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ABSTRACT

Objectives: The main aim of our work was to analyse the development of the dynamics of tick-borne encephalitis (TBE) in connec-
tion with climatic conditions in Slovakia in 2012-2016.

Material and Methods: We performed the analysis based on the data provided by the Epidemiological Information System and
the Slovak Hydrometeorological Institute. The study group consisted of 639 patients with confirmed diagnosis.

Results: The highest incidence of TBE was recorded in 2016. The highest standardized incidence rate of TBE was in the districts of
the Trenéin, Zilina and Banska Bystrica regions. The relation of TBE to air temperature showed that most cases of TBE were recorded
at an air temperature of 10-20 °C during the months of May to October in 2012-2016. The relationship between air temperature
and number of days with snow cover and the number of TBE cases proved to be statistically significant (p-value < 0.001). There
is a statistically significant difference in the average number of disease cases according to the air temperature category (p-va-
lue =0.03). This disease occurs mainly in districts with an altitude of 200-400 m a. s.|. The dynamics of TBE in Slovakia is two-peaked
with a decline in August. The main season of the disease lasts from May to October, peaking during the summer months of June
and July.

Conclusion: The results of the study point to a prognosis of the development of the disease in connection with air temperature.
Based on the findings that in recent years we have observed a slightly increasing trend of TBE in Slovakia due to climate change,
this disease is considered a persistent public health problem.
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SUHRN
Hudackova V., Pekarcikova J., Petko B., Mikulova K., Sivéo P., Rusnak M.: Dopad klimatickych podmienok na
dynamiku kliestovej encefalitidy na Slovensku v rokoch 2012-2016

Ciel: Hlavnym cielom nasej prace bolo analyzovat vyvoj dynamiky kliestovej encefalitidy (KE) v suvislosti s klimatickymi podmien-
kami na Slovensku v rokoch 2012-2016.

Material a metédy: Analyzu sme realizovali na zaklade Udajov poskytnutych Epidemiologickym informa¢nym systémom a Slo-
venskym hydrometeorologickym Ustavom. Sledovany subor tvorilo 639 pacientov s potvrdenou diagnézou.

Vysledky: Najvyssi vyskyt KE bol zaznamenany v roku 2016. Najvyssia Standardizovana chorobnost KE bola v okresoch Trencian-
skeho, Zilinského a Banskobystrického kraja. Vztah KE k teplote vzduchu ukazal, Ze najviac pripadov KE bolo zaznamenanych pri
teplote vzduchu 10-20 °C v mesiacoch mdj az oktéber v rokoch 2012-2016. Vztah medzi teplotou vzduchu a po¢tom dni so sne-
hovou pokryvkou a po¢tom pripadov KE sa preukdazal ako Statisticky vyznamny (p-hodnota < 0,001). Existuje Statisticky vyznamny
rozdiel v priemernom pocte pripadov ochorenia podla kategérie teploty vzduchu (p-hodnota = 0,03). Toto ochorenie sa vyskytuje
najma v okresoch s nadmorskou vyskou 200-400 m n. m. Dynamika KE na Slovensku je dvojvrcholova s poklesom v auguste. Hlav-
na sezéna ochorenia trva od méja do oktdbra, pricom vrcholi pocas letnych mesiacov jun a jul.

Zaver: Vysledky studie poukazuju na prognézu vyvoja ochorenia v suvislosti s teplotou vzduchu. Na zaklade zisteni, ze v posled-
nych rokoch pozorujeme na Slovensku mierne stupajuci trend KE v désledku klimatickych zmien, je toto ochorenie povazované za
pretrvavajuci problém verejného zdravia.
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kliesStova encefalitida — Standardizovana chorobnost — klima — nadmorska vyska — sezonalita
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INTRODUCTION

