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Tick-borne encephalitis (TBE) as an infectious disease remains a significant issue in the Urals Federal District (the 

UFD). To correctly describe impacts exerted by risk factors on TBE epidemic process, it is necessary to analyze both com-
mon and individual peculiarities related to how TBE epidemic process develops on endemic administrative territories. 

We assessed impacts exerted by biological and social factors on morbidity with TBE in four endemic regions in the 
UFD (Sverdlovsk, Chelyabinsk, Tyumen, and Kurgan regions) over 2007–2017. 

To quantitatively assess contributions made by specific factors into morbidity with TBE, we calculated chances for 
people who suffered tick bites to fall ill with TBE; it allowed us to apply standard procedures within generalized linear 
models theory (GLM), namely logistic regression. Our analysis included aggregated data on quantity of people who were 
bitten by ticks and fell will with TBE in all the examined regions. We also assessed data for each specific region as all 
these endemic territories had both common and specific regularities related to TBE endemic process development. 

We showed statistically significant impacts exerted by specific manageable risk factors (vaccination, immune preven-
tion, and acaricide treatment performed on a territory) on a possibility of TBE occurrence among people bitten by ticks on 
endemic territories. The examined UFD regions differ as per effects produced by natural and social risk factors on TBE de-
velopment. Mass vaccine prevention is a key factor in the control over morbidity with the disease.  

Risk-oriented approach provides significant additional data for analyzing an epidemiological situation and planning 
efficient preventive activities in TBE natural foci. 

Key words: tick-borne encephalitis, the Urals federal District, logistic regression, morbidity, odds ratio, natural and 
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Domestic and foreign scientists have man-
aged to achieve excellent results in examining 
epidemic processes occurring in natural foci in-
fections and their determinants. Despite that, 
tick-borne encephalitis (TBE) is a still persisting 
transmissible infection transmitted by ticks. 

48 out of 85 regions in the Russian Fed-
eration (RF) are endemic as per TBE [1]. The 
Urals Federal District remains a territory 
where the situation with TBE is the worst as 
most administrative regions included into it 
have high morbidity with TBE among their 
population. Over the last years the structure of 
this morbidity has been changing as large foci 
have occurred due to urban population being 
infected; the endemic process has been involv-
ing new groups of employable population [2]. 
TBE has ceased to be a solely occupational 
disease which was typical for workers with 
specific (forest-related) occupations [3]. 

Endemic regions located on huge areas in 
Russia and intra-regional foci differ both as 
per cyclic nature of morbidity and a risk for 
population to catch TBE virus. It makes it nec-
essary to work out a differentiated approach to 
determining administrative territories and a set 
of anti-epidemic activities [4]. 

TBE epidemic process is a complicated 
and multifactor phenomenon. There are sev-
eral factors that are conventionally considered 
to determine morbidity with TBE: they are 
number of ticks, dynamics in number of ticks-
feeding animals, spread of contamination 
among carriers, vaccination scopes, efficiency 
of immune prevention and acaricide treat-
ments, changes in the structure of reservoir 
animals, as well as climatic and heliogeo-
physical (solar activity) conditions [5–10]. 

Correct description of impacts exerted 
on TBE epidemic process by the above-
mentioned factors as well as by any other 
unaccounted ones requires analyzing general 
and regional regularities in epidemic process 
development for endemic administrative ter-
ritories [11]. 

Our research goal was to assess effects 
produced by natural and social risk factors on 
morbidity with TBE in Sverdlovsk, Chelyabinsk, 
Tyumen, and Kurgan regions in 2007–2017. 

Data and methods. We analyzed morbid-
ity with TBE among people living in Sverd-
lovsk, Chelyabinsk, Tyumen (without autono-
mous areas), and Kurgan regions in 2007–2017 
basing on data taken from the Form No. 2 of 
the State Statistical Reports which is called 
“Data on infectious and parasitic diseases”1. We 
also analyzed data from annual reports issued 
by Rospotrebnadzor regional offices over the 
same period on sanitary-epidemiologic welfare 
of the population, specifically: people applying 
for medical aid after they had been bitten by 
ticks; number of vaccinated and revaccinated 
people and people who were injected with anti-
tick immunoglobulin as emergency prevention. 
We assessed a share of infected ticks as well as 
data on acaricide treatment scopes in the exam-
ined regions. 

