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Abstract

The finding of Apis florea in Malta provides a unique opportunity to investigate early pathogen dynamics in a non-native honey bee
species entering an insular ecosystem. A comprehensive molecular screening of adult workers was performed to assess pathogen
prevalence, abundance, replication activity, and genetic identity. The analysis revealed a high prevalence of DWV genotype A and
Nosema ceranae, alongside the detection of ABPV, CBPV, SBV, and BQCYV. Strand-specific RT-PCR confirmed active viral rep-
lication for all detected viruses. Sequencing demonstrated complete homology among positive individuals for each viral species,
suggesting a founder effect and introduction of a restricted pathogen genetic pool. Phylogenetic comparisons showed high similarity
with globally distributed strains, including Asian-associated lineages, while DWV-B and Nosema apis were not detected. The over-
all pathogen assemblage appears defined and biologically coherent, supporting the hypothesis that infections were co-introduced
from the area of origin rather than acquired from the Maltese environment. Given the ecological sensitivity of island systems, con-
tinued longitudinal monitoring will be essential to determine whether 4. florea will become an established pathogen reservoir within
the Maltese pollinator community or will remain a transient carrier of infections associated with a single introduction episode.
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Introduction

Biological invasions are widely recognised as major
drivers of biodiversity alteration, particularly in insular
ecosystems where ecological networks are simplified and
more vulnerable to perturbations (Burkle and Alarcon
2011; Chapman et al. 2023). The establishment of non-na-
tive pollinator species may affect native communities not
only through resource competition but also via pathogen

transmission, a mechanism increasingly acknowledged
as central in pollinator decline (Cornelissen et al. 2019;
Brown et al. 2024).

The recent detection of the red dwarf honey bee (4pis
florea Fabricius, 1787) in Malta (Uzunov et al. 2025) in-
troduces a new epidemiological component into a geo-
graphically confined Mediterranean archipelago (Uzunov
et al. 2025). Apis florea, native to South and Southeast
Asia (Ruttner 1988), is an open-nesting honey bee char-
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acterised by small colony size and high swarming fre-
quency (Wongsiri et al. 1997). Its ecological traits dif-
fer substantially from those of Apis mellifera Linnaeus,
1758, the dominant worldwide managed honey bee spe-
cies (Wongsiri et al. 1997). Such biological differences
may influence pathogen susceptibility, transmission dy-
namics, and reservoir competence.

Pathogens associated with 4. mellifera are no longer
considered strictly host-specific (Manley et al. 2015;
Dalmon et al. 2021; Nanetti et al. 2021; Tiritelli et al.
2024b; Cilia et al. 2024a). Horizontal transmission via
shared floral resources has been experimentally demon-
strated, highlighting flowers as epidemiological hubs
(Burnham et al. 2021; Fetters et al. 2025). Cross-species
transmission has been documented for several patho-
gens (Manley et al. 2015; Dalmon et al. 2021; Cilia et al.
2024a; Tiritelli et al. 2024b). Among these, DWV rep-
resents one of the most globally distributed and impactful
viral agents of bees. Its epidemiological expansion has
been tightly linked to the global spread of Varroa destruc-
tor (Anderson & Trueman, 2000) within honey bee col-
onies (de Miranda and Genersch 2010), with an impact
on wild and native insect populations (Singh et al. 2010;
Manley et al. 2019; Proesmans et al. 2026). Furthermore,
other beehive mites, primarily Euvarroa sinhai Delfinado
& Baker, 1974 and Tropilaelaps mercedesae Delfinado
& Baker, 1961, play a role in the transmission of virus-
es (de Guzman et al. 2020; Tian et al. 2023; Yang et al.
2024), although the extent of their role has yet to be fully
understood. Similarly, Nosema ceranae, a microsporidi-
an parasite originally described in Apis cerana Fabricius,
1793 (Fries et al. 1996), has become globally dominant
in A. mellifera populations, largely replacing the native
European N. apis in many regions (Martin-Hernandez et
al. 2012; Higes et al. 2013). Its infection has been asso-
ciated with energetic stress, immune dysregulation, and
increased colony mortality (Klee et al. 2007).