The existence of tick-borne pathogenic microor-
ganisms has been known since the beginning of the
twentieth century [1]. Tick-borne encephalitis (TBE)
is a human viral infectious disease involving the cen-
tral nervous system. TBE is caused by the tick-borne
encephalitis virus (TBEV), a member of the family Fla-
viviridae, and was initially isolated in 1937 [2]. Three
subtypes of the causative agent are known: the Euro-
pean (Western), the Far Eastern (spring-and-summer
encephalitis) and the Siberian [3]. Ixodes ricinus is the
major tick vector of the dominant subtype in Central
and Western Europe, including the territory of Slovakia
[4]. Wild animals are a reservoir of infection in nature,
ticks on them become infected and accidentally trans-
mit the disease to humans. Infected ticks occur in en-
demic areas where infected reservoir animals live, such
as rodents, deer and foxes [5]. Due to climate change
in recent years, they have also reached higher geo-
graphical locations, up to altitudes above 500 meters.
The correlation between the mean altitude for TBE and
the average annual air temperature suggests that the
average altitude for TBE responds positively to glo-
bal warming. Although there are fewer locals living in
higher altitudes, these locations are frequently used for
recreation and outdoor activities [6]. /. ricinus infectivity
variations depend on the nature of the local bioceno-
sis in each location. The dynamics of its seasonal varia-
tions, that is influenced by climatic factors, determine
the annual changes [7]. In Slovakia, natural outbreaks
of this disease have long occurred mainly in the west
of the country, but they have moved from the southern
districts to the north to the Trencin region. Slovakia has
the most reported food epidemics of TBE in Europe due
to the frequent rearing of goats and sheep. The most
common factors in TBE transmission are unpasteurized
goat’s and sheep’s milk, as well as their products [8].

TBE has become a growing public health challenge
in Europe and other parts of the world. The virus causes
thousands of cases of meningoencephalitis in Europe
annually, with an increasing trend [9]. Therefore, TBE is
considered an epidemiologically serious disease. The
increase may be attributed to a complex network of
elements, including climatic, environmental and so-
cio-economic factors. Immunization is the best protec-
tion against this disease [10, 11].

Slovakia is located in middle latitudes experienc-
ing four alternating seasons. The distance from the
sea creates a transitional climate between maritime
and continental. The western part of Slovakia is influ-
enced by oceans and in its eastern part the continen-
tal moderate climate prevails. The climate in Slovakia
is mostly determined by altitude too [12]. The western
current brings moist ocean air of moderate latitudes
from the Atlantic Ocean. Continental air of moderate
latitudes brings warm, sunny and less humid summers
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and cold winters with low total precipitation. Climate
change due to global warming in Slovakia was mani-
fested mainly by an increase in the average annual air
temperature, as well as a significant decrease in relative
humidity [13, 14].

To describe the epidemiological situation of TBE and
to determine the relationship between the number
of cases of TBE and climate conditions in Slovakia in
2012-2016, we used data from the Epidemiological In-
formation System and the Slovak Hydrometeorological
Institute to identify the dynamics of TBE due to climate
change. Such a comprehensive analysis will form the
basis for the design of effective interventions focusing
on estimating the development of the disease in rela-
tion to climate change in risk areas and on increasing
the importance of TBE vaccination.

MATERIAL AND METHODS

The study group consisted of 639 patients with
a confirmed diagnosis of TBE, of which 384 men (60%)
and 255 women (40%). The research sample comprised
all cases reported to the Epidemiological Information
System in Slovakia for the period from 1st January 2012
to 31st December 2016. The design of the epidemio-
logical study is an ecological study.

In this study, we described the incidence of the dis-
ease using the epidemiological indicator notified new
cases, which were used as a proxy for the incidence. We
alsofocused on the occurrence of TBE in Slovakia in con-
nection with climate change and air temperature in the
period when cases arose based on measurement units
of monthly average air temperature, monthly average
air relative humidity, number of days with precipitation
and number of days with snow cover in regions of the
SR. Data on TBE cases provided by the database from
the Epidemiological Information System was collected
in connection with the following variables: case classi-
fication, districts of the SR (NUTS 3), regions of the SR
(NUTS 2), date of receipt of the report, age of the pa-
tient and season. We obtained data in connection with
climatic conditions and geographical characteristics of
the regions (NUTS 2) from the Slovak Hydrometeoro-
logical Institute.