In order to quantitatively assess contribu-
tions made by specific risk factors into morbid-
ity with TBE, we calculated what chances there 
were for people who had been bitten by ticks to 
fall sick with TBE. These chances were a ratio 
of a number of sick people (N1) to the overall 
number of people who had been bitten but 
didn’t fall sick after it (N0). It allowed us to ap-
ply such a standard tool of generalized linear 
models (GLM) [12] as logit regression: 

 Ln (N1/N0) = b0 + ΣbiXi.   (1) 

We assessed effects produced by the fol-
lowing predictors (Xi): a region (Sverdlovsk, 
Chelyabinsk, Tyumen, or Kurgan region); 
number of vaccinated and revaccinated people; 
a per cent of people who were injected with 
anti-tick immunoglobulin; a share of infected 
ticks in natural populations; and an area where 
there were acaricide treatments against the 
overall territory of a region (в ‰). Uninter-
rupted variables which were measured with 

__________________________ 
 
1 Form No. 2 “Data on infectious and parasitic diseases”. Medicine & Practice: Practical application of regulatory docu-

ments in public healthcare. Available at: http: //mpraktik.ru/forma-2-svedeniya-ob-infekcionnyx-i-parazitarnyx-zabolevaniyax/ 
(date of visit June 18, 2019). 
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different scales were standardized (we cen-
tered them with a mean value and standardized 
with standard deviation). As a result, all unin-
terrupted variables were reduced to a more 
convenient dimensionless scale. A zero value 
at the transformed scale corresponded to a 
simple mean in an initial data series. And here 
a free member in a regression equation became 
interpreted and gave a possibility to estimate 
an expected value of a dependent variable 
when all the predictors were equal to zero (to 
mean values for uninterrupted signs). 

Odds ratios (OR) and their confidence in-
tervals (95 % CI) were given after the follow-
ing transformation: OR = exp (bi) or OR = 
= 1/exp (bi), where bi are logit regression pa-
rameters (odds ratio logarithms). 

As both common and individual regulari-
ties related to TBE epidemic process develop-
ment are typical for endemic territories, we 
needed to raise statistic reliability of logit re-
gression results; to do that, we jointly analyzed 
data on the examined regions as well as gave 
results for each specific one. 

We statistically processed and visualized 
all the obtained results with “Statistica v. 10.0” 
applied software (StatSoft, Ink) and the statis-
tical medium R (v. 3.4.4) [13]. 

Results and discussion. We created sta-
tistical models showing TBE probability for 
people who had been bitten by ticks with mul-
tiple logit regression. It allowed us to estimate 
a specific effect produced by each factor to-
gether with performing control over effects 
produced by other predictors. Overall, almost 

all effects turned out to be statistically signifi-
cant for four regions in the Urals Federal Dis-
trict (UFD), namely, Sverdlovsk, Chelyabinsk, 
Tyumen, and Kurgan region, excluding only 
a share of ticks infected with TBE (Table 1). 

Prevailing predictors (risk factors given 
with descending significance) are the follow-
ing: “Acaricide treatments”; “Number of vac-
cinated and revaccinated people”; “A share of 
bitten people who were injected with Ig”. 
When a square where acaricide treatments 
took place increased by a standard deviation 
(0.19 ‰ from the overall territory of a region), 
a person who had been bitten by a tick ran 1.4 
times lower risk to fall sick with TBE (confi-
dence interval (CI): 1.26–1.45) (Figure 1–D). 
If a number of vaccinated and revaccinated 
people grew by 308 thousand people (one 
standard deviation), a person who had been 
bitten by a tick ran 1.21 times lower risk to 
have TBE (CI: 1.18–1.25). Should a number of 
vaccinated and revaccinated people exceed 
one million, chances to get TBE would de-
crease by 2 times on the examined territory, CI 
(CI): 1.78–2.18 (Table 1 and Figure 1–А). 

Provided that a number of people who 
were provided with emergency immune pre-
vention increased by 21 % (a limit of one 
standard deviation), chances to get TBE 
would fall by 1.2 times with CI: 1.16–1.25 
(Table 1 and Figure 1–B). Overall, our calcu-
lations revealed that a share of ticks infected 
with TBE didn’t exert any significant impacts 
on TBE probability on all the examined terri-
tories (totally). 

