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Abstract. The sharp rising incidence of tick-borne encephalitis (TBE) in Komi Republic at the North-east of European
Russia was recorded last decades. Tick-bite incidence also was grown. Rapid rise of TBE incidence growth and Ixodidae
ticks depends on a number of factors, and the impact of climate change being one of them. Ixodes persulcatus ticks is con-
sidered as a main vector of TBE in Komi. Our objective is to estimate the influence of air temperature change on the tick-
bite incidence and Ixodes persulcatus population in Komi. Komi Republic is located near the Polar circle where the north-
ern frontier of Ixodes persulcatus ticks situated and we expected the growth of tick’s population. The number of Komi
inhabitants seeking medical care after tick bites in 1992—2014 was considered. Gridded monthly air temperature data with
grid size 0.5 degree were recalculated to temperature referred to Komi administrative units. The time series of annual
number of tick victims from 1992 till 2014 and model air temperature from 1948 till 2016 for all Komi administrative units
were compiled. We analyzed the data on tick-bite incidence in Komi administrative units in relation to changes in local
annual average air temperature within the study area. The linear dependence of the tick-bite incidence on air temperature
was established when of the tick-bite incidence is represented in logarithm form. The tick population depends not only
on temperature but humidity, landcover and hosts. Described areas of Komi belong to humid climate, where precipitations
exceed evaporation. Most of the Komi territory is covered by taiga with underwood, grass and bush. Hosts of the first and
the major levels are represented by birds and rodents. The dependence of tick-bite incidence and temperature looks like
“Malthus’s law”, but the development of population depends on temperature not on time. The exponential growth in the
nearest future will ceased and the population will proceed to stable phase. Ticks population in Komi Republic is moving
to the North and the air temperature determines the dynamics of population.
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OCHOBHBIM HOCUTEJIEM BUPYca KJIeLeBOro sHuedanuTa sipasietcs kiaell Ixodes persulcatus. 1leabio pabOThI SABISIETCS
onpeesieHNe BINSHUST U3MEHEHW i TeMIIepaTypbl BO3IyXa Ha YMCJI0 HaMaAeHW I KJIeIeil Ha YeJIoBeKa M YUCIIEHHOCTh
nonyasuuu Ixodes persulcatus B Komu. Pecniyonuka Komu Haxonutcs y [lonsipHoro xpyra, Ha ceBepHOI rpaHM1Ie
apeana Ixodes persulcatus, KOTOpBIii, TO-BUAUMOMY, OYAET paCHIMpPAThCI M OyIeT pacTH YMCIEHHOCTh MOMNYJISLIMU
KJjemieit. B paboTte paccMaTpuBaeTcsl YMCIO 0OPATUBIIMXCS 32 MEIMIIMHCKONM MOMOILbIO XuTeneid KoMu, moasepr-
mMxcs HamaneHuio Kiemeil B 1992—2014 rr. belio mpoaHaln3upoBaHO M3MEHEHUE CPEIHErOI0BOI TeMIIepaTyphl
BO3yXa M YMCJia IOCTPaJaBLIMX OT HallaJeHus KJielieid. B pe3ynbrare uccienoBaHuii ObLI cejaH BEIBOJ O PacLInpe-
HHUU apeajia KJelllell Ha CeBep U OIpeAeIsIoNIeil poin TeMIIepaTypsl BO3AyXa B 3TOM IIpoliecce. 3aBUCMMOCTD YKciia
ITOCTPAJaBIINX OT TEMIIEPATyPHI ITOX0Xa Ha «3aKOH MaJbTyca», IIpH 3TOM pa3BUTHE TIOMYISIIUN 3aBUCUT HE OT Bpe-
MEHH, a OT TeMITePaTypsl BO3IyXa.

Karuesnie caosa: kaeujesoli snyearum, Hanadenue Kaeujeil, Ixodes persulcatus, nonyaayus, usmeHenue KAUMama, memnepamypa

603dyxa, Pecnyboauxa Komu.

Introduction

Tick-borne infections are an increasing threat
on healthcare in many countries. Tick-borne en-
cephalitis (hereinafter — TBE) was included in the
list of notifiable diseases in EU in 2012 [3], and since
then it is notifiable in the most of European countries
[4]. Clear growth of TBE cases observed in some re-
gions of northern Europe [7, 12, 13]. In 2014, 2057
cases of TBE were notified in the EU. There has been
anearly 400% increase of reported cases in European
endemic areas over the past 30 years [11].

Rapid rise of TBE incidence growth and Ixodidae
ticks (main TBE vector) depends on a number of fac-
tors [8, 10], and the impact of climate change being
one of them [1, 6, 9].

