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S U M M A R Y

Europeans are not only exposed to direct effects from climate change, but also vulnerable to indirect effects from
infectious disease, many of which are climate sensitive, which is of concern because of their epidemic potential.
Climatic conditions have facilitated vector-borne disease outbreaks like chikungunya, dengue, and West Nile
fever and have contributed to a geographic range expansion of tick vectors that transmit Lyme disease and tick-
borne encephalitis. Extreme precipitation events have caused waterborne outbreaks and longer summer seasons
have contributed to increases in foodborne diseases. Under the Green Deal, The European Union aims to support
climate change health policy, in order to be better prepared for the next health security threat, particularly in the
aftermath of the traumatic COVID-19 experience. To bolster this policy process we discuss climate change-related
hazards, exposures and vulnerabilities to infectious disease and describe observed impacts, projected risks, with
policy entry points for adaptation to reduce these risks or avoid them altogether.
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1. Introduction

Despite the COVID-19 pandemic, according to the World Health
Organization (WHO) climate change may be the defining global public
health threat of the 21st century1 since it is threatening all aspects of
human society including risks to human health2. Increasingly, a grow-
ing number of infectious health outcomes are associated with climate
change that are inequitably distributed within and between European
countries. Weather parameters contribute in a nonlinear way to infec-
tious disease transmission3 and have been shown to be one of the key
drivers of the emergence, re-emergence, and spread of infectious
disease4,5. Moreover, they contribute to the survival, reproduction
and distribution of disease pathogens and vectors, as well as to their
transmission and geographical patterns6. While the climatic suitability
for transmission may decrease in certain areas7, it may increase in
others for a number of infectious diseases8. However, infectious dis-
ease impacts from climate change are not only a function of these
climate hazards but also of other hazards such as pathogens or vec-
tors (Box 1). Moreover, health impacts also depend on exposure pat-
terns in human populations and underlying vulnerabilities (Fig. 1;
Box 1). Climate change impacts result in fact from dynamic interac-
tions between hazard, exposure and vulnerability. The complexity of
the nexus of these three elements of climate change impacts was
recognized in the new European Union (EU) Strategy on Adapta-
tion9 to climate change which was adopted in February 2021 by
The European Commission. The cornerstone of the strategy is to
improve the knowledgebase of climate impacts and adaptation
solutions by stepping up adaptation planning and climate risk
assessments, by accelerating adaptation action, and by helping to
strengthen climate resilience globally. Thus, the purpose of this
paper is to review the observed health impacts and projected
risks from infectious disease in Europe that can be attributed to
climate, from the synergic perspective of hazard, exposure and
vulnerability and their impacts on disease transmission (Fig. 1).
Insights from this analysis offer different policy entry points for
interventions on infectious disease threats from climate change.
2. Climate change in Europe � the current situation

Europe is experiencing a warming trend with more frequent hot
spells, longer and warmer summers, and an increase in the fre-
quency, duration and severity of heat waves (Table 1). Water avail-
ability has also changed due to a decrease in the amount of
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Box 1 Definition of terms: hazard, exposure, vulnerability,
impact and risk from climate change.

� Hazard: The potential incident of a natural or human-induced physical event
or trend that may cause loss of life, injury, or other health impacts, as well as
damage and loss to property, infrastructure, livelihoods, service provision,
ecosystems and environmental resources. Can be climatic phenomena such
as average temperature increase, heat waves, drought, or extreme precipita-
tion events that can be sudden or gradual. Hazards include also sea level rise,
habitat destruction, ecosystem intrusion, mobility, and the climatic/environ-
mental suitability for vectors and pathogens, that in of themselves can be
considered hazards; thus, hazard exists regardless of exposure.

� Exposure: The state of people, livelihoods, species, property, (eco-)systems,
or other elements present in hazard zones that thereby could be adversely
affected or have no protection from something harmful and are therefore
subject to potential impacts. Certain types of land use, geography, flood
water, contaminated drinking water supply, traffic corridors or presence of
vectors and pathogens determine exposure of individuals or communities
under specific circumstances. For example, global mobility contributes to
the introduction of and exposure to pathogens and vectors.