T a b l e  1  
Assessing impacts exerted by risk factors on TBE probability for people bitten by ticks 

 in the UFD in 2007–2017 (logit regression: LR (4) = 767.24; p < 0.0001)  
Odds ratio Predictor b SE (b)  Z-Wald 

statistics p-value OR 95 % CI 
b0 – 5.00 0.02 – 322.48 < 0.0001 – – – 

1.21 1.18 1.25 Кол-во V и RV – 0.19 0.01 – 13.42 < 0.0001 1.94® 1.78® 2.18® 
 % people who got Ig – 0.18 0.02 – 10.35 < 0.0001 1.20 1.16 1.25 
A share of TBE-infected ticks 0.01 0.02 0.91 0.37 1.02 0.98 1.05 
Acaricide treatments (‰)  – 0.34 0.02 – 19.41 < 0.0001 1.40 1.36 1.45 

N o t e : b0 is a free member; V is a number of vaccinated people, RV, revaccinated; ® – odds ratio, when 
V and RV quantity grows by 3.5 standard deviations (provided that more than 1 million people are vaccinated); 
LR (df) likelihood ratio test, with degrees of freedom number being equal to a number of factor in a model 
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Figure 1. Impacts exerted by risk factors on TBE occurrence among tick-bitten people 

 in the UFD regions in 2007–2017 

We created statistical models for an epi-
demiologic situation in a specific region and 
revealed that TBE probability for people living 
in Sverdlovsk region who had been bitten by 
ticks was substantially associated with vacci-
nation and acaricide treatments scopes. Should 
squares exposed to acaricide treatments in-
crease by one standard deviation (0.1 ‰ of the 
overall region territory); than a chance that the 
disease occurred would go down by 1.26 times 
(CI: 1.20–1.33; Table 2 and Figure 2–D). 
Should a number of people vaccinated against 
TBE grow by 141 thousand, TBE probability 
would go down by 1.09 times (Figure 2–А). 
Should a number of vaccinated people increase 
up to 1 million people (more than by two stan-
dard deviations), TBE probability would de-
crease by 1.19 times (Table 2). 

In Chelyabinsk region, similar to Sverd-
lovsk region, vaccination and acaricide treat-
ments scopes were the primary factors influ-
encing TBE probability. We should note that 
the said predictors had a more apparent posi-
tive effect. Thus, if a number of people who 

had been vaccinated and revaccinated in-
creased by 23 thousand people (Figure 3–A), 
TBE probability dropped by 1.2 times. Should 
a number of vaccinated people reach 210 thou-
sand people (two standard deviations), a share 
of those who fell sick with TBE would de-
crease by 1.44 times. If squares exposed to 
acaricide treatments increased by 0.15 ‰, 
TBE probability would fall by 1.32 times  
(Table 2, Figure 3–D). 

The situation existing in Tyumen region 
was rather opposite to those in Sverdlovsk and 
Chelyabinsk regions. As per our calculations, 
we determined that a share of infected ticks 
and emergency immune prevention were the 
primary predictors there. Vaccination and 
acaricide treatments didn’t exert any statisti-
cally significant impacts on a growth or fall in 
TBE probability. Over 11 years a number of 
vaccinated people in Tyumen region was sev-
eral times lower than in Sverdlovsk and 
Chelyabinsk regions (68 thousand people 
against 780 and 164 thousand accordingly). 
Probably, it was this fact that determined ab-
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sence of any statistically significant effects 
produced by vaccination on TBE probability 
on this territory (Table 2, Figure 4–A). A wide 
scope of emergency immune prevention is 
quite typical for Tyumen region as on average 
over 11 years 93 % people who had been bit-
ten by ticks got injected with anti-tick Ig. 
Should this figure grow by 4 % (one standard 
deviation and a probable limit for the predictor 
effect to level out when it has been reached), 
TBE probability in Tyumen region would go 
down further by 1.1 times. Average share of 
infected ticks amounted to 2.77 % (data col-
lected in 2007–2017); a further increase in the 
parameter by 1.37 % would result in a 1.13 
time growth in number of people sick with 
TBE (Table 2, Figure 4–С). 

In Kurgan region the existing situation is 
the most adverse at present as regards morbid-
ity with TBE. Average long-term morbidity 
(per 100 thousand people) is 1.3–2.6 times 
higher than in other regions (7.82 0/0000). As 
per predictive estimates only effects produced 
by acaricide treatments can influence morbid-
ity with TBE and somehow reduce it. Should 
squares exposed to such treatments increase by 
0.05 ‰, TBE probability would go down by 
1.6 times (Table 2, Figure 5–D). A share of 
infected ticks which was 6.44 % on average 
over 11 years was also the highest in Kurgan 
region. Should there be a rise in a share of in-
fected ticks by 4.23 %, we can expect a 1.13-time 
growth in number of people who fall sick with 
TBE (Figure 5–C). 

