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A B S T R A C T

Vespa orientalis is spreading across the Italian and European territories leading to new interactions among species,
which could lead to the transmission of pathogens between species. Detection of honey bee viruses in V. orientalis
has already been revealed in both adults and larvae, while no information is available regarding parasitic
occurrence. Sixty adult hornets collected across apiaries in the South of Italy were subjected to cytological,
histopathological and biomolecular examination to evaluate the occurrence of Nosema ceranae, Ascosphaera apis,
Lotmaria passim, Crithidia mellificae, and Crithidia bombi.

Cytological examination revealed the presence of Nosema spores in 38.33% of individuals while histopatho-
logical analysis showed the presence of L. passim-like elements in the rectum of two examined specimens and the
presence of fungal hyphae in the small intestine of another hornet. Biomolecular investigation revealed that
N. ceranae was the most prevalent pathogen (50.0%), followed by A. apis (6.66%), L. passim (6.66%) and C. bombi
(6.0%).

1. Introduction

Involuntary anthropic introduction, climate change (Ward and
Masters, 2007; Renault et al., 2018) and habitat loss have led to the
introduction and expansion of new and old species in new territories,
leading to creation of new interactions among species which could
change the epidemiology of pathogens (Crowl et al., 2008). This is
particularly true for terrestrial arthropods, as it was established a close
association between the increase of temperatures and the establishment
of species outside their natural range (Hulme, 2017).

In the beekeeping field the introduction of alien species such as
Varroa destructor (Warner et al., 2024), Aethina tumida (Schäfer et al.,
2010) or Vespa velutina (Laurino et al., 2020; Diéguez-Antón et al., 2022)
is a phenomenon which has proved to cause great economical damage to
the beekeeping sector due to their impact on honey bee colonies.

The Oriental hornet (Vespa orientalis L.) is native to the southeastern
Mediterranean, north-eastern and eastern Africa, the Middle East,

Central Asia (Archer, 1998; Cetkovicı,́ 2003), Malta and southern Italy.
However, it has expanded its areal to central and northern Italy (Bressi
et al., 2019; Graziani and Cianferoni, 2021), as well as other European
countries (Hernández et al., 2013; Sánchez et al., 2019; Castro and del
Pico, 2021; Ceccolini, 2021; Gereys et al., 2021; Zachi and Ruicănescu,
2021) and South America (Rıós et al, 2020; du Buysson, 1904; Dvořák,
2006; Otis et al., 2023).

Social hornets of the Vespidae family appear to be particularly
dangerous for the wellbeing of the honey bee (Apis mellifera L.) colonies
due to their predatory and plundering behavior towards honey bees and
their colonies (Matsuura, 1991; Matsuura and Yamane, 1990). Indeed,
hornet foragers perform continuous patrolling flights in front of the hive
to catch honey bees (Zucca et al., 2024; Werenkraut et al., 2022) or enter
the hive to rob honey, pollen and honey bee larvae (Morse, 1978; Abrol,
1994) which are used as sources of food. Dietary habits of this species
vary according to age. In fact, while adults feed mainly on carbohydrates
(Ibrahim and Mazeed, 1967), such as rotten fruit and honey, brood is fed
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mainly proteins, particularly insects (Archer, 1998; Hernández et al.,
2013; Cini et al., 2018).

The interaction between hornets and honey bees could lead to the
passage of pathogens between the two species, and hornets could act as
vectors for honey bee pathogens (Mazzei et al., 2014; Marzoli et al.,
2021).

Previous studies have reported the presence of various honey bee
pathogens in the species of Vespa (Nowar, 2016; Gabín-García et al.,
2021), with a specific focus on viruses (Forzan et al., 2017; Mazzei et al.,
2018, 2019; Dalmon et al., 2019; Highfield et al., 2020; Rodríguez-
Flores et al., 2022; Power et al., 2022, 2023), confirming their replica-
bility in Vespids and underlining the possible role of these insects in
spreading pathogens potentially lethal to honey bees (Yañez et al., 2012;
Mazzei et al., 2018, 2019; Yang et al., 2019). Honey bee viruses are
responsible for high mortality of honey bees and impairment of pro-
ductions, which are also associated to fungi and protozoa (Lin et al.,
2023; Neov et al., 2019).