� Vulnerability: The propensity or predisposition to be adversely affected.
Vulnerability encompasses a variety of concepts and elements including
sensitivity or susceptibility to harm and lack of capacity to cope and adapt;
it can stem from contextual conditions, individual-level characteristics, or
the socio-economic environment; it can be determined by social, human,
financial, physical or natural capital or by social inequalities. Vulnerability
to health can be higher among poorer, marginalized or less educated indi-
viduals/communities, migrants, the young, as well as the elderly, exposed
workers or individuals with underlying medical conditions. Moreover, vul-
nerability is also defined by the lack of safeguards (e.g., door/window
screens for vectors, flood barriers) or personal susceptibility (e.g., age, sex,
education, medical predisposition).

� Impact: Adverse outcomes of realized risks on natural and human systems,
where risks result from the interactions of climate-related hazards, expo-
sure, and vulnerability. Impacts refer to effects on lives; livelihoods; health
and well-being; ecosystems and species; economic, social and cultural
assets; services (including ecosystem services); and infrastructure.

� Risk: The potential for adverse consequences where something of value is
at stake and where the occurrence and degree of an outcome is uncertain.

Source: Adapted from IPCC.
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precipitation in Southern and Eastern Europe and conversely, an
increase in the frequency and severity of heavy rainstorms and floods
in Northern Europe10, exemplified by the July 2021 record rainfall
and associated flooding in Western Europe with over 200 fatalities
and highlighted population exposure and vulnerability even in highly
developed countries11. In Europe, the warmest year on record was
Figure 1. Climate change impacts on infectious diseases and policy entry points for reducing
ease; VBD: vector-borne disease; WBD: water-borne disease; FBD: food-borne disease.
2020, and all the warmest years were documented during the last
decade. The 2019/20 winter is infamous as the warmest recorded
winter ever, and 2020 the warmest recorded autumn with a signifi-
cant heatwave during the summer in the western countries12.
3. Impact of the changing climate on infectious disease in Europe

Nearly two�thirds of European human and domestic animal
pathogens are climate sensitive13. Some of them cause the most sig-
nificant diseases, based on morbidity and mortality, which might
therefore also be affected by climate change6,14.

Here we review the most updated scientific evidence on observed
health impacts and projected risks from climate change for infectious
disease in Europe and examine adaptation options for infectious dis-
ease with opportunities for preparedness and response. Of particular
interest were publications since 2017 that examined the specific
aims of this study, and assessed the association between climate
change and disease transmission in Europe.

3.1. Vector-borne diseases

Vector-borne diseases (VBDs) are mainly transmitted by arthropod
vectors such as mosquitoes, which are particularly sensitive to
changes in external climatic conditions because they are cold-blooded
(ectothermic)15. Habitat suitability determines insect density, distribu-
tion and abundance (Table 1). Furthermore, temperature impacts the
rate of pathogen maturation and replication in mosquitoes, and
increases the likelihood of infection3,16. For diseases transmitted by
vectors that have aquatic developmental stages, precipitation also
exerts a very strong influence on VBD dynamics in various ways,
depending on the differences in the ecology of mosquito vectors17.

Analysis of the underlying drivers of infectious disease threat events
detected in Europe during 2008�2013 by epidemic intelligence at the
European Centre of Disease Prevention and Control revealed seventeen
drivers. Themost important drivers of epidemic threat events caused by
VBD are the natural environment, followed by climate, travel and tour-
ism4. However, attributing VBD to climate change is complicated by
nonlinear feedback loops between population susceptibility and immu-
nity3. Yet, climate is a well-established driver of VBD epidemiology18.

In the EU and European Economic Area (EEA)Member States and EU-
neighboring countries there were 336 locally-acquired human cases of
West Nile virus (WNV) infections in 2020, 463 cases in 2019, and 2083
cases in 201819. WNV is a major cause of encephalitis. Migratory birds
climate change risks from hazards, exposure and vulnerability. Note: ID: infectious dis-



Table 1
Climate change and infectious diseases; hazard, exposure and vulnerability with options for climate change adaptation in Europe.

IDs Hazard Exposure Vulnerability Adaptation option

VBD Increase in ambient tempera-
ture;
Changes in ecology;
Extended seasons of transmis-
sion;
Improved climatic and environ
suitability for transmission;
Invasive and indigenous vec-
tor species;
(Re) emergence of pathogens;
Geographic range expansion
of vectors and pathogens;
Extended seasons of
transmission.

Occupational and residential
exposure to vectors;
Global mobility;
Urbanization;
Land use;
Geography.

Lack of safeguards (e.g., repel-
lant, window screens, AC);
Insecticide resistance;
No vaccine.