Although less extensively studied than A. mellifera,
A. florea has been shown to host several pathogens com-
monly associated with bees. High prevalence of DWV-A
has been documented in Asian populations of A. florea
(Tian et al. 2023; Hroobi 2024), even in the absence of
classical V. destructor—-mediated activation (Tian et al.
2023). Additional viruses, including acute bee paralysis
virus (ABPV), sacbrood virus (SBV), black queen cell vi-
rus (BQCV) and Apis mellifera filamentous virus (AmFV),
have also been detected in this species in both native and
newly invaded territories (Lin et al. 2021; Hroobi 2024;
de Leo et al. 2025; Hamim and Wilfert 2025). Among mi-
crosporidia, N. ceranae has been repeatedly reported in
A. florea, whereas N. apis appears rare or absent, suggest-
ing host-associated and biogeographic structuring of in-
fections (Chaimanee et al. 2010; Farag et al. 2024). These
few findings indicate that 4. florea could harbour a patho-
gen assemblage broadly overlapping with that of 4. mel-
lifera. However, the relative contribution of historical host
association versus recent spillover remains unresolved.
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Island ecosystems such as Malta may amplify pathogen
transmission due to spatial confinement and high colony
density. The introduction of a new pollinator species may
alter the local epidemiological equilibrium by acting as
a spillover recipient, a reservoir host, or a bridge species
that facilitates pathogen circulation (Brettell et al. 2021).
Thus, it appeared particularly important to determine the
pathogen profile of the 4. florea colony found in Malta
(Uzunov et al. 2024). The prevalence and abundance of
the main bee-associated pathogens in A. florea workers
collected from the colony found in Malta in 2024 are here
reported, increasing the current knowledge of this species
and supporting the assessment of the potential risk to the
local insect population related to the introduction of novel
pathogen variants.

Material and methods

Adult specimens of 4. florea were collected alive from
the swarm found in Malta (Uzunov et al. 2024) and were
immediately stored at -80 °C until analysis.

Extraction of nucleic acids

Before extraction, 160 bees were washed with 95% eth-
anol to remove external microbial contaminations, and
each sample was analysed individually.

Extraction was performed as previously reported (Cil-
ia et al. 2022a; Tiritelli et al. 2024a; Ferrari et al. 2025).
Briefly, each bee was placed in a 2 mL microtube with
500 pL of DNA/RNA Shield (Zymo Research, Irvine,
CA, USA) and crushed with a TissueLyser II (Qiagen,
Hilden, Germany) for 3 min at 30 Hz (Cilia et al. 2022b).
The obtained suspensions were split into two aliquots
from which DNA and RNA were separately extracted us-
ing a Quick DNA Microprep Plus Kit (Zymo Research)
and a Quick RNA Microprep Plus Kit (Zymo Research),
respectively. The obtained nucleic acids were stored at
-80 °C until the qPCR assays.

Quantitative Real-Time PCR (qPCR) Assays

A quantitative Real-Time PCR (qPCR) analysis was per-
formed to determine the abundance of each pathogen
in the samples using the extracted DNA and RNA. The
primers used for the qPCRs are reported in Suppl. ma-
terial 1.

Each qPCR reaction was carried out in a total volume
of 10 pL for each target gene using SYBR PowerUp
SYBR Green Master Mix (ThermoFisher, Waltham,
MA, USA) and the Power SYBR Green RNA-to-CT Kit
(ThermoFisher Scientific), carried out using a QuantStu-
dio 3 Real-Time PCR System (ThermoFisher Scientific),
as reported in previous studies (Cilia et al. 2024b; Tiritelli
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et al. 2024b). DNA and RNA previously extracted from
positive honey bees (4. mellifera) were used as positive
controls for each pathogen investigated; while, as a nega-
tive control, sterile water was used. A standard curve was
created for each of the target genes by amplifying seri-
ally diluted recombinant plasmids containing the patho-
gen-specific DNA and RNA fragment from 1 x 10" to 1
x 10" copies, as previously reported (Cilia et al. 2024b;
Tiritelli et al. 2026) using the specific amplification and
quantification protocols (Dobbelaere et al. 2001; James
and Skinner 2005; Chantawannakul et al. 2006; Mar-
tin-Hernandez et al. 2007; Roetschi et al. 2008; Di Prisco
et al. 2011; Hartmann et al. 2015; McMahon et al. 2015;
Cilia et al. 2018; Buendia-Abad et al. 2023).