Ixodes persulcatus is considered as the main vec-
tor for TBE and Lyme borreliosis in Komi republic
at the North-East of European Russia. Ixodes persul-
catus is dominating species in Komi Republic [12].
The clear rise of TBE incidence in Komi was re-
corded last decades, while the annual TBE incidence
in Russia has been decreased. We revealed in a strong
correlation between the change in the air tempera-
ture and TBE incidence and the tick-bite incidence
(fig. 1) in neighbor Komi and Arkhangelsk Oblast
of Russia [14, 15].

Earlier we also have shown that the increase
in average annual air temperature and “effective”
temperature (at the period of tick activity) has a sig-
nificant impact on the northward expansion of ixo-
did ticks and the rise in TBE incidence in Komi and
Arkhangelsk Oblast of Russia [14].

Most of the Komi territory is covered by taiga
(about 89%), far North-East occupied by tundra (2%).
Othervegetationisrepresented by intermediate forms,
swamps and meadows. Approximately 32,800 km?
of mostly boreal forest (as well as some alpine tun-
dra and meadows) in the Northern Ural Mountains
have been recognized in 1995 as a UNESCO World
Heritage site, Virgin Komi Forests. It is the first
natural UNESCO World Heritage site in Russia and
the largest expanse of virgin forests in Europe. Widely
spread of Siberian spruce, Scots pine and birch.

Komi climate is cold continental, subarctic. Annual
air temperature at the period 1970—2013 was about
—1.3°C and tends to growing. Total precipitation
are in the range of 600—700 mm per year, evapora-
tion is about 200—300 mm per year, so the climate
is humid with the prevalence of precipitations above
evaporation. Komi consists of 20 administrative units:
19 rural districts and 1 city district (Syktyvkar —
a capital). Total population of Komi is estimated
about 850 thousand in 2017, and Syktyvkar city po-
pulation — 260 thousand.

The main aim of the research was to study the de-
velopment of 1. persulcatus as a population in Komi as
a function of air temperature.

Materials and methods

Epidemiological data. There are two main possi-
bilities to assess the number of ticks in Komi. First
is direct collection of ticks from vegetation, second
is analysis the number of local inhabitants seeking
medical care after tick bites.

Ticks were gathered from vegetation in dull calm
days with flannel flag sized 1.0 x 0.6 m when the air
temperature was 12—18°C, and humidity 70—90%.
Every 5 minutes ticks were removed from the flag
using a surgical forceps, placed individually into
a glass vial, and delivered to the laboratory during
the same day.

The number of Komi inhabitants seeking medi-
cal care after tick bites in 1992—2014 was considered.
It is very specific parameter recorded by Soviet and
Russian medical statistics. Komi population is widely
informed about a need to seek medical care in the case
of ticks bite. The background information including
date and place of the event was provided to Russian
Federal Service for Surveillance on Consumer Rights
Protection and Human Wellbeing (Rospotrebnadzor)
by medical institutions of each Komi district, and
the tick-bite incidence rate, i.e. number of tick vic-
tims per 100 thousand of population (hereinafter:
TBIR) was calculated as follows:

TBIR = Ng,, X 100 000/p (1)
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here N,, is number of tick victims within the district
under study during the year, and p is the number
of the district inhabitants. Syktyvkar city inhabitants
are “bitten” by ticks in adjacent Syktyvdinsk district
mostly, and for the ease of data processing we consid-
ered those two units together.

We analyzed the number of tick victims in the re-
search. The number of tick victims depends not only
on ticks abundance but on variation in human activi-
ties, the level of medical care and public awareness
about ticks danger. We have considered all these rea-
sons in previous research [15] and now can approve
the number of ticks in nature is equivalent to the
number of tick victims. Thus, the annual number
of tick victims referred to Komi administrative units
from 1992 till 2014 were involved in processing.

Meteorological data. Meteorological data (air
temperature from 1948 t02016) were obtained from
National Centers for Environmental Information,
USA [5]. Data set “CPC Monthly Global Surface Air
Temperature Data Set” is gridded averaged monthly
air temperature (at 2 m altitude). Grid size was 0.5
degree for whole globe and time range covers from
1948 to present time. Gridded monthly air tempera-
ture data were recalculated using ArcGIS software
to temperature referred to Komi administrative
units. The average annual air temperature ATj was
calculated from the average monthly values.

1
AT =5 Bi2(Typ), @)

here T} is monthly average air temperature on unit
(district of Komi) j in month i. This way A7, for all
Komi districts were obtained.

The average annual air temperature suffers from
strong year-to-year fluctuation. Various methods ap-
ply to raw temperature data to select climatic change:
averaging, trend compilation. A polynomial func-
tion of degree two was calculated for average annual
air temperature of Komi administrative units using
Microsoft Excel interpolation tools (fig. 2).

