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Sandflies (Diptera: Psychodidae: Phlebotominae) are important vectors of pathogens, including Leishmania parasites and phleboviruses, but their distribution and seasonal activity in Slovenia have not been sufficiently studied. This study presents a comprehensive three-year (2020–2022) surveillance programme aimed at assessing the diversity of sandfly species, their distribution, seasonal dynamics and potential role as vectors of pathogens. A total of 1,240 sandflies were collected at 43 sampling sites across Slovenia, identifying Phlebotomus papatasi, P. neglectus, P. perniciosus and P. mascittii. The highest abundance and species diversity were observed in the Mediterranean and Karst regions. Seasonal activity peaked in July, with population fluctuations influenced by climatic conditions. Molecular analyses for Leishmania parasites and phleboviruses showed no positive results, indicating a low prevalence of pathogens in the sampled populations. Predictive habitat models indicate that environmental factors, particularly temperature and precipitation, play a decisive role in the spread of sandflies. While P. mascittii has the largest ecological range, its vector competence remains uncertain. The results provide important insights into the ecology of sandflies in Slovenia and emphasize the need for continuous surveillance in the context of climate change and emerging vector-borne disease risks.
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Introduction

Sandflies are arthropods (Diptera: Psychodidae: Phlebotominae) of global importance as they are important vectors of several pathogens affecting humans and animals. These insects are known vectors of several Leishmania species that cause visceral and cutaneous leishmaniasis (1, 2), and of Bartonella bacilliformis, the causative agent of bartonellosis (3).

They are also vectors of phleboviruses such as Toscana virus (TOSV), sandfly fever Sicilian virus (SFSV), sandfly fever Naples virus (SFNV), and Cyprus virus (CYPV), which cause acute febrile or even central nervous system infections in humans (4–6).

Sandflies are delicate, hairy flies with long, slender legs that occur in a wide range of habitats, from sea level to altitudes of 2,800 m and from deserts, savannas, and open forests to dense tropical rainforests. These small, nocturnal insects require sugar as a source of energy, and only the female sandflies feed on blood as they need the nutrients to mature their eggs. The seasonal biting activity of European sandflies is mainly observed in summer (7). All sandflies breed in terrestrial habitats and are insects with relatively limited flight ability (8). In the last 10 years, several sandfly species have spread into European regions where they were not previously reported. This shift brings new public health challenges, as sandflies are vectors of Leishmania spp. and phleboviruses (9). Their expanding range is driven by a complex interplay of factors, including ongoing environmental and climate change, as well as increasing mobility of humans and animals. While climate change has always been a natural phenomenon, its rapid acceleration over the last century is unprecedented (10).

Six species of sandflies have been recorded in Slovenia and neighboring regions, which may influence the species composition and variability of local populations. These include Phlebotomus (Transphlebotomus) mascittii Grassi, 1908, Phlebotomus (Larroussius) perniciosus Newstead, 1911, Phlebotomus (Larroussius) neglectus Tonnoir, 1921, Phlebotomus (Phlebotomus) papatasi (Scopoli, 1786) and Sergentomyia minuta (Rondani, 1843).

Phlebotomus mascittii has been recorded in Slovenia (11) and in several neighboring countries, including Austria (12–14), Slovakia (15) and Croatia (16) as well as in parts of Germany and Belgium (17–21). Phlebotomus perniciosus is a common species in Italy and Croatia (22), while P. neglectus also occurs in neighboring Croatia (16, 23), Italy (24) and Hungary (25).

Phlebotomus papatasi, a predominantly endophilic and anthropophilic species, has a more southerly distribution in the region, with confirmed occurrences in Slovenia (11), Croatia (22) and southern Hungary (26).

Although P. perfiliewi has not yet been recorded in Slovenia, it has recently been reported in the Friuli-Venezia Giulia and Veneto regions in north-eastern Italy (27) and in Dalmatia, Croatia (22), indicating a possible expansion of the distribution area toward the Slovenian border.

Finally, S. minuta has been reported from Slovenia (11), Croatia (16), northern Italy (24) and Switzerland (28). However, as the females of this species mainly feed on reptiles, it is unlikely that they are involved in the transmission of pathogens to humans.

