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a b s t r a c t
To estimate the tick borne encephalitis (TBE)-vaccination coverage in the greater Stockholm region,
we sent a questionnaire to a randomized sample of 8000 individuals in 2013. Fifty-three percent of all
respondents (n = 4307) reported being vaccinated against TBE at least once. Reasons for not vaccinating
included: no perceived risk (28.6%), too expensive (25.6%), did not have the time or opportunity (23%) and
worried about vaccine side-effects (20.5%). Multiple logistic regression revealed that the probability of
being vaccinated was higher among those who reported ≥2 weeks outdoor exposure in a known high
risk area (OR 4.13 95% CI 3.54–4.81) and in individuals ≥60 years of age compared to all other age groups
(OR 0.67 95% CI 0.55–0.81). A high net household income was associated with a higher probability of
being vaccinated (OR 2.10 95% CI 1.6–2.73). Being born outside Europe was negatively correlated (OR
0.57 95% CI 0.39–0.83). Based on our ﬁndings the estimated TBE-incidence in the unvaccinated regional
population was 8.5-12/100,000 which is comparable with high endemic areas as the Baltic region and
Central Europe. We suggest targeted vaccination and reimbursement strategies in high-endemic areas
of Sweden. Our results indicate a need for improved public information about TBE.
© 2015 Elsevier Ltd. All rights reserved.

1. Background
Tick borne encephalitis (TBE) is caused by the TBE-virus (TBEV).
Three subtypes of TBEV, Far-Eastern, Siberian and European, are
spread across the northern Eurasian continent from eastern Russia
to southern Norway. TBEV is a neurotropic virus and the disease
manifests from subclinical to mild fever to severe meningoencephalitis. Complications and sequelae occur in 30–40% of the
patients [1,2]. Case-fatality rate for the European subtype is 1–2%
and severe sequelae occur more frequently with increasing patient
age [3].
Before 2005 conﬁrmed TBE-diagnosis was notiﬁed from the laboratories in Sweden, on a voluntary basis but with most of them
reporting. Since 2005, TBE has been a notiﬁable disease according
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to the Swedish Act of Communicable Diseases. The notiﬁcation is
generated from the laboratory in the presence of TBE-IgM and/or
a TBE-IgG seroconversion, as well as from the clinician identifying the relevant symptoms of the patient. The notiﬁcation rate is
very high and consistent [4]. During the last 10 years there has
been an increasing trend in number of reported cases (Fig. 1), while
the number of distributed TBE-vaccine doses has been increasing
annually according to vaccine sales statistics, with an approximated 500,000 doses sold in Sweden in 2013 according to the
manufacturers. There are, however, no national TBE-vaccination
recommendations in different endemic settings or at different ages.
The regional recommendation of Stockholm County is to vaccinate
with three doses during the ﬁrst year (month 0, 1, 5–12) and in
relation to the TBE-season from April to October. For individuals
starting to vaccinate after the age of 60, the recommendation is
to add one dose the ﬁrst year (month 0, 1, 3, 5–12) for a better
priming of the immune system, given the waning response in this
age group as further described in the discussion. A follow-up dose
is then recommended for all individuals after 3 years and subsequent doses every 5 years, independent of age [5]. In Sweden,
TBE-vaccination is opportunistic and individuals pay full out-ofpocket costs as there are no subsidies for this vaccine type. Two
different brands of inactivated vaccines are currently available,
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Fig. 1. Notiﬁed TBE-cases Stockholm County 2003–2014, divided in men (black) and
women (gray).