All the analyses were carried out in duplicate. The
gPCR data were used to evaluate prevalence and abun-
dance for each investigated pathogen. Prevalence was de-
fined as the proportion of positive samples over the total
number of samples analysed, expressed as a percentage.
Abundance was calculated as the mean of the two qPCR
replicates and subsequently log, -transformed to nor-
malise the data distribution

Viral strand-specific RT-PCR

The active replication of viruses was evaluated using
strand-specific RT-PCRs using specific primers, as previ-
ously described (Mazzei et al. 2018; Ferrari et al. 2025).
Positive and negative strands previously obtained from
positive honey bees (4. mellifera) were used as positive
controls. PCR amplified the obtained cDNAs for the viral
targets, and the amplicons were visualised on a 2% aga-
rose gel and purified using ExoSAP-IT Express (Ther-
moFisher Scientific). Subsequently, the amplicons were
sequenced through the SeqStudio™ (ThermoFisher Sci-
entific) using standard Sanger methodology.

A phylogenetic analysis was performed on RNA-de-
pendent RNA-polymerase gene (for DWV-A and chronic
bee paralysis virus — CBPV), polyprotein gene (for SBV
and BQCV) and capsid protein gene (for ABPV) using
BLAST analysis (Altschul et al. 1990) with sequences de-
posited in GenBank using the Neighbour-Joining method
(Saitou and Nei 1987), associating taxa clustered together
in the bootstrap test (500 replicates) (Felsenstein 1985).
The evolutionary distances were computed using the Max-
imum Composite Likelihood method (Tamura et al. 2004)
and are in the units of the number of base substitutions
per site. All ambiguous positions were removed for each
sequence pair (pairwise deletion option). Evolutionary
analyses were conducted in MEGA X (Kumar et al. 2018).

Results

A total of 158 bees out of 160 were found positive for
at least one investigated pathogen. Overall, DWV-A

(85.6%), N. ceranae (76.9%), ABPV (36.9%), CBPV
(25.0%) and Lotmaria passim (23.8%) were the five most
prevalent pathogens (Table 1). Lower prevalence was de-
tected for SBV (7.5%) and BQCV (6.3%) (Table 1).

The pathogen with the highest abundance was
N. ceranae (2.31 x 10'° £2.92 x 10'), followed by SBV,
DWV-A, CBPV, L. passim, ABPV and BQCV (Table 1).

DWV-B, Kashmir bee virus (KBV), Israeli acute paral-
ysis virus (IAPV), AmFV, N. apis, Crithidia mellificae, C.
bombi, Ascosphaera apis, Paenibacillus larvae, and Me-
lissococcus plutonius were not detected in any samples.

The strand-specific RT-PCR demonstrated active vi-
ral replication for each detected-positive virus (DWV-A,
ABPYV, CBPV, SBV and BQCV).

The BLAST analysis performed on the obtained ampl-
icons confirmed the same sequence for all positive indi-
viduals and highlighted the specificity of the sequences.

Table 1. The number of positive, prevalence and the mean
abundance (+standard deviation) for the investigated patho-
gens. The abundance value described the copy number of the
DNA or RNA pathogen.

Pathogens Positive Prevalence Abundance Standard
deviation

DWV-A 137 85.63% 1.09 x 107 4.47 x 107
DWYV-B 0 - - -
ABPV 59 36.88% 1.20 x 10°  1.42 x 107
CBPV 40 25.00% 8.05x 10° 9.81 x 107
SBV 12 7.50% 529 x 107 5.94 x 108
BQCV 10 6.25% 4.87x 10> 4.01 x 10°
KBV 0 - - -
IAPV 0 - - -
AmFV 0 - - -
Nosema ceranae 123 76.88% 231 x 10" 292 x 10"
Nosema apis 0 - - -
Lotmaria passim 38 23.75% 2.06 x 10°  2.59 x 107
Crithidia mellificae 0 - - -
Crithidia bombi 0 - - -
Ascosphaera apis 0 - - -
Melissococcus 0 - - -
plutonius
Paenibacillus 0 - - -
larvae

All samples showed affinity to A. ceranae from Asia.
In details, DWV-A (Fig. 1)showed similarity (90.21% of
identity, 5e-115 of E-value) with isolates from Chinese
larvae (JX679473.1); CBPV (93.56% of identity, 9e-133
of E-value) with adult from China (AB716703.1) (Yang
etal. 2013); ABPV similarity (90.68% of identity, 5e-115
of E-value) with larvae from Thailand (KY451673.1)
(Chanpanitkitchote et al. 2018); SBV (93.65% of identity,
2e-149 of E-value) with larvae from China (HG779872.1)
(Yaiiez et al. 2015); BQCV (91.67% of identity, le-
131 of E-value) with adult from 4. cerana from China
(JN185931.1).

