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0.1 Climatic Factors
Environmental factors which trigger the mass breeding of mosquitoes, i.e. heavy rains, floods and temperature, are those most
responsible for outbreaks and can seriously increase the chances in vulnerable areas [1]. Furthermore, increasingly warmer
winters will allow mosquito vectors to expand their breeding seasons and survive during winter, either as eggs or as overwin-
tering female mosquitoes. Weather conditions and climatic factors can also affect vector competence [2]. Viral replication
rates and transmission of WNV are modulated by ambient temperature, affecting the length of the extrinsic incubation period
(EIP), seasonal phenology of mosquito host populations and also times at which humans and mosquitoes come into contact
[3]. Typically, with most tropical and temperate mosquito species, elevated temperatures allow vector populations to increase
the growth and reproduction rates, which in turn decreases blood meals intervals, accelerating transmission and virus evolution
rates [4].

Generally, higher rainfall in warmer conditions can lead to higher mosquito abundance and disease transmission by in-
creasing the potential habitat suitable for mosquito reproduction, e.g. standing water [5, 6]. Conversely, sometimes drought
and shrinking water resources can lead to water eutrophication which can benefit Culex pipiens. Sharing aquatic resources can
also bring some species into closer contact, facilitating transmission and amplification of WNV within these locations [2].

0.2 Geographic factors
West Nile virus circulation in Europe is usually confined to two different cycles and ecosystems: the sylvatic and the urban
synanthropic cycle. Rural locations, including river deltas and floodplain areas, help create a sylvatic cycle, where wild,
usually nesting wetland birds and ornithophilic mosquitoes (Culex pipiens, Culex modestus, Coquillettidia richiardii) create
the conditions for maintaining WNV transmission. In urban synanthropic cycles mosquitoes, such as Culex pipiens or Culex
modestus, feed on domestic birds and humans. However, these two cycles can overlap, so areas with wetlands close to human
population can be particularly at risk to the disease [1]. Transmission is most likely to occur in places which favour the larval
development of Culex pipiens such as poorly drained low-lying areas, urban storm-water catch basins and manhole chambers,
roadside ditches, sewage treatment lagoons, and man-made containers around houses, or other aquatic environments where
mosquitoes deposit their eggs [2]. In the United States, WNV epidemics have occurred in urban settings in Chicago and
Detroit, especially in inner suburbs, where vegetation cover and population density are moderate. Woodlands, arid shrubland
and open water attract both WNV mosquito vectors and birds [6, 7]. Geographic distance to other infected areas may influence
local WNV prevalence and rate of spread. Irrigation from agriculture is also heavily linked to a greater incidence of human
and veterinary WNV infections in the United States [7].

0.3 Socio-economic factors
The epidemiology of WNV-induced disease is likely to vary between areas with distinct socio economic conditions. Previous
studies have shown that socio-economic factors tend to influence the distribution and intensity of mosquito-borne diseases
both pre-infection and post-infection [8]. Poorer communities are less likely to have air-conditioned homes, with adequate
drainage, and therefore may be more exposed to biting mosquitoes. Several studies have demonstrated the link between WNV
infections and a range of local-level socio-economic and demographic factors such as income, sanitation, and population
density [9, 10, 11]. By contrast, the use of mosquito nets, insect screens, and air-conditioning all limit the chance of being
bitten. Knowledge and education of mosquito ecology also helped residents make personal interventions and reduce risk of
being bitten [12, 13]. However, it is important to note that factors associated with higher economic status can also bring
humans into closer contact with mosquitoes; for example, home owners with gardens and potted plants, swimming pools and
ponds or having good access to recreational space where mosquitoes can breed [14, 15].



Currently, the most effective way to prevent transmission of WNV from mosquito to human is through mosquito control
(mosquito abatement). This is crucial to prevent transmission and prevent an epidemic once transmission has begun. It is
well documented, for example, that during the European debt crisis, the Greek government cut mosquito abatement budgets
which may have led to a rise in vector borne disease outbreaks such as malaria and WNV [16]. During periods of austerity,
governments can neglect hazard prevention efforts, such as spending on flood defences, food safety, public health, as well
as essential works like sanitation and up-keep and improvement of infrastructure [17]. Such degradation can lead to the
creation of mosquito breeding habitats, e.g. potholes, blocked drains [1, 2, 17]. Another critical component of preventing
disease transmission is through public education programs and health promotion, educating the public on measures which can
prevent being bitten can reduce risk of exposure. In general, we would expect to see a general deterioration in a government
ability to run such programs during crisis and austerity. Other consequences of austerity can be expected in decreased disease
detection because of cuts in public health services, prolonged periods between initial infection and treatment seeking due to
dysfunctional healthcare systems, and reduced treatment of disease; all of which can lead to more intense outbreaks [18].
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Figure S3. Government spending growth, GDP growth 2007-2019 (2007=100%) (Source: Eurostat)
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Figure S4. Key land use changes 1 (Source: Eurostat)
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Figure S5. Key land use changes 2 (Source: Eurostat)
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Figure S6. Modelled long term monthly temperature and precipitation changes (1950-2020)
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Figure S7. Modelled long term monthly temperature and precipitation changes (1950-2020))
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Figure S8. Modelled long term monthly temperature and precipitation changes (1950-2020)
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Figure S9. Modelled long term monthly temperature and precipitation changes (1950-2020)
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Figure S10. Residuals main model.

