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ABSTRACT

Objective: To estimate effectiveness of Tick-Borne Encephalitis (TBE) vaccination by time 
interval (<5, 5-10, and 10+ years) post-vaccination.

Design: A retrospective, matched case-control study.

Participants: Cases – all adult (age 18–79) TBE cases in Switzerland reported via the national 
mandatory disease reporting surveillance system from 2006–2020 (final n=1,868). Controls – 
community controls from a database of randomly selected adults (age 18–79) participating in 
a 2018 cross-sectional study of TBE vaccination in Switzerland (final n=4,625).

Primary outcome measures: For cases and controls, the number of TBE vaccine doses received 
and the time since last vaccination were determined. Individuals were classified as being 
“unvaccinated” (0 doses), “incomplete” (1–2 doses) or “complete” (3+ doses). Individuals 
with “complete” vaccination were further classified by time since the last dose was received 
(<5 years, 5–10 years, or 10+ years). A conditional logistic regression model was used to 
calculate Vaccine Effectiveness (VE: 100 x [1- odds ratio]) for each vaccination status category.

Results: VE for incomplete vaccination was 76.8% (95% CI 69.0–82.6). For complete 
vaccination, overall VE was 95.0% (93.5–96.1. When the most recent dose was received <5 
years prior VE was 91.6% (88.4–94.0), 95.2% (92.4–97.0) when the most recent dose was 
received 5–10 years prior, and 98.5% (96.8–99.2) when the most recent dose was received 
10+ years prior.

Conclusions: That VE does not decrease among completely vaccinated individuals over 10+ 
years since last vaccination supports the longevity of the protective response following 
complete TBE vaccination. Our findings support the effectiveness of 10-year TBE booster 
intervals currently used in Switzerland.

STRENGTHS AND LIMITATIONS OF THIS STUDY

- Switzerland has a complete national mandatory disease reporting surveillance system, 
and case data should be representative.

- The case-control design allows direct comparison of vaccination status among cases and 
individuals matched by sex, age, and area of residence.

- Despite a large number of cases (n=1,868), only a small number were vaccinated (n=151), 
preventing a more detailed analysis of factors which could affect VE within groups.

- Data on other factors which might impact the response to vaccination (chronic medical 
conditions, immunosuppression, age of first vaccination, whether individuals were 
vaccinated according to the recommended vaccination schedule) were not available.

- As cases and controls were matched by age, VE values between age groups cannot be 
directly compared.
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BACKGROUND

Tick-Borne Encephalitis (TBE) is a serious viral infection of the central nervous system which 
can result in permanent neurological injury and death. TBE is caused by the Tick-Borne 
Encephalitis Virus (TBEV), which is transmitted by ticks of the Ixodidae family. Currently, TBEV 
is endemic throughout much of Europe [1, 2]. In Switzerland, mandatory reporting of TBE 
cases was initiated in 1988. Since then, both the incidence and geographic range of disease 
have continued to increase. In 2020, the country experienced its most severe disease season 
with an overall incidence of 5.16 cases/100,000 individuals, exceeding the World Health 
Organization’s (WHO) definition of a “highly endemic” area [1, 2].

Vaccination is highly protective against TBE; producing virus-neutralizing antibodies which are 
associated with disease prevention, but are not universally considered the “correlate of 
protection”. Two vaccines are currently licensed by the European Medicines Agency (EMA): 
Encepur® and FSME-Immun®. Both are recommended for individuals living, working or 
traveling within endemic areas [2]. Both are administered as a primary series of three doses 
given at day 0, 1-3 months, and 5-12 months with booster doses every 36-60 months (3-5 
years) thereafter, depending on age and vaccine formulation [3, 4]. In 2006 the Swiss Federal 
Office of Public Health (FOPH) amended its official recommendation for TBE vaccination, 
extending the EMA-approved booster interval to 120 months (10 years) [5, 6].