In Slovenia, research on sandflies as vectors of emerging pathogens has been relatively limited. Only a few studies have investigated their distribution, seasonal activity and possible role in the transmission of pathogens in selected areas. However, studies conducted in Slovenia and the former Yugoslavia have documented the presence of several medically important sandfly species, with the earliest records dating back to entomological surveys from the mid-20th century (29). More recent studies in Slovenia have documented the occurrence of P. mascittii and have highlighted illegal waste sites and peri-urban habitats as potential microfoci for sandfly proliferation (11, 30). In the broader region, human leishmaniasis has re-emerged as a public health concern, particularly in northern Italy, where retrospective analyses have identified hundreds of autochthonous cases over the past two decades (31). In Croatia, seroepidemiological surveys have demonstrated asymptomatic infections among residents in both endemic and non-endemic areas (32). Canine leishmaniasis remains widespread and of considerable veterinary relevance throughout the Balkans, with evidence of persistent transmission and a gradual northward spread in northern Italy, likely driven by environmental and climatic factors (33–37).

In addition to Leishmania, sandflies in Slovenia, Croatia, and Italy are competent vectors of several phleboviruses (38). Toscana virus, in particular, has emerged as an important cause of neuroinvasive disease, with multiple viral lineages detected in Croatia and endemic circulation documented across Italy (6, 39, 40). Earlier serological studies confirmed the widespread presence of sandfly fever viruses in the Adriatic region (41), and more recent data have demonstrated extensive Toscana virus exposure among humans and domestic animals (42).

Given Slovenia's diverse topography and climate, local climatic fluctuations could significantly influence sandfly populations and the pathogens they transmit. A standardized monitoring system is therefore essential to detect current trends and to predict future changes. The main objectives of this study were: (a) to document the sandfly species present in Slovenia; (b) to assess their current and potential distribution, potential range expansion, and abundance; and (c) to determine the presence or absence of viral and parasitic pathogens transmitted by sandflies. The results of this study will contribute to a clearer understanding of the epidemiological landscape of emerging pathogens in Slovenia and neighboring regions. In addition, these findings will support future research on the interactions between vectors, pathogens, and their environment, and will inform the development of improved surveillance and control strategies.



Material and methods


Study area

Prior to this study, data on the abundance of sandflies in Slovenia was incomplete, as these insects had only been studied in the coastal region and not in the continental part of the country until 2019. To fill this gap, a nationwide surveillance programme with systematic random sampling was carried out, covering a total of 226 sampling sites to ensure comprehensive geographical coverage (Figure 1). Sampling sites were selected to represent a variety of habitats, including suitable environments such as stone walls near human settlements, agricultural and tourist farms and animal enclosures, but also supposedly unsuitable habitats such as dense forests and areas near rivers or lakes. In this way, the presence or absence of sandflies could be detected in unexpected locations.


[image: Map of Slovenia and neighboring countries showing various sampling locations marked with gray dots. Borders with Italy, Austria, Hungary, and Croatia are visible.]
FIGURE 1
 Sampling locations in Slovenia.


The site selection was based on the expectation of high species diversity. We prioritized locations that would maximize the detection of different sandfly species and their population densities, focusing on areas with historically high sandfly activity, such as the Slovenian Karst region (11, 29). In addition, we have strategically selected locations where larger numbers of sandflies have been detected in the past and which are close to regions in the neighboring countries of Italy and Croatia where leishmaniasis has occurred. This structured approach ensured a scientifically rigorous assessment of sandfly populations in Slovenia.

The study followed a longitudinal design, with repeated sampling across three sandfly seasons (2020–2022). To ensure broad spatial coverage and habitat diversity, sites were distributed across different geographic regions and environmental conditions. The temporal framework allowed for long-term monitoring of seasonal population dynamics. Systematic sampling provided reliable data on species presence, seasonal activity, and population trends. Detailed information on the individual sampling locality is available in the table in the Appendix.



Trapping methods

Fieldwork was conducted annually from May 1st to October 31st between 2020 and 2022. Each month, two CDC miniature light traps (John W. Hock Company, Florida, USA) were set at each sampling site. In addition to these traps, we also used BG-Sentinel traps (Biogents, USA) and CDC gravid traps (John W. Hock Company, Florida, USA) as part of a broader entomological surveillance programme to monitor mosquito populations at the same locations. While CDC miniature light traps were the primary method for collecting adult sandflies, we occasionally captured them in both BG-Sentinel traps and CDC gravid traps for mosquitoes.

