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Abstract: The growing interest in Vespa velutina venom stems primarily from its impact on
human health due to stings and its potential pharmacological applications. Traditionally,
venom extraction methods have relied on capturing individual hornets or removing and
euthanizing entire nests, followed by dissection of venom sacs—a labor-intensive and
disruptive process. In this work, we present a novel, non-invasive approach to venom
harvesting. Using a portable electrostimulation device, venom was extracted directly from
active Vespa velutina nests in their natural habitat. This method eliminates the need for nest
manipulation, significantly reducing disturbance and improving efficiency. These visuals
highlight the practicality and potential of this groundbreaking technique, opening new
avenues for sustainable and scalable venom collection.
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The yellow-legged Asian hornet (Vespa velutina Lepeletier 1836) (Hymenoptera: Vesp-
idae), an invasive species in South Korea, Europe, Japan, and recently established in the
United States; has significant ecological, economic, and public health impacts [1]. In addi-
tion to these concerns, it has also attracted scientific attention due to the properties of its
venom, which is of interest for its toxicity [2], allergenic potential [3], and pharmacological
applications [4].

Unlike honey bees, where electrostimulation is a widely utilized and established
method for venom extraction, its application in wasps or hornets has been limited. In
vespids, traditional venom collection often involves capturing individual insects or eutha-
nizing entire nests to manually extract venom sacs [2]. While effective, these approaches
are labor-intensive, invasive, and frequently result in the destruction of the colony, raising
ecological and ethical concerns. Moreover, the manual dissection process can introduce
contaminants from glandular or tissue components, potentially altering the venom’s bio-
chemical composition and reducing its purity. In our earlier work [5], we demonstrated
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that electrostimulation could be effectively applied to individual hornets and to relocated
nests, offering an alternative to manual venom sac extraction. However, these techniques
required substantial handling, and relocating nests posed risks to both the operators and
the colony itself. To address these limitations, we propose a novel, non-invasive approach:
field-based electrostimulation directly at the nest site.

The hornet nest, discovered on 26 November 2024, at coordinates 42°19’58.0" N,
8°28/01.4” W, was located in Fornelos de Montes, a municipality in eastern Pontevedra,
Galicia, Spain. Figure 1 provides an overview of the general environment where the
nest was found. This region is characterized by an Atlantic European climate at lower
elevations and a Central European climate at higher altitudes, supporting a diverse range
of vegetation. The landscape is dominated by extensive patches of gorse (Ulex europaeus),
Erica arborea, and Cytisus species, interspersed with grasses and a sparse herbaceous layer.
Alongside the Xesta-Oitavén and Parada-Val do Home rivers, the area supports riverine
flora such as Fraxinus excelsior, Salix atrocinerea, and Quercus robur. While native oak forests
(Quercus robur) remain the predominant woodland type, their distribution is limited to
small areas, primarily near river valleys. Reforestation efforts have further diversified the
landscape, incorporating Eucalyptus globulus and Pinus pinaster, which contribute to the
region’s mixed forest composition. This ecological backdrop highlights the adaptability
of V. velutina, as the nest was skillfully concealed within the dense shrubland, blending

seamlessly into its surroundings.
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Figure 1. (a) General view of the mountainous area where the Vespa velutina nest was located,
dominated by Ulex and Cytisus vegetation. A black arrow indicates the precise location of the nest,
highlighting its effective camouflage within the dense shrubland. (b) Close-up view of the nest
positioned approximately 50 cm above the ground, supported by the surrounding vegetation and
blending seamlessly with its natural environment.

Studies have shown that V. velutina nests occur in a wide range of habitats, from
artificial and agricultural surroundings to natural areas, with the majority positioned
within vegetation at varying heights. This adaptability enables the hornet to exploit both
natural and human-altered landscapes effectively. Additionally, the species’ ability to nest
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close to the ground, as seen in the present study, contrasts with the higher-altitude nesting
typical in many regions and emphasizes the influence of local environmental and climatic
factors. The availability of food, nesting resources, and the need for thermoregulation are
critical determinants shaping nest site selection and architecture. A closer view of the nest,
camouflaged among dense shrubs, exemplifies V. velutina’s capacity to integrate seamlessly
into its surroundings while maintaining colony development. The nest entrance, located
laterally, allowed for the precise positioning of the electrostimulation device (Figure 2).
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Figure 2. (a) Electro-stimulation device activated and positioned below the lateral entrance of the
Vespa velutina nest. This strategic placement facilitates efficient stimulation and venom collection
without direct handling, as it interacts with both worker hornets exiting the nest and those returning
from foraging. (b) Close-up view highlighting the lateral entrance of the nest, indicated by a black
arrow, through which hornets actively engage with the electro-stimulation setup.

