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the spreading of the malaria vector and the incidence of melanoma. We analysed data
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observed data were compared to the climatic variables obtained by the coupled
regional Eta Belgrade University and Princeton Ocean Model for the period 1961-2015
using the A1B scenario, and the expected changes up to 2030 were presented. The
frequency of WNV detections in Culex pipiens was significantly correlated to
overwintering temperature averages and seasonal relative humidity at the sampling
sites. Regression model projects a twofold increase in the incidence of WNV positive
Culex. pipiens for a rise of 0.5°C in overwintering TOctober-April temperatures.
Spreading and relative abundance of Anopheles hyrcanus was positively correlated
with the trend of the mean annual temperature. We anticipated a nearly twofold
increase in the number of invaded sites up to 2030. The projected increase of 56% in
the number of days with Tmax = 30°C (HD) and UVR doses (up to 1.2%) corresponds
to an increasing trend in melanoma incidence. Simulations of the Pannonian countries
climate anticipate warmer and drier conditions with possible dominance of temperature
and number of HD over other ecological factors. These signal the importance of
monitoring the changes to the preparedness of mitigating the risk.
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Abstract

Motivated by the One Health paradigm, we found the expected changes in temperature and UV radiation
(UVR) to be a common trigger for enhancing the risk that viruses, vectors and diseases pose to human and
animal health. We compare data from the mosquito field collections and medical studies with regional
climate model projections to examine the impact of climate change on the circulation of West Nile virus
(WNV), the spreading of the malaria vector and the incidence of melanoma. We analysed data obtained
from ten selected years of standardized mosquito vector sampling with 219 unique location-year
combinations, and 10-years of melanoma incidence. Trends in the observed data were compared to the
climatic variables obtained by the coupled regional Eta Belgrade University and Princeton Ocean Model
for the period 1961-2015 using the A1B scenario, and the expected changes up to 2030 were presented.
The frequency of WNV detections in Culex pipiens was significantly correlated to overwintering
temperature averages and seasonal relative humidity at the sampling sites. Regression model projects a
twofold increase in the incidence of WNV positive Culex. pipiens for a rise of 0.5°C in overwintering
Tocwoner-aprit temperatures. Spreading and relative abundance of Anopheles hyrcanus was positively correlated
with the trend of the mean annual temperature. We anticipated a nearly twofold increase in the number of
invaded sites up to 2030. The projected increase of 56% in the number of days with Tmax>30° C (HD) and
UVR doses (up to 1.2%) corresponds to an increasing trend in melanoma incidence. Simulations of the
Pannonian countries climate anticipate warmer and drier conditions with possible dominance of
temperature and number of HD over other ecological factors. These signal the importance of monitoring

the changes to the preparedness of mitigating the risk.

Introduction

Climate change is referred to as “the biggest global health threat of the 21% century” [1]. The analysis of
outputs from all general circulation models (GCM) suggest that the countries of the Pannonian Plain,

including Serbia, are facing significant impacts of climate change, affecting all aspects of human life [2].
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The authors (meteorology, entomology, veterinary medicine and public health experts), have been working
together since 2003, promoting the idea of multisectoral collaboration before the One Health Concept was
officially inaugurated in the USA in 2007 [3], and endorsed by the EU [4] as well as prominent
organizations such as the World Health Organization, Food and Agriculture Organization and the World
Organization for Animal Health (OIE) in 2018 [5].

In this paper, the authors collected and analysed observed data collected over a period of 31 years and
related a subset to outputs from a Regional Climate Model (RCM). Vector-borne diseases and melanoma
significant climate-driven threats for which risk sources can be clearly defined [6]. Moreover, both present
progressively growing environmental threats to animal as well as human health in the countries of the
Pannonian Plane.

The biology and distribution of mosquito vectors and their capacity to transmit mosquito-borne diseases
are dependent on many factors such as global trade and travel, urbanization, habitat destruction, pesticide
application, host density and climate. Culex pipiens and Anopheles hyrcanus are mosquito species that are
vectors of West Nile virus (WNV) disease and malaria, respectively, the two most detrimental vector-borne
diseases worldwide [7]. In 2018, Serbia was the second European country (after Italy) most affected by
WNV disease (415 reported cases with 35 fatal outcomes [8]). Malaria was eradicated from Serbia and
other Balkan states during the last century. However, the spreading of its vectors (Anopheles mosquitoes)
and the re-emergence of the disease in Greece [9] pose a threat to South East and Central Europe once
again. Current evidence suggests that inter-annual and inter-decadal climate variability have a direct
influence on the epidemiology of vector-borne diseases, with temperature and relative humidity as the
principal abiotic factors influencing the life-cycles of the mosquito vector, the pathogen, the host and the
interactions between them [10,11].