Sandflies require a certain amount of moisture to maintain their life cycle and are most often found near hosts from which they can take a blood meal. Therefore, we mainly placed the traps near or inside buildings where domestic animals, such as chickens, rabbits and dogs were kept. We also placed the traps near dry stone walls, which are ideal resting places for sandflies in Mediterranean environments.

To better understand the spatial distribution of sandflies, we also set traps in areas typically not associated with their presence. This approach was crucial for the development of models to predict possible changes in their distribution in Slovenia. We did not attempt to sample sandfly larvae as it is difficult to find them in the wild. They usually hide in organic material outdoors or inside barns, chicken coops or rabbit hutches (2).



Identification of sandflies based on morphology

Sandflies were identified based on morphology using identification keys (43–45). The identification of the species of adult sandflies requires the examination of internal structures, such as the arrangement of the teeth on the cibarial (pharyngeal) armature, the shape of the spermathecae in females, and the structure of the external genitalia (terminalia) in males.

As one of the aims of our study was to analyse the captured sandflies for the presence of Leishmania parasites and phleboviruses, all specimens were immediately placed in a freezer upon return from the field and stored at −80°C until dissection. Dissections were performed as quickly as possible on ice plates to preserve viral RNA. The head and several posterior segments of the abdomen were carefully separated from each fly using fine entomological or insulin needles on a microscope slide and then preserved for the preparation of semi-permanent slides, which were later used for morphological identification. The transparency of the chitinous parts was achieved by heating in the Marc-André solution. The rest of the body was pooled according to location, species and sex and stored at −80°C for molecular analysis.

Before identification, the head and posterior segments of each specimen were immersed in a drop of low-viscosity CMP-9 medium (Polyscience, Cat. No. 16299). The head was mounted dorsally, the male genitalia laterally and the spermathecae anteriorly. For easier identification, the spermathecae of some females were individually prepared directly in the Marc-André solution.



Habitat suitability modeling

To create maps of the potential distribution of sandflies, we used data on their presence at specific locations across all three sampling years. To reduce bias caused by the uneven distribution of sampling locations, we performed spatial filtering as suggested by (46), counting multiple records within a 1 km radius as a single occurrence point. The data were filtered using the “ecospat” package (47).

For the input data in the modeling process, we used 19 bioclimatic variables from the CHELSA climate database (48) (https://chelsa-climate.org/). We selected the CHELSA bioclimate variables because they have been shown to be a better choice compared to the more commonly used WorldClim variables in a previous study on mosquito modeling in Slovenia (49). Additionally, we incorporated an elevation layer from the WorldClim website (www.worldclim.org) and a CORINE land cover layer from the European Environment Agency website (https://www.eea.europa.eu/help/faq/what-is-corine-land-cover) to develop the model. The spatial resolution of the environmental variable layers was 30 arcseconds, corresponding to ~1 × 1 km. We checked predictors for collinearity to remove highly correlated and thus redundant environmental variables. To achieve this, we calculated the variance inflation factor (VIF ≥ 5) and post-hoc Pearson correlation coefficient between variables. VIF analysis was performed using the R package “usdm” (50), while Pearson coefficients were calculated and visualized using the R package “GGally” (51).

Due to the limited number of occurrences, we decided to create models using the MAXENT algorithm (52), which has been shown to provide better results with smaller amounts of occurrence data (53, 54).

We considered the approach proposed by (55) for modeling rare species and created several small bivariate models and their ensemble as the final model. The modeling procedure was performed using the R package “ecospat” (47). All models were evaluated based on the Boyce index. Models were based on the ensemble prediction procedure. Models with highest values of Boyce index were considered for the final model. For the visualization of final maps and for spatial procedures we used the spatial tools of ESRI ArcGIS, ver.10.7.



Molecular detection of Leishmania parasites and phleboviruses

The dissected specimens were pooled together based on collection site, date, species and sex. The pooled material consisted of the thorax and abdomen sections of dissected individuals of the same species and sex. In contrast, the non-dissected specimens were pooled only by locality, date and sex and stored at −80°C until processing. As the primary aim of this study was the detection of phleboviruses, we dissected every second specimen to obtain internal tissues with potentially higher viral RNA concentrations for reliable molecular analysis. Each pool of sandflies was homogenized in 600 μL of RPMI medium using a Tissue Lyser (Retsch for Qiagen, Hilden, Germany). Nucleic acid was extracted from 200 μL of the sandfly homogenate using the BioRobot EZ1-XL Advanced (Qiagen, Germany) and the EZ1 Virus Mini Kit v2.0 (Qiagen, Germany) and eluted in 60 μL. The residual homogenate was stored for further analysis. We did not check RNA integrity after extraction, as all samples were transported on dry ice and immediately stored at −80°C, and extractions were performed within 2 weeks. However, internal control amplification in the PCR assays confirmed the presence of amplifiable RNA in all analyzed pools.