The Department of Communicable Disease Control and Prevention of Stockholm County, in collaboration with Statistics Sweden,
sent a survey to a randomized, purposive sample of 8000 individuals living in the Stockholm region. Selection criteria were based
on age and place of residence. Ten strata were constructed, ﬁve in
TBE geographic high risk areas and ﬁve in low and non-risk areas.
The high risk areas were chosen from the regional epidemiological data (Fig. 2) and consisted of the three municipalities Ekerö,
Österåker and Nynäshamn. The low and non-risk areas consisted
of all other municipalities in the region. The age groups chosen for
strata were 1–5, 6–10, 11–17, 18–59 and 60+. Using national population registers from Statistics Sweden, a total of 800 individuals
were randomly selected per strata. Sample size was based on a
calculated response rate of 50%.
2.2. Survey

FSME-Immun® (Baxter AG at the time of the study, now Pﬁzer), and
Encepur® (Novartis Vaccines); both inactivated by formalin and
with aluminiumhydroxid as an adjuvant. They are considered to be
equally effective (>95%) and exchangeable [6–8]. The availability of
the vaccine is usually widespread at vaccinations clinics and GPs,
except for periods of vaccine shortage from the manufacturers. The
cost for a TBE-vaccine dose is around 300–350 SEK (33–39E) per
dose. The regional Department of Communicable Diseases Control
and Prevention (Smittskydd Stockholm) is responsible for communicating the need for TBE-vaccination, which health-care facility
that provides vaccine, and which are the risk-areas. This is done
annually, starting in April, through targeted educational activities,
information on the web, as well as mails directed to health-care
professionals. Posters, with maps of risk-areas addressed to the
public, are sent out to primary health care facilities. There is no
speciﬁc TBE-vaccination program other than these information
campaigns.
Stockholm County consists of a population of 2.3 million and
accounts for the majority of the TBE-cases in Sweden, with a
regional incidence of 4/100,000 in 2013 [5]. For comparison, in
Austria, representing one of the most high endemic countries in
Europe, the average incidence was 5.7/100,000 (range 3.9–9.0) in
the pre-vaccination era before 1982. Thirty years later, after starting
a mass vaccination campaign with partly reimbursed vaccination
1981, when 88% of the population had received > 1 dose of TBE vaccine, the estimated incidence in unvaccinated versus vaccinated
individuals was 6/100,000 and 0.9/100,000, respectively [9]. High
incidence (8–21/100,000) European countries with low vaccination coverage are Baltic and Central European region e.g. Lithuania,
Estonia, Slovenia and Czech Republic. Latvia is a high-incidence
country but has successfully initiated vaccination, reporting 39%
vaccination coverage in the whole population and 77% in children
in high-endemic areas 2009 [10]. TBE was included in the list of
notiﬁable diseases in the European Union in September 2012 [11].
WHO recommends vaccination to the entire population in an area if
the incidence exceeds 5/100,000 [12]. As there is no national vaccination register in Sweden, except now for children born from 2013,
there is a lack of knowledge of the number of individuals vaccinated against TBE. Given the number of vaccine doses sold, the
expected vaccination coverage is probably substantial but without
this knowledge it is not possible to estimate the TBE incidence in
the unvaccinated population, and hence to formulate vaccination
recommendations. Therefore the aim of this survey was to estimate
the vaccination coverage, and analyze possible variables associated
with vaccination, in Stockholm County as one of the high endemic
areas in Sweden.