Melanoma is a malignant disease that has experienced a significant increase in incidence during the last
few decades all over the world [12]. The climate change impact on melanoma should be considered as a
synergy of changes in UV radiation (UVR) due to stratospheric ozone depletion and the long-term increase

of air temperature leading to more prolonged exposure of individuals to UVR doses and consequently to a
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higher risk of melanoma [13]. The melanoma mortality in the VVojvodina Province (northern Serbia) (VPS)
in the period 1985-2004 shows an evident increase, placing it amongst the most vulnerable regions in the
world. Thus, Jovanovi¢ et al. [14] estimated and made the list of mortality rates from malignant melanoma
for males (age-standardized rate/100,000) in Europe (39 countries) for the year 2000, using ENCR data.
This list shows that the VPS is among the top eleven states (six of them having parts in the Pannonian
Plane) listed as the most endangered.

In this study, devoted to revealing the potential impact of climate change on animal and human health, we
compare a considerable amount of previously unpublished ecological data obtained from the field and
clinical surveys with climate change projections for the VPS, which is representative of the Central
European low-altitude areas with a human-dominated landscape (Fig 1). We examined the “microclimate”
differentiation between sites with a specific frequency of WNV occurrence in Cx. pipiens and effects of
temperature on the spread and relative abundance of the malaria vector An. hyrcanus. We also evaluated
the impact of climate change on melanoma incidence as a synergy of changes in UVR doses and the long-
term increase in the number of hot days (HD), with daily maximum temperature > 30°C using the Eta

Belgrade University and Princeton Ocean Model (EBU-POM) regional model data.

Fig 1. (a) Location of the Vojvodina Province (Serbia) in Europe and (b) altitude map.

Materials and Methods

For the assessment of the climate change and the impact of UVR doses, we used the climatic variables
obtained by the coupled regional EBU-POM model for the historical period 1961-2000 and the period 2001-

2030 using the SRES-A1B scenario.

Study area and climate

The VPS is situated in the northern part of Serbia and the southern part of the Pannonian lowland (18°51'—
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21°33'E, 44°37'-46°11'N and 75-641 m.a.s.l. (with the Fruska Gora Mountain in the south) as it is seen in
Fig 1a and Fig 1b). This region is the essential food production area in Serbia with a total surface area of
21,500 km? and a population of about 2 million. This region has a continental climate, with elements of a

sub-humid and warm climate (Cfwbx” according to Kdppen classification).

Models and formula used

The global and regional climate model

For climate simulations in this study, we used results of the EBU-POM model runs for the SRES-A1B
scenario integrated over the period 2001-2030 [15]. The EBU-POM is a two-way, coupled RCM. The
atmospheric part is the Eta/National Centres for Environmental Prediction (NCEP) limited area model
(resolution 0.25° x 0.25° on 32 vertical levels; centred at 41.5° N, 15° E, with boundaries at £19.9° W-E
and £13.0° S—N), while the oceanic part is the POM (resolution 0.20° x 0.20° on 21 vertical levels). The
driving global circulation model (GCM) was the ECHAMS5 model [16] coupled with the Max Planck
Institute Ocean Model (MPI-OM) [17]. More details about model integrations and performed bias
correction for VPS can be found in the paper by Mihailovi¢ et al. [2]. The POM model was set over the
Mediterranean Sea without the Black Sea; for other open seas, the sea surface temperature from the GCM

was used as a bottom boundary condition.
Empirical formulae

For calculating the daily doses of UVR, i.e. UVRD in the study area sites we have used the following
empirical formula UVRD = 0.002507 X G, — 5.985 (kJ/m2) derived by Malinovi¢-Miliéevié et al. [18],

where G is the daily sum of the global solar radiation.