T a b l e  2  
Assessment of impacts exerted by risk factors on TBE probability for people bitten by ticks 

in four UFD regions in 2007–2017 (logit regression)  
Odds ratio Predictor b SE (b)  Z-Wald statistics p-values OR 95 % CI 

Sverdlovsk region; LR (4) = 83.52; p < 0.0001 
b0 – 5.39 0.02 – 216.06 < 0.0001 –– –– –– 

1.09 1.03 1.15 Number of V and RV – 0.09 0.03 – 3.08 0.002 1.19® 1.06® 1.32® 
 % of bitten people who got Ig 0.02 0.03 0.88 0.38 1.03 0.97 1.08 
A share of infected ticks 0.03 0.03 0.97 0.33 1.03 0.97 1.08 
Acaricide treatments (‰)  – 0.23 0.03 – 8.87 < 0.0001 1.26 1.20 1.33 

Chelyabinsk region; LR (4) = 60.68; p < 0.0001 
b0 – 5.29 0.03 – 170.72 < 0.0001 –– –– –– 

1.20 1.11 1.30 Number of V and RV – 0.18 0.04 – 4.59 < 0.0001 1.44® 1.12® 1.69® 
 % of bitten people who got Ig 0.003 0.05 0.06 0.95 1.00 0.91 1.11 
A share of infected ticks 0.02 0.04 0.52 0.60 1.02 0.94 1.10 
Acaricide treatments (‰)  – 0.28 0.06 – 4.31 < 0.0001 1.32 1.16 1.50 

Tyumen region; LR (4) = 46.07; p < 0.0001 
b0 – 5.11 0.03 – 148.86 < 0.0001 –– –– –– 
Number of V and RV – 0.15 0.10 – 1.44 0.15 1.16 0.95 1.41 
 % of bitten people who got Ig – 0.10 0.05 – 2.11 0.04 1.10 1.01 1.20 
A share of infected ticks 0.12 0.04 3.13 0.002 1.13 1.05 1.22 
Acaricide treatments (‰)  – 0.01 0.10 – 0.05 0.96 1.01 0.83 1.23 

Kurgan region; LR (4) = 125.81; p < 0.0001 
b0 – 4.36 0.04 – 100.07 < 0.0001 –– –– –– 
Number of V and RV 0.18 0.06 2.85 0.004 1.20 1.06 1.36 
 % of bitten people who got Ig 0.11 0.04 2.62 0.01 1.12 1.03 1.21 
A share of infected ticks 0.12 0.05 2.59 0.01 1.13 1.03 1.23 
Acaricide treatments (‰)  – 0.47 0.05 – 9.39 < 0.0001 1.59 1.45 1.77 

N o t e : b0 is a free member; V means vaccinated people, RV means revaccinated; ® – odds ratio, when V and 
RV quantity grows by 2 standard deviations (provided that more than 1 million people are vaccinated); LR (df) like-
lihood ratio test, with degrees of freedom number being equal to a number of factor in a model 
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Figure 2. Impacts exerted by risk factors on TBE occurrence among people bitten  

by ticks in Sverdlovsk region in 2007–2017 

 
Figure 3. Impacts exerted by risk factors on TBE occurrence among people bitten  

by ticks in Chelyabinsk region in 2007–2017 
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Figure 4. Impacts exerted by risk factors on TBE occurrence among people bitten  

by ticks in Tyumen region in 2007–2017 

 

 
Figure 4. Impacts exerted by risk factors on TBE occurrence among people bitten 

 by ticks in Kurgan region in 2007–2017 
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As regards such factors as vaccination and 
emergency immune prevention, logit regres-
sion results revealed a rather paradox situation 
that existed in Kurgan region. When there was 
an increase in number of vaccinated people 
and people provided with immune prevention, 
TBE probability also grew (Figure 5–A, B). 
However, we should note that a number of 
vaccinated people and immune preventions 
scopes were the lowest in Kurgan region over 
the examined 11-year period. 

Therefore, the examined regions in the 
UFD differ in terms of effects produced by natu-
ral and social risk factors on TBE occurrence. 

