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Sverdlovsk region is a zone with a strenuous natural-anthropogenic focus of virus tick-borne encephalitis (TBE). Inci-

dence with the disease has decreased by 5 times over the last 20 years due to mass vaccination among population. Since 
2015 incidence with TBE has remained steady at fewer than 3 cases per 100,000 people. However, over the last 10 years 
incidence with TBE has been decreasing at a significantly slower rate due to a considerable growth in number of immune 
people (from 68 % in 2007 to 84.99 % in 2018). Analysis revealed that probability of the disease after a person had been 
bitten by a tick was quite different on different territories in the region. 

Our research goal was to develop a procedure for ranking administrative territories as per risks of clinical TBE oc-
currence among people bitten by ticks. 

We took a number of people bitten by ticks per one TBE case as our risk parameter. Our analysis revealed that aver-
age regional risk reached its maximum values (1:40–1:50) in years prior to implementation of mass vaccination against 
TBE. As a number of immune people grew, risk fell by 6 times (just 1 TBE case per 319 bitten people in 2018). Average re-
gional risk was taken as to be equal to 1. We ranked administrative territories as per their risk index values (a ratio of a 
territorial risk to average regional one). 

We showed that ranking of TBE-endemic territories as per their risk index allowed implementing a differentiated ap-
proach to planning and organizing efficient prevention. 

Key words: virus tick-borne encephalitis, epidemic process, incidence, mass vaccination, people bitten by ticks, dis-
ease risk index, risk index, ranking of endemic territories. 
 

 
 Over the last 50 years there have been 

considerable changes in epidemiology of virus 
tick-borne encephalitis (TBE) due to occur-
rence of anthropogenic foci around cities lo-
cated on endemic territories and urban popula-

tion becoming involved into the epidemic 
process as a major risk group [1–4]. It resulted 
in changes in vaccination strategies involving 
implementation of extended vaccinal preven-
tion up to mass immunization among popula-
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tion taking into account risks of contagion 
with TBE virus on this or that territory; those 
risks manifested themselves via levels of mor-
bidity [5–8]. Impressing results of mass pre-
ventive vaccination against TBE among popu-
lation were first achieved in Austria; when 
more than 80 % population were vaccinated 
against TBE, it allowed reducing morbidity by 
15 times [9–11]. 

In the Russian Federation risks of TBE 
contagion among population differ signifi-
cantly both on TBE-endemic regions and on 
specific territories within those regions [12]. 
The Urals Federal District is a region where 
morbidity with TBE is rather high; Sverdlovsk 
region is included into this Federal District. 
The whole territory of the region is a zone 
with intense natural-anthropogenic focus of 
tick-borne infections, virus tick-borne en-
cephalitis (TBE) being one of the most signifi-
cant [13]. Over more than 70 years of observa-
tion (1944–2018) there have been significant 
cyclic fluctuations in morbidity with TBE de-
tected in Sverdlovsk region [14]. These cycles 
occur due to biological factors (periodical 
changes in numbers of natural tick carriers); 
weather and climatic factors (air temperature 
and humidity during a period when ticks are 
most active); and socioeconomic factors as 
well [15–17]. 

From 1956 to 1999 rises and falls in mor-
bidity took their turns with 3–4 year intervals 
and their turns coincided with periods during 
which ticks were most active. After 1999 mass 
immunization among population was imple-
mented, and dynamics of morbidity changed. 
Thus, from 1999 to 2011, duration of cycles 
involving rises and falls in morbidity with 
TBE taking their turns grew to 6 years; from 
2012 to 2018 there was a clear trend in mor-
bidity stabilizing at a low level with insignifi-
cant annual fluctuations (2.4–3.6 per 100 thou-
sand people) [18]. 

A considerable amount of people who get 
infected and fall sick with TBE during annual 
rises in morbidity with TBE in spring and 
summer are those who haven’t been vacci-
nated or their vaccination hasn’t been com-
pleted. Over the last 25 years picks in morbid-

ity with TBE were detected in 1993, 1996, 
1999, 2005, and 2011 (24.0, 42.9, 19.3, 10.1, 
and 6.1 per 100 thousand people accordingly). 