Environmental sampling

Mosquito vectors

We used standardized protocols to measure mosquito presence/absence, density and infestation by WNV.
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Data are extracted from dry ice-baited trap samples, collected over 31 years at 166 different sites (745
sampled locations, S1 Table) in the VVPS, to infer on the trends of local vector status and virus circulation
in mosquitoes. In all years mosquitoes were sampled from May to September, with different spatial intensity
and time-frequency governed by the scale and scope of different research projects. For comparison with
climate variables, we extracted data obtained in 10 years (1985 — 6, 2004 — 2005 and 2010 — 2015) for
which a standardized surveillance protocol was in place. These periods have the highest number of
particular location-year combinations (S1-S3 Tables).

Samples were collected by two different types of dry-ice baited suction traps. During 1985 and 1986 [19,20]
by the miniature CDC light trap (CDC) and for 2004 and 2015 by the NS2 trap (our own design of dry ice-
baited suction trap without light). Both traps were operating without a light source (incandescent light
proved not to be attractive/repellent for most mosquito species inhabiting the VVPS [20]. The CDC trap has
a 3 - 5 times stronger suction power (operated by a 9 V battery) than NS2 (operated by 3 x 1.2 V batteries),
meaning that the increase in density of species observed after 1986 could not be attributed to the change of
the type of trap. Traps were operated from the afternoon until the morning of the next day (one trap night),
with different periodicity. The specific location of the trap at each site was chosen by experienced
entomologists to stabilize variation of the collected data.

We used three parameters to indicate An. hyrcanus spread and population growth in the period 1985-2015:
i) the ratio of positive to total mosquito samplings per year; ii) the number of sites invaded (positive places
where it was looked for, but was not found in the preceding sampling period, and the number of sites where
was observed in both periods, i.e. established); and iii) the average number of specimens sampled in one
trap during single sampling period from the afternoon of the starting day to the morning of the next day
(Fig 2a and Fig 2c). Here, we used data from 1,073 mosquito samples (1985-6, 2004-5 and 2014-5),

obtained at 54 location over 6 years (142 unique location-year combinations) (S2 Table).

Fig 2. (a) The CRCM projection of the mean annual air temperature (Ta) for the period 1985 - 2030

and: i) number of specimens sampled in one trap during single sampling period (light blue
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columns); ii) the number of sites invaded by An. hyrcanus (red columns); and iii) relative number of
positive samplings per year (green columns), (b) projected increase in the number of sites invaded
by An. hyrcanus (the period 2001-2030 +S.E.), and (c) projected increase in the number of the

specimens sampled in one trap during single sampling period (2001 - 2030 +S.E.).

For Cx. pipiens, the period starting with the first detection of WNV in mosquitoes in Serbia, in 2010, (Petri¢
et al. [21]) to 2015 was considered. For detection of WNV, specimens were sampled, anaesthetized by dry
ice, identified to species level [22] on dry ice cooled paper, pooled according to date, location, sex and
species, transported on dry ice to the laboratory and stored at -70°C before virus detection. Pool size did
not exceed 50 mosquito specimens per pool. Virus detection was performed according to procedures
described in Petrové et al. [23]. We analyzed the yearly occurrence of the WNV positive Cx. pipiens
mosquitoes sampled by dry ice-baited traps in the years 2010-2015 across 77 unique location-year
combinations (S3 Table). Only traps positioned exactly at the same spot over the entire six-year period are
considered for analysis. Numbers allocated to different places (Fig 3) indicate the number of years in the
period 2010-2015 in which WNV was detected in sampled Cx. pipiens mosquitoes; e.g. 5 indicates that
WNYV positive Cx. pipiens were detected in five out of the six years in the samples collected from the same

spot.

Fig 3. (a) Dependence of frequencies (1) of WNYV positive Culex pipiens detections at the same site on
overwintering temperatures (Toa); (b) Frequency of sampling of WNV infected mosquitoes (1 — 5
times) during six years (bars and numbers) in NUTS3 (Nomenclature of Territorial Units for

Statistics) units of the Vojvodina Province, Serbia.

