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Extrapolation prediction of epidemic situation as per tick-borne viral encephalitis (TVE) on endemic territories that is 

based on analyzing time rows of morbidity is a promising approach to be applied in predictive medical-ecological and epi-
demiologic research. 

The authors examined long-term dynamics showing both number of people who suffered from tick bites and morbidity 
with tick-borne viral encephalitis (TVE) in 4 regions in the Ural Federal District over 2007–2017. 

We applied a sum of harmonic functions as a mathematic model; parameters of the functions were detected with 
Levenberg–Marquardt procedure for non-linear estimates. The technique is flexible and it allows both to apply parameters 
of harmonic fluctuation that are common for all 4 regions and to estimate parameters that differ in various regions and are 
of special interest (average long-term values and other fluctuation parameters). One of the research goals was to estimate 
dynamics in number of people who suffered from tick bites and morbidity with TVE in the Ural Federal District regions over 
the examined period and to predict epidemiologic situation for the coming years. To do that, we built several harmonic re-
gression models with different number of estimated parameters. To compare and rank the models, we applied Akaike consis-
tent information criterion that determines optimality as a compromise between a model accuracy and complexity.  

Our analysis of morbidity with TVE over 2007–2017 in Sverdlovsk, Chelyabinsk, Tyumen, and Kurgan region allowed us 
to quantify discrepancies in average long-term parameters between these Ural Federal District regions. The highest average 
long-term morbidity was fixed in Kurgan region; the lowest one, in Sverdlovsk and Chelyabinsk region. But a number of people 
who suffered from tick bites was higher in Sverdlovsk, Chelyabinsk, and Tyumen region than in Kurgan region over the same 
period. We showed that long-term fluctuations in ticks activity in the Ural Federal District can be considered in-phase and it 
can possibly mean there is regional synchronization. We detected quasi-periods of cycles both for number of people bitten by 
ticks and morbidity with TVE and built a short-term prediction for epidemic situation as per TVE in the region on the basis of 
the proposed harmonic model for a period up to 2022; a probable TVE morbidity peak can be reached in 2020–2021. 

Key words: tick-borne viral encephalitis, morbidity, number of victims, modeling, prediction, selection of models, cy-
clic fluctuations, parameters. 
 

 
 Mishchenko V.A., Ladygin O.V., Bykov I.P., Zakharova J.A., Sergeev A.G., Kshnyasev I.A., 2019 
Vladimir A. Mishchenko – Researcher at the Laboratory for transmissive infections and tick-borne encephalitis,  

Research Engineer at the laboratory of evolutionary ecology (e-mail: innamoramento23@yandex.ru; tel.: +7 (343) 261-99-47;  
ORCID: https://orcid.org/0000-0003-4280-283X). 

Oleg V. Ladygin – Leading Researcher, Head of the laboratory of transmissive infections and tick-borne encephalitis 
(e-mail: alibabey@mail.ru; tel.: +7 (343) 261-99-47). 

Ivan P. Bykov – Candidate of Medicine, Senior Researcher at the laboratory of transmissive infections and tick-borne en-
cephalitis (e-mail: i.p.bykov@mail.ru; tel.: +7 (343) 261-99-47; ORCID: https://orcid.org/0000-0002-5157-646X).  

Julia A. Zakharova – Holder of the postdoctoral degree in medicine, Deputy Director for Science, Head of the department 
for epidemiology of viral infections, Chief Researcher (e-mail: z.y.alexandrovna@mail.ru; tel.: +7 (343) 261-99-47; ORCID: 
https://orcid.org/0000-0003-3416-0902).  

Alexandr G. Sergeev – Holder of the postdoctoral degree in medicine, Professor, Head of the Microbiology, Virology 
and Immunology Chair, Head of the Department of Indication and Diagnosis of Viral Infections, Chief Researcher (e-mail: 
aldr131250@yandex.ru; tel.: +7 (343) 214-86-95). 

Ivan A. Kshnyasev – Candidate of Science (Biology), Senior Researcher at the laboratory of population ecology and 
modeling (e-mail: kia@ipae.uran.ru; tel.: +7 (343) 210-38-58). 