The survey consisted of ten questions regarding previous TBE
vaccination and exposure to risk. The annually updated map of riskareas (Fig. 2) was included in the questionnaire, highlighting TBE
risk areas in the Stockholm region, so that individuals could more
easily assess their exposure risk. The survey was ﬁrst sent out in
paper-version, with the option of answering via web, in June, 2013.
Two reminders were sent out in August, 2013. Data collection was
carried out until the end of September 2013. For persons under the
age of 18, parental guardians were requested to reply on behalf of
their child/ward.
By answering the questionnaire, respondents were informed
that they gave their informed consent for Statistics Sweden to link
to register data based on the unique birth number for Swedish residents. Data from the questionnaire were linked with registers on
age, sex, civil status, birth country, zip code, parental birth country
for children under 18, disposable income individually and in the
family as well as social welfare in the family were used as proxies
for socioeconomic status.
For questionnaire variables, Statistics Sweden calculated a
weight estimate for each individual so that it was possible to project
results for the whole population in Stockholm County and not just
among survey respondents. These weighted estimates were based
on respondent demographics in comparison to population demographics.
2.3. Analyses
Descriptive analyses were used to estimate proportions vaccinated among respondents and for the whole regional population.
First univariate and then multiple logistic regression models were
used to estimate the likelihood of TBE vaccination (outcome) or
likelihood of having TBE protection during the 2013 season (outcome). Protection was deﬁned as having received either ≥3 doses
of TBE-vaccine in total or at least 2 doses during the study year.
Exposure variables age group (1–5, 6–10, 11–17, 18–59 and 60+),
sex, income level, welfare status in family, birth country, exposed
to TBE-risk area or reside in TBE-risk area were chosen for their
assumed relationship to the outcome variables and for their significance in the univariate analyses. Exposed to TBE-risk areas was
deﬁned as spending more than two weeks engaging in outdoor
activities in a high TBE-risk area. To avoid multicollinarity between
the variables low income and welfare, only income was kept in the
ﬁnal models. To avoid multicollinarity between exposed to TBErisk area and reside in TBE risk area, only exposed to TBE-risk area
was kept in ﬁnal models. Stratiﬁed analysis on vaccination status
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Fig. 2. Map of TBE risk areas in Stockholm greater region.
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income group (57%) and the group with not receiving social welfare (53%). Respondents who had been exposed to TBE-risk areas
by spending >2 weeks engaging in outdoor activities had higher
proportions (63%) vaccinated compared to those who had not been
exposed in the same way (28%). Thirty-seven percent of the respondents were protected during the season 2013, again with similar
gender distribution. Per age-group, those 60 years or older were
most likely to report being vaccinated (43%). Regarding protection during the 2013 (study-period) season, 46% of those who were
exposed to risk areas were protected. In general, for all variables,
weighted proportions for the whole regional population of 2.3 million were in accordance with our results. All baseline characteristics
can be found in Table 1.
3.2. Number of doses
Among those vaccinated, 69% stated that they had received
three or more TBE-vaccine doses. Twenty-two percent had received
one to two doses, 5% were unsure of number of doses and 4% of
the questionnaire responders had missing information. The above
proportions were similar for men and women. In relation to agegroups, the youngest (1–5 years) dominated the group reporting
receiving only 1–2 doses (56%) whereas only 9% of the oldest
age-group had received so few. The majority of the oldest agegroup reported having had 3 or more TBE-vaccine doses (83%)
(Table 2).
Fig. 3. Flow chart of the survey.

among those exposed to TBE-risk was also performed. Data management and analyses were carried out with SAS version 9.2 via
the user application SAS Enterprise Guide 5.1. As this project was
part of the routine epidemiological surveillance work carried out
at the Department of Communicable Disease Control and Prevention, ethical permission was not requested. We did not have access
to any identiﬁcation codes, names or addresses, as the distribution of questionnaires was handled in entirety by Statistic Sweden
(SCB). Information to the selected individuals about the study and
the linkage to other registers, including information that the survey
was voluntary and anonymous, were given in a standardized letter
accompanying the questionnaire from SCB.
3. Results

3.3. Probability of being vaccinated—Multivariate analysis
Adjusting for the other variables, the probability of being
TBE-vaccinated was higher among those who reported ≥2 week
exposure in a TBE-risk area (OR 4.13 95% CI 3.54–4.81). This group
was also signiﬁcantly more likely to have protection during the
study year 2013 (OR 3.93 95% CI 3.30–4.70). Individuals ≥60 years
of age had a higher probability compared to all other age groups to
be both vaccinated as well as protected during the study year 2013,
e.g. for the age group 18–59 compared to the oldest age group the
odds ratio of being vaccinated was 0.67 (95% CI 0.55–0.81). Also,
a high net household income was associated with a higher probability of being vaccinated (OR 2.10 95% CI 1.6–2.73) and protected
during 2013 (OR 2.18 95% CI 1.6–2.95). Being born outside Europe
correlated with a lower probability of TBE-vaccination (OR 0.57 95%
CI 0.39–0.83). No gender difference was found apart from a slightly
higher probability for females in being protected during 2013 (OR
1.19 95% CI 1.03–1.37) Table 3.