Assure universal access to care and dis-
ease management;
Improve disease surveillance for VBD;
Integrate surveillance of vectors and
human health;
Horizontal surveillance for emerging
threats;
Seasonal or sentinel surveillance for
selected VBD;
Minimize vector exposure (e.g., win-
dow/door screens, AC, protective
clothing, habitat avoidance, insecticide
use)
Accelerate vaccine development with
new technologies;
Health education and community sur-
veillance for early outbreak detection;
Monitoring of air passenger volume as
epidemic precursor of disease for early
warning system;
Monitoring of vectorial capacity as a
climatic precursor of disease for early
warning system;
Wetland management and elimination
of vector breeding cites in the vicinity
of populations;
Novel vector control methods (e.g.,
Wolbachia-infected mosquitoes; bio-
technological methods; bait; traps);
Cross-border outbreak control meas-
ures;
Blood bank safety through deferral
strategies, screening strategies and
triggers and pathogen reduction
technologies.

WBD Extreme weather events
(storms, droughts, precipita-
tion, floods, wildfires);
Increase in ambient
temperature;
(Re) emergence of pathogens;
Increase in sea surface tem-
perature;
Extended seasons of
transmission.

Contamination of water treat-
ment and distribution sys-
tems;
Exposure to flood
water contaminated
with pathogens.

Lack of flood barriers and catch-
ment areas; Aging water infra-
structure (leaking pipes);
Drought;
Settlement in flood plain.

Assure universal access to care and dis-
ease management;
Improve disease surveillance for WBD;
Monitor recreational water, alerts and
beach closures;
Upgrade water catchment, storage,
treatment and distribution systems to
sustain extreme weather event;
Protect critical infrastructure from
floods, storms and sea level rise;
Limit water overuse to protect aquafer;
Household water purification systems;
Community-based participation in
water harvesting and storage;
Monitor forecasts for sea surface tem-
perature or precipitation for early
warning system;
Drinking water catchment
management.

FBD Extreme weather events
(storms, droughts, precipita-
tion, floods, wildfires);
(Re) emergence of pathogens;
Increase in ambient tempera-
ture;
Extended seasons of
transmission.

Food preparation and storage;
food contamination.

Lack of food safety regulations;
Breakdown of cold chain;
Suboptimal processing, prepa-
ration, transport, storage,
packaging, wrapping, expo-
sure for sale, service, or deliv-
ery of food.

Assure universal access to care and dis-
ease management;
Improve disease surveillance for FBD;
Health education and promotion for
food preparation and storage in a
warmer climate;
Infection control of livestock (e.g., sal-
monella vaccine for poultry; window
screens on chicken coops to prevent
campylobacter infection);
Improve eating habits;
Better food processes and storage pro-
cedures (e.g., cold chains, conserva-
tion);
Monitor of climatic conditions to pre-
vent crop damage from droughts or
floods as part of early warning system.

Note: ID: infectious disease; VBD: vector-borne disease; WBD: water-borne disease; FBD: food-borne disease.
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on their flyway from sub-Saharan Africa, North Africa or the Middle East
introduce WNV into Europe where the virus overwinters in mosqui-
toes20. The virus is then transmitted to humans, mainly bymosquito spe-
cies from the genus Culex (family Culicidae) which are widely distributed
in Europe, even in less vulnerable regions as Scandinavia and the United
Kingdom (Fig. 2). The early and extensive WNV circulation in Southern
and Central Europe in 2018 with over 2000 cases (see above) can be
explained, in part, by the very high temperatures in early spring which
seems to have activated the mosquito breeding season, reduced the
extrinsic incubation period and thereby accelerated virus amplification
in the avian and mosquito populations.21 Throughout the last decade,
locally-acquired human cases of WNV infections, including deaths,
occurred in a number of European countries in the South (e.g. Spain,
Italy, Greece) East (e.g. Romania, Bulgaria, Hungary)22 and even North
(Germany)23. For the first time, WNV infection was detected in a bird in
the Netherlands, which foreshadowed the first detection of human cases
in the country in the summer of 202024. The circulation of WNV has
steadily expanded over the years to affect new areas in Europe.

High precipitation in late winter/early spring was found as one of
the key predictors of WNV outbreaks across Europe25. Conversely,
during drought conditions the lack of wetlands concentrates mosqui-
toes and birds around water bodies, which in turn also favors WNV
transmission26. For example, a wet spring followed by drought pro-
vided the most likely explanation for the observed increase in WNV
activity in Europe in 201827.