Read
online

 



Morbidity with tick-borne viral encephalitis in some regions in Uralskiy Federal District …   

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 69

Since tick-borne viral encephalitis (TVE) 
was discovered in 1937 and up to now epide-
miology of the disease has changed greatly; 
these changes were primarily caused by occur-
rence of anthropurgic foci around cities located 
on endemic territories [1, 2]. Sverdlovsk, 
Chelyabinsk, Tyumen, and Kurgan regions are 
considered to be industrially developed with 
relatively high standards of living. These re-
gions, excluding Kurgan region, are highly ur-
banized with specific weight of urban popula-
tion in them being equal to 82, 87, 80, and 62 % 
respectively. Thus, population of Sverdlovsk 
region amounts to 4.4 million people and popu-
lation density there is 22.6 people per 1 square 
kilometer. 3.5 million people live in Chelyab-
insk region with population density there being 
40.4 people per 1 square kilometer. Population 
of Tyumen region (without autonomous areas) 
is equal to 1.45 million people, and population 
density there is 8.2 people per 1 square kilome-
ter; 0.85 million people live in Kurgan region 
with population density being 11.95 people per 
1 square kilometer. All the above-mentioned 
regions are natural and anthropurgic foci of 
tick-borne infections [3–6]. 

Territories in Sverdlovsk, Chelyabinsk, and 
Kurgan regions are endemic in terms of TVE. 
As for Kurgan region, 19 out of 26 administra-
tive territories there are endemic in terms of the 
disease [7]. Despite all specific and non-specific 
prevention activities performed by local public 
healthcare organizations and regional Rospot-
rebnadzor authorities, epidemic situation as per 
TVE remains rather complicated on endemic 
territories [8, 9].  

Morbidity with TVE among population on 
endemic territories is known to depend directly 
on tick activity in spring and summer. There is 
a regular correlation between appliance for 
medical aid caused by a tick bite and morbidity 
[10]. People who haven't been vaccinated or 
whose vaccination hasn't been complete ac-
count for a considerable part of patients during 
annual peaks in morbidity with TVE in spring 
and summer. Rises and falls in morbidity on 
endemic territories are cyclic; this cyclicity is 
caused by biological factors (periodic changes 
in number of animals that are natural sources of 

nutrition for ticks) and weather and climatic 
factors (air temperature and humidity during a 
period when ticks are active) [11]. 

Growth in urban population resulted in 
significant increase in risk groups and, conse-
quently, rise in morbidity with TVE. It called 
for changes in vaccination programs, namely, to 
switching from immunization that covered only 
occupational risk groups to mass vaccination of 
population in the Urals Federal District; as a 
result, over the last 10 years morbidity with 
TVE has decrease significantly, by 4 times in 
comparison with average long-term value, to be 
exact [12, 13]. 

From 1956 to 1999 there were rises and 
falls in morbidity that followed each other with 
an interval of 3-4 years. Since mass immuniza-
tion against TVE was introduced in 1999, there 
has been a change in morbidity dynamics de-
tected in the region [12, 14].  

Our research goal was to describe dynam-
ics in morbidity and number of people bitten by 
ticks in Chelyabinsk, Tyumen, Kurgan, and 
Sverdlovsk regions over 11 years (2007-2017) 
and draw up a short-time forecast for epidemic 
situation development based on mathematic 
modeling. 

Data and methods. Long-term dynamics 
of morbidity with TVE in the Urals Federal 
District was examined on  the basis of data 
taken from the Report Form No. 2  (state statis-
tical reports) called "Data on infectious and 
parasitic diseases" provided by the Rospotreb-
nadzor Federal Center for Hygiene and Epide-
miology. Data on people who were bitten by 
ticks in the Urals Federal District were taken 
from the annual State Reports on sanitary-
epidemiologic welfare of the population issued 
by Rospotrebnadzor Regional Offices. 

We found a logarithm of data on morbidity 
with TVE and number of people bitten by ticks 
to transform them into an additive scale and to 
stabilize the dispersion, We applied a sum of 
harmonic functions as a mathematical model:  

y = Σ[bi + aicos(ωt + φ)],        (1) 
parameters of these functions (average value, 
amplitude, cyclic frequency, initial phase) 
were found with Levenberg - Marquardt non-
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linear procedure in "Statistica 12.0" applied 
software package (StatSoft). Flexibility of the 
procedure allows to both apply values of har-
monic fluctuations parameters that are com-
mon for all regions and to assess contrasts ex-
isting between the regions that attracted our 
attention, for example, in average long-term 
values (Δ = bi – bj), in amplitudes (Δ = ai – aj), 
and other fluctuations parameters. The regions 
in the Urals Federal District were coded with 
slack variables - binary markers (0 or 1); if a 
region was not included into a list of predic-
tors, it set a reference (basic) level (b0), and 
contrasts for all the other regions were esti-
mated against it. When regional markers are 
neglected, it creates a reduced model with 
overall estimation of parameters.  