We calculated the standardized incidence of notified
cases based on demographic data on the age structure
and mid-year population of Slovakia in 2012-2016,
which we obtained from the STATdat. database avail-
able online from the Statistical Office of the Slovak Re-
public [15]. To standardize the incidence rate, we used
the European standard population from the Revision
of the European Standard Population published on the
Eurostat website [16]. From the obtained data on TBE
cases in individual age categories, we calculated crude
and standardized incidence of notified cases in districts
and regions of the SR and confidence intervals using
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direct standardization for age using R-Project software.
Subsequently, we compared estimated incidence
among territorial units (NUTS 2,3).

Crude incidence formula:
Crude incidence rate = number of cases/mid-year
population . 100 000

Standardized incidence formula:
Standardized incidence rate = crude incidence rate . European
standard population/100 000

We assigned individual stations to the districts (NUTS
3) in which they were located based on the map of me-
teorological stations in the SR published on the SHMI
website. Subsequently, we subtracted the average
value of the incubation period of TBE disease (10-11
days) from the case reporting dates to minimize the
difference between the reporting date and the case
origin date. Data on daily and monthly average air tem-
perature, monthly average relative humidity, number
of days with precipitation, number of days with snow
cover and altitude were entered into an Excel database
based on available codes of meteorological stations.
The association between the average air temperature
in each month and the number of cases was analysed
by the correlation analysis. To analyse the number of
cases by the temperature category the ANOVA test was
used. Statistical analysis was conducted using R-Project
software [17] and the level of confidence was 0.5.

To understand the inter-relationships between new
cases of TBE and meteorological variables, a multi-
ple-correlation analysis was carried out. The value of
multiple correlation coefficient varies between 0 and
1. The higher values express the stronger association.
They indicate higher predictability of the dependent
variable from the independent variables, with a value
of 1 indicating that the predictions are exactly correct
and a value of 0 indicating that no linear combination
of the independent variables is a better predictor than
is the fixed mean of the dependent variable [18].

RESULTS

By comparing the standardized incidence of noti-
fied cases of tick-borne encephalitis in 2012-2016, we
found that the highest incidence rate 3.12 per 100,000
inhabitants (95% Cl 2.67-3.63) was in 2016, followed by
2013 with incidence rate 2.99 per 100,000 inhabitants
(95% Cl 2.55-3.5) and 2014 with incidence rate 2.13 per
100,000 inhabitants (95% ClI 1.75-2.56). On the con-
trary, the lowest incidence rate 1.51 per 100,000 inhabi-
tants (95% Cl 1.2-1.87) was recorded in 2015.

In terms of age, a higher age-standardized incidence
of notified TBE cases has been reported in adult age
groups than in children and the elderly for the long
term. The highest age-standardized incidence of noti-
fied cases 0.43 per 100,000 inhabitants was recorded
in 2016 in the age category 40-44 years, similar values
were also recorded in the age categories 45-50 years
and 55-59 years. In the age categories 70-89 years, not
a single case of TBE was recorded in 2015. In the age
category of 0-year-olds, only 1 case was reported for
the entire monitored period with an incidence 0.02 per
100,000 inhabitants in 2014.

The regions with a long-term increased incidence
of notified cases of TBE include the Tren¢in, Zilina and
Banska Bystrica regions. The Tren¢in and Zilina regions
dominated during 2012-2014. In 2015, it was mainly
the Zilina region and in 2016, the incidence of notified
TBE cases in the Banska Bystrica and Kosice regions in-
creased significantly. The Bratislava and Trnava regions
report the lowest incidence rate of notified cases every
year (Table 1).

Figure 1 shows the increased incidence of notified
TBE cases in the northern districts of Slovakia. The high-
est values of standardized incidence of notified cases
are in the districts of Povazska Bystrica (PB), Puchov
(PU), Bytca (BY), Zilina (ZA) in the north of the SR, and
in the south, it is mainly Detva (DT), Zvolen (ZV) and
Krupina (KA). For the entire monitored period, the
highest incidence rate 58 per 100,000 inhabitants (95%
Cl 37.8-87.26) was in the district of Pdchov in 2013. In

