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The recent publication by Larska et al. describing the first detection of bluetongue
virus serotype 3 (BTV-3) in Poland in a European bison (Bison bonasus) represents more than
an isolated wildlife case; it highlights how wildlife surveillance can provide early warning
of the ecological changes driving climate-sensitive arbovirus emergence across Europe [1].
The case, detected in Wolin National Park close to the German–Polish border, involved a
fatal hemorrhagic disease in a European bison, with BTV-3 confirmed in the animal and
in a pool of blood-fed Culicoides punctatus collected near the enclosure two weeks later [1].
Phylogenetic analysis linked the Polish isolate closely to BTV-3 strains circulating in the
Netherlands, Germany, and Portugal, supporting the view that this virus is part of a wider
European epizootic wave rather than a geographically restricted event [1]. Importantly, the
study highlights the value of wildlife as sentinels of emerging infections that may remain
undetected when surveillance focuses primarily on domestic livestock.

Bluetongue virus is not a zoonotic pathogen, but it is highly relevant to One Health
because it connects vector ecology, livestock production, wildlife conservation, animal
welfare, international trade, and climate-sensitive disease emergence. The emergence
and rapid spread of BTV-3 in northern and central Europe since its first detection in the
Netherlands in September 2023 illustrate how quickly arboviruses can establish and expand
when ecological conditions become favorable [2–4]. Culicoides biting midges, the biological
vectors of BTV, are strongly influenced by meteorological and ecological factors, including
temperature, relative humidity, rainfall, wind-assisted dispersal, and the availability and
proximity of vertebrate hosts [5–8]. Within suitable thermal limits, warmer conditions can
prolong seasonal vector activity, shorten viral replication time within vectors, and increase
the probability of transmission during periods that were previously less suitable [8–11].
In the study, Culicoides were actively feeding until the end of October, a detail that is
particularly relevant in the context of longer autumn transmission windows [1]. Together,
these observations illustrate how environmental change can reshape vector ecology and
create opportunities for pathogen emergence. Yet the establishment of transmission cycles
ultimately depends not only on vector presence but also on the ecological compatibility
among pathogens, vectors, and vertebrate hosts (Figure 1).
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Figure 1. Climate-driven expansion of arthropod vectors and arbovirus transmission within a One
Health framework. Rising temperatures, altered rainfall, land-use change, and animal movement
can reshape the distribution and seasonal activity of biting midges, mosquitoes, and ticks. As these
vectors expand, associated arboviruses increasingly threaten animal health, wildlife conservation,
human health, economic stability, and biodiversity protection.

The implications of the Polish BTV-3 case extend well beyond bluetongue. Across
Europe, climate change is altering the distribution, abundance, and seasonal activity of
several arthropod vectors, including mosquitoes, ticks, and biting midges [12]. The World
Health Organization emphasizes that vector-borne diseases account for more than 17% of
all infectious diseases globally and cause more than 700,000 deaths annually; it also notes
that climate change, global travel, trade, urbanization, and vector adaptation contribute to
the spread of these diseases [13]. In Europe, this shift is now visible through the increas-
ing frequency and geographic expansion of locally acquired mosquito-borne arbovirus
infections, including West Nile virus infection, dengue, and chikungunya [14–17]. ECDC
reported that Europe is experiencing longer and more intense transmission seasons for
mosquito-borne diseases, driven by rising temperatures, longer summers, milder winters,
and altered rainfall patterns [18]. Aedes albopictus, a competent vector for dengue, chikun-
gunya, and Zika viruses, is now established in 16 European countries and 369 regions,
compared with 114 regions about a decade earlier [18–20]. In 2024, Europe recorded
304 locally acquired dengue cases and 1436 West Nile virus infections across 212 regions in
19 countries, emphasizing that arbovirus emergence is no longer restricted to traditionally
endemic regions [20].