3.1. Baseline characteristics—Descriptive data
4. Discussion
Out of the 8000 individuals who received the questionnaire,
4763 (60%) responded and 4307 were included in the ﬁnal analyses (Fig. 3). Fifty-one percent of the respondents were parents to
children 1–17 years and 27% were 65 years or older. Ninety percent were born in Sweden. Seventy percent had reported engaging
in out-door activities in high TBE risk areas, between April and
September, for a period of 2 or more weeks. Fifty-three percent of all
respondents reported being vaccinated against TBE. The proportion
of vaccinated versus unvaccinated was similarly distributed with
respect to gender but not with respect to age, household income
and social welfare. Among those not vaccinated (n = 2043), the four
major reasons for not vaccinating were: I do not believe I am at risk
for getting TBE (28.6%), I think it is too expensive (25.6%), I did not have
the time or opportunity to get vaccinated against TBE (23%) and I am
worried about TBE vaccine side-effects (20.5%). In the group of unvaccinated who did not consider themselves at risk for TBE, 34% had
stated that they were out-door in risk-areas ≥2 weeks from April to
September. The highest proportions of vaccinated, per group, were
in the age-group 6–10 years old (61%), among those in the high

To our knowledge, this is the ﬁrst study of TBE-vaccination coverage in Sweden. The survey was undertaken in Stockholm County
which is one of the high endemic areas in Sweden and ﬁndings
here revealed signiﬁcant socioeconomic discrepancies in vaccination coverage. A broad understanding of vaccination coverage rates
will facilitate valid estimations of TBE infection risks in the region,
which to date have been impossible to estimate. These estimations
are imperative in determining the need for public health interventions for TBE protection.
The majority in our survey, 53% of the respondents, stated that
they were vaccinated against TBE but, importantly, our results display that about 1/3 (37%, 42% weighted) of individuals exposed to
a TBE risk area, spending more than 2 weeks engaging in outdoor
activities, were not vaccinated. When analyzing the reasons for not
being vaccinated we found that three of the major reasons were
that the respondents did not consider themselves at risk (but still
34% in this group had stated that they were exposed in risk areas
outdoors ≥2 weeks), were afraid of vaccine-side effects or thought
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Table 1
Baseline characteristics of the 4 307 survey respondents.

Survey total
Sex
Men
Women
Age groups
1–5 years
6–10 years
11–17 years
18–59 years
60+ years
Net household income†
Low
Middle
High
Social welfare in family
Yes
No
Birth country
Sweden
Other Nordic
Other Europe
Outside Europe
Reside in risk area
Yes
No
Exposed to risk area***
Yes
No

Total n (%)

Vaccinated*
n (%)

4307

2264 (53)

2142 (50)
2165 (50)

1131 (53)
1133 (52)

54
54

772 (36)
810 (37)

27
28

873 (20)
770 (18)
559 (13)
927 (22)
1178 (27)

373 (43)
470 (61)
328 (59)
453 (49)
640 (54)

37
54
53
36
45

237 (27)
343 (45)
207 (37)
288 (31)
507 (43)

22
42
33
23
34

355 (8)
715 (17)
3237 (75)

115 (32)
298 (42)
1851 (57)

30
32
46

73 (21)
194 (27)
1315 (41)

19
15
33

90 (2)
4217 (98)

18 (20)
2246 (53)

7
42

7 (8)
1575 (37)

3
28

3864 (90)
106 (2)
166 (4)
171 (4)

2099 (54)
44 (42)
68 (41)
53 (31)

46
40
27
16

1478 (38)
28 (26)
47 (28)
29 (17)

32
21
20
6

2187 (51)
2120 (49)

1296 (59)
968 (46)

56
40

910 (42)
672 (32)

38
27

2293 (70)
1312 (30)

1899 (63)
365 (28)

58
21

1368 (46)
214 (16)

58
21

Weighted proportion
Vaccinated (%)

Protection**
n (%)

Weighted proportion
with Protection (%)

1582 (37)

*

Deﬁned as vaccinated ever against TBE yes/no.
Either ≥3 doses or 2 doses of TBE-vaccine with most recent prior to 2013 season.
***
Spending more than 2 weeks engaging in outdoor activities in high risk area from April to September.