Europe has also been plagued by recurrent autochthonous outbreaks
caused by different vectors that have experienced a rapid global expan-
sion due to international mobility: Aedes aegypti and Ae. albopictusmos-
quitoes. Ae. aegypti is a highly competent vector for tropical diseases
like dengue, chikungunya and Zika, that is restricted to warm, urban
environments, whereas Ae. albopictus is a moderately competent vector
Figure 2. Current known distribution of the Culex pipiens group (Culex pipiens and Culex torr
Centre for Disease Prevention and Control and European Food Safety Authority. Mosquito m
ease-vectors/surveillance-and-disease-data/mosquito-maps.
for these pathogens, far more ecologically flexible, and can be found in
suburban, rural, residential, and agricultural habitats28. The success of
the invasion of Ae. albopictus to new regions is due to a number of eco-
logical and human-caused factors such as its ecological plasticity,
increase of trade and travel, and lack of efficient control29. Additionally,
studies indicate that climate change exacerbates the risk and burden
of Aedes-transmitted viruses28 and allows the introduction of events
into new regions30. Based on present-day climatic conditions, there is a
current potential distribution of Ae. albopictus in Europe, mainly in its
southern regions30. This is comparable with the current known distribu-
tion of the vector, which has experienced a steady expansion, reaching
Northern France and parts of Germany (Fig. 3)6. Indeed, a potential risk
for cases of chikungunya, Zika and dengue already exists in the south-
western regions29,31.

In 2007, Europe was struck for the first time by a large outbreak of
330 chikungunya cases in Italy, which raised public health con-
cerns32. Two smaller outbreaks of autochthonous cases of chikungu-
nya were reported in France in 2010 and 201429. Furthermore, a
decade after the first outbreak in Italy, a large outbreak of 489 cases
occurred during the climatically suitable season33.

During recent years, sporadic autochthonous cases of dengue were
reported in southern countries, for example in Catalonia, Spain, in
France in September 2019, and in France and Italy in summer 2020.
Here again, cases of dengue are expected in the southern regions in the
summer and autumn due to the presence of the vector and the intro-
duction of dengue and/or chikungunya viruses by travel-associated
cases returning from epidemic/endemic countries29.

Leishmaniasis is a vector-borne disease caused by protozoa of the
genus Leishmania predominantly but not exclusively confined to
tropical and sub-tropical regions. It manifests itself in different forms
in humans, including cutaneous leishmaniasis which causes skin
entium) in Europe at ‘regional’ administrative level, as of March 2021.Source: European
aps [internet]. Stockholm: ECDC; 2021. Available from: https://ecdc.europa.eu/en/dis

https://ecdc.europa.eu/en/disease-vectors/surveillance-and-disease-data/mosquito-maps
https://ecdc.europa.eu/en/disease-vectors/surveillance-and-disease-data/mosquito-maps


Figure 3. Current known distribution of Aedes albopictus in Europe at ‘regional’ administrative level, as of March 2021. Source: European Centre for Disease Prevention and Control
and European Food Safety Authority. Mosquito maps [internet]. Stockholm: ECDC; 2021. Available from: https://ecdc.europa.eu/en/disease-vectors/surveillance-and-disease-data/
mosquito-maps
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lesions. In Europe, the disease burden is relatively low due to antire-
troviral therapies but Leishmania spreads by the bite of infected
sandflies with the primary vectors being Phlebotomus spp., present
around the Mediterranean but also further North in France and Ger-
many (Fig. 4). Leishmaniasis has been associated with exposure in
poor living conditions and climate change which are, at present, rap-
idly exacerbating conditions that attract sand flies and leishmaniasis
towards temperate regions34. Life parameters of sand flies depend
mainly on temperature and, to a certain extent, on humidity. A vector
population dynamic model from Greece, Cyprus and Turkey, indi-
cated that temperature, changes in breeding habitats and in land use,
do have also a strong impact on sand fly abundance35.

Ixodes ticks can transmit bacteria from the genus Borrelia (causing
Lyme disease), which is the most prevalent tick-transmitted infection
in temperate areas of Europe. They also transmit the virus that causes
several thousand cases per year in the EU/EEA of tick�borne encepha-
litis (TBE) which can result in severe neurological sequelae in up to
10% of patients. The geographic distribution of Ixodes ricinus, the most
common arthropod vector of human disease in Europe, is related to
climatic factors such as humidity, soil water, and air temperature, as
well as to vegetation type, land use, and disturbance36. Studies found
that I. ricinus has shifted its seasonal activity and geographical range
both on latitudinal and elevation limits as a result of the increasing
temperatures37. This shift and increase in activity is related to milder
winters and prolonged spring and autumn seasons in the 1990s, com-
bined with other factors such as increased vegetative cover16,38.