Ticks are undergoing similar ecological shifts. Climate warming, land-use change,
host population dynamics, and increased human–wildlife contact are modifying the distri-
bution, abundance, and seasonal activity of major European ticks, including Ixodes ricinus,
Dermacentor spp., and Hyalomma spp. [21–25]. These ecological shifts may alter the risk of
exposure to tick-borne pathogens, including arboviruses such as tick-borne encephalitis
virus and Crimean-Congo hemorrhagic fever virus, as well as non-viral pathogens such
as Borrelia burgdorferi sensu lato, Theileria spp., Anaplasma phagocytophilum, and Babesia
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spp. [21,22,26–28]. Recent reviews and modeling studies highlight that tick populations
are expanding northwards and to higher altitudes in parts of Europe, while climate-
favored species such as Hyalomma marginatum raise concern for the possible introduction of
pathogens previously associated with warmer regions [21,23,24,27,29]. Therefore, surveil-
lance and risk assessment for arboviruses and other vector-borne pathogens should not
be limited to mosquitoes. A broader arthropod–vector perspective is required, integrating
ticks and insects into surveillance and risk assessment frameworks.

The Polish BTV-3 bison case also emphasizes the importance of wildlife in arbovirus
ecology. Wildlife species can function as sentinels, reservoirs, amplifiers, or dead-end hosts,
depending on the pathogen and ecological context. However, wildlife remains one of the
least integrated components of many surveillance systems, despite its potential to provide
early signals of pathogen emergence and spread. European bison are of high conservation
value, and disease outbreaks in such species can have implications beyond animal health,
affecting biodiversity protection and rewilding initiatives. The detection of BTV-3 in a
protected wildlife population, therefore, raises important questions: could wildlife-based
surveillance provide earlier warning of emerging arboviruses than traditional livestock-
focused monitoring systems? Can entomological surveillance detect viral circulation before
clinical disease appears? Are veterinary and conservation authorities prepared for climate-
sensitive arboviruses in free-ranging and semi-captive wildlife populations?

A One Health approach is essential because arbovirus emergence is shaped by the com-
bined effects of climate, ecosystems, vectors, animals, and humans. The same environmen-
tal drivers that support BTV transmission by Culicoides can also favor mosquito-borne and
tick-borne pathogens. Yet surveillance systems often remain fragmented: livestock diseases
are monitored separately from human arboviruses, wildlife health data are limited, and
vector surveillance is unevenly implemented across regions. Integrated surveillance should
combine clinical reporting, serology, molecular diagnostics, vector trapping, pathogen
screening, meteorological data, land-use information, and host movement data. Genomic
epidemiology, as demonstrated by the phylogenetic analysis of BTV-3 in the Polish case,
can further clarify routes of virus introduction and spread [1]. The main lesson from the
BTV-3 emergence is not that climate change alone causes outbreaks. Rather, climate change
increases ecological permissiveness, while animal movement, trade, windborne vector
dispersal, land-use change, wildlife management, and surveillance determine where and
when transmission becomes established and detected.

This complexity requires proactive risk management rather than reactive responses.
Early warning systems should identify regions where vector activity, host susceptibility, and
pathogen introduction risk overlap. Vaccination strategies for livestock, where available,
should be combined with vector monitoring and transparent communication with farmers,
veterinarians, wildlife managers, and public health authorities. For zoonotic arboviruses
such as West Nile, dengue, chikungunya, tick-borne encephalitis, and Crimean–Congo
hemorrhagic fever, public health preparedness must also include clinician awareness,
laboratory capacity, international collaborations, and public education. Because arthropod
vectors, animal movements, and arboviruses are not constrained by national borders,
preparedness must also rely on transboundary collaboration, harmonized surveillance
systems, and timely data sharing between neighboring countries.