Leishmania DNA was detected by real-time PCR using the Primerdesign™ Leishmania Genesig® Advanced Kit (Genesig, Primerdesign, UK) targeting Cytochrome b (cytb) kinetoplast. Reactions were performed in a total volume of 20 μL containing 5 μL DNA, 5 μL TaqMan® Fast Virus 1-Step Master Mix (Applied Biosystems, Thermo Fisher Scientific, Grand Island, NY, USA), 1 μL Leishmania primer/probe mix on the StepOne (Plus) Real-Time PCR System (Applied Biosystems, Thermo Fisher Scientific, USA). Cycling conditions were as follows: 50°C for 5 min, 95°C for 20 s, 50 cycles of 95°C for 3 s and 60°C for 30 s.

The sandfly pools were analyzed using Toscana virus-specific real-time RT-PCR as described by (56). Real-time RT-PCR was performed using a QuantStudio 7 system (Applied Biosystems, USA). Reactions were performed in a total volume of 20 μl and contained 5 μl of RNA, 2.5 μl of TaqMan® Fast Virus 1-Step Master Mix (Applied Biosystems, Thermo Fisher Scientific, Grand Island, NY, USA), 0.5 μmol of each primer and 0.3 μmol of probe, and water. Cycling conditions were as follows: 50°C for 5 min, 95°C for 20 s, followed by 40 cycles of 95°C for 3 s and 60°C for 30 s.

In addition, the sandfly pools were analyzed with a RT-PCR developed (57) using Phlebo forward primers 1 and 2 and Phlebo reverse primers, which allowed the amplification of a 370 bp PCR product of the S segment of viruses of the genus Phlebovirus (57). The reactions were performed in a total volume of 20 μL and contained 5 μL RNA, 10 μL PrimeScrtipt™ One Step RT-PCR Kit Buffer and 1 μL PrimeScript 1 Step Enzyme Mix (TaKaRa) and 1 μM of each primer. Cycling conditions were as follows: 50°C for 30 min, 94°C for 2 min, 55 cycles of 94°C for 30 s, 55°C for 30 s and 72°C for 30 s.




Results

During the study period, a total of 1,240 individuals were caught at 43 of 226 sampling sites. In 2020, we caught 552 sandflies, followed by 240 individuals in 2021 and 448 individuals in 2022. 670 individuals were identified to a species level based on morphology. The rest were pooled according to sex and location and prepared for molecular analysis to identify pathogenic microorganisms.

Based on morphological characteristics, we identified four species of sandflies, Phlebotomus papatasi, P. neglectus, P. perniciosus and P. mascitii.

Phlebotomine sandflies were found throughout the country (Figure 2), with notable differences in population structure and spatial distribution. Phlebotomus neglectus, P. perniciosus and P. papatasi were predominantly found in the Mediterranean and Karst regions of Slovenian Istria, while P. mascitii was found in all surveyed locations. Phlebotomus mascittii, a generally not abundant species, was found most frequently in Slovenian Istria, with significant records from the Medljan and Velike Žablje areas (Appendix 1). Data from 3 years of research show that sandfly activity peaks in July (Figure 3). As not all specimens could be identified to species level, a more precise seasonal analysis of species activity is not conclusive.


[image: Map of Slovenia showing sandfly distribution from 2020 to 2022. Colored circles indicate species presence: orange for 𝑷. 𝒎𝒂𝒔𝒄𝒊𝒕𝒊𝒊 and 𝑷.𝒏𝒆𝒈𝒍𝒆𝒄𝒕𝒖𝒔, yellow for multiple species, blue for 𝑷. 𝒎𝒂𝒔𝒄𝒊𝒕𝒊𝒊 and 𝑷. 𝒑𝒆𝒓𝒏𝒊𝒄𝒊𝒐𝒔𝒖𝒔, and green for 𝑷. 𝒎𝒂𝒔𝒄𝒊𝒕𝒊𝒊. White circles indicate sites where sandflies were absent.]
FIGURE 2
 Distribution and population structure of sandflies in Slovenia.



