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Abstract—The importance and risk of emerging mosquito borne diseases is going to 

increase in the European temperate areas due to climate change. The present and 

upcoming climates of Transdanubia seem to be suitable for the main vector of 

Chikungunya virus, the Asian tiger mosquito, Aedes albopictus Skuse (syn. Stegomyia 

albopicta). West Nile fever is recently endemic in Hungary. We used climate envelope 

modeling to predict the recent and future potential distribution/occurrence areas of the 

vector and the disease. We found that climate can be sufficient to explain the recently 

observed area of A. albopictus, while in the case of West Nile fever, the migration routes 

of reservoir birds, the run of the floodplains, and the position of lakes are also important 

determinants of the observed occurrence. 
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1. Introduction 

1.1. Climate change and emerging mosquito-borne diseases 

Within the class Insecta, the order Diptera has the greatest vectorial potential 

(e.g., flies, sand flies, mosquitoes) as vectors of important human infectious 

diseases. The most important family is Culicidae with such important genera as 

Aedes and Culex. Vector-borne diseases are sensitive to climatic conditions 

(Githeko et al., 2000; Harwell et al., 2002; Hunter, 2003; Rogers and Randolph, 

2006). While the length of every development stages varies among species, it is 

common that it is greatly affected by the ambient temperature (Rueda et al., 

1990; Bayoh and Lindsay, 2003, 2004; Teng and Apperson, 2000). Global 

warming can cause the expansion and the increasing abundance of insect 

populations (e.g., pests of plants) by changing the length of vegetation period 

and moderation of the winter colds throughout Europe (Cannon, 2004; Dukes 

and Mooney, 1999; Ladányi and Horváth, 2010). Climate change can facilitate 

the migration of these arthropod vectors to north (De la Roque et al., 2008). The 

projected warmer conditions are favored by mosquitoes and their parasites 

(Epstein et al., 1998; Reiter, 2001). Since the adult mosquitoes have good flying 

ability, their expansion can be rapid. They are vectors of many serious viral 

infection, such as West Nile fever (hence: WNF) and Chikungunya disease 

which are re-emerging or emerging diseases in the Northern Hemisphere 

(Meckenzie et al., 2004; Reiter et al., 2006). The transmitters and main sources 

of the disease are Culex species. 

While the potential mosquito vectors of West Nile virus (hence: WNV) live 

in the entire holarctic ecozone, theoretically West Nile virus may be endemic in 

every part of Eurasia and North America. In contrast to the theoretical 

investigations, the historical presence of WNF was less abundant. From this 

reason we aimed to study the climatic requirements of the disease itself and not 

those of the potential vectors. According to Spielman (2001), Culex mosquito 

populations begin to proliferate when the water temperature exceeds 15 °C 

during June, so the first stable week, when the ambient temperature reaches the 

15 °C, can be used as the start of the WNF season.  

Many of the potential vectors of WNV are native in Europe. As it is 

expected, the climate in the Carpathian Basin will be warmer, more arid, and 

will have extreme rainfalls more frequently in the colder half-year (Bartholy et 

al., 2007). The increased frequency of heavy rainfall events, with consequential 

floodings may increase the incidence of mosquitoe-borne diseases and water-

borne diseases (Hunter, 2003). 

Chikungunya virus belongs to the family Togaviridae and is usually 

transmitted to humans by Aedes mosquitoes (e.g., the Asian tiger mosquito, 

Aedes albopictus Skuse (1894). Before 2006, Chikungunya disease and the 

Aedes mosquitoes were mainly reported from the sub-saharan Africa, the 

http://en.wikipedia.org/wiki/Aedes
http://en.wikipedia.org/wiki/Mosquitoes
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Hindustan Peninsula, and Southeast Asia, but now the vector, Ae. albopictus, is 

presents widely in the Mediterranean Basin (in Spain, France, Italy, Slovenia, 

Croatia, Serbia, Bosnia and Herzegovina, Albania, and Greece). 

Our aim was to study the influence of the ambient temperature and floods 

on WNF case number and to create a model to take into consideration the 

potential future distribution of West Nile virus and Ae. albopictus mosquito. 

1.2. Climate envelope modeling 

Ecological modeling methods are utilized in ecology to predict how species, 

diseases, or ecological structures will response to global warming or other 

changes of the ecological environment. To project the possible impact of climate 

change on the distribution of the selected vector, Ae. albopictus, and the 

occurrence of the disease WNF we used climate envelope modeling (CEM) 

method (Hijmans and Graham, 2006). Fischer et al. (2001) also used CEM to 

model the future expansion of Ae. albopictus. CEM is based on statistical 

correlations between the observed distributions of species (e.g., Aedes 

albopictus mosquito) or occurrences of diseases (e.g., WNF) and environmental 

variables to define the tolerance, the limiting ecological factors (e.g., 

minimum/maximum of temperature, precipitation, length of the vegetation 

season) of the species or the disease (Guisan and Zimmermann, 2000; Elith and 

Leathwick, 2009). Based on this bioclimatic envelope, using a selected climate 

scenario, one can predict the probable future range of the species/disease. The 

hidden and sometimes arguable idea of the CEM is assuming that climate plays 

primary role on the present and future distribution of the species (Czúcz, 2010). 

For example, in the case of a vector-borne infectious disease, the long-distance 

transport, the migrating workers and traveling can play a very important role as 

the determinant of the real geographical occurrence (Walther et al., 2009; 

Neghina et al., 2009). 

1.3. Migrating birds, rivers, wetlands, and West Nile virus 

Not only climatic factors determine the distribution of WNF. The principal 

vectors of the West Nile virus are Culex pipiens complex and Culex modestus 

(in Europe, Culex species and ticks in Russia also ticks, while migrating birds 

are the most important reservoirs and propagators of WNV) (McLean et al., 

2001; Reed et al., 2003). Mosquitoes transmit the virus to birds, and then the 

next generation of the virus will infect the biting mosquitoes. 

The mean water level and the changes of the water level of the rivers may 

have an important influence on the mosquito season. 