To compare and rank our models, we ap-
plied Akaike information criterion – AIC that 
determines optimality as a compromise be-
tween a model accuracy and complexity [15]. 
The lower AIC value is, the more statistically 
relevant is a model. Models were compared on 
the basis of consistent Akaike information cri-
terion calculated as per the following formula: 

CAIC = m×ln(RSS/m) + k×[1+ln(m)],    (2) 

where m is a number of observations, RSS is a 
residual sum of squares or measure of variabil-
ity not reproduced by a model, k is a number 
of parameters. Therefore, the first summand in 
the formula measures accuracy of a model, and 
the second one, its complexity (number of pa-
rameters). This modification, in comparison 
with AIC, imposes stricter "penalties" for addi-
tional parameters [16–18]. 

"Weight" (relative plausibility) of each 
model calculated as per the following formula: 

wi=exp(–0,5×∆CAICi)/Σexp(–0,5×∆CAICi), (3) 

was applied to rank and compare competing 
models. The obtained weights wi were inter-
preted as probabilities that i-th model was 
better than any other one from a variety of 
other pretender models. If weights were less 
than 10% different from wmax, models were 
considered to be of the same quality as the 
best one [15]. 

To assess dynamics in number of people 
bitten by ticks in the Urals Federal District re-
gions over the observation period, and to pre-
dict how epidemiologic situation would de-
velop in the next 5 years, we created several 
harmonic regression models with different 
number of estimated parameters. 

A common logarithm of number of people 
bitten by ticks or average long-term morbidity 
for Kurgan region were taken as a reference 
(basic) level (b0) as the lowest number of peo-
ple bitten by ticks was registered in this region 
out of all the considered ones, but the morbid-
ity with TVE there was the highest.  

 We examined two interesting (working) 
models. The first one included binary (0 or 1) 
predictors - markers for the regions in the Urals 
Federal District (Sverdlovsk, Chelyabinsk, and 
Tyumen region), for b0 (basic level, Kurgan re-
gion), and fluctuations amplitudes. We applied 
amplitude value common for all the four re-
gions in the second model. Cyclic frequency 
and initial phase were assumed to be common. 
The third model, or a "zero" one, included only 
an absolute term (average long-term morbidity 
common for all the regions). Model No. 2 was 
considered to be the most relevant to empirical 
data (Table 1), as the lowest CAIC value or the 
greatest "weight" (w = 0.989) was obtained for 
it. Therefore, given high statistical support, we 
can conclude that long-term fluctuations in 
number of people bitten by ticks change in 
common mode in the Urals Federal District. 

A model for assessing morbidity with 
TVE consisted of two components. The first 
one reflected morbidity and changes occurring 
in it in the examined regions; the second one, 
in the RF in general.  

We took each out of four regions as a ref-
erence level by turns and compared three mod-
els. We applied marker variables in the first 
model, both for average long-term morbidity 
and for fluctuations amplitude for regions in the 
Urals Federal District and the RF in general. 

The second model included markers for 
the Urals Federal District regions, common 
assessment of amplitude for all four regions 
in the Urals Federal District and amplitude 
for morbidity in the RF in general; the third



Morbidity with tick-borne viral encephalitis in some regions in Uralskiy Federal District …   

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 71

T a b l e  1  
Models of harmonic fluctuations for showing dynamics in number of people bitten by ticks 

 (y = log10(N)) in 2007–2017 in the Urals Federal District regions 
No. Quotients and predictors K CAIC ∆CAIC wi 
1 y = b0 + b1С + b2Ч + b3Т + (A0 + A1С + A2Ч + A3Т)×cos(ω0t + φ0); R2 = 0.94, R = 0.97 

b0 is an absolute term (reference level)*; 
b1 is a contrast in average long-term level, b0 and S; 
b2 is a contrast in average long-term level, b0 and Ch; 
b3 is a contrast in average long-term level, b0 and T; 
A0 is amplitude for reference level; 
A01 is difference in amplitudes for b0 and S; 
A02 is difference in amplitudes for b0 and Ch; 
A03 is difference in amplitudes for b0 and T; 
ω0 is cyclic frequency for a region model 

