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Abstract

Climate change is significantly altering the distribution, seasonality, and transmission
dynamics of vector-borne diseases, posing an increasing public health concern, particularly
in regions previously considered at low risk. Key climatic variables, including temperature,
precipitation, and humidity, strongly influence vector survival, reproduction, and pathogen
transmission capacity. This review provides an overview of current evidence on the rela-
tionship between climate change, vector ecology, and vector-borne disease epidemiology in
Europe, based on evidence extracted from peer-reviewed literature published between 2010
and 2024 and retrieved from PubMed, Scopus, and Web of Science. Particular attention is
given to vector-borne diseases with current or potential relevance to Europe. This includes
infections that are already endemic, such as leishmaniasis and tick-borne encephalitis, as
well as diseases currently imported, such as malaria, dengue, chikungunya, Zika, yellow
fever, and Chagas disease, that may pose a future risk of local transmission due to climate-
driven changes in vector distribution and abundance. The analysis highlights potential
health and economic impacts, and discusses implications for public health preparedness,
environmental sanitation, surveillance, and vector control strategies. Strengthening adap-
tive and mitigation policies, alongside targeted research efforts, is essential to enhance
resilience of health systems against climate-driven epidemic risks.

Keywords: climate change; vector-borne diseases; emerging threats; prevention;
public health

1. Introduction
Climate change refers to long-term shifts in temperature and weather patterns. While

these changes can occur naturally, human activities, particularly the burning of fossil
fuels, have become the main drivers since the 19th century, increasing the concentration
of greenhouse gases in the atmosphere [1]. According to the World Health Organization
(WHO), climate change is expected to become one of the most significant global public
health threat of the 21st century [2] (who.int). Vector-borne diseases (VBDs) are highly
sensitive to climate, as their transmission is influenced by key variables like temperature,
precipitation, and humidity [3–5]. Rising temperatures are changing the geographical range
and seasonality of vectors such as mosquitoes and ticks, enabling disease transmission in
areas previously unaffected. Diseases like malaria and dengue, traditionally confined to
tropical zones, are now emerging in temperate and urban areas [6,7]. Although tropical
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regions remain most vulnerable, climate-related risks are increasing in temperate zones as
well [8–10]. The Copernicus Climate Change Service (C3S) and the World Meteorological
Organization (WMO) reported that 2023 was one of Europe’s warmest years, with record-
breaking land (Figure 1) and sea temperatures (Figure 2) [11] (climate.copernicus.eu).

Figure 1. Thermal anomalies on the surface of the landmasses in Europe ©Copernicus/WMO.
Source: https://wmo.int/news/media-centre/europe-experiences-widespread-flooding-and-
severe-heatwaves-2023 (accessed on 19 January 2026) [12].

Rising air temperatures have contributed to the northward and altitudinal expansion
of Aedes albopictus in Europe, while Aedes aegypti remains largely confined to its historical
distribution around the Black Sea and the eastern Mediterranean.

To address these threats, the European Union (EU) has implemented a climate adapta-
tion strategy, as outlined in the Communication “Forging a climate-resilient Europe—the
new EU Strategy on Adaptation to Climate Change” (European Commission, 2021) [13],
promoting resilience through integrated actions involving climate monitoring, water man-
agement, vector control, and health education [14]. These initiatives align with the EU’s
broader One Health and climate preparedness frameworks, which emphasize early warning
systems, cross-border surveillance, and coordinated public health responses.
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Figure 2. European sea surface temperatures in 2023 ©Copernicus/WMO. Source: https://climate.
copernicus.eu/esotc/2023/sea-surface-temperature (accessed on 19 January 2026) [12].

This narrative review explores how climate change is influencing the spread of vector-
borne diseases in Europe. It examines evidence of the geographical and temporal expansion
of these diseases, including changes in the interaction among environment, vector and host.
The review also highlights the specific vulnerabilities of European regions, particularly
southern and Mediterranean areas, and discusses the implications for public health pre-
paredness, environmental sanitation, surveillance, and vector control strategies within the
EU context.

2. Literature Search and Article Selection
This narrative review aims to provide an overview of current evidence on the impact

of climate change on vector-borne diseases from a public health perspective, with a specific
focus on Europe. A non-systematic literature search was conducted using PubMed, Scopus,
and Web of Science to identify peer-reviewed articles published between 2010 and 2024.
Search terms included combinations of “climate change”, “global warming”, “vector-borne
diseases”, “mosquito-borne diseases”, “tick-borne diseases”, as well as specific disease
names such as malaria, dengue, chikungunya, West Nile virus, and leishmaniasis. In
addition to peer-reviewed literature, institutional sources and official web resources were
consulted to contextualize epidemiological trends, climate indicators, and public health
responses relevant to Europe. These included reports, guidelines, and surveillance data
from international and European organizations such as the World Health Organization,
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the European Centre for Disease Prevention and Control, the Copernicus Climate Change
Service, the World Meteorological Organization, and the Italian National Institute of Health.

Given the narrative nature of this review, the selection process did not follow a
systematic protocol. However, studies were included when they met the following crite-
ria: (i) relevance to the relationship between climate change and vector-borne diseases;
(ii) contribution to understanding ecological or epidemiological dynamics in Europe; and
(iii) publication in peer-reviewed journals or authoritative institutional sources. Stud-
ies focusing exclusively on non-European regions without implications for Europe were
excluded. However, evidence on globally relevant vector-borne diseases (e.g., dengue,
chikungunya, malaria, yellow fever) was considered when it contributed to understanding
potential importation risks, vector competence, or future suitability scenarios for Europe.

As a narrative review, this study presents some inherent methodological limitations
that should be considered when interpreting the findings. Publication bias may have influ-
enced the available literature, as studies reporting associations between climate change and
vector-borne diseases are more likely to be published than studies with negative or incon-
clusive findings. Language bias may also be present, since the review primarily included
articles published in English, which were intentionally selected to ensure methodological
comparability and accessibility for an international readership, potentially underrepresent-
ing relevant evidence published in other languages, particularly from local public health
reports or regional surveillance systems. In addition, important disparities exist across
European countries in terms of surveillance quality, diagnostic capacity, reporting systems,
and availability of epidemiological and entomological data. These differences may lead
to heterogeneous estimates of disease burden and vector distribution, particularly in low-
resource settings or regions with less standardized monitoring systems. Consequently, the
epidemiological patterns and climate-related projections discussed in this review should
be interpreted with caution, especially when comparing different geographical areas or
extrapolating future transmission risks.

3. Biological and Environmental Mechanisms
Climate change significantly influences the survival, reproduction, and disease trans-

mission capacity of vectors responsible for infectious diseases [15–17]. Key climatic vari-
ables, temperature, precipitation, and humidity, affect both vector biology and the dynamics
of the pathogens they carry [18].

Temperature plays a central role by accelerating vector life cycles and increasing biting
frequency. For instance, Ae. aegypti, the primary vector of dengue and Zika, matures more
quickly in warmer conditions, enabling a shorter extrinsic incubation period (EIP) [19,20].
However, very high temperatures (above 30 ◦C) may increase mosquito mortality and
reduce overall transmission potential, indicating that the relationship between temperature
and transmission is non-linear [21].