WNV (a member of Flaviviridae) originally was autochthonous in Africa 

before the 1990’s and it was first isolated in 1937, in the Sub-Saharan West Nile 

territory of Uganda. Then the virus was isolated from humans, birds, and 

mosquitoes in Egypt (Nile delta) in the early 1950s (Hubálek and Halouzka, 

http://en.wiktionary.org/wiki/Bosnia_and_Herzegovina
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1999). In Europe it appeared at first, in Albania, 1958 (Bárdos et al., 1959) and 

many of the early larger outbreaks were reported from the river deltas: from the 

Rhone delta in 1963 (Hannoun et al., 1964), the Rumanian Danube delta in 1971 

(Topciu et al., 1971), and the Volga Delta in 1964 (Chumakov et al., 1964). 

Bird migration is the most important way of WNF/WNV introduction to 

the temperature areas (Malkinson et al., 2002; Reed et al., 2003). It is clear that 

rivers and riverbanks, coastal plains and deltas are the gathering and feeding 

places of migrating birds (Malkinson et al., 2002). In Hungary also most of the 

cases occurred near to riversides, mainly between the riverbank of Tisza, 

Zagyva, and Rába, as it was seen in 2008. (Krisztalovics et al., 2008).There are 

3 main migration routes between Africa and Eurasia (via Gibraltar, via Sicily, 

via Sinai) (Fig. 1A), and one of them (Fig. 1B, red lines) makes connection 

between Eurasia and the eastern sub-saharan part of Africa, e.g., the West Nile 

territory (Fig. 1B), which is the most important migration route of white stork 

(Ciconia ciconia Linnaeus (1758) (Berthold, 2004), which bird species itself an 

important introducer of WNF (Malkinson et al., 2002). It seems that migratory 

birds are the most important introductory hosts for the virus (Rappole and 

Hubálek, 2003). According to Jourdain et al. (2007), the risk for introduction of 

African pathogens, such as WNF into Mediterranean wetlands may be the 

highest from March to July, which is in accordance with the spring migration 

and breeding for birds. 

 

 
 

 

Fig. 1.A: The simplified scheme of the main migration routes of birds between Africa and 

Europe. Red: Via Sinai per the Middle East from East Africa to Central and Eastern 

Europe, Yellow: Via Sicily per the Apennine Peninsula, Green: Via Gibraltar per the 

Hispanic Peninsula. The composite figure mainly was based on the migration routes of 

different birds of the homepage Global Register of Migratory Species. B: The right 

picture shows the eastern migration scheme route of white stark (Global Register of 

Migratory Species, Ciconia ciconia). Note, that the West Nile territory is an important 

part of their migration route. 

A B 
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1.4. The threshold minimum temperature of West Nile season  

Since according to Kilpatrick et al. (2008), Reisen et al. (2006), and Spielman 

(2001) the temperature derived transmission of WNV from Culex mosquitoes to 

humans may be between 14 –15 °C, we handle the 15 °C as the minimum 

temperature limit of the WNF season. 

2. Materials and methods 

2.1. Data sources 

2.1.1. West Nile data of Hungary for the period of 2004–2010 

The Hungarian WNF data was derived from the Hungarian Epidemiological and 

Surveillance System and Epinfo (2010A), Epinfo (2010B), and Krisztalovics et 

al. (2008). We could gain the geographical distribution data of the years 2008, 

2010, 2011, and 2012. 

2.1.2. The hydrological data of the river Tisza 

The hydrological data of the river Tisza in the period of 2007–2012 were 

retrieved from the National Water Warning Network of Hungary (Hydroinfo). 

We averaged the monthly water levels of May to September. To depict the 

annual amplitude of the water regime, we used the difference between the 

annual maximum and minimum water levels. 

2.1.3. Climate data 

We used the REMO climate model (ENSEMBLES, 2013), which is nested into 

the ECHAM5 global climate model (Roeckner et al., 2003, 2004) and is based 

on the IPCC SRES A1B scenario. The A1 scenarios suppose rapid economic 

and population growth, and rapid global transfer of technologies and knowledge 

(Nakicenovic et al., 2000). 

1961–1990 is the reference period of the REMO model, and the periods of 

2011–2040 and 2041–2070 are the selected prediction periods. REMO has 

25 km horizontal resolution and the entire Europe is within its domain. In our 

model we used about the 80% of the points of REMO. 

2.1.4. Distribution and occurrence data 

Since the model studied the climate requirements only of the European 

populations – the North African distribution segments were excluded –, it was 

able to project the shift of this part only. The distribution data of A. albopictus 

was derived from the VBORNET database of the European Centre for Disease 
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Prevention and Control according to stage in September 2012 (Medlock et al., 

2012). 

The occurrence of WNF was also derived from European Centre for 

Disease Prevention and Control homepage and from the European Disease and 

European Centre for Disease Prevention and Control (ECDC) homepage (ECDC 

West Nile Fever Maps 2012 and 2011). Furthermore, we also used a publication 

of the Eurosurveillance journal (Krisztalovics et al., 2008). 

The Chironomidae (family Chironomidae) mosquito geographical presence 

data was derived from Móra and Dévai (2004). The original checklist and map 

was based on the review of the faunistical data in the period of 1990–2004. In 

these 104 years long period, 228 species were observed in Hungary and 98 

species are expected to occur (Móra and Dévai, 2004). 

We did not use weighting process, the distribution/occurrence maps of the 

mosquito and WNF was reduced to simple presence-absence maps. The regions 

entitled as ‘indigenous’ and ‘recently present’ of Aedes albopictus while in the 

case of WNF, the ‘area reporting cases in 2012’, ‘area reporting cases in 2011’, 

‘area reporting cases in 2010’ were selected to be digitized. All the data were 

based on the NUTS3 regions, which are the third level public administration 

territories of the European Union. After a georeferencing process with third 

order polynomial transformation, the digitization of the bitmap-format 

distribution maps were realized with the assistance of the digital NUTS3 

polygon borders (GISCO, 2013). 

2.1.5. Population of the Hungarian regions  

While we studied the regional WNF incidence rate of 2008, 2010, 2011, and 

2012 (5-year-long short interval), we could use the population numbers of the 

year 2012. We retrieved the statistical data from the Central Statistical Office of 

Hungary (KSH, 2012). 

2.2. Statistics 

We applied descriptive statistics using SPSS 10.0 and Excel 2010 softwares. 

2.3. Modeling method 

According to Thuiller et al. (2004), climate has the greatest influence on 

forming the geographical distribution of the species in Europe. We used three 

physical (climate) factors averaged in the 30-year periods: the monthly mean 

temperature (Tmean, °C), the monthly minimum temperature (Tmin, °C), and the 

monthly precipitation (P, mm) of the 12 months. This means 3×12 factors in the 

model. 