10 – 172.30 9.06 0.011 

2 y = b0 + b1С + b2Ч + b3Т + A0×cos(ω0t + φ0); R2 = 0.93, R = 0.96 
b0, b1, b2, b3, ω0, φ0 are given above; 
A0 is a common amplitude for K, S, Ch, and T 7 – 181.36 0 0.989 

3 y = b0 
b0 (zero hypothesis H0). 1 130.22 311.58 2.17×10-68 

N o t e :  CAIC is consistent Akaike information criterion; ∆CAIC is differences in CAIC; wi is rela-
tive plausibility ("weight"); k is a number of parameters; * means that average value of the logarithm of 
number of people bitten by ticks in Kurgan region (K) is taken in this model as reference level (b0); 
S, Ch, and T are markers for Sverdlovsk, Chelyabinsk, and Tyumen region respectively. 

 
model included an amplitude common for 
three regions (Sverdlovsk, Chelyabinsk, and 
Tyumen region), and specific amplitudes for 
Kurgan region and the RF in general. The 
fourth model that included only an absolute 
term was applied to compare predictions and 
to assess their quality. 

This algorithm was also applied to assess 
morbidity with TVE in 2007–2017 (Table 2). 

We chose Model No. 3 as a base for inter-
preting results of modeling morbidity with TVE 
as the lowest consistent Akaike criterion was ob-
tained for it, and it also had the greatest "weight" 
among all the pretender models (w = 0.96).  

Results and discussion. Over 2007–2017 
371,423 people were bitten by ticks in Sverd-
lovsk region, 1.743 TVE cases were registered, 
and average long-term morbidity amounted to 
3.81 per 100 thousand people. 215,904 people 
were bitten  in Chelyabinsk region, 1,078 TVE 
cases were registered (2.98 0/0000). 148,189 peo-
ple were bitten in Tyumen region (data on the 
Khanty-Mansi Autonomous Area and Yamal-
Nenets Autonomous Area are not included in 
the figure) (5.92 per 100 thousand people). 

Morbidity in Kurgan region where 54,906 peo-
ple were bitten by ticks was the highest and 
amounted to 7.82 0/0000. 

Determination quotient R2 (Table 1) 
amounted to 93% for a model that showed dy-
namics in a number of people bitten by ticks and 
it proves that this model chosen for interpretation 
is of high quality. The greatest number of people 
bitten by ticks over 11 years was registered in 
Sverdlovsk region, 34,674 people with hitting 
95 % interval from 30,200 to 39,811. The lowest 
number of tick bites in 2007-2017 was registered 
in Kurgan region. As we ranked the examined 
regions in the Urals Federal District as per de-
scending number of bitten people, we obtained 
the following sequence: Sverdlovsk region – 
Chelyabinsk region – Tyumen region – Kurgan 
region (Table 3, Figure 1). 

When creating a mathematical model for a 
number of people bitten by ticks, we detected 
cyclicity in the epidemic process with a quasi 
period equal to 8-8.5 years (average T = 2π/ω = 
= 8.3 years), with a confidence interval from 
6.98 to 10.30 years. the created model allowed 
to detect a fluctuations amplitude (p < 0.0001). 
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Т а б л и ц а  2  
Models of harmonic fluctuations for showing dynamics in morbidity (у) with TVE 
 (per 100 thousand population) in 2007–2017 in the Urals Federal District regions 

№ Quotients and predictors k CAIC ∆CAIC wi 

1 y = b0 + {xp×RF} + (b1S1 + b2S2 + b3S3 + (A0 + A01S1 + A02S2 + A03S3)× 
×cos(ω0t + φ0))×[xp=0] + (A1×cos(ω1t + φ1))×[xp=1]; R2 = 0.78, R = 0.88 

b0 an absolute term (reference level); 
xp – контраст в СМУ РФ и b0; 
b1 is a contrast in average long-term morbidity, b0 and S1; 
b2 is a contrast in average long-term morbidity, b0 and S2; 
b3 is a contrast in average long-term morbidity, b0 and S3; 
A0 is amplitude for reference level; 
A01 is difference in amplitudes for b0 and S1; 
A02 is difference in amplitudes for b0 and S2; 
A03 is difference in amplitudes for b0 and S3; 
ω0 is cyclic frequency for a region model (S); 
A1 is an amplitude for the overall RF model; 
ω1 is cyclic frequency for the overall RF model. 