Precipitation patterns directly influence breeding site availability. Increased rainfall
creates more standing water in containers, urban debris, and flood zones, providing ideal
environments for mosquito breeding. Ae. aegypti commonly lays eggs in man-made
containers filled with stagnant water. Conversely, droughts may reduce natural breeding
grounds but can also lead to unsafe water storage, increasing breeding opportunities and
transmission risks [22–24].

Humidity is equally important. High humidity improves mosquito survival and activ-
ity, extending the period during which vectors remain capable of transmitting pathogens.
Under such conditions, transmission of diseases like Zika and dengue becomes more
efficient because vectors live longer and bite more frequently [24–26].
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These climatic factors are shifting the distribution, intensity, and seasonality of
vector-borne diseases, posing increasing challenges for public health [10]. Understanding
these environmental-biological interactions is essential to guide effective prevention and
control strategies.

4. Vector-Borne Diseases
VBDs are infections caused by protozoa, viruses, or bacteria transmitted by vectors,

mainly arthropods such as mosquitoes, ticks, sandflies, flies, fleas, and lice [1,27].
According to the WHO, VBDs account for over 17% of all infectious globally diseases,

causing more than 700,000 deaths annually. Since 2014, major outbreaks of dengue, malaria,
chikungunya, yellow fever, and Zika have stressed healthcare systems worldwide [28]. In
Europe, the European Centre for Disease Prevention and Control (ECDC) monitors VBD
outbreaks and risks. Their spread is influenced by factors such as international travel,
global trade, animal migration, urbanization, agricultural practices, socio-demographic
changes, and particularly climate change [1,29]. The vector-borne diseases of greatest
global and European public health relevance, as commonly reported in the literature, are
summarized in Table 1.

Table 1. Vector-borne diseases of greatest global and European public health relevance (modified by [1,8]).

Disease Pathogen Primary
Vector(s)

Relevant Climatic
Factors

Effects of Climatic Variability or
Climate Change References

Malaria
Plasmodium parasite
(Plasmodium vivax,

P. falciparum)

Anopheles
mosquito

Temperature, rainfall,
humidity,

El Niño–related
effects, sea

surface temperatures

Disease distribution; pathogen
development in vector;

development, reproduction, activity,
distribution,

and abundance of vectors;
transmission patterns

and intensity; outbreak occurrence

[1,8]

Dengue Flavivirus
Ae. aegypti and
Ae. albopictus
mosquitoes

Temperature,
precipitation

Outbreaks, mosquito breeding,
abundance,

transmission intensity (extrinsic
incubation period)

[1,8]

Yellow fever Flavivirus Ae. aegypti
mosquitoes

Temperature,
precipitation

Outbreaks, incidence; distribution,
abundance, and

breeding of mosquitoes, transmission
intensity

(extrinsic incubation period)

[1,8]

Zika Flavivirus
Ae. aegypti and
Ae. albopictus
mosquitoes

Temperature,
precipitation

Outbreaks, incidence; distribution,
abundance, and

breeding of mosquitoes, transmission
intensity

(extrinsic incubation period)

[1,30]

Chikungunya Alphavirus
Ae. aegypti and
Ae. albopictus
mosquitoes

Temperature,
precipitation

Outbreaks; mosquito breeding and
abundance,

transmission intensity (extrinsic
incubation period)

[1,8]

Chagas disease Trypanosoma cruzi
parasite Triatomine bug

Temperature,
precipitation,

humidity, severe
weather

event

Vector distribution, increased
infestation of houses by

vector
[1,8]

Leishmaniasis Leishmania parasite
(Leishmania spp.) Sand fly

Temperature,
precipitation, El

Niño–related effects

Disease incidence and outbreak
occurrence;

abundance, behavior, and distribution
of vectors

[1,8]
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Table 1. Cont.

Disease Pathogen Primary
Vector(s)

Relevant Climatic
Factors

Effects of Climatic Variability or
Climate Change References

Onchocerciasis Onchocerca volvulus
nematode

Simulium (black
fly) Temperature Transmission intensity [1,8]

Japanese
encephalitis Flavivirus Culex mosquitoes Temperature,

precipitation

Disease incidence and outbreak
occurrence;

abundance, behavior, and distribution
of vectors

[1,31]

African
trypanosomiasis

Trypanosoma brucei
parasite

Glossina (tsetse
fly)

Temperature,
precipitation

Abundance, behavior, and
distribution of vectors [1,32,33]

Rift Valley fever Rift Valley Fever
virus Mosquitoes

Precipitation, sea
surface

temperatures

Outbreaks; vector breeding and
abundance,

transmission intensity (extrinsic
incubation period)

[8]

Ross River fever Ross River
virus Mosquitoes

Temperature,
precipitation, sea

surface temperatures

Outbreaks, vector breeding and
abundance,

transmission intensity (extrinsic
incubation period)

[8]

Tick-borne
encephalitis Flavivirus Ixodes ticks

Temperature,
precipitation,

humidity

Vector distribution, phenology of
host-seeking by

vector
[1,8]

West Nile fever Flavivirus Culex mosquitoes Temperature,
precipitation

Transmission rates, pathogen
development in vector,

distribution of disease and vector
[1,8]

Tularemia Francisella tularensis Ticks Temperature,
precipitation Case frequency and onset [8]

Lyme disease Borrelia spirochete Ixodes ticks
Temperature,
precipitation,

humidity

Frequency of cases, phenology of
host-seeking by

vector, vector distribution
[1,8]

Plague Yersinia pestis Fleas

Temperature,
precipitation,
humidity, El
Niño–related

events

Development and maintenance of
pathogen in vector; survival and

reproduction of vectors and hosts;
occurrences of historical pandemics
and regional outbreaks, distribution

of disease

[8]

4.1. Malaria

Malaria remains the most lethal vector-borne diseases, with major public health
impacts, particularly in tropical and subtropical regions. According to the WHO’s World
Malaria Report 2025, malaria remains a major global health challenge, with an estimated
282 million cases and 610,000 deaths in 2024. The WHO African Region continues to bear
the greatest burden, with 11 countries accounting for about two-thirds of global cases and
deaths [34].

Malaria is caused by protozoa of the Plasmodium genus, transmitted through the bite
of infected Anopheles mosquitoes. Among the five species infecting human (P. falciparum,
P. vivax, P. ovale, P. malariae, P. knowlesi), P. falciparum and P. vivax are the most clinically
significant. P. falciparum is predominant in sub-Saharan Africa and is responsible for most
severe cases and deaths, whereas P. vivax has a wider geographical distribution and can
cause relapses due to dormant liver stages [35].

In Europe, most malaria cases are imported via travelers and immigrants returning
from endemic regions. According to the latest available ECDC annual epidemiological
report [36], 6131 confirmed cases were reported in the EU/EEA, with 99.8% classified as
travel-related and only 13 considered locally acquired.