Nosema sp. is a globally diffused microsporidia of honey bees (Grupe
and Quandt, 2020). Microsporidia are obligate intracellular eukaryotic
parasites, nowadays classified as fungi (Adl et al., 2005), able to cause
substantial damage to honey bee colonies. Two different species have
been characterized in Italy: Nosema apis and Nosema ceranae. N. apis is
responsible for Nosemosis type A, which is associated to diarrhea,
crawling bees, and winter losses (Fries, 1991), while N. ceranae is
responsible for Nosemosis type C, which progresses with no evident
clinical signs leading in the end to high colony mortality (Higes, et al.,
2008a; Paxton, 2010; Botías et al., 2013). Nowadays, N. ceranae is the
main microsporidia infecting bee colonies, having completely replaced
N. apis in the last years, not only in Italy but also in other European and
Mediterranean countries (Martín-Hernández et al., 2012). Ascosphaera
apis (Spiltoir, 1955; Spiltoir and Olive, 1955) is also an important
mycotic agent which affects the developing brood causing Chalkbrood
disease (Flores et al., 2005a). The disease is characterized by death of
honey bee larvae and their transformation into the so-called “chalk-
brood mummies”: dehydrated white, gray or black larvae of hard con-
sistency (Aronstein and Murray, 2010). Transmission of N. ceranae and
A. apis can occur via ingestion of spores which accumulate in the hive,
beehive products, beekeeping material as well as on food sources like
pollen and nectar (Flores et al., 2005b; Aronstein and Murray, 2010;
Martín-Hernández et al., 2018; Pereira et al., 2019).

Honey bee trypanosomatids are the least-studied group of bee par-
asites, however the scientific interest towards these species has grown in
the past years helping increasing data about their prevalence in honey
bees (Runckel et al., 2011; Schwarz et al., 2015; Castelli et al., 2019;
Williams et al., 2019; Hall et al., 2021; Michalczyk et al., 2022; Yama-
moto et al., 2023; Bordin et al., 2022; Buendía-Abad et al., 2023; Iller
et al., 2024). Crithidia mellificae and Lotmaria passim, which until 2014
was identified as C. mellificae (Cepero et al., 2014), have been associated
to impairment of colony wellbeing as they colonize the gut lumen
(Gómez-Moracho et al., 2020) and induce microbiome and immune
modifications (Schwarz et al., 2016; Liu et al., 2020), also in association
to N. ceranae (Schwarz and Evans, 2013). On the contrary, C. bombi,
which affects bumblebees, seems to have no direct effect on honey bee
colonies, although it appears that honey bees may play a role in the
epidemiology of its transmission.

Given the lack of epidemiological data on non-viral pathogens,
especially in Italy, this study aimed to verify the possible presence of the
most common honey bee fungi (N. ceranae and A. apis) and trypanoso-
matids (C. mellificae, C. bombi and L. passim) in adult individuals of
V. orientalis.

2. Materials and methods

Sixty adults V. orientalis were collected from seven different apiaries
(A-G) located in the Sicily and Campania regions (South of Italy)
(Table 1).

Individuals were sampled during their predatory activity in the
proximity of the hives using a sweep net and transported in 50 mL tubes
to the laboratory of Veterinary General Pathology and Anatomical Pa-
thology of the Department of Veterinary Medicine and Animal Pro-
ductions, University of Naples “Federico II”. Adults of V. orientalis were
then processed as previously described (Power et al., 2022) and
analyzed through cytological, histopathological and biomolecular
techniques to verify the presence of honey bee pathogens, namely
N. ceranae, A. apis, L. passim, C. mellificae, and C. bombi. Samples were
individually homogenized in 1,5 mL of water and 50 μl of suspension
was smeared on a slide and stained with MGG Quick Stain (Bio-Optica,
Milan, Italy). Cytological slides were then observed by light microscopy.
DNA was extracted from the remaining suspension using the DNA Blood
and Tissue kit (Qiagen, Hilden, Germany) following the manufacturer
instructions. The extracted DNAs were kept at − 80 ◦C until the qPCR
analysis.

A quantitative Real-Time PCR (qPCR) analysis was performed to
determine the abundance of each pathogen in the samples using the
extracted DNA. The primers used for the qPCRs are reported in Table 2.

A total reaction volume of 10 µL was produced for each target gene
using SYBRTM green assays with forward and reverse primers and
nucleic acid extract adding 2 µl of extracted DNA, using the SYBR
PowerUpTM SYBRTM Green Master Mix (ThermoFisher, Waltham, MA,
USA), as reported in previous studies (Cilia et al., 2021, 2022; Tiritelli
et al., 2024). The qPCRs were carried out using a QuantStudioTM 3 Real-
Time PCR System (ThermoFisher Scientific), according to the protocols
for each gene sequence (James and Skinner, 2005; Huang et al., 2015;
Xu et al., 2018; Cilia et al., 2018a; Bartolomé et al., 2018). DNA previ-
ously extracted from positive honey bees were employed as positive
controls for each pathogen investigated, while sterile water was used as
a negative control. All the analyses were carried out in duplicate.