The sequences were deposited in GenBank with the
Accession Number PZ124482—-P7124486.
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l(: JX679473.1 Apis cerana (CHN)
80 PZ124486.1 Apis florea (MLT)
1

72 JX679480.1 Apis cerana (CHN)
14 MF770715.1 Apis mellifera (CHN)
PQ807014.1 Varroa destructor (TWN) -
7 { PX309089.1 Apis mellifera (GBR)
98 0L803822.1 Apis mellifera (CZE)
ON448653.1 Apis mellifera (ITA)
— OP346786.1 Bombus terrestris (ITA)
100

PV948000.1 Apis mellifera (ITA)
ﬁE PV384982.1 Apis mellifera (PRT)

91 MT770909.1 Apis mellifera (ITA)
Figure 1. Maximum likelihood nucleotide phylogeny of DWV
RNA-dependent RNA-polymerase gene. This involved 12 nu-
cleotide sequences. There were a total of 10193 positions in the
final dataset. Accession number, host and country are reported
for the sequences identified in this study. Legend. CHN=Chi-
na; CZ= Czech Republic; GBR= United Kingdom; ITA=Italy;
MLT=Malta; PRT=Portugal; TWN=Taiwan.

Discussion

The present study provides a comprehensive molecular
assessment of pathogen prevalence, abundance, replica-
tion, and genetic identity in the 4. florea colony found in
Malta in summer 2024. The active viral replication for
all detected viruses and the high prevalence of DWV-A
and N. ceranae, demonstrate that the detected agents
represent biologically established infections rather than
passive environmental contamination. This, together
with the elevated infection rates and substantial pathogen
loads, suggests that the 4. florea swarm most probably
arrived in Malta already carrying persistent infections.
Phylogenetic analyses showing similarity to strains
previously isolated from A. cerana in Asia are consistent
with the Asian origin of 4. florea (Ruttner 1988) and with
previously reported detections of DWV of this species
within its native range (Tian et al. 2023; Hroobi 2024). At
the same time, clustering with European sequences sug-
gests that these viral lineages are globally distributed, as
widely documented for DWV (de Miranda and Genersch
2010; Wilfert et al. 2016; Manley et al. 2019). Another
confirmation of Asian origins comes from the exclusive
detection of DWV-A. Instead, in European A. mellifera
populations, DWV-B is frequently reported and, in some
regions, has partially displaced DWV-A (de Miranda et
al. 2022; Paxton et al. 2022; Sircoulomb et al. 2025). The
lack of DWV-B in Maltese A. florea suggests that the
pathogen composition does not fully reflect the local Eu-
ropean viral landscape, further supporting the hypothesis
of pathogen carriage from the area of origin rather than
acquisition following arrival. A similar pattern emerges
for microsporidia. N. apis, historically associated with
European A. mellifera, was not detected in the Maltese
sample of A. florea, while N. ceranae, originally de-
scribed in Asian honey bees, was found with high preva-
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lence. This is consistent with both historical host associa-
tion and global distribution, as it is known that N. ceranae
has become dominant in A. mellifera populations world-
wide (Paxton et al. 2007; Martin-Hernandez et al. 2024).
Similarly, the complete absence of the native European
Nosema apis, and the high rate and abundance of native
Asian N. ceranae in the analysed Maltese A. florea sam-
ple support the same hypothesis.

Interspecific transmission among different bee spe-
cies is well documented between managed and wild bees
(Grozinger and Flenniken 2019; Nanetti et al. 2021; Suse-
vich et al. 2021). Moreover, viral circulation across Apis
species boundaries, including between 4. mellifera and
A. cerana, has been reported in multiple geographic con-
texts (Forsgren et al. 2014; Beaurepaire et al. 2015; Yaiez
et al. 2015; Chang et al. 2021), highlighting that species
barriers among honey bees are permeable under ecolog-
ical overlap. The absence of brood-associated pathogens
(4. apis, P. larvae and M. plutonius) is biologically con-
sistent with the sampling context, as these pathogens
primarily infect and replicate within larval stages inside
brood comb matrices (Aronstein and Murray 2010; Fors-
gren 2010). Indeed, in the investigated Maltese 4. florea
colony no brood or freshly laid eggs were present at the
time of sampling (Uzunov et al. 2024), even if it had pre-
viously reared brood (Uzunov et al. 2025).