Overall, the majority of infections occurred in men aged 25–44 years, with a clear
seasonal peak during the summer months. P. falciparum remained the predominant species
(85.7%), followed by P. ovale (4.4%), P. malariae (3.1%), and P. vivax (2.2%) [36].
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While local transmission is rare, climate change and demographic shifts have raised
concerns about the potential resurgence of malaria in Europe. Transmission risk is influ-
enced by receptivity (presence of competent vectors and suitable climate), infectivity (vector
susceptibility to Plasmodium), and vulnerability (presence of infected individuals). Various
Anopheles species are still present in Europe, notably Anopheles atroparvus, An. labranchiae,
and An. plumbeus. Though eradication efforts reduced their numbers, they were never fully
eliminated. With warming temperatures and persistent vectors, conditions may become
favorable for local transmission [35,37,38].

Surveillance systems are essential for early detection, outbreak response, and disease
control. These include clinical, entomological, molecular, and serological surveillance,
supported by digital tools and climate data. Delayed diagnosis and treatment in non-
endemic countries can increase the risk of local outbreaks [35,39].

Clinically, malaria presents with non-specific symptoms such as fever, chills, headache,
vomiting, and diarrhea, with P. falciparum responsible for most severe complications, includ-
ing cerebral malaria. Diagnosis relies on microscopy, rapid diagnostic tests, and PCR, while
artemisinin-based combination therapy (ACT) remains the first-line treatment. Prevention
strategies include chemoprophylaxis for travelers, vector control (bed nets, insecticides,
larvicides), and vaccination (in some African countries). Although malaria vaccines are
not part of EU prevention strategies, they are briefly described here to meet the request for
broader international context. The first malaria vaccine, RTS,S/AS01, has shown partial
protection against P. falciparum in African children and demonstrated reductions in clinical
malaria, severe disease, and hospital admissions in real-world implementation [40,41].
RTS,S/AS01 is most effective when combined with seasonal malaria chemoprevention and
insecticide-treated nets, reflecting its role as part of an integrated control strategy [42].

In 2023, WHO recommended a second vaccine, R21/Matrix-M, which is now being in-
troduced in routine childhood immunization programs exclusively in high-burden African
countries [40]. R21/Matrix-M has shown higher efficacy in seasonal transmission settings
(around 70%) and was developed to improve scalability and affordability, helping expand
vaccination coverage in regions with intense transmission [43].

Despite progress, malaria continues to pose a global health threat. Increasing global
mobility also contributes to a steady flow of imported cases into the EU/EEA [41]. Contin-
ued surveillance, research, and integrated prevention strategies therefore remain essential
to mitigate these evolving risks.

4.2. Dengue

Dengue is a viral infection transmitted to humans by the mosquitoes Ae. aegypti and
Ae. albopictus, and caused by four distinct serotypes (Den-1 to Den-4). The virus is endemic
in tropical and subtropical regions and is primarily transmitted through mosquito bites;
human-to-human transmission occurs in rare occasions such as breast feeding, though
humans serve as the main reservoir during the viremic phase (2–7 days). Dengue is
particularly prevalent during and after the rainy season in Africa, Southeast Asia, Latin
America, and parts of Oceania. In Europe, dengue is primarily an imported disease, and
its rise is linked to the increasing frequency of global travel and trade [38]. Ae. aegypti
and Ae. albopictus are present in Europe (Figures 3 and 4). Ae. albopictus is prevalent in
southern Europe (Figure 4), specifically in Italy, southern France, eastern Spain and on the
eastern coast of the Adriatic Sea and is gradually spreading towards the northern latitudes
of Europe.

https://doi.org/10.3390/ijem1030010

https://doi.org/10.3390/ijem1030010


Int. J. Environ. Med. 2026, 1, 10 8 of 27

Figure 3. Distribution of Ae. aegypti in Europe, status August 2023. Source: [44] https://www.ecdc.
europa.eu/en/publications-data/aedes-aegypti-current-known-distribution-august-2023 (accessed
on 19 January 2026).

Figure 4. Distribution of Ae. albopictus in Europe, status August 2023. Source: https://www.ecdc.
europa.eu/en/publications-data/aedes-albopictus-current-known-distribution-august-2023 (ac-
cessed on 19 January 2026) [45].
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Ae. albopictus shows remarkable thermal tolerance: its diapausing eggs can survive
winter temperatures well below 0 ◦C, allowing the species to persist and expand in temper-
ate regions. It is also widely distributed in tropical and subtropical areas, including parts of
sub-Saharan Africa and South America, demonstrating its ability to withstand very high
summer temperatures [46]. Ae. aegypti is already established in areas with relatively cold
winters, such as parts of the northern Black Sea region (Figure 3). Climate change may there-
fore influence the relative suitability of different European regions for these species, but
their potential expansion cannot be explained solely by simple temperature thresholds [47].
Autochthonous dengue transmission has increased substantially in Europe over the past
three years. In 2022, Europe recorded 66 locally acquired dengue cases (65 in France and
1 in Spain). In 2023, cases rose to 122, including 76 in Italy, where several unlinked out-
breaks occurred across multiple provinces. France and Spain reported cases mainly along
the Mediterranean coast, and in urban areas such as Paris, Madrid, Milan, and Rome, where
Aedes mosquitoes thrive [48]. According to Santé Publique France surveillance, dengue
transmission persisted in 2024 and 2025, with France reporting 30 locally acquired dengue
cases in 2025, mostly in southern regions where Ae. albopictus is well established [49]. As
of November 2024, Italy reported 687 confirmed cases, of which 213 were autochthonous.
The largest outbreak occurred in the Marche region (143 cases), with others in Lombardy,
Veneto, Emilia-Romagna, Tuscany, and Abruzzo [50]. In 2025, a total of 223 cases were
recorded in Italy, of which 4 were autochthonous [51].

Dengue surveillance is essential for early outbreak detection and response. Monitoring
mosquito populations and human cases allows health authorities to identify hotspots and
implement vector control measures. Screening blood and organ donors is also important,
particularly in areas with active transmission; a case of dengue transmission via organ
transplant was reported in [52]. The ECDC recommends preventive measures for travelers,
but no EU-wide protocols exist for dengue screening in donors [48]. Clinically, dengue
presents 5–6 days post-bite with fever, headache, retro-orbital pain, joint pain, nausea, rash,
and in rare cases, progresses to dengue hemorrhagic fever. Symptoms may be mild or
absent in children. Diagnosis is based on clinical presentation and confirmation via PCR
or serology. Prevention relies on avoiding mosquito bites and controlling breeding sites,
especially in urban environments. Effective measures include repellents, protective clothing,
and mosquito netting. The most effective outbreak prevention strategy remains vector
control, particularly the elimination of stagnant water. Two dengue vaccines have been
approved in 2023: Qdenga® (Takeda), also authorized in Italy and effective against all four
serotypes, and Dengvaxia® (Sanofi Pasteur), approved in 20 countries but recommended
only for previously infected individuals in endemic regions. Dengue vaccination strategies
remain complex due to the existence of four serotypes and the risk of antibody-dependent
enhancement (ADE). Dengvaxia® (CYD-TDV) is recommended only for individuals with
confirmed previous dengue infection, as its use in seronegative individuals may increase
the risk of severe disease upon subsequent infection. In contrast, Qdenga® (TAK-003)
has shown broader efficacy against all four dengue serotypes and can be administered
regardless of prior infection status. Clinical trials reported approximately 80% protection
against hospitalization and around 60–65% efficacy against symptomatic dengue. However,
its long-term effectiveness and impact on different age groups are still under evaluation,
and WHO recommends its use in settings with high dengue transmission under careful
surveillance frameworks [53].