A standard curve was created for each of the target genes by
amplifying serially diluted recombinant plasmids containing the
pathogen-specific DNA fragment from 1 × 101 to 1 × 109 copies in a
qPCR assay on QuantStudioTM 3 Real-Time PCR System (ThermoFisher
Scientific), as reported in previous studies using the amplification and
quantification protocols (James and Skinner 2005; Huang et al., 2015;
Xu et al., 2018; Cilia et al., 2018a; Bartolomé et al., 2018).

Moreover, 10 samples collected from the B site were formalin fixed
and processed for histopathological analysis as previously described
(Power et al., 2020). Slides were then stained with Hematoxylin and
Eosin (HE) and Grocott staining to evidence possible fungi.

3. Results

Overall, 65.0 % of investigated V. orientalis were positive to at least
one of the tested pathogens. All investigated individuals were negative

Table 1
Sampling site list.

Sampling
site
ID

Province Coordinates Samples
ID

Pa1 Palermo 38.11142821090812,
13.351422249826987

A1-A6

Pa2 Palermo 38.098709696638224,
13.320493674095824

B1-B7

Av Avellino 40.832859461289594,
14.845954603567128

C1-C7

Sa Salerno 40.26745003430254,
14.939167255349021

D1-D7

Na Naples 40.835056151950106,
14.109914052525768

E1-E9

Ca Caserta 41.24987356538574,
14.066506340434836

F1-F9

Pa Palermo 38.07854376431349,
13.334164047497351

G1-G15

K. Power et al.
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for C. mellificae. N. ceranae was the most prevalent pathogen (50.0 %),
followed by A. apis and L. passim (6.66 %) and C. bombi (6.0 %). Besides,
co-infections were identified in 3 specimens (5.0 %). The association
between N. ceranae and L. passimwas detected in 2 individuals (3.33 %),
while the association between N. ceranae and C. bombi was revealed in
only one hornet (1.66 %).

Concerning pathogen abundance, the higher load was detected for
N. ceranae (1.07 × 106 ± 5.31 × 106), followed by L. passim (1.26 × 104

± 9.18 × 104), A. apis (6.54 × 103 ± 4.19 × 104) and C. bombi (1.34 ×

102 ± 8.12 × 102). For a comprehensive view of individual infection,
data are available in Table S1.

The cytological examination revealed the presence of Nosema spores
in 23 individuals (38.33 %) (Fig. 1A-B), while no sample was found
positive for A. apis, L. passim, C. bombi and C. mellificae.

Histopathological analysis showed the presence of L. passim-like el-
ements in the rectum of two examinated hornets (20.0 %) (Fig. 2A-2B)
associated to haemocyte recruitment (Fig. 2C), and Grocott staining
emphasized the presence of fungal hyphae in the small intestine
(Fig. 3A) of another hornet (Fig. 3B-C). No sample showed the presence
of Nosema spp. and Crithidia spp.

4. Discussion and conclusions

Microsporidia and trypanosomatids are the most prevalent eukary-
otic gut parasites of wild bees and honey bees and their role in honey bee
colony impairment is well known (Higes et al., 2008a; Runckel et al.,
2011; Cornman et al., 2012; Schwarz et al., 2015). Natural and labo-
ratory infection with N. ceranae, A. apis and L. passim had already been
reported in different Arthropoda such as Andrena, Bombus, Melipona,
Tetragonula, Osmia, Halictus and Lasioglossum species (reviewed in
Nanetti et al., 2021a). Moreover, Aethina tumida (the small hive beetle)
was found to carryN. ceranae, A. apis, L. passim, C. bombi and C. mellificae
in three different previous studies (Cilia et al., 2018b; de Landa et al.,
2021; Nanetti et al., 2021b).

Considering the genus Vespa, identification of Nosema spp., L. passim,
C. mellificae and C. bombi, was already reported in Spain in V. crabro and
V. velutina (Gabín-García et al., 2021) but never in V. orientalis.

Moreover, this is the first report of the presence of A. apis in Vespa genus.
A previous study carried out in northern Italy by Zucca et al. (2024))

analyzed V. orientalis samples for several bee pathogens using micro-
scopic and molecular approaches. Hornets were positive for DWV, BQCV
and SBV, while, conversely to the results of this investigation, they were
negative for the Nosema spp, L. passim and C. mellificae.