Table 1. Standardized incidence rate of TBE by regions of the SR in 2012-2016

| | a2 | 213 | 2004 | 2015 | 2006 |
g | swwa[seu] sowen[wn] sower s sswalw] swe
048  01-16 017  0-1.16 089 028-224 0 0 025  003-131
073 02-222 08 026-216 069 0.18-198 016  0-1.18 054 0.11-1.74
EE 3 049239 150 079-295 214 1.16-366 164 085296 153  076-2.84
423  278-634 1096 848-1400 545 374-775 213  1.09-381 338  2.09-5.27
E o0 318-686 621 451-849 499 348-7.06 362 237-541 36  232-54
32  183-482 348 22-532 196 1.04-345 332 21-508 893 681-116
I ocs  021-179 154 014-155 037 008-130 072 026-174 64  444-8.11
I o052 014161 126 053-241 18 049-221 049  013-141 037  008-1.22

St. I. - standardized incidence rate, Cl — confidence interval.
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Figure 1. The map of standardized incidence rate of TBE by districts of the SR in 2016.
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Figure 2. Number of TBE cases depending on the air temperature in 2012-2016.

this year, there was also an increase of incidence rate
14,17 per 100,000 inhabitants (95% Cl 4.58-37.54) in
the district of Kysucké Nové Mesto (KM). In 2012, a high
incidence rate 19.31 per 100,000 inhabitants (95% ClI
10.46-33.57) was recorded in the Lu¢enec district (LC)
due to the foodborne infection. In 2015, the overall
incidence of TBE was reduced, even in the northern
districts. In the districts of Trnava and Bratislava re-
gions, the incidence of TBE was low during the whole
monitored period, when the incidence rate did not
exceed the value 3.25 per 100,000 inhabitants (95% Cl
0.39-13.43) in the district of Malacky (MA) in 2014. On
the contrary, increased values in 2014 took place in the
districts of the Nitra region. A significant increase of the
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incidence rate of TBE was observed during the 2016.
The highest incidence was recorded in eastern Slovakia
in the district of Kosice-okolie (KS) with an incidence
rate 35.3 per 100,000 inhabitants (95% Cl 25.33-48.69),
due to extensive foodborne epidemic from the con-
sumption of contaminated sheep cheese. In this year,
a similar incidence rate was observed in the district
of Detva (DT). Moreover, compared to the previous
years, high incidence rate was observed in the district
of Rimavska Sobota (RS) (5.87 per 100,000 inhabitants;
95% Cl 1.9-14.78).

Figure 2 shows how the dynamics of TBE in Slovakia
depended on the air temperature in individual years
during the 5-year monitoring period. The ticks start
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to be active at air temperature above zero, optimally
from 5°C, when a significantly increased incidence was
recorded in all years. Most cases of TBE occurred at an
air temperature of 10-20 °C. The incidence of TBE at air
temperature values from 25.1 °C decreased significant-
ly in all years except 2015, when it started to decrease
from 20 °C, which causes the lower activity of ticks at
very high temperatures. In 2013, 4 cases of TBE were
observed at tropical temperatures (above 29 °C).

Most cases of TBE took place in districts of the SR with
an altitude 200-400 m a. s. |. (73%). 16% of TBE cases
were reported in districts with an altitude of 100-200
m a. s. |. The lowest number of cases (11%) was record-
ed in districts with a location above 400 m a. s. |, but
since 2012 the number of cases has increased at higher
altitudes by 2016. From 400 m a. s. |. the number of ca-
ses has decreased significantly in all years, but in terms
of the 5-year interval, the trend of occurrence at higher
altitudes is growing.

There is a statistically significant relationship be-
tween air temperature and the number of TBE cases
(p-value < 0.001). This is a moderately positive cor-
relation (R = 0.67). We assume that the correlation
strength is moderate as this relationship is linear only
to a certain point. The number of cases increases in
direct proportion to an increasing air temperature up
to 20 °C and then begins to decrease. The ANOVA test
demonstrated statistically significant difference in the
average number of notified cases according to the air
temperature category (p-value = 0.03). Statistically sig-
nificant difference in the average number of cases by
air temperature was confirmed between the tempera-
tures above 20°C (24.2 cases) and 10 °C to 20 °C (78.8
cases), as well as between 10 °C to 20 °C (78.8 cases)
and below 10 °C (19.2 cases).