There is no specific antiviral treatment for dengue and patients recover in two weeks
with supportive care (hydration, fever management, rest); fatigue and depression may
persist for weeks [54,55].
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Addressing dengue requires a multidisciplinary and international approach, combin-
ing surveillance, public education, vector control, and vaccine deployment. Climate change
and global mobility are driving its expansion, making coordinated action and continued
research imperative for effective control.

4.3. Zika

Zika virus (ZIKV) is a mosquito-borne flavivirus transmitted primarily by Ae. aegypti
and Ae. albopictus, the same vectors responsible for dengue and chikungunya. First isolated
in 1947 in Uganda, ZIKV remained largely confined to Africa and Asia until 2007, when
the first major outbreak occurred in Micronesia. Mosquito control has led to the reduction
and elimination of the disease, although Zika, like dengue, is more prevalent in poor
urban areas of tropical and subtropical regions, where favorable climate conditions are
coupled with poor socioeconomic conditions and a lack of public health policies [56].
Subsequent outbreaks followed in French Polynesia (2013–2014) and other Pacific Islands.
In 2015, a large-scale outbreak in Brazil drew global attention due to its association with
congenital abnormalities, especially microcephaly, and neurological complications such as
Guillain-Barré syndrome [30,56–58].

As of 2019, ZIKV transmission had been reported in 87 countries, with 61 countries
having competent Aedes vectors but no documented autochthonous cases. In Europe,
no local outbreaks have occurred, but imported cases continue to be reported in several
countries (Denmark, Finland, Germany, Netherlands, Portugal, Spain, Sweden, United
Kingdom), including Italy where only 7 and 5 cases were recorded in 2024 and 2025,
respectively [51]. Sporadic cases of congenital Zika syndrome have also been identified in
children born to mothers infected during travel to endemic areas [51,59].

Zika is primarily transmitted through mosquito bites, but can also spread via sexual
contact, blood transfusion, and organ transplantation. The majority of infections are asymp-
tomatic (~80%). When symptoms occur, they are typically mild and flu-like, including
fever, rash, conjunctivitis, headache, muscle and joint pain, and usually resolve within
a week. However, in pregnant women infection can lead to severe fetal complications
(brain damage, microcephaly, and other neurological issues), particularly during the first
trimester [58]. Diagnosis is mainly based on PCR or virus isolation from blood or urine
samples. Serological testing is complicated by cross-reactivity with other flaviviruses. There
is no approved vaccine or specific antiviral treatment; care is supportive, with fever man-
agement and hydration. Prevention focuses on minimizing mosquito exposure through
repellents, protective clothing, bed nets, and vector control strategies. In Europe, Zika
virus surveillance is coordinated by ECDC and the WHO Regional Office for Europe. Italy
has implemented a comprehensive National Plan for Surveillance and Response to Aedes-
borne Arboviral Diseases, which includes entomological monitoring, clinical case reporting,
public education, and vector control. The plan intensifies surveillance between June and
October, the peak vector activity period [60].

Climate change, urbanization, poor sanitation, and global travel all contribute to the
expansion of Aedes vectors, increasing the risk of ZIKV transmission in new areas. The lack
of specific treatments and vaccines highlights the importance of early detection, integrated
surveillance systems, community awareness, and international cooperation in mitigating
the public health impact of Zika virus.
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4.4. Chikungunya

Chikungunya is a viral disease caused by the chikungunya virus (CHIKV), an RNA
virus of the genus Alphavirus (Togaviridae family). It is primarily transmitted to humans
by Ae. aegypti and Ae. albopictus mosquitoes. The was first identified in Tanzania in 1952,
and subsequent outbreaks have occurred in Africa, Asia, Europe, and the Americas. Since
2004, its geographic range has rapidly expanded, with confirmed transmission in over
110 countries. A mutation in the virus facilitated its transmission by Ae. albopictus, the
prevalent mosquito in Europe Its relevance for Europe increased markedly after 2007, when
the first autochthonous transmission occurred in Italy (Ravenna), resulting in 337 suspected
cases, 229 of which were laboratory confirmed [61]. Subsequent outbreaks were reported
in France (2010) and Italy (2017), particularly in Lazio and Calabria [62–65]. In 2025, a total
of 482 cases were recorded in Italy, of which 384 were autochthonous [51]. In 2025, Santé
Publique France reported 809 locally acquired chikungunya cases in France, including
790 cases across 79 transmission episodes and 19 isolated cases, confirming the capacity of
Ae. albopictus to sustain substantial outbreaks under favorable conditions [49]. Imported
cases continue to be detected across Europe, facilitated by international travel from endemic
regions. The establishment and expansion of Ae. albopictus in many European countries,
driven by climate change, urbanization, and inadequate vector control, creates favorable
conditions for local transmission.

Clinically, chikungunya presents with abrupt onset of fever, severe joint pain, myalgia,
headache, fatigue, and rash. While most patients fully recover, joint pain can persist
for months or even years. Rare complications include neurological, ocular, and cardiac
manifestations, and elderly patients are at higher risk of severe outcomes. Diagnosis is
primarily based on PCR during the acute febrile phase, and serological tests help identify
past or recent infection. There is no specific antiviral treatment; care focuses on symptom
management. The first chikungunya vaccine has been approved in 2023 by the FDA in the
United States, and in Europe in February 2025 by the European Commission [66].

Vector control remains the most effective preventive strategy. Traditional measures
include elimination of breeding sites, personal protection, and targeted insecticide use,
although resistance is increasingly reported [62]. Wolbachia-based biocontrol has shown
the ability to reduce CHIKV transmission in laboratory settings, but these approaches are
not authorized or implemented in Europe [67].

Chikungunya continues to pose a public health challenge in areas where Ae. albopictus
is established. Strengthening surveillance, improving vector control, and enhancing public
awareness remain essential to prevent future outbreaks in Europe.

4.5. West Nile

West Nile fever is a mosquito-borne zoonotic disease caused by the West Nile virus
(WNV), a member of the Flaviviridae family. First isolated in Uganda in 1937, WNV has
since widely spread across Africa, Asia, Europe, Australia, and the Americas. The virus is
divided into nine lineages, but most human infections are caused by lineages 1a and 2. The
virus primarily circulates among wild birds and Culex mosquitoes, with birds serving as
natural reservoirs and mosquitoes as vectors. Humans and other mammals, such as horses,
are incidental hosts and do not contribute to ongoing transmission [68]. Environmental and
climatic factors play a central role in the virus’s transmission. Warm temperatures above
20 ◦C support mosquito survival, while temperatures over 30 ◦C accelerate viral replication.
Precipitation fosters mosquito breeding, and humidity enhances mosquito activity. Climate
change, by extending warm seasons and altering bird migration patterns, further facilitates
virus spread and vector proliferation. Additionally, winds can carry infected mosquitoes
across large areas, increasing the risk of cross-border transmission [69–71].
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In Europe, WNV poses a recurrent public health challenge. In 2023, 728 human cases
were reported across the EU, of which 709 were locally acquired and 19 travel-related
(Figure 5). The highest case numbers were recorded in Italy (336), Greece (162), and
Romania (103). Deaths were reported in Italy (29), Greece (23), Romania (12), and Spain
(3). Although the total number of cases in 2023 decreased by 36% compared to 2022, the
number of affected regions increased by 31%, indicating wider geographic spread [68,72].
However, in 2025, cases in Italy increased again, with 502 cases and 33 deaths recorded [73].