Morbidity with TBE among population 
living on endemic territories is well-known to 
directly depend on ticks being most active in 
spring and summer. There is a regular de-
pendence between a number of people apply-
ing for medical aid due to tick bites and mor-
bidity [12]. 

Over the last 20 years the epidemiologic 
service of the Regional Rospotrebnadzor Of-
fice in Sverdlovsk region has been actively 
performing targeted prevention activities and it 
has allowed achieving substantial results as 
regard reducing morbidity with TBE [19]. 

Since 1996 mass vaccination against 
TBE has been implemented within the re-
gional prevention program; due to it starting 
from 2000 there has been a persistent de-
scending trend in morbidity [20]. Since 2015 
morbidity with TBE has remained insignifi-
cant, namely lower than 3 cases per 100 thou-
sand people. In 2017 a share of regional 
population vaccinated against TBE reached 
87.4 %. However, even now TBE cases are 
registered on 80 % of all administrative terri-
tories in the region. Average long-term mor-
bidity (ALTM) with TBE amounts to 2.85 per 
100 thousand people and it is by 1.65 times 
higher than on average in the country (1.72 per 
100 thousand people). Annually up to 5 % of 
all people sick with TBE are those who have 
completed their anti-TBE vaccination. Having 
analyzed the structure of TBE clinical forms 
among vaccinated and non-vaccinated people, 
experts revealed that a specific weight of fo-
cal forms was by several times lower among 
vaccinated people than among non-vaccinated 
ones, and in some years (2011–2013) 100 % of 
vaccinated people had only fever TBE. Nev-
ertheless, lethality among people suffering 
from TBE has been varying from 0.6 to 2.7 % 
over a long period of time. 

We analyzed dynamics of the TBE epi-
demic process in Sverdlovsk region over the 
last 20 years; the analysis revealed that mass 
vaccination among population that started in 
1998 allowed reducing morbidity with TBE in 
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Sverdlovsk region by more than 8 times by 
2018 (down to 2.35 per 100 thousand people). 
At the same time, morbidity on 11 administra-
tive territories was still 1.5–2 times higher than 
on average in the region; it was more than 
2 times higher on 6 territories. 

In 2018 84.99 % people living in Sverd-
lovsk region were vaccinated against TBE. 
On half of administrative territories the figure 
was even higher as more than 90 % people 
living there were vaccinated. However, over 
the last 10 years, in spite of a considerable 
growth in a share of vaccinated population 
(from 68 % in 2007 to 84.99 % in 2017), re-
duction in morbidity with TBE has slowed 
down considerably. 

Except from 1996 and 2011, when there 
was a drastic rise in activity of ticks (2,027.8 
and 1,325.7 bitten people per 100 thousand 
accordingly), over 1995–2018 a number of 
people bitten by ticks varied from 489.7 (the 
minimum in 2002) to 983 (the maximum in 
2015) per 100 thousand people. A square 
where annual acaricide treatments took place 
increased by 10 times from 2000 to 2018 
(from 969 hectares in 2000 to 9,498 hectares 
in 2018); however, it didn’t result in any de-
crease in number of people bitten by ticks 
(565 and 749 per 100 thousand people in 2000 
and 2018 accordingly). It indicates that a sys-
tem of planning and organizing acaricide 
treatments on endemic territories needs sub-
stantial revising and adjusting. 

A share of vaccinated people in Yekater-
inburg (88.88 %) is higher than on average in 
the region (84.99 %). At the same time mor-
bidity with TBE among population living in 
Yekaterinburg is annually higher than on aver-
age in the region (average long-term morbidity 
is 3.94 and 2.85 per 100 thousand people ac-
cordingly). About 30 % of the overall region 
population live in Yekaterinburg. The Yekater-
inburg city square amounts to 0.6 % of the 
overall region territory, but people living in 
Yekaterinburg account for about 50 % of all 
patients with TBE (average long-term morbid-
ity is equal to 55 out of 118 TBE cases in the 
region). The above data indicate it is necessary 
to analyze why people living in Yekaterinburg 

are not efficiently protected from TBE even 
though there is annual mass vaccination. 