Cumulative distribution functions were calculated by PAST statistic 

analyzer (Hammer et al., 2001) for the selected 3×12 climatic parameters (Tmean, 

http://www.google.hu/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&sqi=2&ved=0CDEQFjAA&url=http%3A%2F%2Fwww.ecdc.europa.eu%2F&ei=sHBTUfSxCsXUswbD7IGYBQ&usg=AFQjCNFyCFVqbdcDjnQIknHZSGhGiRL-nQ&bvm=bv.44342787,d.Yms


 

25 

Tmin, P). 10–10% from the extrema in the case of Ae. albopictus and 5–5% from 

the extrema in the case of WNF were neglected from the climatic values found 

within the observed distribution/occurrence. The selection of the amount of 

percentiles to be left from the climatic values was based on our former studies. 

The aim was to restrict the false positive error of the model result in a 

reasonably degree. We refined the climatic data by the inverse distance weighted 

interpolation method of ESRI ArcGIS 10 software. The modeling steps were the 

follows: first, the grid points within the distribution were quoted; second, the 

percentile points of the climatic parameters were calculated; third, the suitable 

percentiles of the climatic parameters were chosen; fourth, modeling phrases (3 

strings) were created by string functions of Microsoft Excel 2007 for the three 

modeling periods; fifth, the ranges were selected where all the climatic values of 

the certain period were between the extrema selected in step 3. 

3. Results 

3.1. West Nile fever in the period of 2004–2012 in Hungary 

3.1.1. Statistics 

In Hungary, West Nile fever is recently endemic; 34 cases were reported in the 

period of 2004–2009 (Krisztalovics et al., 2011; Epinfo, 2010A), 11 cases in 

2010 (Epinfo, 2010B), 4 cases in 2011 and 12 cases in 2012 (ECDC, West Nile 

fever maps 2012). In the period of 2004–2012 WNF showed an increasing trend, 

but the annual incidence was low and highly variable (0–19/10 million) from 

year to year (Fig. 2), so the trend was not significant at 5% significance level. 

 

 

Fig. 2. The absolute annual WNF case number in the period of 2004 –2012 in Hungary. 
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3.1.2. Regional distribution of the WNF incidences 

The Hungarian regions correspond to the NUTS 2 statistical regions of the 

European Union. In 2008 and 2010  –2012 (the geographical data of 2009 is 

missing), the highest WN incidence rates were observed in northern Great Plain 

(NGP; 6.6*10
–6

), southern Great Plain (SGP; 5.24*10
–6

), southern Transdanubia 

(STD; 5.2*10
–6

), and western Transdanubia (WTD; 5.01*10
–6

). In central 

Transdanubia (CTD; 3.62*10
–6

), northern Hungary (NH; 2.48*10
–6

), and central 

Hungary (CH; 2.41*10
–6

), the WNF average incidence of this 3 regions were 

about the half of the average incidence rate of NGP, SGP, STD, and WTD. The 

changing WNF incidence rate did not show any significant trends, and the 

geographic distribution of the cases showed that the focuses of occurrence 

changed from year to year (Fig. 3). 

 

 

 

 

Fig. 3. WNF incidence rates per 1 million inhabitants in the different Hungarian regions in 

2008 and 2010–2012 according to the population numbers of 2012. WTD=western 

Transdanubia, STD=southern Transdanubia, CTD=central Transdanubia, CH=central 

Hungary, NH=northern Hungary, NGP=northern Great Plain, SGP=southern Great Plain. 

 

 

3.1.3. Seasonality  

WNF showed a clear seasonality (Fig. 4). About the ¾ of the cases occurred in 

August and September. In most of the years the season started in late July (e.g., 

http://en.wikipedia.org/wiki/Nomenclature_of_Territorial_Units_for_Statistics
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in the 30th week in 2010) or August (e.g., in 2007, 2008). No cases were 

recorded between December and March and in June. 

 

 

Fig. 4. The seasonal distribution of the WNF cases in Hungary in the period of 2004 –2010 

and 2012. 

3.1.4. Ambient mean weekly temperature and WNF 

In 2004 –2010 and 2012, the 66.66% of the first symptoms of the disease cases 

occurred above 19 °C and 84,84% above 16 °C. The highest case numbers were 

observed between 21–21.9 °C weekly mean ambient temperatures (Fig. 5). No 

cases were observed under 10 °C. Note, that the incubation period of the 

infection with WNV is thought to range from 3 to 14 days (CDC), but the 

probability distribution of the latency interval is not known. 

 

 

Fig. 5. The frequency histogram of weekly ambient temperatures of 2008, 2010, and 

2012, and the number of the WNF cases. 
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3.1.5. West Nile season 

The averaged ambient weekly temperature of the 4 previous weeks before the 

first WNF case was 21.6 °C in 2008 (Fig. 4), 23.82 °C in 2010 (Fig. 5), and 

23.65 °C in 2012 (Fig. 6). 78.6% of the cases in the period of 2004  –2010 and 

2012 (the weekly data of 2011 is missing) occurred in August and September. In 

2008 and 2010 the WNF cases terminated, when the weekly mean temperature 

dropped below 14.3–13.7 °C. In 2012 after the penultimate case, the ambient 

temperature dropped below 13.7 °C and the last case occurred, when the mean 

temperature was 7.5 °C. 19 weeks passed from the first stable week with 15 °C 

or more ambient temperature to the first WNF case 2008, 14 in 2010, and 13 in 

2012.  

As we mentioned in Section 2, we selected the weeks of the mean ambient 

temperature more than 15 °C as the season of Culex mosquitoes. According to 

these observations, we practically handled the period of May to September as 

the main time of the Culex season.  

The Culex season started in the 18th week of the year (in mid-April) in 

2008 and terminated in the 37th week in the first quarter of September. In 2008 

the observed WNF season exceeded the theoretical Culex season by 2 weeks 

(Fig. 6). 

 

 

 

Fig. 6. The weekly ambient temperatures in 2008 and the absolute number of WNF cases. 

Light gray points mark the weeks, when the ambient temperature was less than 5 °C. 