3.2. Food-borne diseases

The transmission pathway of food-borne pathogens from farm to
fork is complex. Many of the pathogens that cause food-borne diseases
(FBD) are able to persist in the environment, can sustain heat stress,
and are infective at a low dose. Of those, Campylobacter is the most
common bacterial cause of diarrhoeal disease in developed countries
and with over 220,000 cases per year and a notification rate of 60
cases per 100,000 population. It is the most commonly reported cause
of human bacterial gastroenteritis throughout the EU/EEA39. It shows a
strong association with seasonality and climate variability, mainly
with increased temperatures that may increase bacterial contamina-
tion at various points along the food chain40,41 (Table 1). Since Cam-
pylobacter cannot replicate outside of the host, hot ambient conditions
may actually influence people's behavior, rather than replication rates
which, in turn, may be translated into more risky patterns of food
consumption42,43 (Table 1). A study on Campylobacter infections in
England and Wales found that the increase of infections in the late
spring was significantly linked to the temperature two weeks earlier.
Since the relationship with temperature was not linear, it seems that
the association is likely to be indirect44 and might be due to other sea-
sonal factors such as fly transmission45 (Table 1). A study in the Nordic
countries shows that the temporal and geographical distribution
of Campylobacter can be associated with increases in temperature and
heavy rainfall, that may increase the number of cases reported in the
following week. Conversely, heat waves and winter precipitation may
decrease the number of cases reported42.

With over 87,000 cases per year in the EU/EEA, salmonellosis is
the second most commonly reported gastrointestinal infection in
humans after campylobacteriosis, and a significant cause of food-
borne outbreaks39. Salmonella is climate sensitive and grows in a nar-
row temperature envelope with more frequent infections in the sum-
mer months40 (Table 1). The incidence of human Salmonella
infections (20.0 cases per 100,000 population) is higher in the sum-
mer period than in the winter period and thus highly seasonal.

https://ecdc.europa.eu/en/disease-vectors/surveillance-and-disease-data/mosquito-maps
https://ecdc.europa.eu/en/disease-vectors/surveillance-and-disease-data/mosquito-maps


Figure 4. Current known distribution of Phlebotomus perniciosus in Europe at ‘regional’ administrative level, as of April 2021. P. perniciosus one of the predominant L.
infantum vectors in Europe. Source: European Centre for Disease Prevention and Control and European Food Safety Authority. Phlebotomine sandflies maps [internet]. Stockholm:
ECDC; 2021. Available from: https://ecdc.europa.eu/en/disease-vectors/surveillance-and-disease-data/phlebotomine-maps
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Studies show an increase in weekly temperatures is followed by an
upsurge in incidence which indicates that warm weather accelerates
Salmonella reproduction43,46.
3.3. Water-borne diseases

Climate change alters the continuous circulation of water on earth
in unpredictable ways (Table 1). Severe weather events, flooding,
storm surges, and droughts are all manifestations of the hydrological
cycle gone awry47. As opposed to gradual changes in climate, abrupt
and sudden changes are even more challenging for public health prac-
tice41. An extreme precipitation episode can trigger a causal chain of
secondary events with unexpected consequences. Such a cascading
risk pathway can have a ripple effect and damage critical infrastruc-
ture41 (Table 1). Cascading risks depend on existing vulnerabilities in
society that get exacerbated by climate change48. For example, a heavy
rain event can flush animal pathogens from pastures into waterways
and overwhelm ageing water treatment and distributions systems,
which can result in waterborne outbreaks40,49 (Table 1). An alternate
urban transmission pathway of a water-borne disease (WBD) triggered
by extreme weather events, characterized by warm/extremely warm
and wet/extremely wet has been associated with a peak in incidence
of human leptospirosis, a highly infectious, emergingwater-borne zoo-
nosis, caused by Leptospira interrogans50. As part of a systematic litera-
ture review of infectious disease following a natural disaster in Europe,
eight studies described cascading risk pathways with outbreaks fol-
lowing flooding, four of which were caused by leptospirosis51.