In conclusion, the first detection of BTV-3 in a European bison in Poland should be
viewed as a sentinel event in a broader European pattern of vector-borne disease emergence.
Arboviruses are no longer distant threats confined to tropical or subtropical regions; they
are increasingly part of Europe’s animal and human health reality. The expansion of ticks,
mosquitoes, biting midges, and other arthropod vectors demands integrated surveillance,
climate-informed risk modeling, and stronger collaboration among veterinary medicine,
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public health, entomology, parasitology, wildlife conservation, and environmental sciences.
As the distributions of vectors, hosts, and pathogens continue to shift, wildlife, livestock,
and human health surveillance can no longer operate in isolation. The Polish BTV-3
case demonstrates that understanding the epidemiology of emerging arboviruses will
require not only monitoring environmental change but also recognizing wildlife as a critical
component of early-warning systems for infectious disease emergence.
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Detection of Bluetongue Virus Type 3 in Poland in 2024—A Case Study in European Bison (Bison bonasus). Pathogens 2025, 14, 377.
[CrossRef] [PubMed]

2. Boender, G.-J.; Hagenaars, T.J.; Holwerda, M.; Spierenburg, M.A.H.; van Rijn, P.A.; van der Spek, A.N.; Elbers, A.R.W. Spatial
Transmission Characteristics of the Bluetongue Virus Serotype 3 Epidemic in The Netherlands, 2023. Viruses 2024, 16, 625.
[CrossRef] [PubMed]

3. England, M.; Balenghien, T.; Batten, C.; Bréard, E.; De Leeuw, I.; De Regge, N.; Duhayon, M.; Garros, C.; Hammami, P.;
Holwerda, M.; et al. The Changing Landscape of Bluetongue in Northern Europe. J. Med. Entomol. 2026, 63, tjag071. [CrossRef]
[PubMed]

4. Holwerda, M.; Santman-Berends, I.M.G.A.; Harders, F.; Engelsma, M.; Vloet, R.P.M.; Dijkstra, E.; van Gennip, R.G.P.; Mars, M.H.;
Spierenburg, M.; Roos, L.; et al. Emergence of Bluetongue Virus Serotype 3, The Netherlands, September 2023. Emerg. Infect. Dis.
2024, 30, 1552–1561. [CrossRef] [PubMed]

5. Barceló, C.; Searle, K.R.; Estrada, R.; Lucientes, J.; Miranda, M.Á.; Purse, B.V. The Use of Path Analysis to Determine Effects of
Environmental Factors on the Adult Seasonality of Culicoides (Diptera: Ceratopogonidae) Vector Species in Spain. Bull. Entomol.
Res. 2023, 113, 402–411. [CrossRef] [PubMed]

6. Bibard, A.; Martinetti, D.; Giraud, A.; Picado, A.; Chalvet-Monfray, K.; Porphyre, T. Quantitative Risk Assessment for the
Introduction of Bluetongue Virus into Mainland Europe by Long-Distance Wind Dispersal of Culicoides spp.: A Case Study from
Sardinia. Risk Anal. 2025, 45, 108–127. [CrossRef] [PubMed]

7. Elbers, A.R.W.; Gonzales, J.L. Culicoides (Diptera: Ceratopogonidae) Abundance Is Influenced by Livestock Host Species and
Distance to Hosts at the Micro Landscape Scale. Insects 2023, 14, 637. [CrossRef] [PubMed]

8. Jones, L.A.; Gubbins, S.; Sanders, C.J. Temperature and Humidity Limits for Flight Activity of Field-Collected Culicoides Biting
Midges (Diptera: Ceratopogonidae) in the United Kingdom under Defined Laboratory Conditions. J. Med. Entomol. 2026, 63,
tjag058. [CrossRef] [PubMed]

9. Abbasi, E. Climate Change and Vector-Borne Disease Transmission: The Role of Insect Behavioral and Physiological Adaptations.
Integr. Org. Biol. 2025, 7, obaf011. [CrossRef] [PubMed]