 

 

In 2010, the Culex season started in the 20th week in the start of May and 

terminated in the 35th week in late August. In 2009, the last case occurred in the 

last week of the theoretical season (Fig. 7). 
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Fig. 7. The weekly ambient temperatures in 2010 and the absolute number of WNF cases. 

Light gray points mark the weeks, when the ambient temperature was less than 5 °C. 

 

 
 

In 2012, the season started in the 16th week and terminated in the 43rd 

week in late October. In 2012, the last observed case exceeded the theoretical 

season by 4 weeks, the previous case occurred 1 week before the theoretical end 

of the mosquito season (Fig. 8). 

 

 
 

 

Fig. 8. The weekly ambient temperatures in 2012 and the absolute number of WNF cases. 

Light gray points mark the weeks, when the ambient temperature was less than 15 °C. 
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3.2. Floods and WNF in Hungary 

3.2.1. Presence of Chironomidae mosquitoes as wetland indicators and WNF 

From the first observed human WNF in Hungary in 2004 most of the cases were 

tied to the rivers Tisza, Raba, Drava, Zagyva, Körös, and Hernád channels (e.g., 

East Main Channel), and lake Balaton. The river Danube had a less importance. 

For example from January 2008 to September 2008, 8 WNF cases occurred in 

the Tisza valley and only 2 cases were observed in the Danube valley. Only 1–2 

cases per year were matched to the river Danube. Since before 2007 the WNF 

level were very low (in the period 2004–2006 only 4 cases were observed), we 

used the period 2007–2012. 

Despite the fact, that Chironomidae (non-biting) mosquitoes are not the 

vectors of WNF, this species are tied to wetlands, rivers in Hungary since the 

larvae live in aquatic or semi-aquatic habitats (Móra and Dévai, 2004). They are 

good water quality indicators as well, while the larvae can live in polluted 

waters (Lindegaard, 1995). The larvae of Culex mosquitoes are also live in 

aquatic habitats. In 2008, most of the WNF cases between May and September 

were linked to similar habitats (rivers, lakes, channels) as non-biting mosquitoes 

(Fig. 9). 

 

 

 

 

Fig. 9. The confirmed presence of Chironomidae mosquitoes (dark blue), the non-confirmed, 

but expected presence of Chironomidae mosquitoes (light blue) (according to Móra and 

Dévai, 2004), and the occurrence of WNF in 2008 between May and September (n=14) in 

2008, Hungary (red circles within red spots; according to Krisztalovics et al., 2008). 
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3.2.2. Amplitude of the water level changes of the rivers Tisza and Danube 

The mean of the annual maximum and minimum water levels of river Danube 

was Δ=556 cm, since in the case of river Tisza it was 1.6 times higher: 

Δ=899 cm. (Fig. 10). 
 

 

Fig. 10. Differences between the annual maximum and minimum water levels of the 

rivers Danube and Tisza in the period of 2007–2010. 

 

 

3.2.3. Water level of the river Tisza at Szolnok (2007–2012) 

Since over the Danube the number of the observed WNF cases was negligible 

under the studied period, we selected the river Tisza as a typical representative 

of the rivers in the Carpathian Basin, while the entire drainage basin of Tisza is 

within the Carpathian Basin, and the water regime of the Tisza is the 

consequence of the previous and the same year’s precipitation patterns of the 

Carpathian Basin. 

The average water level of Tisza between May and September in Szolnok 

(according to the long-time average, l) was the following: –71 cm in, 118.6 cm 

in 2008, –108 cm in 2009, 454.6 cm in 2010, –40.2 cm in 2011, and –99.6 cm in 

2012. We calculated the own mean of the 6-year-long period, which was 

42.4 cm. Thereafter, we calculated the water level differences from the mean: –

113.4 cm in 2007, 76.2 cm in 2008, –150.4 cm in 2009, 412.2 cm in 2010, –

82.6 cm in 2011, and –142 cm in 2012. After this process we calculated the 

percent values according to the absolute range –150.4 cm in 2009, 412.2 cm  

in 2010, absolute range 562.6 cm as 100%: –20.16% in 2007, 13.54% in 2008, 

–26.73% in 2009, 73.26% 2010, –14,68% in 2011, and –25.28% in 2012. 
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3.2.4. Changes in the WNF case number (2007-2012) 

The case numbers of the years were the following: n=4 in 2007, n=19 in 2008, 

n=7 in 2009, n=11 in 2010, n=4 in 2011 and n=12 in 2012. The mean of the 

WNF case numbers was 9.5 cases per year in the period. We calculated the 

differences of the cases from the mean: –5.5 in 2007, 9.5 in 2008, –2.5 in 2009, 

1.5 in 2010, –5.5 in 2011 and 2.5 in 2012. After this process we calculated the 

percent values of the differences according to the absolute range of the maxima 

and the minima of the WNF cases (–5.5 [2007, 2011]; 9.5 [2008]; absolute 

range)=15 as 100%): 36.6% in 2007, 63.3% in 2008, –16.6% in 2009, 10% in 

2010, –36% in 2011 and 16.6% in 2012. 

The comparison of the changes of the water level of the Tisza in Szolnok 

and the WNF cases- showed that five years from the six the sign (less or more 

than the mean, 0%) of this percent values changed simultaneously except the 

year 2012 (Fig. 11). The relative risk to the above-average number of WNF 

cases was 4 times higher when the mean level of the river Tisza was higher than 

the mean of the studied six years (WNF > mean and water level > mean: 2 years, 

WNF < mean and water level > mean: 0 year, WNF > mean and water 

level < mean: 1 year, WNF < mean and water level < mean: 3 years). 
 

 

 

 

 

Fig. 11. The percent difference of the May-September mean water level of the period 

2007–2012 within the absolute water level range of the river Tisza at Szolnok (DWL%) 

and the percent difference of the annual WNF case number in Hungary within the 

absolute water level range of the maxima and minima of the case inerval (DWNF%) in 

the period of 2007–2012. 
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3.3. Model results 

3.3.1. The predicted occurrence of West Nile fever 

The observed and predicted potential distributions of the WNF are shown in 

Fig. 12. The recent occurrence of visceral WNF is mostly restricted to the 

eastern Mediterranean areas and Eastern Europe. The model predicted the 

potential occurrence of WNF with the sporadic cases in the reference period to 

be greater than the observed current occurrence. The major difference can be 

seen in Spain. Future expansion is expected principally in Asia Minor, the 

Carpathian Basin, and the Balkan Peninsula, but the set of the affected countries 

is much larger: Spain, France and Hungary (mainly in the far future period), 

Serbia, Macedonia, Bulgaria, Romania, Ukraine, and Turkey. Considering the 

current occurrence and the model result, east-southeast Europe and the 

Carpathian Basin are highly vulnerable areas. In the western parts of Europe, the 

primary limiting value is the minimum temperature in July (Tmin of July more 

than 20.9 °C). It seems that the continental climate with warm summers and 

September are favor of West Nile disease (Tmean from June to September should 

be more than about 22 °C). WNF need for moderate summer precipitation (P in 

July is less than about 80 mm). 
 