Weighted proportions derived from regional population estimates of 2.3 million individuals, based on survey response demographics.
†
Low income ≤ 150,000 Swedish Crones (SEK)/year, Middle = 150,000–299,999 SEK/year, High ≥ 300,000 SEK/year.
**

the vaccine was too expensive. In the multivariate analysis, having a high net household income doubled your probability of being
vaccinated. This implies that the current strategy of opportunistic vaccination with out of pocket-cost and no reimbursement is
inadequate in a highly TBE-endemic area. Variables not taken into
account might however also play a role e.g. lower educational level
and/or health literacy and this should be carefully considered when

informing about need for TBE-vaccination. When it comes to information about risk-areas and vaccine-side effects, the information
yielded from our study indicates that we have to strengthen the
public communication about TBE and the vaccine. Concerning age,
our results indicated that the older age group (≥60 years old) was
more likely to be TBE-vaccinated than the groups of 1–5 and 18–59
years old. This ﬁnding is reassuring given the fact that the older age

Table 2
Number of doses amongst those 2 264 vaccinated* .
Number of doses

Number vaccinated*
Sex
Men
Women
Age groups
1–5 years
6–10 years
11–17 years
18–59 years
60+ years
Net household income†
Low
Middle
High
Reside in risk area
Yes
No
Exposed to risk area***
Yes
No

1–2 n (%)

≥3 n (%)

Unsure n (%)

Missing n (%)

502 (22)

1558 (69)

105 (5)

99 (4)

267 (24)
235 (21)

757 (67)
801 (71)

52 (5)
63 (5)

55 (5)
44 (4)

209 (56)
104 (21)
49 (15)
80 (18)
60 (9)

146 (39)
335 (72)
234 (71)
315 (70)
528 (83)

3 (1)
14 (3)
22 (7)
32 (7)
34 (5)

15 (4)
17 (4)
23 (7)
26 (6)
18 (3)

41 (36)
58 (19)
403 (22)

61 (53)
207 (69)
1290 (70)

9 (8)
23 (10)
73 (4)

4 (4)
10 (10)
85 (5)

268 (21)
234 (24)

913 (70)
645 (67)

56 (5)
49 (5)

59 (5)
40 (4)

396 (21)
106 (29)

1341 (71)
217 (59)

78 (4)
27 (7)

84 (4)
15 (4)

*

Deﬁned as vaccinated ever against TBE yes/no.
Low income ≤ 150,000 SEK/year, Middle income = 150,000–299,999 SEK/year, High income ≥ 300,000 SEK/year.
***
Spending more than 2 weeks engaging in outdoor activities in high risk area from April to September.
†
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Table 3
Odds ratios and 95% Conﬁdence Intervals modeling probability of being vaccinated or probability of having protection.
TBE vaccinated* (yes/no)

Sex
Male
Female
Age
1–5 years
6–10 years
11–17 years
18–59 years
60+ years
Net household income†
Low
Middle
High
Social welfare in family
Yes
No
Birth country
Sweden
Other Nordic
Other Europe
Outside Europe
Reside in risk area
Yes
No
Exposed to risk area***
Yes
No

Protection** 2013 (yes/no)
a

n (%)

Crude OR

Adjusted OR

Crude OR

Adjusted ORa

2142 (50)
2165 (50)

Ref
0.98 (0.87–1.11)

Ref
1.09 (0.95–1.26)

Ref
1.06 (0.94–1.2)

Ref
1.19 (1.03–1.37)

691 (18)
650 (17)
471 (12)
900 (23)
1178 (30)