Comparative analysis performed with 
maps that showed how territories in the region 
were ranked as per such parameters as morbid-
ity with TBE and average numbers of ticks 
revealed that morbidity with TBE among 
population living on this or that territory didn’t 
correlate with high, average, or low numbers 
of ticks on it in most cases. Thus, zones with 
high quantities of ticks were located on the 
south and west-south of the region whereas 
terrorizes where morbidity with TBE among 
population was high were located along the 
meridian from north to south in sub-zones of 
mid-latitude and southern taiga. The analysis 
also revealed that a number of people bitten by 
ticks didn’t correspond to morbidity with TBE 
on most territories, that is, a probability (risk) 
that a manifested disease could occur after a 
tick bite was different for population living on 
different territories. 

Our research goal was to analyze long-
term dynamics of the TBE epidemic process in 
Sverdlovsk region and, basing on the analysis 
results, to work out a procedure for ranking 
administrative territories as per a risk of a mani-
fest disease among people bitten by ticks. 

Data and methods. We took necessary 
data from the State Statistical Report Form No. 2 
“Data on infectious and parasitic diseases” filled 
in by the Rospotrebnadzor’s Federal center for 
Hygiene and Epidemiology, Sverdlovsk regional 
office. Data on a number of people bitten by 
ticks and a share of population who got vacci-
nated against TBE were obtained from annual 
reports on sanitary-epidemiologic welfare of the 
population issued by the Rospotrebnadzor 
Sverdlovsk Regional Office. 

We took probability of a manifest TBE 
case after a tick bite as our risk parameter. We 
calculated average regional risks of manifest 
TBE among bitten people and those for specific 
administrative territories via finding a ratio be-
tween a number of bitten people and morbidity 
with TBE per 100 thousand people on a given 
territory. 

We calculated risk index via determining 
a ratio between a risk calculated for an admin-
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istrative territory and the average regional risk 
which was taken as being equal to 1. 

Results and discussion. Collective immu-
nity among population living on a given terri-
tory, share of infected ticks in a local tick popu-
lation, and virulence of circulating TBE strains 
are basic factors that determine how high a risk 
of TBE occurrence is after exposure. This pa-
rameter is integral as it allows objectively as-
sessing whether population living on a given 
territory is well-protected. Therefore, determin-
ing a risk of TBE occurrence in people who 
were bitten by ticks in different years and on 
different territories provides additional data for 
epidemiologic analysis and efficiency assess-
ment for specific and non-specific prevention of 
the disease. 

We can examine dynamics in such risks 
taking into account mass vaccination against 
TBE on the example of Sverdlovsk region. 
Figure 1 shows long-term dynamics of mor-
bidity with TBE and risks of the diseases oc-
currence in people bitten by ticks. 

As we can see from the data given above, 
risk was on average equal to 1 TBE case per 
50 bitten people prior to mass vaccination and 
during first years after it has been started 
(1995–2002). This value is well in line with 
results obtained via monitoring over shares of 

infected ticks in populations in Sverdlovsk re-
gion which were on average equal to 2 %. 

In 2018 risk decreased by 7.6 times in 
comparison with the period prior to vaccination 
(from 1:42 to 1:319). Over the same period of 
time morbidity went down by 5 times (average 
long-term morbidity being equal to 14.6 and 
2.85 per 100 thousand people accordingly). 

Figure 2 shows long-term dynamics of 
risks taking into account growing shares of 
people who got vaccinated against TBE in the 
region. 

As we can see from the data given above, 
after 60 % of population got vaccinated, risk 
of the diseases started to fall dramatically. 
However, as more than 70 % of population 
 got vaccinated in 2008, it leveled off at 
1:200–1:250 (there were no statistically sig-
nificant discrepancies, p > 0.05). Therefore, an 
increase in a share of population who got vac-
cinated over the last 10 years from 73 % to 
85 % didn’t have any significant influence on 
risk of TBE occurrence after a tick bite. But 
still, there was a persistent descending trend in 
morbidity. From 2008 to 2014 morbidity with 
TBE varied from 6.1 to 3.4 per 100 thousand 
people, and starting from 2015 it stabilized at 
fewer than 3 cases per 100 thousand people 
(Figure 1). 