10. Carpenter, M.; Kopanke, J.; Lee, J.; Rodgers, C.; Reed, K.; Sherman, T.J.; Graham, B.; Cohnstaedt, L.W.; Wilson, W.C.; Stenglein, M.;
et al. Evaluating Temperature Effects on Bluetongue Virus Serotype 10 and 17 Coinfection in Culicoides sonorensis. Int. J. Mol. Sci.
2024, 25, 3063. [CrossRef] [PubMed]

11. Hudson, A.R.; McGregor, B.L.; Shults, P.; England, M.; Silbernagel, C.; Mayo, C.; Carpenter, M.; Sherman, T.J.; Cohnstaedt, L.W.
Culicoides-Borne Orbivirus Epidemiology in a Changing Climate. J. Med. Entomol. 2023, 60, 1221–1229. [CrossRef] [PubMed]

12. Semenza, J.C.; Paz, S. Climate Change and Infectious Disease in Europe: Impact, Projection and Adaptation. Lancet Reg. Health
Eur. 2021, 9, 100230. [CrossRef] [PubMed]

13. WHO (World Health Organization). Vector-Borne Diseases. 2024. Updated 26 September 2024. Available online: https://www.who.
int/news-room/fact-sheets/detail/vector-borne-diseases (accessed on 9 June 2026).

14. Cattaneo, P.; Salvador, E.; Manica, M.; Barzon, L.; Castilletti, C.; Di Gennaro, F.; Huits, R.; Merler, S.; Poletti, P.; Riccardo, F.;
et al. Transmission of Autochthonous Aedes-Borne Arboviruses and Related Public Health Challenges in Europe 2007–2023: A
Systematic Review and Secondary Analysis. Lancet Reg. Health Eur. 2025, 51, 101231. [CrossRef] [PubMed]

15. Erazo, D.; Grant, L.; Ghisbain, G.; Marini, G.; Colón-González, F.J.; Wint, W.; Rizzoli, A.; Van Bortel, W.; Vogels, C.B.F.;
Grubaugh, N.D.; et al. Contribution of Climate Change to the Spatial Expansion of West Nile Virus in Europe. Nat. Commun.
2024, 15, 1196. [CrossRef] [PubMed]

16. Farooq, Z.; Segelmark, L.; Rocklöv, J.; Lillepold, K.; Sewe, M.O.; Briet, O.J.T.; Semenza, J.C. Impact of Climate and Aedes albopictus
Establishment on Dengue and Chikungunya Outbreaks in Europe: A Time-to-Event Analysis. Lancet Planet. Health 2025, 9,
e374–e383. [CrossRef] [PubMed]

https://doi.org/10.3390/pathogens15070683

biorender.com
https://doi.org/10.3390/pathogens14040377
https://www.ncbi.nlm.nih.gov/pubmed/40333170
https://doi.org/10.3390/v16040625
https://www.ncbi.nlm.nih.gov/pubmed/38675966
https://doi.org/10.1093/jme/tjag071
https://www.ncbi.nlm.nih.gov/pubmed/42179342
https://doi.org/10.3201/eid3008.231331
https://www.ncbi.nlm.nih.gov/pubmed/38941965
https://doi.org/10.1017/S0007485323000068
https://www.ncbi.nlm.nih.gov/pubmed/36908249
https://doi.org/10.1111/risa.14345
https://www.ncbi.nlm.nih.gov/pubmed/38955987
https://doi.org/10.3390/insects14070637
https://www.ncbi.nlm.nih.gov/pubmed/37504643
https://doi.org/10.1093/jme/tjag058
https://www.ncbi.nlm.nih.gov/pubmed/42024809
https://doi.org/10.1093/iob/obaf011
https://www.ncbi.nlm.nih.gov/pubmed/40330693
https://doi.org/10.3390/ijms25053063
https://www.ncbi.nlm.nih.gov/pubmed/38474308
https://doi.org/10.1093/jme/tjad098
https://www.ncbi.nlm.nih.gov/pubmed/37862060
https://doi.org/10.1016/j.lanepe.2021.100230
https://www.ncbi.nlm.nih.gov/pubmed/34664039
https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases
https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases
https://doi.org/10.1016/j.lanepe.2025.101231
https://www.ncbi.nlm.nih.gov/pubmed/40213502
https://doi.org/10.1038/s41467-024-45290-3
https://www.ncbi.nlm.nih.gov/pubmed/38331945
https://doi.org/10.1016/S2542-5196(25)00059-2
https://www.ncbi.nlm.nih.gov/pubmed/40381632
https://doi.org/10.3390/pathogens15070683