Previous studies have demonstrated sustained levels of virus-specific and neutralizing 
antibodies up to and exceeding 10 years after TBE vaccination [7-9]. Whether this translates 
to sustained effectiveness, however, is not clear. Additionally, irregular TBE vaccination has 
been associated with reduced vaccine effectiveness (VE) [10, 11], indicating that deviations 
from the established vaccination schedule can influence lasting immunity. Whether the 
prolonged TBE booster intervals in Switzerland impact vaccine effectiveness is of great public 
health interest as reducing unnecessary vaccinations can improve cost-effectiveness and 
vaccine compliance. Here, we conducted a retrospective case-control study to evaluate TBE 
VE in Switzerland at <5, 5-10, and 10+ years post-vaccination.

METHODS

Study Design: We used a retrospective, matched case-control study design, comparing all TBE 
cases among adults 18-79 in Switzerland reported via the national mandatory disease 
reporting surveillance system in the 15-year period between 2006 and 2020, to community 
controls selected from a 2018 nationwide study of TBE vaccination coverage [12, 13].

Selection of Cases: TBE is a mandatory notifiable disease in Switzerland, with all confirmed 
TBE cases (based on serology and clinical picture [14]) reported via the national disease 
surveillance system [14, 15]. Age, sex, canton of residence and information on vaccination 
status, including number of doses received and date of last vaccination, are reported to the 
Swiss FOPH by the submitting physician. From the Swiss FOPH we obtained data for all TBE 
cases among residents of Switzerland aged 18-79 reported from 2006-2020. Among the 2,450 
eligible cases, 6 were excluded as sex was unknown, 550 were excluded as vaccination status 
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was unknown, and another 26 were excluded due to missing information on the number of 
vaccine doses received (final n=1,868, Figure 1). 

Selection of Controls: Community controls were selected from among a database of 
individuals participating in a 2018 cross-sectional study of TBE vaccination in Switzerland [12, 
13]. In brief, adults with a Swiss mailing address in each of three age groups (18-39, 40-59, 
60-79) were selected from each of the seven Swiss geographical regions (European NUTS-2 
level) by disproportional stratified random sampling. Selected individuals (n=26,880; 1,280 
from each age group and region) were requested by mail to submit a copy of their vaccination 
record. A total of 4,626 individuals submitted vaccination records. From these, date(s) of TBE 
immunization were recorded into a database. All participants in this database were eligible 
for inclusion into this study. One case was excluded due to missing information on vaccine 
dose number (final n=4,625, Figure 1).

Matching: Cases and controls were matched on sex, age (within 5-year intervals) and canton 
of residence (half-cantons - Basel City and Basel Land, Appenzell Ausserrhoden and Appenzell 
Innerrhoden, Nidwalden and Obwalden - were combined). All possible matches for each case 
were considered. Matching was performed using nearest neighbor matching with the matchit 
function in R v 4.0.3 [16], R Foundation for Statistical Computing, Vienna, Austria).

Analysis: For cases and controls, the total number of TBE vaccine doses received and the time 
since the most recent vaccination were determined. Individuals were classified as being 
“unvaccinated” (0 doses), “incomplete” (1-2 doses) or “complete” (3+ doses). Among those 
with “complete” vaccination, individuals were further classified by the time since the last dose 
was received (<5 years, 5-10 years, or 10+ years). Based on these criteria, a conditional logistic 
regression model was used to calculate Vaccine Effectiveness (VE: 100 x [1- odds ratio]) for 
each of the defined vaccination status categories. Statistical analyses were performed using 
Stata v.17.0 (StataCorp, LLC, College Station, TX, USA) and GraphPad Prism v.8.0 (GraphPad 
Software, Inc., San Diego, CA, USA); p values <0.05 were considered statistically significant.

Ethics Statement: Mandatory reporting data for TBE cases were provided to us by the Swiss 
FOPH, which maintains the national disease surveillance system. Data were provided to us in 
an anonymized form and were treated confidentially throughout the analysis, therefore, 
ethical approval was not necessary. For the cross-sectional TBE vaccination coverage 
database used to select controls, potential participants were sent a letter explaining the 
study’s purpose and stating that, by submitting vaccination records, they were voluntarily 
consenting to participation [12, 13]. All data were anonymized and treated confidentially 
throughout the analysis. The procedure and method of consent for the cross-sectional study 
were approved by the Department of Data Protection of the University of Zurich and the 
Ethics Committee of the Canton of Zurich (approval number 2017-02-027). 

Patient and Public Involvement: There was no patient and/or public involvement in the 
design, conduct, or dissemination plans of this research study.