The device (IGK Electronics, Varna, Bulgaria) was set below the nest entrance, deliver-
ing mild electrical impulses to stimulate venom release from female hornets. The device
used in this study is commercially available and commonly used to extract venom from
honey bees. While the current protocol involves direct application at the nest, the opera-
tional cycle of the device—including impulse duration and pauses—remains consistent
with our previously described methodology [5]. The electric venom collector operates on
a fully automatic cycle with parameters set by the manufacturer. It adjusts the discharge
intensity based on environmental conditions such as humidity and insect presence. The
system runs for 40 min with a 10 s pause every minute and automatically shuts off at
the end of the cycle. Figure 2b illustrates the process, where hornets can be observed
depositing liquid venom drops on a glass plate beneath the wires. The collected venom
drops retained their liquid state, as shown in Figure 3a. After evaporation, the venom was
carefully scraped off the glass surface, resulting in a white venom sample (Figure 3b). This
high level of purity contrasts with the yellowish color often observed in honey bee venom,
which may contain traces of regurgitated honey or nectar due to the bees’ feeding habits.
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Figure 3. (a) Collected Vespa velutina venom droplets on the glass plate during the nest field extraction

process. The liquid form of the venom illustrates the device’s efficiency in stimulating secretion.
(b) Final scraped venom sample, characterized by its white and pure appearance.

The automated venom collection method yielded approximately 0.11 g of desiccated
venom during the initial extraction cycle performed on the natural nest depicted in the
manuscript images. Avoiding the relocation of nests eliminates logistical challenges and
stress-induced venom loss, which are common issues with traditional methods involving
relocated colonies. The venom yielded depends on several factors, including the number of
individuals in the colony, its developmental stage, and environmental conditions such as
temperature and humidity. This method enhances practicality and allows for consistent
venom collection directly from wild nests without extensive handling, making it suitable
for large-scale applications or studies requiring significant venom quantities.

Our group has extensive experience studying the effects of V. velutina stings, particu-
larly their capacity to provoke severe allergic reactions, including anaphylaxis, which is
linked to sensitization to specific venom allergens. The sensitization patterns associated
with V. velutina venom are increasingly recognized as an emerging concern in Western
countries, warranting further clinical and immunological investigation. Immunotherapy
with vespid venom has shown promise in mitigating anaphylactic reactions, with pre-
liminary findings highlighting its potential efficacy. The biochemical characterization of
venom collected using this automated method is beyond the scope of this study. However,
preliminary analyses from previous work on venom extracted by electrostimulation from
individuals and captive nests demonstrated comparable allergen profiles to those obtained
via traditional methods [5,6]. Future research will include the detailed biochemical char-
acterization of venom collected from natural nests, building upon previously published
profiles of Vespa velutina venom allergens and proteins [2,7].

Epidemiological analyses of sting-related fatalities underscore the significant health
risks posed by V. velutina, emphasizing the need for greater attention from public health
authorities [8,9]. Guided by the One Health framework, which integrates human, animal,
and environmental health perspectives, our research addresses both the ecological and
health-related challenges associated with this invasive species. Effective management of V.
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velutina requires a dual approach: mitigating its ecological impacts while addressing the
growing prevalence of sensitization to its venom, as evidenced in European cases. Aligned
with our broader goals of sustainable management and the biomedical application of natu-
ral resources, this focus extends beyond the species” well-documented threats to honey bee
populations. The public health challenge presented by V. velutina stings—amplified by its
habits, abundance, and widespread distribution—has transitioned from an underestimated
risk to a pressing concern. This shift demands targeted interventions by authorities to
minimize both ecological disruption and health-related consequences.

The Supplementary Materials includes four videos that provide a comprehensive view
of the study site and experimental setup. The first video offers a panoramic perspective
of the surrounding landscape in Fornelos de Montes, highlighting the diverse vegetation
and environmental conditions characteristic of the area. The second video focuses on the
nest’s location, emphasizing its concealment within dense shrubs and the adaptability of
V. velutina to integrate seamlessly into natural surroundings. The third video showcases
the electrostimulation device in action, positioned directly at the nest entrance to facilitate
the collection of specimens. Lastly, the fourth video provides a close-up view of V. velutina
individuals engaging with the device, capturing their behavior and interaction with the
experimental equipment. These videos aim to complement the written data, offering visual
context for the ecological and methodological aspects of the study. The footage provides
valuable insights into the method’s practicality, reproducibility, and potential for broader
application in field research.

This study is the first to demonstrate the application of electrical stimulation for the
direct collection of venom from wild V. velutina nests. This method represents a significant
advancement over traditional techniques, which often rely on the laborious dissection of
venom sacs obtained from captured individuals or removed nests [2,4,10,11]. While elec-
trical stimulation for venom extraction has been previously described in Apis mellifera, no
such methods have been reported for the genus Vespa, and particularly V. velutina [12-17].
This technique is non-invasive, does not require nest relocation, and minimises handling
of individual insects, significantly reducing operational complexity. By facilitating effi-
cient venom collection in natural conditions, it offers a scalable and ethical alternative for
studying venom composition and ecological interactions in invasive species.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/d17010053/s1, Video S1: General view of the landscape in For-
nelos de Montes, highlighting the vegetation and environment; Video S2: Location of the Vespa
velutina nest within dense vegetation; Video S3: Use of the electrostimulation device at the nest
entrance for venom extraction; Video S4: Close-up of Vespa velutina individuals interacting with the
electrostimulation device.
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