[image: Line graph showing the abundance of sandflies from April to November across three years: 2020 (blue), 2021 (orange), and 2022 (green). Peaks occur in July for all years, with 2020 and 2022 experiencing higher numbers, over 350, compared to 2021's peak around 50.]
FIGURE 3
 Seasonal activity of sandflies in Slovenia from 2020 to 2022.



Prediction maps

The models were created considering the following predictor variables, which showed low collinearity: elevation, Corine land cover, isothermality (bio3), maximum temperature of the warmest month (bio5), precipitation seasonality (bio15), precipitation of the wettest quarter (bio16) and precipitation of the warmest quarter (bio18) (Figure 4).


[image: Four maps show habitat suitability for different species of Phlebotomus in Slovenia. Each map uses shades from light pink to red to indicate low to high suitability. Top left: 𝑷. 𝒑𝒂𝒑𝒂𝒕𝒂𝒔𝒊, top right: 𝑷. 𝒏𝒆𝒈𝒍𝒆𝒄𝒕𝒖𝒔, bottom left: 𝑷. 𝒑𝒆𝒓𝒏𝒊𝒄𝒊𝒐𝒔𝒖𝒔, bottom right: 𝑷. 𝒎𝒂𝒔𝒄𝒊𝒕𝒊𝒊. High suitability is concentrated in the southwest regions.]
FIGURE 4
 Suitability of areas in Slovenia for the settlement of P. papatasi, P. neglectus, P. perniciosus and P. mascitii (suitability increases from white color (inadequate) to dark red color (very suitable).


The models for P. perniciosus and P. neglectus were created using an ensemble of bivariate models that met a Boyce index threshold of 0.5 and 0.4, respectively. Despite the optimization efforts, a certain degree of model overfitting remained in the results. For P. papatasi and P. mascittii, which have a similar distribution to the first two species, the ensemble was based on bivariate models with a higher Boyce index threshold of 0.6 and 0.7, respectively.

The maps show the suitability of different regions in Slovenia for the potential distribution of sandfly species (Figure 4). The most favorable environmental conditions for all four species are found in the south-western part of the country, particularly in low-lying areas and along the coast. While three of the species are largely restricted to the sub-Mediterranean region, P. mascittii seems to have a larger distribution potential, extending to ecologically favorable areas in the continental part of Slovenia, especially in the warmer lowlands in the east. In contrast, the central, eastern and northern regions, which are represented by white areas on the maps, are less suitable (Figure 4). This indicates that the environmental conditions in these regions are less favorable for the establishment of sandfly populations.



Molecular analysis

A total of 1,217 sandfly specimens were processed for molecular analysis and organized into 179 pools. Twenty-three additional samples were neither suitable for morphological identification nor for molecular testing. No pathogens were detected in any of the samples analyzed, including 551 specimens (94 pools) from 2020, 218 specimens (35 pools) from 2021 and 448 specimens (50 pools) from 2022.




Discussion

Sandflies, important vectors of pathogens that cause diseases such as leishmaniasis and phleboviruses, are changing their distribution in Europe due to climate change, urbanization and changes in land use (9, 58). These factors create more favorable conditions for the survival and reproduction of sandflies (59). As their distribution expands, the risk of leishmaniasis outbreaks in newly colonized regions increases.

Important vector species such as P. perniciosus and P. neglectus, which were previously restricted to Mediterranean areas, have been detected further north, including in Germany and Switzerland (19, 60). Phlebotomus mascitii, whose vector potential is still unconfirmed, is also spreading north. Although its abundance is generally low, this species is found as far as Switzerland and Slovakia (15, 60). Its spread is probably due to milder winters and longer warm seasons, which have transformed previously unsuitable areas into viable habitats (22).

In Slovenia, sandflies are widespread throughout the country, although there are notable regional differences in population structure. Phlebotomus neglectus, P. perniciosus and P. papatasi are mainly found in the Mediterranean and Karst regions of Slovenian Istria, while P. mascitii is present in all areas studied. However, the greatest species diversity is observed in areas with a Mediterranean climate. The data from 3 years of research show that sandfly activity peaks in July (Figure 3), similar to what is observed in the neighboring Italian regions of Friuli-Venezia Giulia and Veneto (27) and in Austria (12). Our results suggest that the sandflies in this region only produce one generation per season due to the climatic conditions.