0.55 (0.45–0.66)
1.32 (1.09–1.60)
1.23 (0.99–1.53)
0.80 (0.67–0.95)
Ref

0.43 (0.35–0.54)
0.98 (0.79–1.22)
0.93 (0.73–1.18)
0.67 (0.55–0.81)
Ref

0.43 (0.35–0.53)
1.05 (0.87–1.28)
0.83 (0.66–1.03)
0.58 (0.49–0.71)
Ref

0.34 (0.27–0.42)
0.76 (0.61–0.94)
0.60 (0.50–0.76)
0.47 (0.39–0.58)
Ref

355 (8)
715 (17)
3237 (75)

Ref
1.49 (1.14–1.95)
2.79 (2.21–3.50)

Ref
1.23 (0.91–1.66)
2.10 (1.60–2.73)

Ref
1.44 (1.06–1.95)
2.64 (2.02–3.45)

Ref
1.14 (0.81–1.60)
2.18 (1.60–2.95)

90 (2)
4217 (98)

0.22 (0.13–0.37)
Ref

–
–

0.14 (0.07–0.31)
Ref

–
–

3864 (90)
106 (2)
166 (4)
171 (4)

Ref
0.60 (0.40–0.88)
0.58 (0.43–0.80)
0.38 (0.27–0.52)

Ref
0.59 (0.38–0.92)
0.77 (0.54–1.12)
0.57 (0.39–0.83)

Ref
0.58 (0.37–0.90)
0.64 (0.45–0.90)
0.33 (0.22–0.49)

Ref
0.56 (0.35–0.90)
0.75 (0.50–1.10)
0.49 (0.32–0.77)

2187 (51)
2120 (49)

1.73 (1.53–1.95)
Ref

–
–

1.53 (1.35–1.74)
Ref

–
–

2993 (70)
1312 (30)

4.5 (3.91–5.20)
Ref

4.13 (3.54–4.81)
Ref

4.32 (3.7–5.09)
Ref

3.93 (3.30–4.70)
Ref

*

Deﬁned as vaccinated ever against TBE yes/no.
Either ≥3 doses of TBE or 2 doses with most recent prior to 2013 season.
***
Spending more than 2 weeks engaging in outdoor activities in high risk area from April to September.
†
Low income ≤ 150,000 SEK/year, Middle = 150,000–299,999 SEK/year, High ≥ 300,000 SEK/year.
a
Adjusted OR, Odds ratios derived from multivariate regression models; CI, conﬁdence interval; adjusted for sex, age, income, birth country and TBE exposure risk.
**

groups are at greatest risk of severe and complicated TBE-disease
[13]. Given that, it is also encouraging that 69% of all respondents
and 83% of the oldest group answered that they had received ≥3
doses of TBE-vaccine. The probability of being vaccinated in relation
to gender showed a slightly higher probability of being protected
against TBE among females during the season 2013 (OR 1.19 95%
CI 1.03–1.37) compared to men. The majority of the TBE-cases are
diagnosed in men and the reason for this is not known, even though
this applies for most zoonotic diseases and is often referred to the
fact that men are more exposed [12].

above 18 years old. The deﬁnition of protection against TBE during the study year 2013 was either ≥3 vaccines doses or 2 doses
with the most recent prior to the 2013 season. This deﬁnition
might have be too strict considering recent publications in which
irregular intervals, in the majority of healthy individuals, are of
minor importance to the ability to boost an antibody response
[14,15]. On the other hand, studies in the older age-group have
shown that the ﬁrst 2–3 doses and to follow the recommendations
with regular boosters seem to be important to sustain protection
[16–18].