The increase in global ambient temperature leads to elevated sea
surface temperature which accelerates the replication of pathogenic
Vibrio bacteria in marine waters. Anthropogenic climate change drives
the emergence of Vibrio infections in the Baltic, which is associated
with morbidity and mortality among recreational water users52.

4. Climate change scenarios and projected risk for infectious
disease in Europe

Different scenarios for Europe predict that temperature will con-
tinue to rise and exacerbate the duration, frequency and intensity of
heat waves53. Differential temperature increases are expected in
Northwest Europe and Scandinavia in the winter and in Southeast
and Southern Europe in the summer. Throughout most of Europe,
less precipitation during summer along with rising temperatures will
result in more frequent and intense summer droughts, exacerbating
water scarcity. Conversely, heavy rainstorms and flash floods such as
in July 2021 in Western Europe11, are projected to become more
frequent10,54 .

Consequently, there is growing concern that higher temperatures
and changes in precipitation patterns will affect the transmission of
some VBD, WBD, and FBD, with increased and decreased projections
depending on the affected region and degree of climatic change55. In
most cases, increased transmission is predicted but contractions of the
geographic distribution can also be expected. While changes in the
magnitude and pattern of climate-sensitive health outcomes are likely,
if thresholds are crossed, some of the changes could be significant56.

A modelling study of WNV infection spreading in Europe under cli-
mate change scenarios predicts that in 2025, progressive expansion of
areas with an elevated probability for infections is expected, particu-
larly at the edges of the current transmission. In 2050, an increase in
areas with a higher probability of expansion is projected57.

Predictions suggest that Ae. albopictus will continue to be a
successful invasive species spreading beyond its current

https://ecdc.europa.eu/en/disease-vectors/surveillance-and-disease-data/phlebotomine-maps
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geographical borders (Fig. 3). It is expected to spread broadly,
with expanded distributional potential across much of western
Europe and the Balkan region30. Yet, some areas are predicted to
become less suitable for the species, particularly in Eastern
Europe where models indicate increased aridity. Models generally
project a moderate climatic suitability for chikungunya transmis-
sion, notably across France, Spain, Germany and Italy, with
increased suitability in large areas by the Rhine and Rhone rivers.
However, some areas by the Italian Adriatic coast are projected to
experience a decline in suitability due to the increased probability
of summer droughts58.

The climatic suitability for dengue transmission predicted to
improve over the next decades, particularly around the Mediterra-
nean and Adriatic coasts and in northern Italy29,59. By the end of the
century increasing climatic suitability is predicted to expand into a
larger part of Europe60. However, the current lack of a highly compe-
tent vector like Ae. Agypti in continental Europe renders the risk for
sustained dengue outbreaks low61.

Phlebotomine sandflies, the vectors of Leishmania, have the poten-
tial to expand their range (Fig. 4), under future climatically suitable
conditions, towards central and northern Europe, reaching the
islands of Great Britain and Scandinavia62.

A northward shift in climate suitability for tick species from
their current distribution is predicted for the coming decades63.
Future scenarios indicate a potential further expansion of I.
ricinus in northern and eastern Europe, resulting from milder
winter conditions and extended spring and fall seasons. Such
changes will enable more ticks to survive the winter, and increase
the probability of tick bites16,38.

The changing climate may impact food-borne diseases as well.
According to a recent study, an overall increase in campylobacteriosis
of almost 200% is estimated for the Scandinavian countries by the
end of the century42. This means nearly 6,000 excess campylobacter
cases per year which could potentially be attributed to an extension
of the transmission season and other chances to the climate. Temper-
ature-related incidence of salmonella is also projected to increase in
Europe under climate change scenarios but can be offset by public
health mitigation strategies43.
Figure 5. Climate change adaptation options for vector-borne diseases in Europe. Note: Time
eases from climate change. Nature Immunol 2020;21(5):484-487.
5. Climate change adaptation to infectious disease in Europe