 

Figure 5. West Nile virus human infections, 2023 season. Source: [74] https://www.ecdc.europa.eu/
sites/default/files/images/WNF-Human-2023-season.png (accessed on 19 January 2026).

In addition to human cases, 153 outbreaks in equids (primarily horses) and 251 in
birds were reported in the EU in 2023 (Figure 6). Most animal outbreaks occurred in France
(44), Spain (38), Hungary (26), Italy (25), and Germany (14). There was a 51% increase in
outbreaks among equids compared to the previous year, though bird outbreaks decreased
by 22%. The correlation between animal outbreaks and human cases highlights the role of
zoonotic surveillance in early detection.
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Figure 6. West Nile virus animal infections, 2023 season. Source: [74] https://www.ecdc.europa.eu/
sites/default/files/images/WNF-Animal-2023-season.png (accessed on 19 January 2026).

Most infected people are asymptomatic, but about 20% of symptomatic cases experi-
ence mild symptoms like fever, headache, nausea, vomiting, swollen lymph nodes, and skin
rashes, lasting from a few days to weeks. Serious symptoms, including high fever, severe
headache, muscle weakness, tremors, vision problems, numbness, convulsions, paralysis,
and coma, occur in less than 1% of cases. In about 1 in 1000 cases, fatal encephalitis can oc-
cur. Diagnosis is made through laboratory tests (ELISA, PCR, or viral culture) on serum or
cerebrospinal fluid. No vaccine is currently available, but studies are ongoing. Prevention
involves avoiding mosquito bites through repellents, long clothing, and mosquito nets, and
reducing mosquito breeding by emptying stagnant water containers. There is no specific
antiviral therapy, and symptoms usually resolve on their own [75,76]. WNV surveillance
across Europe is coordinated through systems like TESSy and ADIS (Animal Disease Infor-
mation System), which track human, animal, and vector data. These systems enable the
timely implementation of mosquito control campaigns and help identify hotspots of viral
activity. Some countries also use sentinel systems to monitor environmental conditions and
predict potential outbreaks [75].

West Nile virus remains a significant and growing threat in Europe, exacerbated
by climate change, increasing vector range, and globalization. Continued investment in
epidemiological surveillance, vector management, and public health infrastructure will be
essential to mitigating the impact of future outbreaks.

4.6. Yellow Fever

Yellow fever (also called icteroid typhus) is an acute, potentially fatal viral disease
caused by a Flavivirus transmitted by mosquitoes, primarily Ae. aegypti, Haemagogus,
and Sabethes. It is endemic in tropical regions of Africa and Latin America, with an
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estimated 200,000 cases and 30,000 deaths annually. The incidence of yellow fever fluctuates
based on vaccination coverage and mosquito control measures. Although not endemic
in Europe, changing climatic conditions, increasing global mobility, and the presence of
vector mosquitoes in southern Europe, especially Ae. aegypti, pose a potential risk for future
outbreaks. In 2018, EU countries reported 13 travel-related cases of yellow fever in France
(7), Germany (2), Czech Republic (1), Netherlands (1), Romania (1) and United Kingdom
(1), primarily linked to travel in South America and Africa. While no autochthonous
transmission has occurred in Europe in recent decades, the growing presence of competent
vectors in Mediterranean regions has raised public health concerns. In Italy, the risk
remains theoretical but possible due to climate change, migration, and the presence of Ae.
aegypti [77,78].

Symptoms appear 3 to 6 days after infection and may range from mild flu-like signs
(fever, headache, chills, nausea) to a severe toxic phase, affecting 15% of cases. This ad-
vanced phase may include jaundice, bleeding, liver and kidney failure, and can result in
shock or death. There is no specific antiviral treatment, and care focuses on symptom man-
agement, including fluid support and treatment of complications. Prevention is primarily
achieved through the yellow fever vaccine, which offers long-lasting protection (at least
10 years) and is recommended for anyone traveling to endemic areas. Other preventive
strategies include mosquito bite prevention with repellents and protective clothing.

However, several challenges hinder disease control efforts: interruption of vaccination
campaigns in conflict zones, limited access to healthcare, mosquito resistance to insecticides,
and climate change. These factors complicate outbreak management and increase the need
for robust surveillance systems [79,80].

Continuous monitoring of mosquito populations, tracking human cases, and early
detection of environmental risks are essential for rapid response. Though large-scale
outbreaks in Europe remain unlikely, surveillance and prevention are crucial to mitigating
the potential spread of yellow fever in a changing global context.

4.7. Chagas Disease

Chagas disease, caused by the parasite Trypanosoma cruzi, is primarily transmitted by
blood-sucking insects of the Triatoma genus. It is endemic to Latin American countries such
as Bolivia, Brazil, Mexico, and Argentina, with an estimated 6–7 million people globally
infected, making it the third most common parasitic disease in the world after malaria
and leishmaniasis. Due to migration, imported cases have been increasingly reported in
non-endemic regions, including Europe, especially in Spain, Portugal, and Italy. Between
2010 and 2020, Spain had the highest number of estimated cases (about 30,000), followed
by Italy (10,000–15,000) and Portugal (5000–10,000). Most infections in Europe have been
identified among Bolivian immigrants. However, data remain incomplete, as there is no
unified surveillance system in place. Climate change could potentially favor the expansion
of vectors into non-endemic areas, increasing the risk of parasite introduction. Congenital
transmission of Chagas disease, when the infection is passed from mother to child during
pregnancy, is underdiagnosed in Europe, due to the lack of screening programs targeting
pregnant women from endemic regions. Other, less frequent modes of transmission include
blood transfusions and organ transplants from infected individuals [81–83].

Initial symptoms include fever, localized swelling, and pain at the bite site. If un-
treated, the disease may progress to a chronic phase, potentially causing severe cardiac
or gastrointestinal complications. Diagnosis relies on serological and molecular testing,
and treatment involves antiparasitic drugs such as benznidazole and nifurtimox, which are
most effective in the acute phase [81].
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Vector control, chemoprophylaxis and, above all, surveillance are the keys to control-
ling Chagas disease in non-endemic countries. Monitoring migrant populations, imple-
menting screening for pregnant women and newborns, and improving access to diagnosis
and treatment are essential to prevent further transmission and reduce the disease burden
in Europe and other at-risk regions.

4.8. Leishmaniasis

Leishmaniasis is a parasitic disease affecting humans and animals, caused by protozoa
of the Leishmania genus (e.g., L. martiniquensis, L. donovani, L. infantum). It is transmitted
by the bite of sandflies (Phlebotomus spp.), which act as biological vectors. The disease is
widespread in tropical and subtropical regions, including parts of southern Europe, such
as Italy, Greece. Climate change and rising temperatures may enhance the distribution of
sandflies, increasing the risk of leishmaniasis in previously unaffected areas [84,85].

