. These alternative hosts could
also play a role in honey bee pathogen dissemination. It is
necessary to conduct more studies on honey bee virus
detection and replication in alternative hosts, correlated or
not with abnormalities.

Defence of honey bees against V. velutina

In Asia, the Eastern honey bee Apis cerana has developed
two defensive behaviours against predation by hornets.
Firstly, when a hornet starts hawking in front of the colony,
the honey bee workers move out onto the surface of the
hive and start performing “Mexican waves” by shimmering
their wings in unison. This behaviour warns returning forgers
that a hawking hornet is in the area and foraging often stops
until the hornet has left. Secondly if a hornet attempts to
enter a honey bee colony, the bees attack the hornet by
enclosing it in a ball of vibrating honey bees and proceed to
kill the hornet by raising the temperature at the centre of the
ball to 45°C. These behaviours are relatively effective, as A.
cerana colonies are less affected by V. velutina workers than
European honey bee (A. mellifera) colonies that lack both
behaviours. In Asia, European honey bees can form balls but
these are much less efficient at killing the hornet than those
of A. cerana. To date there have been no reports, in France,
of heat-balling nor shimmering behaviours towards V.
velutina in European honey bees.

At the moment in France, beekeepers are being encouraged
to use traps with various kinds of baits in order to capture V.
velutina foundress queens early in the season or foragers
during the summer. These traps are not specific to the Asian
hornets, and many others insects are killed (Rome 2011).
These means of control are highly discussed and could have
a significant negative impact on biodiversity (Monceau et al.
2012). The development of efficient trapping strategies with
specific baits remained to be achieved although some
pioneer work has been started (Couto et al. 2014). V.
velutina is the first invasive species to have received
significant media attention in Europe, probably because its
preferred prey, the honeybee, is a symbol of biodiversity and
because many people are afraid of wasps and hornets
(Monceau et al. 2013).

In India, control strategies such as killing hornet queens in
early spring, destroying hornet nests and swatting hornets at
the hives entrances have been advocated, but none of these
were reported to be effective. Indeed, in France similar
methods have been tried with similar results.

In our study, the replicative RNA form of SBV and BQCV
were identified independently from the phenotypic aspect of
the larvae. This finding has to be further studied in order to
confirm that the multiplication of these viruses has no visible
effects on larvae, nymphs or adults of V. velutina.
Quantitative analysis of the SBV and BQCV virus loads
should be performed to investigate this hypothesis.
Inapparent effects such as reducing the life span or fitness of
the queens or males should also be studied. In this study,
only eight nests were dissected at various developmental
stages. It should be further monitored whether nests with a
reduced size host honey bee viruses and their respective
replicative forms and viruses loads more frequently
compared with normally developed nests. More work has to
be done with a larger number of V. velutina nests in order to
better assess the potential pathogenicity of our findings to
the Asian hornets.
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The National Museum of Natural history has produced a
leaflet to help V. velutina identification. The European
reference laboratory for honeybee health together with the
National Museum have translated the document that is
currently available in 8 languages
(https://sites.anses.fr/en/minisite/abeilles/eurl-honey-bee-
health).

Conclusions and outlook

We have demonstrated that some honey bee viruses were
present and reproduced in Asian hornet nests. Whether
these viruses are pathogenic for V. velutina remains to be
studied.

V. velutina is now a well-established introduced hornet
species in Europe and eradication is not possible. So far
other countries such as New Zealand, Australia and Hawaii,
that have been invaded by wasps have failed to control their
populations despite many attempts. These have included the
introduction of parasitic nematodes, poison baits and
entomopathogenic fungi. Following the example of other
insects introduced in Europe e.g. Encarcia sp. and
Chrisomelidae beetles, it is highly likely that V. velutina will
continue to spread further east in France and across Europe,
and even into Northern Africa. Our findings might contribute
some knowledge that could be used to control this recently
introduced predator.
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