Melanoma incidence and UVR

Indicators for a ten-year period 1995 - 2004 of melanoma incidence in women and men based on the data
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obtained from the Cancer Registry of Vojvodina following the methodology of Jovanovi¢ et al. [14] were

used for the analysis.
Statistics

We considered the papers [2,24] in which Kolmogorov complexity measures and sample entropy [25] were
used to quantify the regularity and complexity of air temperature and precipitation time series, obtained by
the EBU-POM model, representing both deterministic chaos and stochastic processes. Then, the obtained
results were compared with the same information measures using data taken from daily meteorological
reports of the Republic Hydrometeorological Service of Serbia. For An. hyrcanus, the temperature trend
was evaluated by the Mann-Kendall test using the R statistical package [26]. Field observed values on
species distribution and density for the period 1985-2015 and forecasts of the numbers of sites invaded and
specimens sampled for the period 2016 - 2030 based on linear trend were obtained by the Eviews 9.5
software [27]. For Cx. pipiens, the relationship between yearly frequency of WNV detection in mosquitoes,
air temperature and relative humidity (derived from the climate model) was estimated using Spearman’s

Rank-Order Correlation and a Poisson regression model (Statistica 13 [28]).

Results

Mosquito vectors. Figure 2a shows an evident linear trend of the mean annual temperature T, for the period
1985 - 2030 (r =0.467; p = 0.001; r=0.328) calculated from the EBU-POM regional model outputs for 29
representative sites in the VPS. All parameters that were chosen for the evaluation of the spread and
population increase of An. hyrcanus were positively, but to a different extent, correlated to the time
argument (periods in which sampling was performed since the beginning of monitoring in 1985) indicating
a monotonic trend. The increase of parameters follows the trend of T, (Fig 2a). The strongest correlation
was found for the increase in the ratio of positive samplings (r = 0.986; p < 0.001; == 0.828), followed by
the number of mosquitoes per trap night (r = 0.919; p < 0.05; r=0.733) , and the number of sites invaded

(r =0.889; p < 0.05; = 0.6). By 2030 we anticipate a further increase in numbers of invaded sites and
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adult females sampled, by 1.71 and 1.27 fold, respectively (Fig 2b and Fig 2c).

To investigate the impact of microclimate on the complex interaction between Cx. pipiens and WNV, we
used the following climatic parameters from the EBU-POM model outputs (covering the period 2006-2015)
for 11 sites (GPS coordinates — S3 Table) in the VPS with different histories of WNV circulation: (i) mean
annual temperature (Ta); (ii) overwintering temperature (Toa) for the period October — April; and (iii)
seasonal temperature (Tms) and relative humidity (Rms) for the period May — September. For these sites, we
examined the correlation between the frequency of WNV detections in Cx. pipiens at each site (from 2010,
when WNV was detected for the first time in the mosquito vector Cx. pipiens in Serbia, to 2015) and the
corresponding period averages of climate time series for the same site. Spearman rank order correlation of
the mean values was the highest for Toa (r = 0.755; p < 0.05), then for Ta (r = 0.616; p < 0.05), Rms (r =
0.499; p < 0.05) and Tws (r = 0.477; p < 0.05). Figure 3a depicts the Poisson regression model for the
dependence of a number of detections per site (frequency - A) on Tea, Which is highly significant (p < 0.05).
The output of the model (InA = —7.923 + 1.533 X Ty,) indicates that for an increase of 0.5°C in Toa
(presuming that all other factors needed for the circulation of WNV are kept constant), a twofold increase
in the incidence of WNV positive Cx. pipiens could be projected. Figure 3b depicts that most of the sites
with the high frequency of WNV occurrence (> 2) were distributed along the northwest-southeast axis of

the VPS.

Melanoma incidence and UVR doses. We have used the model simulation to study the expected impact of
climate change on UVR exposure of human skin for nine sites in VPS [PA (Pali¢), SO (Sombor), KI
(Kikinda), NS (Novi Sad), BC (Becej, ZR (Zrenjanin), SM (Sremska Mitrovica), BK (Bantaski Karlovac)
and BG (Beograd)]. Firstly, we calculated daily UVR doses (UVRD) from global radiation model outputs
using the empirical formula for the seven aforementioned counties for the period April-September, and then
we found the relative change R(UVRD) of those doses as R(UVRD) = (UVRD-UVRDy)/ UVRDx where
UVRDx is the dose for the 1961-1990 reference period, while the UVRD is calculated for the period 2001-

2030. Figure 4b shows the positive relative change of UVRD, remarkably covering an eastern, southern,
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western and partly central area of VPS. Specifically, the projected increase is twofold going from the west
and northwest (0.60%) towards the east and southeast where it reaches values of about 1.20%. The EBU-
POM model (for nine sites) shows a significant expected increase of 56% in the number of HD days in the
VPS (Fig 4a), compared to the period 1961 — 1990. Additionally, we observed a decrease of 1.1% in the
number of days with maximum air temperature higher than 25°C (warm days - WD ). This prolongs the
exposure of outdoor working adults to UVR and thus leads to the increase in melanoma risk. This risk
becomes even more significant because of the increase in cumulative values of UVR doses (Fig 4c). Figure
4d depicts the cumulative incidence of melanoma for the period 1985 - 2004 with an increasing monotonic

trend (r = 0.970, p < 0.001).