Van der Auwera [86] highlighted the presence of human leishmaniasis cases between
2014 and 2019 in 11 European countries: Belgium, France, Germany, Italy, the Netherlands,
Norway, Portugal, Spain, Sweden, Switzerland, and the United Kingdom. Specifically,
1142 cases were detected, of which 76%, 21%, and 3% presented cutaneous, visceral, and
mucosal disease, respectively. Visceral leishmaniasis (VL) was mainly acquired in Europe,
while cutaneous leishmaniasis (CL) was imported. Todeschini [87] analyzed 154 cases were
reported from 2004 to 2022 in the city of Bologna (Italy) highlighting a rise in the past
decade and 11 associated deaths. The disease mainly affected men, young children, and
immunocompromised individuals. Increases in cases were linked to hot, dry summers,
suggesting an impact from climate change. The study also highlighted that the dog, despite
being a known reservoir, may not be the only source of disease transmission, as a similar
increase in dogs was not observed during years with higher human cases. The infection has
also been found in other animals, such as mice and rats, suggesting that other mammals
may contribute to the spread of leishmaniasis [87]. In Italy, both VL and CL are endemic
in much of the country and are caused by the subspecies L. infantum. Of the 30 species of
Leishmania that can infect mammals, approximately 20 can cause disease in humans with
varying clinical outcomes. L. donovani is responsible for VL, L. maior and L. tropica cause CL,
L. mexicana and L. brazilenzis cause mucocutaneous leishmaniasis (MCL). Leishmaniasis
symptoms depend on the form: CL manifests with skin lesions, while VL presents with
fever, and organ enlargement. Diagnosis is made through blood tests and skin biopsies.
Treatment varies by species but includes local treatments for CL and intravenous drugs
like liposomal amphotericin B for VL. Preventive measures focus on avoiding sandfly
bites through repellents, protective clothing, and reducing vector habitats. Currently, no
human vaccine is available [84,88]. Prevention includes avoiding sandfly bites through
repellents, protective clothing, and vector control. Surveillance is critical, especially in
non-endemic areas, to monitor sandfly populations, animal reservoirs, and climate data [87].
Ongoing research and public awareness are essential to prevent the disease’s further spread
in Europe.

4.9. Other Vector-Borne Diseases

Onchocerciasis, or river blindness, is caused by the nematode Onchocerca volvulus
and transmitted by Simulium flies. According to the WHO (2007) [89], over three million
people worldwide have been blinded by this disease. It is common in sub-Saharan Africa
and parts of Latin America, but not present in Europe, where cases are mostly imported.
Although global warming may influence vector spread, the risk of resurgence in Europe
remains low. Symptoms include itching, skin lesions, and blindness caused by larval
migration. Diagnosis involves detecting microfilariae in blood or skin. Treatment with
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ivermectin is effective and has reduced cases substantially. Prevention involves mass drug
administration to limit transmission [90].

Japanese encephalitis, caused by the Japanese Encephalitis Virus (JEV) and transmitted
by Culex mosquitoes, affects mainly East and Southeast Asia with around 50,000 annual
cases. In Europe and Italy, risk is minimal, but imported cases may occur. Climate change
could expand vector habitats, increasing spread risks. Symptoms include fever, headache,
and neurological signs such as convulsions and encephalitis. Diagnosis is via serology
and PCR. No specific antiviral exists, but vaccination is available in Europe and Italy for
travelers to endemic areas. However, vaccination is not recommended for children due to
limited safety data. Prevention focuses on mosquito protection [91].

Human African trypanosomiasis, or sleeping sickness, caused by Trypanosoma brucei
and transmitted by tsetse flies, is endemic in sub-Saharan Africa with about 70,000 cases
yearly. Europe and Italy have no endemic cases, only rare imports. Two forms exist: chronic
sleeping sickness caused by T. brucei gambiense in West and Central Africa, transmitted
by Glossina palpalis, and subacute sleeping sickness by T. brucei rhodesiense in southeastern
Africa, transmitted by Glossina morsitans [92,93]. Rising temperatures might affect tsetse
distribution, but European resurgence risk is low. Early symptoms include fever, headache,
and lymphadenopathy, followed by CNS involvement. Diagnosis is through parasite
detection in blood. Treatment uses pentamidine and suramin. Prevention targets tsetse
control and repellents [93].

Rift Valley fever, a viral disease transmitted by mosquitoes and flies, is endemic in East
Africa with outbreaks in Saudi Arabia and Yemen. Europe and Italy are non-endemic but
at risk from infected travelers. Climate change could expand vector habitats and epidemic
risk. Symptoms include fever, headache, and muscle pain. Diagnosis relies on serological
tests. No specific antiviral exists; treatment is supportive. Prevention centers on vector
control [94,95].

Ross River fever, caused by an Alphavirus transmitted by mosquitoes, is endemic in
Australia and the Pacific Islands; risk in Europe is low but may increase with climate
change. Symptoms include fever, arthritis, and rash. Diagnosis is serological. No specific
treatment exists, but symptoms respond to analgesics and anti-inflammatories. Prevention
involves mosquito repellents and protection [96,97].

Tick-borne encephalitis (TBE), caused by a virus transmitted by ticks (Ixodes ricinus and
Ixodes persulcatus). Global warming may increase vector range and disease resurgence. TBE
is prevalent in central Europe, Asia, and parts of North America, with around 10,000 cases
annually. TBE is endemic in Europe and Italy. In Italy, the first cases were recorded in 1994,
and the latest surveys have revealed 67 cases, 63 of which are indigenous [51]. TBE is also
endemic in Slovenia, representing one of the highest incidence areas in Europe, with annual
notification rates often exceeding 10–20 cases per 100,000 inhabitants in some regions.
Transmission is particularly concentrated in wooded rural areas, where I. ricinus ticks are
widespread. Human cases in Slovenia have been reported regularly in recent decades, with
seasonal peaks in spring and summer associated with outdoor recreational activities [98].
Symptoms include fever, headache, and neurological effects. Diagnosis is serological. No
antiviral treatment exists. Prevention includes tick control, but vaccination is an effective
prevention strategy [99,100]. Vaccination represents the most effective preventive strategy
against TBE. The inactivated virus vaccines, such as FSME-IMMUN and Encepur, are
highly immunogenic and provide long-lasting protection after a primary series and booster
doses. Real-world data from the Slovenian population confirms a field effectiveness of
93.4% after a primary three-dose series, with estimates exceeding 95% in preventing clinical
disease and severe neurological complications. Despite its availability, vaccination coverage
remains suboptimal, which contributes to continued sporadic outbreaks [101,102].
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Tularemia, or rabbit fever, caused by Francisella tularensis, is endemic in Europe, North
America, and Asia. It is transmitted by I. ricinus ticks, rodents, and lagomorphs. Humans
contract it through tick bites, contact with infected animals, or ingestion of contaminated
food or water. It is present in parts of Europe, including Italy. Rodent spread and climate
change could increase tick distribution and disease occurrence. Symptoms include fever,
ulcers, and swollen lymph nodes. Diagnosis involves bacterial culture or PCR. Antibiotics
are effective, and prevention focuses on rodent control and tick protection [103,104].