The results of multiple correlation analysis are shown
in Table 2. We found that there is a statistically signifi-
cant relationship only between air temperature and
the number of days with snow cover and the number
of TBE cases (p-value < 0.001). From the output, we
can see that the TBE case variable correlates the most
with the temperature variable with the value of multi-
ple correlation coefficient 0.61, that could be expected
from a logical point of view. The snow variable shows
a lower relationship coefficient (R = 0.36). A positive
correlation was confirmed (p-value < 0.001) between

the climatic factors of precipitation and air humidity
(R = 0.54) and negative correlation between snow and
temperature (R = 0.54); temperature and air humidity
(R=0.48). It means that as the number of days with pre-
cipitation increases, air humidity increases, but as the
air temperature increases, the air humidity decreases.
With decreasing air temperature, there is higher num-
ber of days in month with snow cover.

DISCUSSION

The results of the study confirm relations between
climatic conditions and incidence of TBE in Slovakia in
2012-2016. Also, our results point to an increased inci-
dence of TBE in northern Slovakia.

Based on data from Annual Epidemiological Reports
of The European Centre for Disease Prevention and
Control, there has been a decline in notification rate in
2015 compared to previous years in Slovakia and sur-
rounding countries. The highest rates were observed
in the Baltic States. The overall EU/EEA notification rate
increased in 2016 compared with 2015 (0.4). In 2016,
increases of over 40% in the notification rate were re-
ported for several countries, including Slovakia. In Slo-
vakia, this was caused by several epidemics after the
consumption of unpasteurized dairy products. The
overall EU/EEA notification rate decreased slightly in
2017 compared with 2016 (0.6). A 55% decrease in no-
tification rates was observed in Slovakia [19-21].

A 2016 study in the Netherlands presents a case of
endemic TBE in a 44-year-old man that occurred in
June 2016 in the eastern part of the Netherlands in an
area where TBE strain genetically different from com-
mon TBE strains in Europe was detected on ticks [22].

In Denmark, tick-borne encephalitis is endemic only
on the island of Bornholm with an incidence 4 per
100,000 inhabitants per year. A 2019 study in Denmark
reported three clinical cases of TBE in patients hospi-
talized within one month and all living at the border
of the same forest, Tisvilde Hegn, North Zealand. New
TBE viruses have been identified in tick nymphs ob-
tained around a playground in the forest Tisvilde Hegn
[23].

With an annual incidence 8-15 per 100 000 inhabi-
tants in the period 2009-2013, Slovenia had one of the

Table 2. Multiple correlation coefficients of climatic factors and TBE cases

Temperature 0.48

Humidity 0.48 1
0.54 0.01

Precipitation 0.05 0.54

TBE cases 0.61 0.12

| ewwertun | vty | soow | Frociioion | Tobmes
1

0.54 0.05 0.61

0.01 0.54 0.12
1 0 0.36
0 1 0.13

0.36 0.13 1
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highest reported incidences of tick-borne encephalitis
in Europe [24].

In Austria, the overall incidence of TBE has remained
constant, but new severely affected endemic regions
have emerged in the alpine valleys in western regions.
At the same time, the incidence is declining in low-
land areas in the northeast of the country. There is no
evidence of a transition to higher altitudes of infect-
ed sites in traditional TBE zones, but the average alti-
tudes of some newly established endemic areas in the
west are significantly higher [25]. The vaccination rate
against TBE in the general population is 82% in Austria,
which is the highest in the world [26].

According to a 2018 study in the Czech Republic, the
ratio of TBE cases to nymphs was highest in the sum-
mer-autumn period, although the number of nymphs
peaked in the spring-summer period. However, this
trend has changed during the extreme weather events
of floods and abnormally high temperatures, suggest-
ing that climate change is affecting the occurrence of
TBE. The relative proportions of nymphs and weeks in
which they were found were higher in summer and
autumn compared to spring and summer at tempera-
tures above 5 °C and standard daily and weekly aver-
age air temperatures above 15 °C [27].