 

 

 

Fig. 12. The recent (2010–2012) distribution of WNF (dark green according to the 

VBORNET database), the potential distribution area for the reference period (1961–1990, 

light green), and the projected future distribution for the periods of 2011–2040 (orange) 

and 2041–2070 (yellow) 
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3.3.2. Predicted distribution of the Ae. albopictus mosquito 

Observed and predicted potential distribution of the aggregation of the Asian 

tiger mosquito species are shown in Fig. 13. The Mediterranean, most of the 

territories of Italy, and some regions of the Balkan and Spain with 

Mediterranean climate are included in the observed distribution. The modeled 

potential distribution seems to be greater in Western Europe and in the north 

Balkan, and some parts of the Carpathian Basin. In the near future period 

expansion is predicted mainly in France, Spain, Croatia, Serbia, and Hungary. In 

the period of 2041–2070, significant expansion is projected in the northern parts 

of France. The primary limiting value is the minimum temperature in January 

(Tmin should be more than about –2 °C), Ae. albopictus prefers the relatively dry 

summers (P in July is less than about 6 mm). 
 

 

 

Fig. 13. The recent (2012) distribution of A. albopictus mosquito (dark green according to the 

VBORNET database), the potential distribution area for the reference period (1961–1990, 

light green), and the projected future distribution for the periods of 2011–2040 (orange) 

and 2041–2070 (yellow). 

4. Discussion 

The comparison of the recent and predicted future distributions of a vector and a 

vector-borne diseases, at first aspect, may seem to be problematic, but the recent 

geographical range of WNF is cannot be explained without the climate factors. 

The most important determinants of the spatial range of Ae. albopictus are 

climate factors according to our model. 



 

35 

The recent distribution of WNF suggests that climate, topographically the 

run of the rivers, floods, the migrating routes of birds, and the annual ontogeny 

of Culex mosquitoes together determine the occurrence of the disease. 

The annual features of the epidemics suggest brief exposures in multiple 

focuses. In contrast to the Lyme disease occurrence in Hungary (Lyme disease is 

also an emerging vector-borne disease) WNF did not show constant occurrence 

pattern in 2008 and 2010–2012. It may explained by the fact, that in the case of 

Lyme disease, the parasite permanently persists in the local tick and host animal 

populations, while it is plausible, that birds recurring from Africa and the 

Mediterranean wetlands are re-introduce WNV into Hungary every year. It also 

explains the very low incidence of WNF in Hungary. 

Our findings showed that floods have an important influence on annual 

WNF case number. There are differences between the major rivers, since over 

the larger Danube less WNF cases were observed in every year than between 

the smaller, but more natural rivers as Tisza and its tributaries, which have 

backwaters, wreaths and high amplitude water level changes. The high water 

level fluctuation can play an important role to create the appropriate 

conditions for mosquito populations (as this phenomenon is known in the 

case of Anopheles darlingi Anopheles Meigen (1818) malaria mosquitoe; 

Rozendaal, 1992) and consequently for the presence of WNF. The water level 

of Tisza as a characteristic representative of the rivers of the Carpathian 

Basin and the annual WNF case number simultaneously changed between 

2007 and 2011. We studied separately the year of 2012 and we found, that the 

contradiction was apparent, since most of the cases occurred in Transdanubia 

and not in the Tisza valley thanks to the extraordinary low water level of the 

Tisza in this year. 

According to Epstein (2010), the epidemic of WNF is ecologically similar 

to that of the St. Louis encephalitis, since these two vector-borne diseases are 

connected to long, hot, and dry (continental) summers with occasionally wet 

summers, when the case number generally is the highest. Extreme summer 

rainfalls are favored by WNF, and the increasing amount of extreme 

meteorological events are one of the consequences of climate change (Fay et al., 

2008; Meehl et al., 2000). It may explain the observations, since the year of 

2010 in Hungary was unusually wet; the total annual rainfall was two times 

higher than the average of the last 100 years, the 25% of the cases occurred in 

this year. Naturally, we cannot make conclusions based on the observations of a 

single year.  

In the case of the Aedes mosquito, the connection between the climate and 

the geographical distribution is the clearest. The main determinants of the 

European distribution of Ae. albopictus are climatic conditions, mainly the mean 

temperature in July, the minimum temperature in January, and the low 

precipitation of the summer months (Mediterranean summers). Climatically the 

geographical occurrence of WNF is partly determined by the warm ambient 
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temperature of July and August with wet summers. According to the VBORNET 

(2012) database, the recent occurrence of WNF in Europe is mainly similar to 

the migration route of white stork from the east sub-saharan Africa (e.g., 

Uganda, by via Sinai) to central and eastern Europe. Although climatic factors 

alone cannot explain the observed occurrence of West Nile virus, they indicate 

that dry and warm summers, and heavy rainfalls can enhance the population 

density of Culex mosquitoes (Reeves et al., 1994; Reiter, 2001). According to 

Sellers and Maarouf (1990), warm winds may carry infected mosquitoes from 

the dry riverbanks to northern areas. The above described extreme weather 

events are specific to continental climate conditions, where the disease recently 

occurred. 

The seasonality of WNF is regular as far as it can be judged from the low 

case number of the last decade, it starts in late July, has a peak from August to 

mid-September and declines, when the weekly mean ambient temperature drops 

below 13–14 °C. Climate change may cause a shift in the WNF season 

elongating the hottest period of summer and enhancing the warmer period of the 

autumn season. This seasonality may correspond to the spring early summer 

migration of birds (Jourdain et al., 2007), in the sense that time needs to ensure 

a sufficient number of mosquito contaminate with the virus for the chance of 

human transmission. 