Lyme disease (borreliosis), caused by Borrelia burgdorferi and transmitted by Ixodes
ticks, is widespread in the Americas, Asia, and Europe. In Italy, it is common, especially
in mountainous areas. Climate change may increase tick populations and cases. Early
symptom is erythema migrans; neurological issues like meningitis, cranial neuritis, and
radiculoneuropathy affect 15% of patients. Arthritis occurs in 60–70%, with possible
recurrent joint swelling and pain. Diagnosis is serological. Antibiotics treat it effectively.
Prevention involves repellents and tick control [105,106]. Vaccines exist in the U.S. but are
unavailable in Italy and Europe due to multiple Borrelia species presence.

Plague, caused by Yersinia pestis, is primarily transmitted by the rat flea (Xenopsylla
cheopis), and also by lice and bedbugs. It can spread through direct contact with infected
animals or person-to-person [107]. Plague is endemic in parts of Africa, Asia, and North
America. From 2010–2015, 3248 cases were reported globally, with 584 deaths [108]. Al-
though no longer endemic in Europe, climate change and mobility may increase epidemic
risks. Symptoms include high fever and swollen lymph nodes. Diagnosis involves bacterial
culture. Antibiotics are effective, with prevention focusing on rodent and flea control.

5. Climate Scenarios and Future Projections
Record temperatures were observed across the world in 2024. In fact, the C3S, in

its annual report Global Climate Highlights 2024 (Figure 7), reported that 2024 was the
warmest year since scientific records began, i.e., since 1850 [109].

 

Figure 7. Global surface air temperature increases above the 1850–1900 pre-industrial reference
period. Credit: C3S/ECMWF. Source: [109] https://climate.copernicus.eu/sites/default/files/2025-0
1/GCH2024_PR_Fig1_timeseries_annual_global_temperature_anomalies_ref1850-1900.png (accessed
on 19 January 2026).
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In Europe, temperatures are rising at twice the global average, increasingly threatening
public health and causing preventable deaths. Without a significant reduction in green-
house gas emissions, it appears unlikely that the global temperature increase will remain
below 1.5 ◦C [110]. The IPCC Sixth Assessment Report (AR6) concluded that the 1.5 ◦C
threshold could be exceeded in the early 2030s, about 10 years earlier than the midpoint of
the range (2030–2052) assessed in the previous report (SR1.5) [111]. Without timely and
effective climate action, billions will face negative health outcomes. Between 2003–2012
and 2013–2022, heat-related mortality in Europe increased by an average of 17.2 deaths per
100,000 people. Vulnerable populations, such as the elderly, pregnant women, newborns,
individuals with chronic illnesses, urban dwellers, outdoor workers, and socioeconomi-
cally disadvantaged groups, are particularly at risk. Overall, heat vulnerability rose by
9% between 1990 and 2022, with Southern Europe seeing the highest increase (11%) and
Northern Europe the lowest (around 5%) [112].

Climate models and forecast simulations are essential tools to anticipate how climate
change could affect the distribution of vectors and associated infectious diseases. Guevara [113]
emphasized that causal inference methods can help clarify links between climate variables
and disease transmission. Due to climate change, many regions are expected to see am-
plified infectious disease risks, with shifts in both transmission dynamics and geographic
reach. Kronen [114] analyzed future transmission risks for ZIKV and CHIKV in Europe
under two climate scenarios: RCP4.5 (moderate emissions, ~2.4 ◦C warming by 2100) and
RCP8.5 (high emissions, ~4.3 ◦C warming). Both scenarios predict increased transmission
risk and geographic expansion. CHIKV risk will particularly rise in Spain, Portugal, the
Mediterranean coast, and around the Black Sea. More broadly, large areas across Europe
will become suitable for both ZIKV and CHIKV transmission by the end of the century.

Using mechanistic models, another study estimated the basic reproduction number
(R0) and transmission season length for dengue, Zika, and chikungunya viruses, factoring in
temperature, precipitation, mosquito density, and human population. Between 2013–2022,
the risk of dengue epidemics in Europe rose by 55.94% compared to 1951–1960, with
Southern Europe experiencing the greatest increase. The absolute risk of dengue epidemics
caused by Ae. albopictus in northern Europe increased by 1.7%, while in western Europe
it increased by 6.10%. Similar trends were noted for Zika and chikungunya. The dengue
transmission season also increased by 4 additional months (mean 1.7, SE 0.2). Travel-related
importation of dengue has surged: between 2009–2019, imported cases across Europe rose
by 176.8% compared to 1995–2004. Northern Europe recorded the highest relative increase
(194.17%), followed by Southern Europe (173.73%) [115,116].

van Daalen [110] citing data from Farooq [117] and Farooq [118], report that the risk
of WNV epidemics has consistently increased in Europe from 1951 to 2022, largely due
to climate change. Between 2013–2022, epidemic risk rose by 256% over 1951–1960 levels,
with the highest increases in Eastern Europe (516%) and Southern Europe (203%).

van Daalen [110] used a threshold-based model incorporating precipitation, humidity,
temperature, and land cover types (e.g., rice paddies, irrigated land, recreational areas)
was also used to estimate months suitable for P. vivax malaria transmission, previously
endemic in Europe. Western and Eastern Europe saw the highest increases in transmission
suitability (0.34 and 0.22 months, respectively) between 1951–1960 and 2013–2022. Notably,
suitability rose most in non-urban areas with moderate levels of social deprivation. At the
national level, Liechtenstein, Slovenia, and Switzerland showed the largest increases.

Although climate models and forecast simulations are useful tools, it is important to
emphasize that these projections are inherently scenario-based and subject to uncertainty.
Differences in emission pathways, climate sensitivity, vector ecology assumptions, and
socioeconomic conditions contribute to variability in projected outcomes. Moreover, inter-
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model comparisons indicate that estimates of both the magnitude and spatial distribution
of disease risk may vary substantially depending on the modelling framework adopted,
highlighting the presence of structural and parameter uncertainty across studies. There-
fore, the results reported in this section should be interpreted as indicative projections of
potential risk rather than deterministic forecasts of future disease occurrence. Beyond the
increase in global average temperatures, precipitation, and relative humidity, other impor-
tant factors must also be considered, such as socio-economic conditions, the migrations,
and the growing urbanization of areas with often inadequate sanitation, which makes them
particularly vulnerable.

Economic Implications

Healthcare spending related to vector-borne diseases already represents a growing
economic concern for European health systems, particularly due to the rising incidence of
West Nile virus, TBE, leishmaniasis, and the recent emergence of autochthonous dengue
cases [119]. Climate change is expected to amplify this burden by increasing the frequency,
duration, and geographic range of transmission, thereby generating additional direct and
indirect costs. Direct costs include expenditures for diagnosis, treatment, hospitalization,
surveillance, and vector control, while indirect costs arise from productivity losses, long-
term neurological sequelae (e.g., after West Nile neuroinvasive disease), and reduced
workforce participation in affected regions [120,121].

Although comprehensive economic estimates for the EU/EEA remain limited, avail-
able evidence indicates that outbreaks can impose substantial financial pressure. For
example, West Nile virus epidemics in Southern and Eastern Europe have led to increased
healthcare utilization, emergency vector-control interventions, and significant produc-
tivity losses [122]. Tick-borne encephalitis also generates considerable long-term costs
due to chronic neurological impairment, particularly in Central and Eastern Europe [123].
Moreover, the expansion of Ae. albopictus has required several Member States to inten-
sify surveillance and implement costly preventive measures to reduce the risk of dengue
transmission [124].