Based on the results of the study in China in 2017,
the occurrence of TBE was found to be significantly
associated with the composite meteorological index,
altitude, the coverage of broad-leaved forest, the cove-
rage of mixed broadleaf-conifer forest, and the distri-
bution of I. persulcatus ticks. The risk for human TBEV
infections was negatively associated with the compo-
site meteorological index. According to the loadings of
the meteorological variables on this index, higher risk
was associated with lower average temperature, rela-
tive humidity, rainfall but with longer average sunshine
hours over the study period (2006-2013). The effect of
altitude seemed to be non-monotonic and segmental,
with the highest risk at the altitude level of 400-600 m,
followed by 1400-1700 m and 2000-3000 m [28]. An-
other study from China in 2017 point to the statistical
analysis of gridded geographic and environmental fac-
tors and TBE incidence. It shows that the TBE patients
mainly occurred during spring and summer and that
there is a significant positive spatial autocorrelation be-
tween the distribution of TBE cases and environmental
characteristics. The impact degree of these factors on
TBE risks has the following descending order: tempera-
ture, relative humidity, vegetation coverage, precipi-
tation and topography [29]. In our study, a correlation
between the occurrence of TBE and air temperature
and number of days with snow cover in month was
confirmed.

TBE cases in EU countries generally show a seasonal
peak in July or early August. In 2017, cases were report-
ed more seasonally, with most confirmed cases (94.7%)
being reported from May to November, representing
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a 2-peak distribution, with the first peak in August and
later in October 2017 [19]. In Slovakia, the dynamics of
TBE is usually one-peaked or two-peaked (after a de-
cline in August). The one-peaked represents the year
2013 and the two-peaked other years. The autumn
peak in 2012, 2014 and 2016 was relatively the same.
In 2012, 2014 and 2016, the start of the TBE season was
early in March and April. On the contrary, in 2013 and
2015, the late start of the season in May was recorded.
The main season of the disease lasts from May to Octo-
ber, peaking during the summer months of June and
July. In the winter months, TBE is almost non-existent
due to the inactivity of ticks at low air temperatures.

According to the Decree of the MH of the SR no.
585/2008 Coll., vaccination against TBE is mandatory
or recommended for persons who are professionally
exposed to increased danger. It is also recommended
to be vaccinated if you live in endemic areas or before
traveling to such areas. In Slovakia, vaccination against
TBE is low, probably because of low awareness of peo-
ple of this vaccine. In addition, personal protection
against ticks includes the application of tick repellents;
wearing protective clothing, with long sleeves and
long trousers tucked into socks treated with an appro-
priate insecticide; inspecting the body for ticks after
outdoor activities and removing ticks with tweezers or
forceps; and avoiding consumption of unpasteurized
dairy products in risk areas [5].

In our study, we analysed reported cases of TBE that
were medically recorded. However, many cases of TBE
could be asymptomatic or treated without medical as-
sistance, thus not reported. We consider the difference
between analysed and real number of cases the first
limitation to our work. Another possible limitation on
the relevance of the results is the fact that individual
cases may have occurred in places other than the dis-
tricts where they were reported by the attending phy-
sician. When evaluating data provided by SHMI on cli-
matic conditions and altitude, we used data only from
districts in which there are meteorological stations.
Among them were missing data from the days when
the stations were not operating. The measured values
of air temperature and precipitation in the stations did
not have to be completely identical with the real values
at the specific place of origin of the case, which could
lead to slight deviations in these values.

To confirm the more detailed connection with cli-
mate change, it would be appropriate to extend the
monitoring period to 10-20 years, which would lead
to a more relevant analysis of the epidemiological si-
tuation of TBE focusing importance of TBE vaccination.
The resulting analysis could be the basis for creating
a mathematical model to estimate the development
of the disease in relation to climate change and create
an application that would, based on available data (in-
cluding this study), draw attention to increased risk in
this area and prevention options.
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CONCLUSIONS

The impact of climate change due to global warming

on the incidence of tick-borne encephalitis in the re-
gion depends on how region-specific climate changes
affect tick distribution and the dynamics of tick-borne
encephalitis virus transmission. Therefore, it is still pos-
sible to expect an increase in cases of tick-borne en-
cephalitis in the northern areas of Slovakia, which re-
quires a continuous solution to the issue. The results of
the study point to a prognosis of the development of
the disease in connection with air temperature. Based
on the findings that in recent years we have observed
a slightly increasing trend of TBE in Slovakia due to cli-
mate change, this disease is considered a persistent
public health problem.
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