    

 
Figure 1. Long-term dynamics of morbidity with virus tick-borne encephalitis in Sverdlovsk region 

 (per 100 thousand people) and risk of the disease (number of bitten people per 1 disease case) 
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Figure 2. A share of people living in Sverdlovsk region who got vaccinated against virus tick-borne 

encephalitis and risk of the disease (number of bitten people per 1 disease case) 

Figure 3 shows long-term dynamics of a 
number of bitten people and the risk of TBE 
occurrence among them. 

As we can see from the given data, risk 
didn’t change significantly from 2008 to 2018 
even though there were considerable fluctua-
tions in numbers of people bitten by ticks. It 
indicates there is no correlation between a 
number of people bitten by ticks and risks of 
TBE among those who were bitten. 

Risk-oriented approach to analyzing epi-
demiologic situation with TBE allows spotting 

out administrative territories where there is 
certain divergence in parameters related to a 
number of bitten people and morbidity with 
TBE, in particular: 

– territories where a number of bitten 
people is high but there are no TBE cases; 

– territories where a number of bitten 
people is high but morbidity with TBE is close 
to average regional values; 

– territories where morbidity is high but a 
number of bitten people is close to average 
regional values. 

 

 
Figure 3. Long-term dynamics of a number of bitten people per 100 thousand people living 

 in Sverdlovsk and risk of virus tick-borne encephalitis among them 
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T a b l e  1  
Parameters showing numbers of people bitten by ticks and morbidity with virus tick-borne 

encephalitis in specific municipal districts in Sverdlovsk region in 2017 

Territory 
A number of people 

bitten by ticks  
(0/0000)  

A ratio of a number of  
bitten on a specific territory 

to average regional one 

Morbidity  
with TBE 

(0/0000)  

A ratio to average 
regional morbidity 

with TBE 
Sverdlovsk region 715.00 1.00 2.75 1.00 
Asbest district 1,528.50 2.10 1.50 0.50 
Revda district 740.40 1.04 4.60 1.67 
Polevsk district 855.60 1.20 7.10 2.60 

T a b l e  2  
Risk of TBE occurrence among people bitten by ticks and a share of vaccinated people 

in specific municipal districts in Sverdlovsk region in 2017 

Territory Risk of manifest TBE  
among bitten people Risk index A share of people  

vaccinated against TBE (%) 
Sverdlovsk region 1:260 1.0 87.4 
Asbest district 1:1,019 0.3 96.3 
Revda district 1:160.9 1.6 86.5 
Polevsk district 1:120.5 2.2 73.1 

 
The procedure includes: 
1. Calculating average regional risk of 

TBE occurrence and risks for specific adminis-
trative territories via finding a quotient from 
dividing morbidity with TBE per 100 thousand 
people by a number of people bitten by ticks 
on a given territory. 

2. Calculating risk index via calculating a 
ratio between risk for a given administrative 
territory and average regional risk that is taken 
as being equal to 1. 

3. Ranking administrative territories as 
per risk index: 

– high risk (index is ≥ 1.3); 
– moderate risk (index is 0.70 < 1.0 < 1.3); 
– low risk (index is ≤ 0.70). 
Should a territory be ranked as having 

high risk index, it is advisable to pay special 
attention to analyzing volumes and quality of 
vaccinal prevention, urgent immune TBE pre-
vention, and examining collective immunity 
among population on such a territory. 

In case risk is moderate (morbidity with 
TBE is equal to average regional one or higher 
and a number of bitten people is high), it is 

necessary to analyze volumes and efficiency of 
acaricide treatments as well as efficiency of 
sanitary-educational activities among popula-
tion aimed at commutating how to keep safe in 
the forest and prevent tick bites. 