14 124.62 6.74 0.03 

2 y = b0 + {xp×RF} + (b1S1 + b2S2 + b3S3 ++ A0×cos(ω0t + φ0))×[xp=0] + 
+ (A1×cos(ω1t + φ1))×[xp=1]; R2 = 0.62, R = 0.79 

b0, xp, b1, b2, b3, ω0, A1, ω1 are given above; 
A0 ias a common amplitude for b0, S1, S2, S3. 11 139.97 22.00 1.62×10-5 

3 y = b0 + {xp×РФ} + (b1S1 + b2S2 + b3S3 + (AКО + AСР×SСР)×cos(ω0t + φ0))×[xp=0] + 
+ (A1×cos(ω1t + φ1))×[xp=1]; R2 = 0.77, R = 0.88 

b0, xp, b1, b2, b3, ω0, A1, ω1 are givem above; 
AKR is an amplitude for Kurgan region; 
AAV is a difference between amplitudes for SKR and SAV 
(average value as per 3 regions). 

12 117,88 0 0,96 

4 y = b0 
b0 (zero hypothesis H0). 1 195.94 78.06 1.08×10-17 

N o t e :  CAIC is consistent Akaike information criterion; ∆CAIC is differences in CAIC; wi is rela-
tive plausibility ("weight"); k is a number of parameters; {xp×RF} is a summand in equations applied to 
take into account difference in average long-term levels between the RF and the examined regions;  
xp=0 is a part of a model applied to show morbidity in the regions; xp=1 is a part of a model applied to 
show morbidity in the RF; b0 is an absolute term or a reference level which corresponds to average long-
term morbidity in a chosen region; S1–3 are markers for the regions in the Urals Federal District. 

T a b l e  3  
Parameters (θ), their standard errors (SE), and confidence intervals (CI) for the "best" model 

(from Table 1) for the logarithm of number of people bitten by ticks  
Parameters θ SE(θ) p-value. 95% CI θ® 95% CI® 

b0 (average long-term level in 
Kurgan region) 3.69 0.03 < 0.0001 3.63 3.75 4,898 4,266 5,623

b1 (Sverdlovsk region) 0.85 0.04 < 0.0001 0.75 0.93 34,674 (+29,776) 30,200 39,811
b2 (Chelyabinsk region) 0.61 0.04 < 0.0001 0.53 0.70 19,953 (+15,055) 17,378 22,909
b3 (Tyumen region) 0.45 0.04 < 0.0001 0.36 0.53 13,804 (+8,906) 12,023 15,488
Common fluctuation amplitude 
(S, Ch, T, and K) 0.10 0.02 < 0.0001 0.06 0.15 ~ 26% ~ 15% ~ 41%

Cyclic frequency (ω0) of fluc-
tuations for a region model – 0.76 0.07 < 0.0001 – 0.90 – 0.61 – – – 

N o t e : b0 is an absolute term (reference level) or an average value of the logarithm of a number of 
people bitten by ticks in Kurgan region; S, Ch, T, and K are markers for Sverdlovsk, Chelyabinsk, Tyumen, 
and Kurgan region respectively; b1–3 are contrasts between each region in the Urals Federal District and Kur-
gan region; ® means data are brought into an initial scale (number of people bitten by ticks) via potentiating 
logarithm values: 10(у) = x – "anti-logarithm". 
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Figure 1. Dynamics in number of people bitten  by ticks over 2007–2017 in four regions 
 in the Urals Federal District and a forecast up to 2022 

N o t e :  dots on a polygonal line are observed values; broken straight lines show number  
of people bitten by ticks in the regions over 11 years; solid wavy lines represent values  
of logarithm of number of bitten people predicted  by models for harmonic fluctuations 

The greatest number of people bitten by 
ticks was detected in all four regions in the 
Urals Federal District in 2011. An increase 
amounted up to 26% from an average level 
calculated for 11 years with a confidence in-
terval being equal to 15–41 %. Occurrence of 
a quasi period and amplitude allowed us to 
conclude that there was a cyclic dynamics in 
number of people bitten by ticks; this dynam-
ics was most likely related to dynamics in 
populations of ticks and small mammals.  

Substantial influence exerted by ecologi-
cal and geographical factors on morbidity with 
TVE in the examined regions of the Urals 
Federal District was determined by value of 
the determination quotient R2 for this model; 
this value amounted to 77 %.  