According to meteorological data from the Slovenian Environment Agency, the average annual temperature in Slovenia was 14.37°C in 2020, 13.85°C in 2021 and 14.86°C in 2022. The temperature deviation for 2021 was −0.7°C compared to the long-term average. Exceptionally high precipitation was recorded in 2020, followed by lower winter temperatures in 2020/2021 (61). These climatic conditions may have influenced the population dynamics of phlebotomine sandflies, especially in Slovenian Istria and the Karst region, where they are most abundant. Increased precipitation and lower winter temperatures probably affected the suitability of breeding sites and larval survival rates, which may have contributed to the changes in population density in 2021. A similar negative correlation between precipitation and abundance of P. perniciosus was observed in the Murcia region of Spain and north-eastern Italy (62, 63). As a result, the number of sandflies caught in 2021 was significantly lower than in 2020 and 2022, highlighting the impact of unfavorable climatic conditions on their population dynamics.

Environment suitability models show that the studied species have different habitat preferences. Phlebotomus papatasi, P. neglectus and P. perniciosus show a strong preference for the south-western part of Slovenia, particularly in the coastal and Karst regions, and are very limited for other areas. In contrast, P. mascitii has a much broader potential range, covering almost the entire country. This suggests that P. mascitii can thrive in a range of environmental conditions, including higher altitudes and potentially cooler or wetter regions. These distribution patterns are consistent with the environmental preferences observed in Austria and Slovakia (12, 15). Despite its wide distribution range, P. mascitii is not very abundant and is most frequently detected in Slovenian Istria, with significant populations found in Medljan and Velike Žablje.

The observed ecological differences between sandfly species in Slovenia may influence their role as disease vectors and their impact on public health. P. papatasi, P. neglectus and P. perniciosus are adapted to warm, dry regions with Mediterranean climate characteristics, while P. mascitii shows greater ecological flexibility. In the Mediterranean regions, P. mascitii is thought to be a cave-dwelling species (20), while in Central Europe it is often found in barns, chicken coops and sheds close to human dwellings and animals (12). At sites in Slovenia, this species was most frequently found in traps placed in the immediate vicinity of chicken coops or rabbit cages. P. mascitii is thought to be autogenous (64), although its biology remains poorly understood due to difficulties in laboratory maintenance.

Although P. mascitii is found near domestic animal shelters and burrows of small rodents, its low natural density is unlikely to sustain the transmission cycle of Leishmania infantum alone. Nevertheless, it may play a localized role in the transmission of L. infantum, particularly in cases of imported canine leishmaniasis. Its presence in suburban areas and animal enclosures indicates a possible epidemiological importance in regions where competent vectors are scarce.

As far as leishmaniasis in humans is concerned, no autochthonous cases have been reported to date, only imported cases from endemic Mediterranean areas (65). There is evidence that cases of canine leishmaniasis have occurred in Slovenia in the last 5 years (66, 67), similar to the northern regions of neighboring Italy and Hungary (68, 69). Unlike in Italy and Croatia, however, we were unable to detect any Leishmania parasites or phleboviruses in the sandfly samples we analyzed (38, 70).

The results of this three-year surveillance show the ecological differences between sandfly species in Slovenia and their potential impact on disease transmission. Understanding these differences is essential for predicting future vector dynamics and developing targeted control measures to reduce disease risks.



Conclusion

This study provides a comprehensive assessment of the distribution of sandflies in Slovenia and shows clear regional differences in the abundance of the species and their habitat preferences. The results confirm that climatic and environmental conditions significantly influence sandfly populations, with P. mascitii having the largest ecological range. While the vector competence of this species remains uncertain, its presence near animal enclosures suggests a possible epidemiological relevance. The absence of Leishmania and phleboviruses in the samples is a reassuring result. However, because of the constant expansion of the distribution area of the known vector species, continuous monitoring is essential. Future research should focus on the potential role of P. mascitii in pathogen transmission and the impact of climate change on vector dynamics. Effective surveillance and proactive control measures will be crucial to mitigate the risk of emerging sandfly-borne diseases not only in Slovenia but throughout the Mediterranean region.
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