In Sverdlovsk and Chelyabinsk regions 
mass immunization program for population 
has been implemented since 2009 and 2012 
accordingly and it is a key component in the 
system of measured aimed at preventing the 
disease; it influences epidemiologic process 
substantially [14]. 

Despite emergency prevention is also im-
plemented in wide scopes in Sverdlovsk re-
gion, according to our calculations it doesn’t 
have any significant effects on TBE probabil-
ity, and it requires further and more profound 
investigation. 

L.I. Volkova et al. [15] also revealed that 
emergency prevention was inefficient in Sverd-
lovsk region. They determined that only active 
immunization provided for population in an en-
demic region would allow achieving a substan-
tial decrease in morbidity with TBE [15, 16]. 

Significant effects produced by acaricide 
treatments on TBE occurrence are most likely 
to be indirectly caused by their influence on 
infection carriers (ticks). Nevertheless, it is 
well known that it is rather difficult to esti-
mate contribution made by these prevention 
activities into a fall in morbidity with TBE. 
Squares exposed to acaricide treatments are 
substantially smaller that the square of a 
whole region; besides, such treatments are 
usually accomplished in places specifically 
designed for people’s rest (forest camps, for 

example) and people usually get infected be-
yond such places [17]. 

Literature data and long-term observa-
tions allow concluding that immune preven-
tion against TBE in Tyumen region is accom-
plished in a scope that is one of the highest in 
Russia and it obviously indicates that results 
of laboratory examinations performed on 
ticks removed off bitten people are not taken 
into account when immunoglobulin is pre-
scribed [18]. 

A significant effect produced by a share 
of infected ticks in morbidity in Tyumen and 
Kurgan regions is, in our opinion, caused by 
two basic reasons: population living in steppe 
and forest-steppe zones contact ticks more fre-
quently (people who fall sick pare predomi-
nantly from rural areas). Several species of 
infections carriers (ticks) are typical for south-
ern steppe and forest-steppe zones in Tyumen 
and Kurgan regions (Ixodes and Dermacentor 
families). Periods when a lot of people apply 
for medical aid as they have been bitten by 
ticks are determined by female ticks from both 
families being extremely active. Ticks from 
Dermacentor family are an additional TBE 
vector; they are more numerous and their sea-
sonal activity is longer and it can make for 
a growth in a share of infected Ixodes [19, 20]. 

In Kurgan region on average over 11 years 
only 69 thousand people were vaccinated and 
it amounted to 7.6 % of the overall region 
population; probably, insufficient vaccination 
and small scopes of immune prevention (only 
39 % of all the people who had been bitten by 
ticks got immunoglobulin) [20] result in an-
nual high morbidity with the disease among 
population and, consequently, in a growth in a 
share of people who fall sick after being bitten 
by ticks2. Low number of population vacci-
nated against the disease and violations in ac-
complishing official vaccination schemes can 
lead to a decrease in immunity against TBE in 
the nearest future and make effects produced 
by vaccination more remote [21]. 

__________________________ 
 
2 The Order by the deputy to the Chief Sanitary Inspector in Kurgan region “On enhancing surveillance over diseases 

caught from tick in Kurgan region” No. 71 dated April 22, 2016. Available at: http://www.45.rospotrebnadzor.ru/rss_all/-
/asset_publisher/Kq6J/content/id/470206 (date of visit June 18, 2019). 
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Conclusions: 
1. We created a common logit regression 

model to assess effects produced by risk fac-
tors on TBE probability for people bitten by 
ticks in four regions located in the UFD. The 
model revealed statistically significant influ-
ence exerted by such manageable factors as 
vaccination, immune prevention, and acaricide 
treatments. Mass vaccination provided for 
population in these regions is a key component 
in control over morbidity with TBE. 

2. The examined regions located in UFD 
are different regarding contributions made by 
risk factors into morbidity with TBE. In Sverd-
lovsk and Chelyabinsk regions primary im-
pacts on any changes in TBE probability are 
exerted by vaccination and acaricide treat-
ments. In Tyumen region primary factors are 
high scopes of emergency immune prevention 
and a share of infected ticks in natural foci. In 

Kurgan region the existing situation regarding 
morbidity with TBE is rather adverse and it is 
caused by insufficient vaccination and immune 
prevention as well as by a high share of in-
fected ticks and infection carriers (ticks) being 
highly active. 

3. Our analysis of social and biological 
factors in UFD regions with different morbid-
ity indicates it is truly vital to implement a 
risk-oriented approach for planning efficient 
prevention activities. 
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