Beyond the health sector, climate-sensitive vector-borne diseases may affect tourism,
agriculture, and local economies, especially in Mediterranean regions where seasonal
mobility and outdoor labor are essential economic drivers. Adaptation measures, such
as strengthening early warning systems, improving vector surveillance, and upgrading
public health infrastructure, will require sustained investments but are expected to reduce
long-term economic losses [125,126]. In this context, addressing vector-borne diseases is
not only a public health priority but also an economic necessity for the European Union,
particularly in the face of accelerating climate change.

6. Integrated Strategies for the Control of Infectious Disease Vectors
Vector-borne diseases (VBDs) are a public health challenge worldwide, and their rel-

evance for Europe is increasing due to the expansion of mosquitoes and climate-driven
changes in vector ecology. Effective control requires integrated approaches combining envi-
ronmental management, biological and chemical control, physical protection, surveillance,
and community engagement [127].

Environmental management aims to alter habitats where vectors thrive. Draining
wetlands and treating water can reduce mosquito breeding. Proper waste management,
including sealed, accessible containers for recycling and composting, reduces breeding
grounds. Regular waste collection, such as incineration, further mitigates risks. Raising
public awareness about waste management is vital for preventing breeding and improving
public health [127,128].
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Insecticides remain a common method for controlling vector populations, targeting
larvae, adults, or breeding environments, using chemicals like temephos, pyriproxyfen,
permethrin, and deltamethrin. Physical measures, such as insecticide-treated nets, screens,
and protective clothing, offer additional protection [129,130]. However, traditional meth-
ods alone may be insufficient, making biological control a key component. Introducing
natural predators, such as fish that consume mosquito larvae, or using bacteria like Bacil-
lus thuringiensis israelensis to target larvae without harming other species, are effective
ecological solutions. Wolbachia-based approaches, although promising in reducing vector
competence in laboratory and field trials elsewhere, are not authorized or implemented in
Europe [42]. Genetic control techniques, including sterile insect methods and gene-editing
approaches, are under development and have shown potential in reducing vector pop-
ulations or limiting pathogen transmission [131,132]. However, these strategies remain
experimental and are not currently applied in Europe. Surveillance and monitoring are
crucial for gathering data on vector presence and spread, with entomological analysis and
predictive models helping plan effective control measures. Integrated Vector Management
(IVM) combines these strategies, reducing pesticide use while promoting environmentally
friendly methods. The goal is to lower the risk of vector-borne diseases, protect public
health, and reduce the economic and social impact of these diseases [133,134].

To support the implementation of IVM in Europe, several operational indicators can
be used to guide surveillance and early response activities [135]. Entomological indicators
commonly include Aedes mosquito surveillance metrics such as ovitrap indices, adult
mosquito density, and larval positivity rates, which are widely applied in European moni-
toring programs to assess transmission risk [136]. Early warning systems often integrate
climatic thresholds, including sustained increases in temperature and rainfall anomalies
associated with enhanced vector development and viral replication potential [137]. Al-
though exact thresholds may vary by region, periods of prolonged warm temperatures
and increased precipitation have been consistently associated with elevated arboviral
transmission risk [138]. In addition, effective outbreak preparedness relies on timely re-
sponse mechanisms, with cross-border coordination and rapid implementation of control
measures following early detection signals [139]. Environmental management indicators
also play a key role and include reduction of stagnant water sites, improvement of waste
management systems, and maintenance of drainage infrastructure to limit vector breeding
habitats [140]. These indicators should be considered adaptable operational tools rather
than fixed universal thresholds, reflecting ecological and epidemiological heterogeneity
across European settings.

7. Health Policies and Climate Change
Addressing VBDs in the context of climate change requires coordinated action at

global, regional, and local levels. The WHO has developed strategies based on IVM,
combining vector surveillance with environmental policies. WHO’s support to Member
States focuses on three key goals: raising awareness, promoting health through climate
change mitigation, and strengthening health systems to address emerging risks. Effective
water and sanitation management, along with improved health surveillance, are critical to
protecting populations. Emerging technologies, such as satellite remote sensing, offer strong
potential for early warning systems and rapid epidemic responses. Early warning systems
can be further strengthened by integrating operational thresholds based on entomological,
climatic, and environmental indicators, allowing for timelier and coordinated public health
interventions across European countries. However, their success depends on community
engagement and institutional response capacity, especially in low-resource settings. These
systems must be supported by strong emergency response policies, with particular focus
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on vulnerable areas. Climate change is now widely recognized as a direct threat to public
health. Increasing awareness of the climate-health link is essential for shaping policies and
engaging the public. The 2015 Paris Agreement and subsequent COP meetings reaffirmed
the goal of limiting global warming to below 2 ◦C, ideally 1.5 ◦C. This target indirectly
supports efforts to reduce VBD risks by curbing temperature rises and their effects on vector
habitats. In Europe, the European Green Deal aims to achieve climate neutrality by 2050
while protecting citizens’ health. The 2021 EU Climate Law mandates adaptation strategies
to enhance resilience. The European Commission’s 2021 communication envisions a climate-
resilient Europe by 2050 and launched the European Climate and Health Observatory. The
2022 Regulation on Cross-border Health Threats further strengthens EU coordination
in responding to health emergencies, including those related to climate. Programs like
EU4Health and agencies such as ECDC and HERA enhance preparedness and response
capabilities. To reduce climate-driven health threats, global collaboration, stronger local
capacities, and investment in climate mitigation are essential [141,142]. Timely, unified
action is key to building a healthier, more sustainable future.

8. Conclusions
Climate change poses a growing threat to public health, with direct and indirect im-

pacts on VBDs. Rising temperatures and changes in precipitation will favor the geographic
expansion of VBDs, exacerbating health risks, especially for socio-economically disadvan-
taged populations. Poorer and more vulnerable areas will be the most affected, due to
increased exposure to vectors and reduced access to adequate healthcare. Health facilities,
especially in countries with limited resources, may be overwhelmed by the increase in
cases of infectious diseases, highlighting the need to make health systems more resilient
and prepared to respond to health emergencies, as highlighted by the COVID-19 pandemic.
Furthermore, climate change may exacerbate migratory movements, with populations
moving from more vulnerable areas to safer regions, but who may not be prepared to
address increased health risks, including the spread of VBDs. To address these risks,
adaptation and mitigation policies are crucial. Vector control strategies should include in-
novative techniques to counteract the growing resistance to traditional insecticides. Health
infrastructures must be strengthened to respond rapidly to epidemics, through timely
diagnosis, training of health workers and education of at-risk communities. In densely
populated urban settings, it is essential to improve the management of water resources,
waste and drainage systems to reduce vector proliferation. The fight against VBDs requires
an integrated approach that combines public health, environmental sustainability and
global climate policies. Scientific research continues to be a crucial element in developing
innovative and sustainable solutions, which can ensure a future in which climate-related
health risks are effectively mitigated and managed.
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