Pathogens 2026, 15, 683 5 of 5

17. Münger, E.; Atama, N.C.; van Irsel, J.; Blom, R.; Krol, L.; van Mastrigt, T.; van den Berg, T.J.; Braks, M.; de Vries, A.; van der
Linden, A.; et al. One Health Approach Uncovers Emergence and Dynamics of Usutu and West Nile Viruses in the Netherlands.
Nat. Commun. 2025, 16, 7883. [CrossRef] [PubMed]

18. ECDC (European Centre for Disease Prevention and Control). World Mosquito Day 2025: Europe Sets New Records for
Mosquito-Borne Diseases. 2025. Available online: https://www.ecdc.europa.eu/en/news-events/world-mosquito-day-2025-
europe-sets-new-records-mosquito-borne-diseases (accessed on 10 June 2026).

19. ECDC (European Centre for Disease Prevention and Control). Historical Data on Local Transmission in Europe for West Nile Virus.
2026. Available online: https://www.ecdc.europa.eu/en/west-nile-fever/surveillance-and-disease-data/historical (accessed on
10 June 2026).

20. ECDC (European Centre for Disease Prevention and Control). New ECDC Weekly Reports and Guidance to Tackle Mosquito-
Borne Diseases Across Europe. 2025. Available online: https://www.ecdc.europa.eu/en/news-events/new-ecdc-weekly-reports-
and-guidance-tackle-mosquito-borne-diseases-across-europe (accessed on 10 June 2026).

21. Boulanger, N.; Iijima, H.; Doi, K.; Watari, Y.; Kwak, M.; Nakao, R.; Wikel, S. Ticks and Tick-Borne Diseases in the Northern
Hemisphere Affecting Humans. Front. Microbiol. 2025, 16, 1632832. [CrossRef] [PubMed]

22. Boulanger, N.; Aran, D.; Maul, A.; Camara, B.I.; Barthel, C.; Zaffino, M.; Lett, M.-C.; Schnitzler, A.; Bauda, P. Multiple Factors
Affecting Ixodes ricinus Ticks and Associated Pathogens in European Temperate Ecosystems (Northeastern France). Sci. Rep. 2024,
14, 9391. [CrossRef] [PubMed]

23. Da Re, D.; Gilson, G.F.; Dalaiden, Q.; Goosse, H.; Bødker, R.; Kjær, L.J.; Ogden, N.H.; Rosà, R.; Vanwambeke, S.O. Northward
Expansion of the Thermal Limit for the Tick Ixodes ricinus over the Past 40 Years. Parasites Vectors 2025, 18, 449. [CrossRef]
[PubMed]

24. Estrada-Peña, A. The Climate Niche of the Invasive Tick Species Hyalomma marginatum and Hyalomma rufipes (Ixodidae) with
Recommendations for Modeling Exercises. Exp. Appl. Acarol. 2023, 89, 231–250. [CrossRef] [PubMed]

25. Noll, M.; Wall, R.; Makepeace, B.L.; Newbury, H.; Adaszek, L.; Bødker, R.; Estrada-Peña, A.; Guillot, J.; da Fonseca, I.P.; Probst, J.;
et al. Predicting the Distribution of Ixodes ricinus and Dermacentor reticulatus in Europe: A Comparison of Climate Niche Modelling
Approaches. Parasites Vectors 2023, 16, 384. [CrossRef] [PubMed]
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