Fig 4. Relative change of hot days (HD) (a) and UVR radiation doses [R (UVRD)] (b) for the period
2001-2030 compared to the period 1961-1990, (c) cumulative values of mean UVR doses for the period
1985-2030 (averaged for seven sites: PA, SO, BC, KI, NS, ZR, SM and BK) under the SRES-A1B
scenario [for WD and HD days] and (d) cumulative incidence of melanoma for the period 1995 — 2004

(ja bih izabrao ovakav zapis) in the Vojvodina Province, Serbia.

Discussion

Here we presented an intriguing comparison of the impact of climate change on complex systems including
mosquito vectors, pathogens and humans, which are all indicators of the risk imposed on human health.
Our objectives were to use historical, previously unpublished sets of entomological and clinical data and
examine the importance of temperature in contributing to the spreading of the malaria vector An. hyrcanus;
to differentiate between sites with a specific frequency of WNV occurrence in Cx. pipiens and to assess the
impact of increasing UVR and HD on melanoma incidence using the EBU-POM regional model data. A
similar approach was recently used in observing the dramatic decline in total flying insect biomass in
protected areas in Germany [29].

Mosquito vectors. Until the end of the 20" century, northern Serbia was considered the northern limit for
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the distribution of An. hyrcanus in Europe. The first detection in Serbia dates from 1979 [30] from the north
part of VPS. We found it in the central part of the Province in 1985 and since then have been noticing its
continued spread. The several records north from Vojvodina, in Slovakia in 2004 [31], the Czech Republic
in 2005 [32], and Austria in 2012 [33] confirm our observation. Due to its exophilic and exophagic
behaviour, An. hyrcanus has never been considered as the primary vector of malaria in Europe. Its spread
to higher latitudes, combined with the changes in human behaviour (increased outdoor leisure activities,
the mobility of humans, number of seasonal workers in the field, number of migrants in Europe), might
elevate its vector capacity. The similar northern spread of population distribution range that was registered
for Anopheles maculipennis s.s. in Russia [34], and Culiseta longiareolata in southern (in 2012; [35]) and
northern (in 2013 [36]) Austria might well represent the tendency described with our model.

The latest illustration of similar changes is the finding of Uranotaenia unguiculata, a thermophilic mosquito
species frequently occurring in the Mediterranean basin, in northern Germany, some 300-km north of the
previous northern limit [37].

During the period 2001-2030 in which the spread and population growth of An. hyrcanus is expected, the
intensity of UVR is likely to increase in the VPS (Fig 4a). Let us note, that the positive trends which are
already present in observations might indicate that the findings supporting the negative influence of UVR
and blue-light radiation (this radiation has a wavelength between approximately 380 nm and 500 nm; it has
a very short wavelength, and so produces a higher amount of energy) on adult mosquitoes under laboratory
conditions [38,39]. This experimental evidence does not mean unavoidably that the blue light radiation has
significant influence on adult mosquitoes in field conditions, since they are able to actively escape over-
exposure to radiation.

A positive association between WNV disease and temperature was already reported in Europe [11,40]
where climate and landscape were critical predictors of WNV disease outbreaks [41]. Our focus was not on
the number of human WNV cases, but the suitability of sites/microhabitats with different air temperatures
for WNV circulation in mosquitoes, which may well correspond to a higher risk of transmission. We found

that sites with higher To. and T, were characterized with higher WNV mosquito incidence rate. Clustering
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of cases with an incidence higher than one in six years coincided with an area of a significant grouping of
mosquito, bird, horse and human cases in 2014 and 2015 (Petri¢ et al. [42]- Fig 5). This is in concurrence
with Tran et al. [43] and Marcantonio et al. [41], who found that average summer temperatures are
positively correlated with WNV human incidence. It seems that temperature in semi-urban areas dominates
the other environmental factors influencing WNV circulation in nature (e.g. landscape suitability for
reservoir host and mosquito vector, host availability, precipitation), as it is the primary factor affecting both
mosquito vector abundance and virus replication. Prediction of a two-fold increase in virus incidence for
each 0.5°C increase in To, indicates but does not necessarily mean, that the number of human cases could
increase too. Therefore, our findings support the statement that climate change is likely to intensify the re-

emergence of WNV in Europe [44].