Tables 1 and 2 contain an example on how 
to present and analyze data on risk-oriented ap-
proach to ranking territories that are endemic as 
per TBE. 

As we can see from data given in the ta-
bles, a probability of catching TBE among 
people bitten by ticks can be different on dif-
ferent territories where a share of people who 
got vaccinated against TBE is also different. 
Thus, people living in Asbest district run the 
lowest risks of TBE even though a number of 
people bitten by ticks on that territory was 2.1 
times higher than on average in the region, but 
still morbidity with TBE amounted to 1.5 per 
100 thousand people and it was 1.8 times 
lower than on average in the region (2.75 per 
100 thousand people). Therefore, a risk of 
manifest TBE occurrence was 3.3 times lower 
in Asbest district than in the region as a whole 
and it indicates that a high share of vaccinated 
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people (96.3 %) exerts significant influence on 
morbidity with TBE; on the contrary, there is 
no correlation between a number of people bit-
ten by ticks and a number of TBE cases. 

It means that it is advisable to implement 
specific and non-specific prevention activities 
on the territory; they should be scheduled and 
focus on selective immunization of risk groups 
with the highest risks of manifest TBE occur-
rence, namely, those age cohorts where a share 
of vaccinated people hasn’t reached its target 
level (95 %). It is also necessary to pay special 
attention to assessing quality of performed 
acaricide treatments and sanitary-educational 
activities aimed at informing people about the 
necessity of timely immunization against TBE 
and rules of safe behavior in the forest that 
will protect them from tick bites. 

In Revda district in 2017 morbidity with 
TBE amounted to 4.6 per 100 thousand people 
and it was 2 times higher than on average in 
the region although numbers of people bitten 
by ticks were relatively similar, 740.4 on the 
territory against 715.0 per 100 thousand peo-
ple on average in the region. At the same time 
risk of manifest TBE occurrence among peo-
ple bitten by ticks was 1.6 times high in Revda 
district than on average in the region. A share 
of people who got vaccinated against TBE was 
quite similar in Revda district to that in the 
region, 86.5 % against 87.4 %. In this case, it 
is clear that not enough people have been vac-
cinated in Revda district and it is advisable to 
take additional efforts aimed at scheduled im-
munization among children combined with 
immunization among adults who haven’t been 
vaccinated in due time; it is also necessary to 
perform stricter control over timely revaccina-
tion among vaccinated people and to examine 
intensity of collective immunity against TBE. 

In Polevsk district in 2017 there was a 
high risk of manifest TBE, 2.2 times higher 
than on average in the region; also a number of 

people bitten by ticks was by 20 % higher, and 
morbidity with TBE was 2.6 times higher 
against on average in the region. Only 73.1 % 
people living on the territory were vaccinated 
against TBE. All the above indicates that a low 
share of vaccinated people can’t have any sig-
nificant influence on a further decrease in 
morbidity with TBE in Polevsk district as the 
latter directly depends on a number of people 
bitten by ticks. 

Therefore, a leading prevention activity in 
Polevsk district should be scheduled immuni-
zation among children accomplished within 
the Regional prevention vaccination schedule 
and mass immunization among those adults 
who haven’t been vaccinated in due time. Not 
less than 95 % people should be vaccinated 
against TBE in all age cohorts. 

To sum up all the above stated, we can 
conclude that a risk parameter gives an objec-
tive assessment of new TBE cases probability 
among population living on a specific territory 
and allows choosing priority prevention activi-
ties (specific or non-specific prevention) 
aimed at decreasing morbidity with TBE. 

Conclusions: 
1. Determining post-exposure risk of TBE 

occurrence on different territories (a number of 
people bitten by ticks per 1 TBE case) allows 
obtaining additional significant data for epi-
demiologic analysis and planning efficient 
prevention activities. 

2. Ranking territories that are endemic as 
per TBE as per risk parameter allows objec-
tively assessing whether population living there 
is well protected and implementing differenti-
ated approach to planning and organizing effi-
cient prevention activities. 
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