There are statistically significant discrep-
ancies as per average long-term morbidity be-
tween four regions in the Urals Federal Dis-

trict and average long-term morbidity in the 
RF in general (Table 4). Thus, average long-
term morbidity in the examined regions (ex-
cluding Chelyabinsk region) differed signifi-
cantly from average country level over 11 
years. The greatest deviations from average 
long-term morbidity in the RF in general were 
detected in Kurgan and Tyumen region (the 
differences amounted to 6.03 and 4.13 0/0000).  

The highest average long-term morbidity 
was detected in Kurgan region where it was 
equal to 7.82 (CI: 6.63–9.01 0/0000); this value 
was most probably caused by rises in the pa-
rameter that occurred in  2007-2012 with a lo-
cal peak reached in 2011. the examined re-
gions were ranked as per morbidity in de-
scending order (Kurgan region – Tyumen 
region – Sverdlovsk region – Chelyabinsk re-
gion) and the results are shown in Table 5 and 
Figure 2. 
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T a b l e  4  
Parameters (θ), their standard errors (SE), and confidence intervals (CI) for the best model 

 (from Table 2) for harmonic fluctuations in morbidity with TVE 
Parameters θ SE(θ) p-value 95% CI  

1) b0 (average long-term morbidity in Kurgan region) 7.82 0.59 < 0.0001 6.63 9.01 
xp (RF) – 6.03 0.99 < 0.0001 – 8.02 – 4.05 
b1 (Sverdlovsk region) – 4.01 0.82 < 0.0001 – 5.67 – 2.36 
b2 (Chelyabinsk region) – 4.84 0.82 < 0.0001 – 6.50 – 3.19 
b3 (Tyumen region) – 1.90 0.82 0.03 – 3.56 – 0.25 
Amplitude (К) 6.55 0.84 < 0.0001 4.85 8.25 
Contrast in amplitudes [К] – [S, Ch, T] – 4.99 0.96 < 0.0001 – 6.93 – 3.05 
2) b0 (average long-term morbidity in Sverdlovsk region) 3.81 0.58 < 0.0001 2.64 4.97 
xp (RF) – 2.02 0.98 0.05 – 3.99 – 0.04 
b1 (Chelyabinsk region) – 0.83 0.82 0.32 – 2.47 0.82 
b2 (Tyumen region) 2.11 0.82 0.01 0.47 3.76 
b3 (Kurgan region) 4.01 0.82 < 0.0001 2.36 5.67 
3) b0 (average long-term morbidity in Chelyabinsk region) 2.98 0.58 < 0.0001 1.81 4.14 
xp (RF) – 1.19 0.97 0.23 – 3.16 0.77 
b1 (Sverdlovsk region) 0.83 0.82 0.32 – 0.82 2.47 
b2 (Tyumen region) 2.94 0.82 0.001 1.29 4.58 
b3 (Kurgan region) 4.84 0.82 < 0.0001 3.19 6.50 
4) b0 (average long-term morbidity in Tyumen region) 5.92 0.58 < 0.0001 4.75 7.08 
xp (RF) – 4.13 0.98 0.0001 – 6.10 –2.16 
b1 (Sverdlovsk region) – 2.11 0.82 0.01 – 3.76 – 0.47 
b2 (Chelyabinsk region) – 2.94 0.82 0.001 – 4.58 – 1.29 
b3 (Kurgan region) 1.90 0.82 0.03 0.25 3.56 
Fluctuations amplitude common for S, Ch, and T 1.57 0.48 0.002 0.60 2.53 
Fluctuations amplitude for К – 4.99 0.96 < 0.0001 – 6.93 – 3.05 
Cyclic frequency (ω0) of fluctuations for region models 0.59 0.04 < 0.0001 0.51 0.66 
5) Fluctuations amplitude for the RF 0.55 0.78 0.49 – 1.03 2.13 
Cyclic frequency (ω1) of fluctuations for the RF model 0.44 0.75 0.56 – 1.08 1.96 

N o t e :  b0 is an absolute term (reference level) showing average value of morbidity with TVE 
in a selected (reference) region; S, Ch, T, and K are markers for  Sverdlovsk, Chelyabinsk, Tyumen, and 
Kurgan regions respectively; xp is a contrast between the RF and reference level; b1–3 are contrasts be-
tween each region the Urals Federal District and reference level. 