The samples analyzed in our study presented higher prevalence of
N. ceranae compared to the other gut parasites. These finding are dis-
similar to those reported in V. crabro and V. velutina, in which N. ceranae
was detected less frequently (3.2 % in V. crabro and 2.5 % in V. velutina)
than both trypanosomatids (L. passim with a prevalence of 16.1 % in
V. crabro and 3.8 % in V. velutina, while C. bombi 12.9 % in V. crabro and
17.7 % in V. velutina) (Gabín-García et al., 2021). Moreover, the same
study described the presence of C. mellificae in both species of Vespa (3.2
% V. crabro and 8.9 % V. velutina) while it was not detected in any of the
samples analyzed in our study.

Suspension smears revealed only the presence of N. ceranae and not
of A. apis, L. passim, C. mellificae, and C. bombi. Indeed, cytological ex-
amination on its own is known to be less specific compared to molecular
approaches (da Silva and Langoni, 2001; Meymandi et al., 2010; Otranto
et al., 2011) and discrepancy in results has already been reported
(Gabín-García et al., 2021).

In general, the average pathogen abundance detected in the inves-
tigated V. orientalis individuals was lower than the threshold (>1 × 106

copies) generally considered for symptomatic infection load of patho-
gens infecting honey bee workers (Mazzei et al., 2014; Martín-Hernán-
dez et al., 2018; Cilia et al., 2020; Chen et al., 2021 ). Only the
abundance ofN. ceranae exceeded this limit in few individuals. Although
abundance does not provide definitive epidemiological information
especially related to non-Apis species, these findings indicated a wide-
spread occurrence of N. ceranae among V. orientalis probably due to
honey bee predation or to the great presence of Nosema spores in the
environment (McMahon et al., 2015; Porrini et al., 2016; Radzevičiūtė
et al., 2017; Alger et al., 2019; Tiritelli et al., 2024).

Transmission of honey bee gastrointestinal pathogens relies on oral-
fecal route to infect new hosts, therefore it is likely to occur via ingestion
of contaminated hive products or feed. Both microsporidia, fungi and

Table 2
List of primers used for pathogen detection in Vespa orientalis.

Target Primer name Sequence (5′-3′) Reference

Ascosphaera apis A_apis_3-F1
A_apis_3-R1

TGTCTGTGCGGCTAGGTG
CCACTAGAAGTAAATGATGGTTAGA

(James and Skinner 2005)

Nosema ceranae Hsp70_F
Hsp70_R

GGGATTACAAGTGCTTAGAGTGATT
TGTCAAGCCCATAAGCAAGTG

(Cilia et al., 2018a)

Lotmaria passim LpRPB_F
LpRPB_R

CCCATACCAGCGATCCTCA ATGAACTTCGCCACCTCATCA (Bartolomé et al., 2018)

Crithidia mellificae Cmel_Cyt_b_F
Cmel_Cyt_b_R

TAAATTCACTACCTCAAATTCAATAACATAATCAT
ATTTATTGTTGTAATCGGTTTTATTGGATATGT

(Xu et al., 2018)

Crithidia bombi C.bombi_119Fw
C.bombi_119Rv

CCAACGGTGAGCCGCATTCAGT
CGCGTGTCGCCCAGAACATTGA

(Huang et al., 2015)

Fig. 1. Cytological examination of homogenized samples of V. orientalis. Presence of Nosema spp. spores (arrow). 40X. MGG Quik stain.
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trypanosomatids, are highly resistant pathogens, and, parasite intake
could have occurred during foraging activities, trophallaxis or vertically
(Higes et al., 2008b; Graystock et al., 2015). However, we cannot
discard the hypothesis of parasite uptake through ingestion of infected
honey bees as it occurs for viruses (Yañez et al., 2020; Power et al.,
2023), and more studies are needed to clarify this point.

In conclusion, V. orientalis in addition to honey bee viruses, can also
harbor different species of enteropathogenic parasites and perhaps
contribute to their spread.
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Hernández, R., Garcıá-Gans, F.J., Selfa, J., Rueda, J., 2013. Primera Cita De La Avispa
Oriental Invasora Vespa orientalis Linnaeus 1771 (Hymenoptera: Vespidae) En La
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Yañez, O., Zheng, H.Q., Hu, F.L., Neumann, P., Dietemann, V., 2012. A scientific note on
Israeli acute paralysis virus infection of Easternhoneybee Apis cerana and vespine
predator Vespa velutina. Apidologie 43, 587–589.
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