4.1. Methodological aspects

4.2. Estimation of the TBE-incidence in the unvaccinated
population

The main strength with our survey was our cooperation with
Statistics Sweden (SCB), which allowed us to conduct a randomized, purposive sample of individuals based on age and place of
residence, as well as allowed for anonymous linkage to relevant registers such as household-income and social-welfare status. Using
the data from SCB we could also identify weighted proportions
of the population in comparison with descriptive data from the
questionnaires. When doing so we were able to conclude that
our sample is, to a large extent, representative for the Stockholm
County population. Still, it is important to bear in mind the relatively small sample size in relation to the county population. The
possible selection bias of those who are vaccinated being more positive to answering a TBE questionnaire, which was conﬁrmed by
the slight overrepresentation of the respondents who were vaccinated when comparing weighted estimates, probably lead to an
overestimation of the proportion vaccinated. Also, at the time of
the questionnaire there had recently been a media boost about
the importance of vaccinating children for TBE. This might explain
the fact that 51% of the respondents were parents to children
<18 years old, making our conclusions less ﬁrm for the age-group

Based on the vaccination coverage estimate in our study (53%),
the number of reported unvaccinated TBE-cases at the year of the
survey (n = 92), and the regional population (2.3 million) we estimated the incidence of TBE in the unvaccinated population. This was
done by dividing the number of cases with the estimated unvaccinated population (47% of total i.e. 0.47 × 2.3 million = 1081,000).
The result yielded an estimated incidence of 8.5/100,000. In the agegroup >60 years old (n = 450,000), based on reported unvaccinated
cases (n = 25) and with a vaccination coverage of 54% the estimated
incidence based on our study was high as 12/100,000 in the unvaccinated population >60 years old (0.46 × 450,000 = 207,000).
Based on these estimates, the incidence in the unvaccinated
population seems to be very high, 8.5–12/100,000, and comparable with or even higher than other high endemic areas as the
Baltic region and in Central Europe. These high endemic countries
have developed national vaccination programs or reimbursement
strategies for all individuals or certain at risk groups [19].
Concerning the economic implications for vaccine reimbursement, a Slovenian study showed cost-effectiveness, from a societal
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perspective, of TBE-vaccination starting at 18 years old and continuing up to 80 years of age [20]. The TBE-incidence in Slovenia was
7.6–18.6/100,000 in 2000–2011 and the vaccination coverage was
12.4% in 2007 [10]. On the other hand, in Sweden, a recent health
economic analysis in Sörmland County, a highly TBE-endemic area
adjacent to Stockholm County, did not show cost-effectiveness
when the model included free vaccination for all ages. However,
in this report incidence ﬁgures were taking into account an estimated level of vaccination coverage of 25% [21]. Our result indicate
that this might be an underestimation and if so the conclusion
could rather have been a targeted reimbursement strategy, e.g. by
age-group.
Nearly twenty years ago, considering a maximum incidence
of 3.4/100,000, mass vaccination was calculated as an unrealistic
alternative for prevention of TBE in the Stockholm area but rather a
selected vaccination of groups at risk of contracting TBE [22]. Since
then an increasing number of TBE-cases have been reported at the
same time as an increasing numbers of sold TBE-doses. The annual
meetings of the International Scientiﬁc Working Group on TickBorne Encephalitis (ISW-TBE) [23,24] as well as a recent review [25]
encourage the need for including appropriate health economics of
TBE to help establish guidance on efﬁcient policies for TBE prevention.
5. Conclusions
This survey is the ﬁrst in Sweden that estimates TBE vaccination coverage. Based on our ﬁgures we have shown that the TBE
incidence must be discussed in relation to vaccination coverage
and possible strategies for reducing the number of cases. Also, we
have identiﬁed inequities, mainly related to income, in vaccination patterns of TBE-exposed individuals. Our ﬁndings show the
need for improved public health information on TBE risk areas and
vaccine safety. We intend to repeat a regional vaccination coverage study to better understand what potential measures should
be taken to reduce the number of TBE-cases. Hopefully our survey inspires other high-endemic regions to make similar surveys.
Considering the estimated high incidence in the unvaccinated
population, similar to other European regions who have already
implemented reimbursement strategies, as well as the socioeconomic discrepancies, we suggest discussion of targeted vaccination
and reimbursement strategies to reduce the number of patients
with TBE in Sweden. A future vaccination register would be valuable to follow the epidemiological situation of TBE in relation to
vaccination coverage.
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