Climate change risks from infectious disease can be reduced by
acting on hazards, exposure and vulnerability (Fig. 1; Table 1, Box 1).
As a result of the changing climate, health systems need to be pre-
pared for gradual and abrupt changes in health outcomes and poten-
tial new conditions, including additional threats from infectious
disease transmission. The need to prevent and reduce the severity of
current and future climate change impacts in Europe (Fig. 1) high-
lights the necessity to develop systematic policies of vector and infec-
tious disease control programs, health action plans, adaptation
strategies and resilience measures, based on the typical regional risk
factors and population health needs64. A number of the adaptation
options for infectious disease in Europe is part of traditional public
health practice (Table 1). Regrettably, many of the infectious disease
control measures have been neglected during the epidemiologic tran-
sition, but have now received renewed attention during the COVID-
19 pandemic. While the core capacities in public health of the WHO
International Health Regulations (IHR) have been proven to be effec-
tive to control infectious disease threat events in Europe in
general48,65, but they certainly did not prove to be sufficient to con-
tain the explosive epidemic of COVID-19 . Moreover, a number of
interesting developments in the field of infectious disease control
have emerged that lend themselves for the management of climate-
sensitive infectious disease (Table 1). One of the most exciting new
developments is the acceleration of vaccine development and the
application of new technologies such as the joint BioNTech-Pfizer
COVID-19 mRNA vaccine (BNT162b2) for SARS-CoV266 (Fig. 5). These
new technologies have proven to be a game-changer of the COVID-
19 response that can now also be applied to climate-sensitive infec-
tious disease48.

5.1. Adaptation to VBD in Europe

The risk from VBD such as dengue or chikungunya in Europe, can
be dissected into two phases: the risk for importation of the patho-
gens by viremic passengers arriving from endemic countries into
Europe where a competent vector is present; and the risk for
scale is relative. Source: Adapted from: Semenza JC. Cascading risks of waterborne dis-
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onwards transmission and dispersion of these pathogens to suscepti-
ble individuals by local mosquitoes, which is a function of the climatic
suitability for transmission and population exposure during popula-
tion movement (Fig. 5). This process was examined during the 2017
Chikungunya outbreak in France and Italy, by using flight passenger
data33. These indicators highlighted the areas at risk for importation
both from endemic countries but also from the outbreak zones in
southeastern France and central Italy to other areas in Europe. Subse-
quently, the seasonal vectorial capacity of Aedes albopictus mosqui-
toes was computed to estimate the risk to transmit chikungunya
virus. The vectorial capacity estimates can elucidate the local climatic
suitability for mosquito borne outbreaks. Moreover, repeated geo-
located Twitter feeds from Twitter Streaming Application Program-
ming Interface (API) can provide information on unidirectional popu-
lation mobility from the epicentre of the epidemic to other areas at
risk that need to be targeted for interventions. The use of near�real-
time geocoded Twitter data can help to quantify human ground
movement and disentangle connectivity between outbreak hot-
spots33. Thus, the application of big data and analyses can be applied
in real time to respond quickly to climate-sensitive infectious disease
(Fig. 5; Table 1). In these areas at risk, mosquito breeding sites need
to be eliminated to reduce mosquito density and seasonal surveil-
lance should be conducted for both mosquitoes and human health to
identify sentinel cases. It was demonstrated that window screens
and air conditioning can substantially reduce bite intensity based on
survey data from mainland France67 and by extension, exposure to
infected mosquitoes (Fig. 5; Table 1). Insecticides, larvicides, and
repellents can be used for vector control to minimize exposure in
human populations but in case of detection, verification and notifica-
tion other intervention measures should be initiated (Fig. 5; Table 1).
Figure 6. ECDC Vibrio Map Viewer: environmental suitability for Vibrio spp., July 2014, Balt
aspx.
For example, WNV outbreaks pose a threat to blood banks and the
supply of safe blood products and increases the risk to the safety of
blood transfusion57. Risk reduction interventions should include
deferral strategies, screening strategies and triggers and also patho-
gen reduction technologies68 (Table 1).

5.2. Adaption to WBD in Europe

The risk from WBD is compounded by cascading climate events
that trigger a sequence of secondary events that cause disruption of
natural or human systems.41 For example, extended periods of exces-
sive precipitation can saturate soils and mobilize pathogens from
fields and pastures and flush them into water treatment and distribu-
tion systems which can result in waterborne outbreaks. Such a vul-
nerability calls for upgrading ageing water catchment, storage,
treatment and distribution infrastructure and repairing leaking pipes
(Table 1). Critical infrastructure needs to be protected from floods,
storms and sea level rise. Adaptation interventions to contain cascad-
ing risk pathways entails also forecasting meteorological conditions
predictive of climate-sensitive infectious disease emergence (Table 1).
An early warning system of atmospheric forecasts can predict heavy
rain events or an increase in sea surface temperature in marine
waters. Monitoring sea surface temperature and salinity in real time
remotely can predict the environmental suitability of pathogenic Vib-
rio infections in marine waters52. Such a system has been operation-
alized at the European Centre for Disease Prevention and Control and
is in use with weekly alerts to state epidemiologists during hot sum-
mer months (Fig. 6). Beach closures, alerts to the public and notifica-
tions to health care providers can minimize the exposure of
recreational water users to such marine bacteria (Table 1).
ic Sea. Source: https://e3geoportal.ecdc.europa.eu/SitePages/Vibrio%20Map%20Viewer.