In contrast to, e.g., Culex pipiens or Culex modestus, Ae. albopictus 

mosquito prefers the more balanced conditions and milder winters of subtropical 

coasts of the Mediterranean basin. Higher summer precipitation seems to be a 

major limiting factor in the model for Ae. albopictus, which is in accordance 

with the study of Alto and Juliano (2001) who found that Asian tiger mosquito 

populations occurring in warmer regions are likely to produce more adults as 

long as water bodies (e.g., containers, little ponds) do not dry completely. We 

found, that Ae. albopictus does not prefer the wetter climate of the oceanic areas 

of Western Europe, which also matches with Alto and Juliano (2001) who found 

that the populations of the mosquito in cooler regions produce less amount of 

adults with the variability of precipitation. In the case of Aedes mosquito, 

wetlands and floodplains do not seem to be primary determinants of the 

distribution. Our model findings are highly in accordance with the findings of 

Fischer et al. (2011) who projected the future expansion of Ae.albopictus 

mosquito to the end of the 2060’s to France, the western part of the Carpathian 

Basin. 

The major benefit of our model is that the observed temperature 

requirement of the WNF peak season in Hungary is similar to the modeled 

temperature needs (Tmean of the summer months and September is more than 

20 °C). Since 3 days to two weeks latency is plausible (CDC), the mosquito 

bites may occur at higher weekly mean temperatures.  
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5. Conclusions 

Our study indicates that in creating a climate envelope model for a vector-borne 

disease or a vector, the primary concern is to consider the behavior, and the 

requirements of every elements of the vectorial chain. Climate can be the main 

determinant of the distribution, but in other cases climate itself is not sufficient 

to explain the observed distribution or occurrence. The predicted future warmer 

and dryer summer seasonal climate of the Carpathian Basin is likely to extend 

the northern distribution of Ae. albopictus and may modify the seasonality of 

West Nile fever. Floods has a very important role in modifying the mosquito 

abundance rivers which have a major water running as the river Tisza and have 

more or less preserved floodplains offering better conditions for mosquitos than 

the highly regulated rivers. Recently it is plausible, that birds re-introduce WNF 

into Hungary from year to year. 
 

Acknowledgements—The authors would like to thank Arnold Móra MSc, the research assistant of the 

Balaton Limnological Research Institute of the Hungarian Academy of Sciences for the summary 

distribution map of Chironomidae mosquitos in Hungary. The research was supported by Project 

TÁMOP-4.2.1/B-09/1/KMR-2010-0005 and TÁMOP (4.2.2. A-11/1/KONV-2012-0064, 1.1). The 

ENSEMBLES data used in this work was funded by the EU FP6 Integrated Project ENSEMBLES 

(Contract number 505539) whose support is gratefully acknowledged. 

 

References 

Alto, B.W. and Juliano, S.A., 2001: Precipitation and temperature effects on populations of Aedes 

albopictus (Diptera: Culicidae): implications for range expansion. J. med. entomol. 38, 646. 

Bardos, V., Adamcová, J., Dedei, S., Gjini, N., Rosicky, B., and Simkova, A., 1959: Neutralizing 

antibodies against some neurotropic viruses determined in human sera in Albania. J. hyg. epid. 

microbial. immunol. 3, 277. 

Bartholy, J., Pongrácz, R.,and Gelybó, Gy., 2007: A 21. század végén várható éghajlatváltozás 

Magyarországon. Földrajzi Értesítő 56, 147–168. (In Hungarian) 

Bayoh, M.N. and Lindsay, S.W., 2003: Effect of temperature on the development of the aquatic stages 

of Anopheles gambiae sensu stricto (Diptera: Culicidae). B. entomol. res. 93, 375–382. 

Bayoh, M.N. and Lindsay, S.W., 2004: Temperature‐related duration of aquatic stages of the 

Afrotropical malaria vector mosquito Anopheles gambiae in the laboratory. Med. veterinary 

entomol., 18, 174–179. 

Berthold, P., Kaatz, M., and Querner, U., 2004: Long-term satellite tracking of white stork (Ciconia 

ciconia) migration: constancy versus variability. J. Ornithol. 145, 356–359. 

Cannon, R.J., 2004: The implications of predicted climate change for insect pests in the UK, with 

emphasis on non‐indigenous species. Glob. Change Biol. 4, 785–796. 

Czúcz, B., 2010: Az éghajlatváltozás hazai természetközeli élőhelyekre gyakorolt hatásainak 

modellezése. PhD dissertation. Corvinus University of Budapest, Faculty of Horticultural 

Sciences. Budapest. (In Hungarian) 

CDC: West Nile Virus (WNV) Infection: Information for Clinicians. Clinical features. 

http://www.cdc.gov/ncidod/dvbid/westnile/resources/fact_sheet_clinician.htm. Last accessed: 

27 March 2013. 

callto:+1012-0064


 

38 

Chumakov, M.P., Belyaeva, A.P., and Butenko, A.M., 1964: Isolation and study of an original virus 

from Hyalomma plumbeum plumbeum ticks and from the blood of a febrile patient in the 

Astrakhan region. Materialy XI Nauchnoi Sessii Instituta Poliomielita i Virusnykh Encefalitov 

(Moskva), 5–7. 

De la Roque, S., Rioux, J.A., and Slingenbergh, J., 2008: Climate change: Effects on animal disease 

systems and implications for surveillance and control. Rev. Sci.t Tech. Int. Epizooties 27, 339–354. 

Dukes, J.S. and Mooney, H.A. (1999): Does global change increase the success of biological invaders? 

Trends Ecol. Evolut. 14, 135–139. 

ECDC, West Nile fever maps 2012: Reported cases of WNF for the EU and the neighbouring countries. 

www.ecdc.europa.eu/en/healthtopics/west_nile_fever/West-Nile-fever-maps/Pages/index.aspx. Last 

accessed: 27 March 2013. 

ECDC, West Nile fever maps 2011: Reported cases of WNF for the EU and the neighbouring countries. 

ecdc.europa.eu/en/healthtopics/west_nile_fever/West-Nile-fever-maps/Pages/index.aspx. Last 

accessed: 27 March 2013. 

Elith, J., Leathwick, J.R., 2009: Species Distribution Models: Ecological Explanation and Prediction 

Across Space and Time. An. Rev. Ecol. Evolut. Systematics 40, 677–697. 