We should also note that we didn't detect any 
statistically significant discrepancies (p = 0.32) in 
average long-term morbidity between Sverd-
lovsk region and Chelyabinsk region; the issue 
most certainly requires further research.  

Application of statistical models allowed 
to reveal cyclic changes (harmonic fluctua-
tions) in morbidity with TVE in all the four 
regions in the Urals Federal District with a 
quasi period being equal to 10-11 years (aver-
age T = 2π/ω = 10.6 years) and a confidence 
interval from  9.52 to 12.31. 

It is well known that there are natural cy-
clic fluctuations in weather related to cyclicity 

observed in the solar activity as the great cycle 
of the Sun also lasts for 11 years [19]. As per 
data taken from literature, in previous years 
maximum in morbidity with TVE was ob-
served in 1996 and 1999 in all the climatic 
zones in the Urals Federal District [19]. 

But at the same time, the highest average 
long-term morbidity and the greatest fluctua-
tions amplitude was observed in Kurgan re-
gion (Figure 2). It can be due to a rise in mor-
bidity in a period from 2007 to 2012. The peak 
in morbidity was reached in Kurgan region, 
just as in three other regions, in 2010-2011.  
In those years morbidity was higher than its
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Figure 2. Dynamics in morbidity with TVE (per 100 thousand people) over 2007–2017  
in four regions in the Urals Federal District and a forecast up to 2022 

N o t e :  dots (squares and rounds) are values being observed; solid straight lines show average 
 long-term morbidity in the Urals Federal District regions; broken straight line shows average 

 long-term morbidity in the RF in general; solid and broken curves show values predicted  
by models of harmonic fluctuations 

average long-term level by 6.55 0/0000 (CI: 
4.85–8.25; p < 0.0001). As per results obtained 
via statistical modeling, fluctuations amplitude 
observed in Sverdlovsk, Chelyabinsk, and 
Tyumen regions, was common for all three of 
them, and peak morbidity reached in this re-
gions was higher than average long-term level 
by 1.57 0/0000 (CI: 0.60–2.53; p = 0.002). 

Conclusion. We analyzed morbidity with 
TVE over  2007-2017 years in Sverdlovsk, 
Chelyabinsk, Tyumen, and Kurgan regions; 
the analysis revealed statistically significant 
discrepancies between these regions in the 
Urals Federal District. The highest average 
long-term morbidity was registered in Kurgan 
region; the lowest, in Sverdlovsk and Chelyab-
insk region. And at the same time, a number of 
people bitten by ticks over the same period 
was higher in Sverdlovsk, Chelyabinsk, and 
Tyumen region than in Kurgan region. 

A smaller number of people bitten by 
ticks in  Kurgan region against the other exam-
ined regions is most likely due to lower popu-
lation in the region as there is always a direct 
correlation between population in a region and 
appliance for medical aid caused by tick bites. 
Extremely high morbidity with TVE in Kurgan 
region against all other regions is probably 
caused by both natural and social factors: there 
are several tick species that are infectious car-
riers (not only Ixodes, but also Dermacentor) 
and virus activity among them is also very 
high, specific and non-specific prevention ac-
tivities performed in the region as regards 
TVE are not sufficient. 

In  our opinion, short-term forecasts for 
morbidity with TVE and appliance for medical 
aid caused by tick bites obtained on the basis 
of statistical models aren't indisputable as they 
are formed under influence exerted by many 
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factors, and we require multi-factor analysis to 
take them all into account [20].  

Conclusions: 
1. We revealed statistically significant 

discrepancies between the four examined re-
gions as per average long-term morbidity 
with TVE and number of people bitten by 
ticks. the highest average long-term morbid-
ity was registered in Kurgan region (7.82 
0/0000). Tyumen region followed (5.92), then 
Sverdlovsk region (3.81), and Chelyabinsk 
region (2.98). But as for number of people 
bitten by ticks, we observed a reverse de-
scending sequence with maximum in Sverd-
lovsk region (34,674 people): Sverdlovsk 

region – Chelyabinsk region – Tyumen re-
gion – Kurgan region. 

2. We made a forecast for morbidity with 
TVE and number of people bitten by ticks. In 
2018-2022 we expect to see a rise in morbidity 
and number of people applying for medical aid 
due to tick bites in all the regions in the Urals 
Federal District. According to periodicity ob-
served in the process (10–11 years), a peak in 
morbidity is most likely to occur in 2020–2021.  
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