When polynomial functions were compiled real
air temperature were recalculated to model one
to avoid fluctuations. These way model air tempera-
tures (mAT]j) were calculated for all Komi districts.
The time series of annual number of tick victims from
1992 till 2014 and model air temperature from 1948
till 2016 for all Komi administrative units were com-
piled as a result of preliminary data processing.

Results

Komi administrative units modeled annual air
temperatures were compared with number of tick
victims for the same administrative units. Primary
sample with 19 districts x 23 years = 437 records was
compiled. Number of tick victims equal to zero was
excluded from the data sample. It’s mean that no sense

to analyze relation between temperature and num-
ber of tick victims in area where ticks can’t survive.
For example, far north administrative units of Komi
such as Vorkurta and Inta had annual air tempera-
ture below —6 and —4°C respectively at the begin-

Nar'yan M
Naryan Mar

o [+ (. 5

Figure 1. Mean tick-bite incidence rate in Komi
districts in 1992-2001 (A), 2002-2011 (B) and

2012-2014 (C)
1—<0,1;2—0,1-10; 3 — 10-100; 4 — 100-1000; 5 — > 1000.
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Figure 2. Average annual air temperature and polynomial function of degree two, Uhta administrative units,

Komi Republic

ning of 90", Only sporadic cases of tick victims were
recorded in these districts. The data sample with 223
conjugate records (modeled annual air temperatures
and number of tick victims) was extracted from pri-
mary sample. Results are illustrated on figure 3.

Visual analysis indicates the linear dependence
of the tick-bite incidence on air temperature when
of the tick-bite incidence is represented in logarithm
form. Digital solution shows the equation of the re-
gression:

TBIR = 15.3 x el3934xmAT)j (3)
The Pearson linear correlation coefficient be-
tween modeled annual air temperature and a loga-
rithm of number of tick victims was 0.84 (p < 0.0001).
This is very impressive equation (3) that manifests
clear dependence of the number of tick victims and
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Figure 3. Komi administrative units modeled
annual air temperatures and tick-bite incidence
rate, 1992-2014. Dashed line shows exponential
regression (see equation 3)

consequently number of ticks on air temperature.
And this equation is very similar to so call “Malthus’s
law” described the exponential unimpeded growth
of population in time:

X =X, x e®D

“)

where: X — a number of species in a population, X, —
initial number of species in a population, R — a co-
efficient of proportionality (constant in “Malthus’s
law”), t — time.

Discussion

Ticks flag collection up to this moment is con-
sidered in Russia as a “classical” method to define
ticks abundance on local territory. Data were gathe-
red by flag method cannot be extrapolated on vast
arcas. Unfortunately, tics abundance monitoring
doesn’t executed at the most of Russian regions [2].
The similar situation is observed in Komi Republic,
where direct collection of ticks from vegetation was
accomplished in separate years and only in south
areas of the republic. It is impossible from practi-
cal point of view to build complete database about
ticks abundance for Komi Republic based on flag
collection.

Thus, we have used another approach to get in-
formation about ticks population — the number
of tick victims registered by official medical statistics
of Komi Republic. This method has some limitation
(see “Epidemiological data”), but from the position
of practical medicine it provides important infor-
mation not only about tick abundance but the fre-
quency of tick-human contacts. It is hard to explain
of the growth of the number of tick victims in Komi
by people awareness as is accompanied by the rise
of TBE incidence [15]. Long-term monitoring on the
number of tick victims and TBE rate allows us to as-
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sess the real tick population in Komi Republic tak-
ing into account high qualification of local medical
service.

The weakest thesis in our research is the hypothe-
sis of an adequacy of the number of ticks in nature
to the number of tick victims. Obviously not all
Komi inhabitants bitten by ticks seek medical care.
Various population density and type of inhabitant’s
activity may to impinge relations between ticks and
tick victims. High and persistent tick-bite incidence
in some Komi districts says in our hypothesis favor.
This value exceeds 1000 in one of the south Komi
districts from 2006 till 2014. The crucial importance
for our results consists in perennial trend of TBIR
not only absolute values. It cannot be excluded
the rise of inhabitant’s awareness about the danger
of tick bites.

Our equation (3) describes the population growth
as a function of temperature while “Malthus’s law” as
a function of time. From the one hand the tempera-
ture is a function of time in Komi now (see fig. 3) and
we can replace a temperature to time. From the other
hand there are no sense to wait the incipience of tick
population in areas where the annual temperature
below —4°C. The tick population depends on tem-
perature, humidity, landcover and hosts. Described
areas of Komi belong to humid climate, where pre-
cipitations exceed evaporation. Most of the Komi ter-
ritory is covered by taiga with underwood, grass and
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