ENSEMBLES, 2013: ENSEMBLES data archive. ensemblesrt3.dmi.dk. Last accessed: 27 March 

2013. 

Epinfo, 2010A: Nyugat-nílus láz megbetegedések Magyarországon és Európában. Epinfo 17/34, 449–

452. (In Hungarian) 

Epinfo, 2010B: Nyugat-nílus láz megbetegedések, Magyarországon, 2010. Epinfo 17/36, 417–424. (In 

Hungarian) 

Epstein, P.R., Diaz, H.F., Elias, S., Grabherr, G., Graham, N.E., Martens, W.J., and Susskind, J., 

1998: Biological and physical signs of climate change: focus on mosquito-borne diseases. B. 

Am. Meteorol. Soc. 79, 409–417. 

Fay, P.A., Kaufman, D.M., Nippert, J.B., Carlisle, J.D., and Harper, C.W., 2008: Changes in grassland 

ecosystem function due to extreme rainfall events: implications for responses to climate change. 

Glob. Change Biol. 14, 1600–1608. 

Fischer, D., Thomas, S.M., Niemitz, F., Reineking, B., and Beierkuhnlein, C., 2011: Projection of 

climatic suitability for Aedes albopictus Skuse (Culicidae) in Europe under climate change 

conditions. Glob. Planet. Change, 78, 54–64. 

Githeko, A.K., Lindsay, S.W., Confalonieri, U.E., and Patz, J.A., 2000: Climate change and vector-

borne diseases: a regional analysis. B. WHO 78, 1136–1147. 

GISCO, 2013: GISCO - Eurostat (European Commission). epp.eurostat.ec.europa.eu/portal/page/-

portal/gisco_Geographical_information_maps/popups/references/administrative_units_statistica

l_units_1. Last accessed: 2013.01.01 

Global Register of Migratory Species. www.groms.de. Last accessed: 27 March 2013. 

Global Register of Migratory Species. Ciconia ciconia. www.groms.de/groms/Ciconia_Info.html. Last 

accessed: 27 March 2013. 

Goldblum, N., Sterk, V., and Paderski, B., 1954: WNF, The clinical features op tue disease and the Isolation 

of West Nile Virus from the blood of nine human cases. Am. J. Epidemiol. 59, 89–103. 

Guisan, A. and Zimmermann, N.E., 2000: Predictive habitat distribution models in ecology. Ecolog. 

Model. 135, 147–186. 

Hammer R.O., Harper D.A.T. and Ryan P.D.., 2001: PAST: Paleontological statistics software package for 

education and data analysis. Paleontol Electron, 4, 1-9. 

Hannoun C, Panthier R, Mouchet J., and Eouzan Jp., 1964: Isolement En France Du Virus West-Nile 

'A Partir De Malades Et Du Vecteur Culex Modestus Ficalbi. C. R. Hebd. Seances Acad. Sci. 

30, 4170–4172. 

Harvell, C.D., Mitchell, C.E., Ward, J.R., Altizer, S., Dobson, A.P., Ostfeld, R.S., and Samuel, M.D., 2002: 

Climate warming and disease risks for terrestrial and marine biota. Science 296, 2158–2162. 

Hijmans, R.J. and Graham, C.H., 2006: The ability of climate envelope models to predict the effect of 

climate change on species distributions. Glob. Change Biol. 12, 2272–2281. 

Hubálek, Z. and Halouzka, J., 1999: WNF–a reemerging mosquito-borne viral disease in Europe. 

Emerg. infect.dis. 5, 643. 



 

39 

Hunter, P.R., 2003: Climate change and waterborne and vector‐borne disease. J. Appl.Microbiol. 

94(s1), 37–46. 

Hydroinfo. Országos vízjelző szolgálat. Archívum. Éves vízállástáblázatok. http://www.hydroinfo.hu–

/Html/archivum/archiv_tabla.html. Last accessed: Last accessed: 27 March 2013.(In Hungarian)  

Jourdain, E., Gauthier-Clerc, M., Bicout, D., and Sabatier, P., 2007: Bird migration routes and risk 

for pathogen dispersion into western Mediterranean wetlands. Emerg. Infect. Dis. 13, 365. 

Kilpatrick, A.M., Meola, M.A., Moudy, R.M., and Kramer, L.D., 2008: Temperature, viral genetics, 

and the transmission of West Nile virus by Culex pipiens mosquitoes. PLoS pathogens 4, 

e1000092. 

Krisztalovics, K., .Bán, E., Ferenczi, E., Zöldi, V., Bakonyi, T., Erdélyi, K., Szalkai, T., Csohán, Á., and 

Szomor, K., 2011: Nyugat-nílus láz Magyarországon 2010. Epinfo, 18/9-10(6): 89–94. (In 

Hungarian) 

Krisztalovics, K., Ferenczi, E., Molnár, Z.S., Csohán, Á., Bán, E., Zöldi, V., Kaszás, K,. 2008: West 

Nile virus infections in Hungary, August-September 2008. Euro surveillance: bulletin européen 

sur les maladies transmissibles= European communicable disease bulletin, 13(45), pii-19030. 

KSH, 2012: Magyarország térképek. Lakónépesség 2012. január 1. http://www.ksh.hu/interaktiv/ 

terkepek/mo/nepesseg.html. Last accessed: 27 March 2013. (In Hungarian) 

Ladányi, M. and Horváth, L., 2010: A review of the potential climate change impact on insect 

populations – general and agricultural aspects. Appl. Ecol. Environ.Res. 8, 143–152. 

Lindegaard, C., 1995: Classification of water-bodies and pollution. The Chironomidae. 385-404. 

Springer, Netherlands. 

Mackenzie, J.S., Gubler, D.J., and Petersen, L.R., 2004: Emerging flaviviruses: the spread and 

resurgence of Japanese encephalitis, West Nile and dengue viruses. Nature med. 10, S98–S109. 

Malkinson, M., Banet, C., Weisman, Y., Pokamunski, S., and King, R., 2002: Introduction of West Nile 

virus in the Middle East by migrating white storks. Emerg. Infect. Dis. 8, 392. 

McLean, R.G., Ubico, S.R., Docherty, D.E., Hansen, W.R., Sileo, L., and McNamara, T.S., 2001: West 

Nile virus transmission and ecology in birds. Ann. N Y Acad. Sci. 951, 54-57. 