Fig 5. Frequency of sampling of WNV infected mosquitoes (1 — 5 times, coloured numbers) during
the period 2010-2016, superimposed over a cluster of mosquito, bird, horse and human WNV cases

in (a) 2014 and (b) 2015 (modified after Petri¢ et al. [40]).

Melanoma incidence and UVR. According to World Health Organization (WHO) (1992) and many other
authors [45,46], exposure to UVR radiation is considered to be a major etiological factor for all three forms
of melanoma (i) basal cell carcinoma (BCC), (ii) squamous cell carcinoma (SCC) and (iii) malignant
melanoma (MM). We found the correlation between MM and climate changes impact on UVR and also the
number of HD. We see the impact as a modification of ambient UVR through influences on other variables
such as clouds and aerosols. However, that impact might be more pronounced through the impact of changes
in outdoor ambient temperature which will influence people’s behaviour and increase the time they spend
outdoors, i.e. exposure to both higher UVR and higher temperatures [13]. Experiments with animals clearly
show that increased temperatures enhance UVR-induced melanoma compared to the room temperature. In
an intriguing study, van der Leun [47] speculated that long-term elevation of temperature by 2°C, as a

consequence of climate change, would increase the carcinogenic effects of UVR by 10%. Our results for
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the UVR in the VPS are generally similar to the ones obtained by Malinovié¢-Milicevi¢ et al. [48] and
Malinovi¢-Miliéevi¢ and Radovanovi¢ [49], who reported the following changes: (1) the reduction of yearly
averages for the total ozone of 3.44% and 3.21% and (2) increase in erythemal UVR dose of 6.9% and 9.7%
for the periods 1990-1999 and 2000-2009, respectively.

According to Jovanovi¢ et al. [14], the incidence rate of MM cancer in VPS for the period 1985-2004 is
higher than in central Serbia and is comparable with the majority of the central European countries as the
highest melanoma incidence rate in the world [50]. However, most studies do not deal more quantitatively
with the relationship between UVR doses and exposure during HD days and as it has been stated above,
the cumulative exposure to sunlight is probably the most critical risk factor for MM and SCC cancers, while
BCC is more associated with intensive short-term exposure [51]. Thus, the increasing trend in the number
of melanoma incidence in the VVPS for the period 1985-2004 (Fig 4d) can be ascribed to (1) the increase in
the number of HD days for about 55% and (2) the increase in cumulative values of UVR doses for the
period 1985-2030.

From a statistical point of view, the linear regression model for modeling the cumulative incidence of
melanoma versus the difference of the cumulative UVR doses for hot and warm days (Fig 4d) is apparently
acceptable. Parameters are statistically highly significant (r =0.971 and p < 0.001) while analysis of residual

distribution shows a good agreement with the normal distribution (p - p plot) as it is seen in Figure 6.

Fig 6. Residual distribution versus normal distribution (p-p plot) for regression in Fig 4d.

We hope that our results will indicate the importance of long-term monitoring/surveillance programs for
providing crucial data to evidence the ongoing biological alteration triggered by climate change.
Nonetheless, it is difficult to say how broadly our data represent the trends elsewhere. We believe that the
specificity of the observations offers a unique window into the state of some of the planet's pressing threats
to human health. Also, in the case where the humans are exposed to UVR, due to the nature of their work

(the VPS is an exclusively agricultural area), it is necessary to (i) establish a broader network for UVR
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measurements and warning centres and (ii) increase the awareness of the melanoma as a result of increased

amount of UVR.
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S1 Table. Overview of dry-ice trap samples sizes. For each year, the number of locations sampled,
the number of location re-sampled, and total number of samples are presented. Exposure time at
the trap locations was similar (14 + 2h).

S2 Table. Number of the total trap nights, positive trap nights and Anopheles hyrcanus specimens
sampled at 54 selected sites in the Vojvodina Province, Serbia during the years 1985-86, 2004-5 and
2014-15.

S3 Table. Frequency of sampling of WNV infected mosquitoes (1 — 5 times) in the Vojvodina

Province, Serbia, during the period 2010-2016.
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