https://e3geoportal.ecdc
http://europa.eu/SitePages/Vibrio%20Map%20Viewer.aspx
http://europa.eu/SitePages/Vibrio%20Map%20Viewer.aspx
http://europa.eu/SitePages/Vibrio%20Map%20Viewer.aspx
http://europa.eu/SitePages/Vibrio%20Map%20Viewer.aspx
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5.3. Adaption to FBD in Europe

Foodborne outbreaks have been associated with farming practi-
ces, food processing, handling, and storage that are all sensitive to cli-
matic conditions. Outbreaks have been associated with
contamination of drinking and irrigation water and along the food
chain (from farm to fork) if the cold chain breaks down69. Thus, adap-
tation options for FWB require farm-level interventions to prevent
food contamination, during production, processing, and distribution
(Table 1). For example, fly screens as part of biosecurity practices in
broiler chicken coops can help reduce prevalence of campylobacter-
iosis among humans70. However, it also entails public education cam-
paigns for improved eating habits, safe food preparation, and storage
in a warmer climate (Table 1). Moreover, the current food system
accounts for up to 30% of greenhouse gas emissions which is another
incentive to create climate-adapted, agroecological food production
(circular agriculture).

6. Conclusions

A number of food- and waterborne diseases are climate-sensitive
through direct pathways, while vector-borne diseases are mediated
by vectors through indirect pathways. Attributing the contribution of
climate change to disease incidence and prevalence is difficult due to
other underlying drivers and determinants71. Nevertheless, the mag-
nitude of climate-sensitive disease is considerable, also in Europe,
which calls for better adaptation options (Table 1). Therefore, pre-
paredness and response to such health security threats should be
based on inter-sectorial collaboration between governmental (e.g.,
local, regional, national, super national) and non-governmental
actors (e.g., community, commerce, faith-based organizations, civil
society) and diverse scientific disciplines (e.g., biology, entomology,
environment, climatology, social science)48. Epidemiological data
should be merged, integrated, and analyzed with climatic, biological,
environmental, ecological and demographic data in order to interpret
complex disease patterns5,64,72. Predictive modelling of the expected
impacts of climate change on disease transmission involving different
climate and socioeconomic scenarios is critical in order to develop
better early warning systems for disease outbreaks, to help decision-
makers understand more precisely where or when infections will
emerge or spread52,56.

Under the European Green Deal73, the EU adopted proposals to
reduce net greenhouse gas emissions by at least 55% by 2030, com-
pared to 1990 levels. As part of the European Green Deal, the EU
Adaptation Strategy9 and EU4Health74, the European Climate and
Health Observatory75 was created to provide access to information
regarding climate change impacts on human health. Specifically, the
Observatory aims to support Europe in preparing for and adapting to
climate change impacts through early warning systems, information
systems, indicators and tools. This review can guide the Observatory
in its mandate, as proposed under the European Green Deal, and
direct action towards the three cogs of the wheel: hazard, exposure
or vulnerability. Fig. 1 and Table 1 exemplify policy entry points how
climate change risk can be reduced by acting on the nexus of hazard,
exposure and vulnerability.

Moreover, rising awareness of the potential risks from climate
change among scientist from various disciplines, the health commu-
nity, policymakers and the public is vital but not a given. Strengthen-
ing public awareness can be achieved by educational programs using
the involvement of the media and community leaders. Health work-
ers should provide useful insights for simplifying scientific knowl-
edge to deliver climate-health messages72. This should include
recommended prevention of negative health outcomes, such as elim-
ination of habitats for vectors and prevention of water-borne and
food-borne diseases and infections (Table 1). The punishing effect of
the COVID-19 pandemic on health and socio-economic wellbeing are
a stark reminder of the pitfalls of insufficient preparedness48. The
take-home message from the current crisis is that preparedness and
response, risk assessment, and early warning systems, along with cli-
mate change adaptation are essential in order to mitigate the impacts
of the climatic changes on the (re-) emergence of infectious disease
and to prevent their negative consequences for population health.
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