Medlock, J.M., Hansford, K.M., Schaffner, F., Versteirt, V., Hendrickx, G., Zeller, H,. and Bortel, 

W.V., 2012: A review of the invasive mosquitoes in Europe: ecology, public health risks, and 

control options. Vector-Borne Zoonotic Dis. 12, 435–447. 

Meehl, G.A., Zwiers, F., Evans, J., Knutson, T., Mearns, L., and Whetton, P., 2000: Trends in Extreme 

Weather and Climate Events: Issues Related to Modeling Extremes in Projections of Future 

Climate Change. B. Am. Meteorol. Soc. 81, 427–436. 

Móra, A. and Dévai, Gy., 2004: Magyarország árvaszúnyog-faunájának (Diptera: Chironomidae) 

jegyzéke az előfordulási adatok és sajátosságok feltüntetésével. Acta Biol. Debr. Oecol. Hung 

12: 39.207. (In Hungarian) 

Nakicenovic, N., Alcamo, J., Davis, G., de Vries, B., Fenhann, J., Gaffin, S., and Dadi, Z., 2000: 

Special report on emissions scenarios: a special report of Working Group III of the 

Intergovernmental Panel on Climate Change (No. PNNL-SA-39650). Pacific Northwest 

National Laboratory, Richland, WA (US), Environmental Molecular Sciences Laboratory (US). 

Neghina, R., Neghina, A.M., Merkler, C., Marincu, I., Moldovan R., and Iacobiciu. I., 2009: 

Importation of visceral leishmaniasis in returning Romanian workers from Spain. Travel Med 

Infect Dis. 7, 35–39. 

Rappole, J.H. and Hubalek, Z., 2003: Migratory birds and West Nile virus. J. Appl. Microbiol. 94(s1), 

47–58. 

Reed, K.D., Meece, J.K., Henkel, J.S., and Shukla, S.K., 2003: Birds, migration and emerging zoonoses: 

West Nile virus, Lyme disease, influenza A and enteropathogens. Clinic. Med. Res. 1, 5–12. 

Reeves, W.C., Hardy, J.L., Reisen, W.K., and Milby, M.M., 1994: Potential effect of global warming on 

mosquito-borne arboviruses. J. Med. Entomol. 31, 323–332. 

Reisen, W.K., Fang, Y., and Martinez, V.M., 2006: Effects of temperature on the transmission of West 

Nile virus by Culex tarsalis (Diptera: Culicidae). J. med. entomol. 43, 309–317. 

Reiter, P., Fontenille, D., and Paupy, C., 2006: Aedes albopictus as an epidemic vector of 

chikungunya virus: another emerging problem? Lancet infect. dis. 6, 463–464. 

Reiter, P., 2001: Climate change and mosquito-borne disease. Environ. Health Perspect. 109(S1), 141-161 



 

40 

Roeckner, E., Bäuml, G., Bonaventura, L., Brokopf, R., Esch, M., Giorgetta, M., Hagemann, S., 

Kirchner, I., Kornblueh, L., Manzini, E., Rhodin, A., Schlese, U., Schulzweida, U., and 

Tompkins, A., 2003: The atmospheric general circulation model ECHAM 5. Part I: Model 

description. Max-Planck-Institut für Meteorologie, Hamburg. 

Roeckner E., Brokopf, R., Esch, M., Giorgetta, M., Hagemann, S., Kornblueh, L., Manzini, E., Schlese, 

U., and Schulzweida, U., 2004: The atmospheric general circulation model ECHAM 5. PART 

II: Sensitivity of Simulated Climate to Horizontal and Vertical Resolution. Max-Planck-Institut 

für Meteorologie, Hamburg. 

Rogers, D.J. and Randolph, S.E., 2006: Climate Change and Vector-Borne Diseases. Adv. Parasitol. 

62. 345–381. 

Rozendaal, J.A., 1992: Relations between Anopheles darlingi breeding habitats, rainfall, river level 

and malaria transmission rates in the rain forest of Suriname. Med. veteran. entomol. 6, 16–22. 

Rueda, L.M., Patel, K.J., Axtell, R.C., and Stinner, R.E., 1990: Temperature-dependent development 

and survival rates of Culex quinquefasciatus and Aedes aegypti (Diptera: Culicidae). J. Med. 

Entomol. 27, 892–898. 

Sellers, R.F. and Maarouf, A.R., 1989: Trajectory analysis and bluetongue virus serotype 2 in Florida 

1982. Can. J. Veterinar. Res. 53, 100. 

Spielman, A., 2001: Structure and seasonality of nearctic Culex pipiens populations. Ann.N.Y. Acad. 

Sci. 951, 220–234. 

Teng, H.J. and Apperson, C.S., 2000: Development and survival of immature Aedes albopictus and 

Aedes triseriatus (Diptera: Culicidae) in the laboratory: effects of density, food, and competition 

on response to temperature. J. Med. Entomol. 37, 40–52. 

Thuiller, W., Araújo, M.B., and Lavorel, S., 2004: Do we need land-cover data to model species 

distributions in Europe? J. Biogeograph. 31, 353–361. 

Topciu, V., Roşiu, N., Arcan, P., Fufezan, V., and Bran, B., 1971: The existence of arbovirus group B 

(Casals) disclosed by serological analysis of various animal species in the province of Banat 

(Rumania)]. Arch. roumain. pathol. exp. microbial. 30, 231. 

The migration routes and staging areas of the storks. www.groms.de/groms/Ciconia_Info.html. Last 

accessed: 27 March 2013. 

VBORNET, 2013: VBORNET maps-Mosquitoes. The current distribution of Aedes 

albopictus.ecdc.europa.eu/en/activities/diseaseprogrammes/emerging_and_vector_borne_diseas

es/Pages/VBORNET_maps.aspx. Last accessed: 27 March 2013. 

Walther, G.R., Roques, A., Hulme, P.E., Sykes, M.T., Pyšek, P., Kühn, I., and Settele, J,. 2009: Alien 

species in a warmer world: risks and opportunities. Trends Ecol. Evol. 24, 686–693. 

West Nile fever map 2012. Reported cases of the West Nile fever for the EU and the neighbouring 

countries. ecdc.europa.eu/en/healthtopics/west_nile_fever/West-Nile-fever-maps/Pages/index.aspx. 

Last accessed: 27 March 2013. 

 