10



Figure S11. Variable correlation plot.
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Figure S12. Diagnostics 1 Tweedie model.
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Figure S13. Diagnostics 2 Tweedie model.
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Figure S14. Diagnostics 1 NB model.
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Figure S15. Diagnostics 1 Negbin model.
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Figure S16. Diagnostics 2 Negbin model.
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Figure S17. Diagnostics 1 QP model.
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Figure S18. Confirmed Coquillettidia richiardii distribution (Source: ECDC).
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Figure S19. Confirmed Culex modestus distribution (Source: ECDC).
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Figure S20. Confirmed Culex pipiens NUTS3 distribution (Source: ECDC).
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Table S1. Final Regression Model comparisons: EDF value is reported as the coefficient, and DF is included in parentheses
(not standard errors because a chi-square test is used for the smooth terms

Tweedie model Negbin model Quasi Poisson model
Intercept −2.44∗∗∗ −13.90∗∗∗ −13.91∗∗∗

(0.50) (0.47) (0.88)
Mean temp summer (C) 1.00∗ 1.50∗∗ 2.00∗∗∗

(1.00) (1.71) (2.00)
Mean temp winter (C) 1.92∗∗∗ 1.95∗∗∗ 1.98∗∗∗

(1.98) (1.99) (2.00)
Days of rain in winter 1.91∗∗∗ 1.90∗∗ 1.99∗∗∗

(1.98) (1.98) (2.00)
Days of rain in summer 1.37∗∗ 1.00∗ 1.00

(1.58) (1.00) (1.00)
Summer surface water extent (30m2) 1.22∗∗ 1.05∗ 1.85∗∗∗

(1.39) (1.09) (1.97)
Continuous urban fabric % 1.00∗∗∗ 1.00∗∗∗ 1.50∗∗

(1.00) (1.00) (1.75)
Discontinuous urban fabric % 1.96∗∗∗ 1.97∗∗∗ 2.00∗∗∗

(1.99) (2.00) (2.00)
Wetlands % 1.00 1.00 1.00

(1.00) (1.00) (1.00)
Arable land % 1.00∗ 1.00 1.00

(1.00) (1.00) (1.00)
GDP spending index (2007=100%, 1yr lag) 1.00∗ 1.00 1.58

(1.00) (1.00) (1.64)
Agri, forest + fish spending (2007=100%) 1.61∗∗∗ 1.78∗∗∗ 1.00∗∗∗

(1.75) (1.87) (1.00)
Waste water management spending (2007=100%) 11.64∗∗∗ 11.67∗∗∗ 11.88∗∗∗

(12.00) (12.00) (12.00)
Health spending (2007=100%) 71.66∗∗∗ 80.80∗∗∗ 113.16∗∗∗

(101.47) (112.70) (137.93)
NUTS 3 regions 1.84∗∗∗ 1.85∗∗∗ 2.00∗∗∗

(1.96) (1.96) (2.00)
Year 1.96∗∗∗ 1.97∗∗∗ 1.95∗∗∗

(1.99) (2.00) (2.00)
AIC 3873.14 4611.00
BIC 4509.05 5291.00
Log Likelihood −1824.55 −2185.72
Deviance 3396.17 1192.20 4391.38
Deviance explained 0.66 0.66 0.71
Dispersion 2.65 1.00 3.02
R2 0.27 −0.13 0.63
GCV score 1855.32 2348.27 2.34
Num. obs. 2158 2158 2158
Num. smooth terms 15 15 15
∗∗∗ p < 0.01; ∗∗ p < 0.05; ∗ p < 0.1

21



Table S2. WNF Cases Per Country 2007-2019

Country 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Austria 0 0 2 1 0 0 0 2 6 5 6 20 4
Bulgaria 0 0 0 0 0 2 0 1 2 1 1 15 6
Croatia 0 0 0 0 0 6 20 1 1 2 5 57 1
Cyprus 0 0 0 0 0 0 0 0 0 1 0 1 24
Czechia 0 0 0 0 0 0 1 0 0 0 0 5 1
France 0 0 0 0 0 0 0 0 1 0 2 27 1
Germany 0 0 0 0 0 0 0 0 0 0 0 1 4
Greece 0 0 0 262 100 157 85 15 0 0 48 312 228
Hungary 4 19 7 18 4 17 35 10 18 44 20 216 72
Italy 0 0 0 4 18 45 80 24 61 76 53 610 54
Portugal 0 0 0 0 0 0 0 0 1 0 0 0 0
Romania 4 2 2 57 11 15 24 23 32 93 66 279 68
Slovakia 0 0 0 0 0 0 0 0 0 0 0 0 1
Slovenia 0 0 0 0 0 0 1 0 0 0 0 4 0
Spain 0 0 0 2 0 0 0 0 0 4 0 0 0
Turkey 0 0 0 47 5 0 0 0 0 1 7 26 10
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