The findings of this investigation are broadly consistent
with those reported from investigation on A. florea bees
later detected in Malta and Italy (de Leo et al. 2025). Both
studies confirm that A. florea can harbour a diverse patho-
gen assemblage upon introduction into Mediterranean en-
vironments. Furthermore, the Asian origin of the pathogen
strains confirms the hypotheses of arrival of the swarm di-
rectly from the Far East, rather than from Northern Africa,
where A. florea is also present (Sharaf El-Din et al. 2025).

The importance of monitoring pathogens from inva-
sive alien species is important as populations may evolve
over time and change according to local ecological con-
text, degree of interaction with native bees, and duration
of establishment, as seen in other alien and/or invasive
insects (Vespa velutina nigrithorax, Linepithema humile,
and Solenopsis invicta) (Sébastien et al. 2015; Mazzei et
al. 2019; Baty et al. 2020; Gabin-Garcia et al. 2021; Ro-
driguez-Flores et al. 2022; Bartolomé et al. 2024; Cilia
et al. 2024a; Felden et al. 2024). Besides, Malta is a geo-
graphically confined island, which may be particularly
vulnerable to such transmission dynamics. Insular polli-
nator communities are considered epidemiologically sen-
sitive due to spatial confinement and limited buffering ca-
pacity (Santamaria et al. 2018; Brettell et al. 2019, 2021;
Lopes et al. 2022; Aguado-Lopez et al. 2023). Although
the current molecular evidence suggests limited integra-
tion of A. florea pathogens into the local pool, further in-
troductions or spread of A. florea on the island would pro-
vide a progressive ecological overlap with A. mellifera
that could facilitate future bidirectional exchange. Over-
all, the pathogen assemblage detected in Maltese A4. florea
appears structured and coherent, supporting a scenario in
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which founder effects and historical host associations
currently play a stronger role than extensive ecological
integration. This is also explained by the currently sin-
gle detected established colony on the island, which was
swiftly removed. The numerous detected pathogens in
the single established colony highlight that the risk posed
by the introduction of alien species goes beyond the risk
of competition for resources and habitats. The findings
of this paper highlight the importance of strengthening
surveillance and biosecurity measures aimed at limiting
further introductions of alien bee species, as once estab-
lished, non-native pollinators may influence pathogen
dynamics and potentially generate cascading effects on
native biodiversity and ecosystem stability. This is espe-
cially true for an insular system like Malta, which is home
to many endemisms, including the Apis mellifera subspe-
cies A. m. ruttneri, subject of conservation programs.

Conclusions

The accidental introduction of 4. florea into Malta pro-
vides an opportunity to examine the early epidemiolog-
ical dynamics of a honey bee species entering an insular
ecosystem. The high prevalence and active replication
of DWV-A, ABPV, CBPV, SBV, BQCV, and N. ceranae
indicate that the founding population arrived with estab-
lished infections. Viral sequence homogeneity and the
absence of DWV-B and N. apis support the hypothesis of
pathogen carriage from the area of origin rather than ac-
quisition from the Maltese environment. Long-term sur-
veillance will therefore be essential to determine whether
this species remains on the European island and if it could
act as a transient carrier of introduced infections or be-
come an integrated reservoir within the Maltese pollina-
tor community.
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Supplementary material 1

List of primers used to detect fungus,
microsporidian, trypanosomatids and
viruses

Authors: Giovanni Cilia, Cecilia Costa, Aleksandar Uzu-
nov, Matthew Vella, David Mifsud

Data type: docx

Copyright notice: This dataset is made available under
the Open Database License (http://opendatacommons.
org/licenses/odbl/1.0). The Open Database License
(ODbL) is a license agreement intended to allow us-
ers to freely share, modify, and use this Dataset while
maintaining this same freedom for others, provided
that the original source and author(s) are credited.

Link: https://doi.org/10.3897/bull.insectology.195045.suppl 1
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