RESULTS
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In total, 1,828 cases and 3,667 controls were matched for our study (Figure 1, Table 1). Among 
cases, 8.3% (n=151) had received at least 1 TBE vaccine dose, compared to 45.2% (n=1,656) 
of controls (p<0.0001 Chi-squared test). Of vaccinated cases, 49.7% were “incomplete” (1-2 
doses) and 50.3% were “complete” (3+ doses). Of vaccinated controls, 16.8% were 
“incomplete” and 83.2 were “complete” (p<0.0001 Chi-squared test).

VE for incomplete vaccination was 76.8% (95% CI 69.0-82.6, Table 1). For complete 
vaccination, overall VE was 95.0% (93.5-96.1, Table 1). When the most recent dose was 
received <5 years prior VE was 91.6% (88.4-94.0), 95.2% (92.4-97.0) when the most recent 
dose was received 5-10 years prior, and 98.5% (96.8-99.2) when the most recent dose was 
received 10+ years prior (Table 1). Compared to <5 years prior, VE 10+ years prior was 
significantly higher (p<0.0001 conditional logistic regression). These values were also 
comparable between those aged 18-39, 40-59, and 60-79 (Figure 2).

Among incompletely vaccinated TBE cases, the median time since last vaccination was 1.3 
years (15.5 months), compared to 6.7 years (79.8 months) for incompletely vaccinated 
controls (p<0.0001 Mantel-Cox Log-rank test) (Figure 3a). 37.5% of incompletely vaccinated 
cases occurred within 2 months of last vaccination. For completely vaccinated TBE cases, 
median time since last vaccination was 3.8 years (46.0 months) compared to 7.8 years (93.3 
months) for controls (p<0.0001 Mantel-Cox Log-rank test, Figure 3b). Comparing timing of 
last vaccination to the recommended booster vaccination scheme, 63.2% of cases had been 
last vaccinated within the preceding 5 years, 26.3% within the preceding 5-10 years and 10.5% 
had been last vaccinated more than 10 years prior. For controls, 38.0%, 28.8% and 33.3% of 
individuals had received a last vaccination <5, 5-10, or 10+ years prior, respectively (p<0.0001 
Chi-squared test).

Table 1. Demographic Breakdown of Cases and Controls and Vaccine Effectiveness by 
Vaccination Status

Controls
(n = 3,667)

Cases
(n = 1,828)

% Vaccine 
Effectiveness
(1-OR)*100

95% CI 
Lower

95% CI 
Upper p Value

Male 1,925 
(52.5%)

1,159 
(63.4%) - - - -

Female 1,742 
(47.5%)

669 
(36.6%) - - - -

18-39 1,060 
(28.9%)

463 
(25.3%) - - - -

40-59 1,257 
(34.3%)

800 
(43.8%) - - - -

60-79 1,350 
(36.8%)

565 
(30.9%) - - - -

Unvaccinated 2,011 
(54.8%)

1,677 
(91.7%) Ref. - - -
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1-2 Doses 
(Incomplete) 279 (7.6%) 75 (4.1%) 76.8 69.0 82.6 <0.001

3+ Doses 
(Complete)
<5 years

522 
(14.2%) 48 (2.6%) 91.6 88.4 94.0 <0.001

3+ Doses 
Complete
5-10 years

397 
(10.8%) 20 (1.1%) 95.2 92.4 97.0 <0.001

3+ Doses 
Complete
>10 years

458 
(12.5%) 8 (0.4%) 98.5 96.8 99.2 <0.001

3+ Doses 
(Complete)
Any time

1,377 
(37.6%) 76 (4.2%) 95.0 93.5 96.1 <0.001

DISCUSSION

Here we used a retrospective, matched case-control study design to investigate TBE VE in 
Switzerland considering both incomplete and complete vaccination, and, among completely 
vaccinated individuals, different time intervals since last vaccination. Of the 8.3% of cases that 
had received at least one vaccine dose, 50.3% were completely vaccinated (3+ doses). Based 
on this definition, we estimate a failure rate of 4.2%, which is in line with TBE vaccine failure 
rates estimated in other studies [10, 17-20], including two previous studies also using Swiss 
mandatory reporting data from the national database which we draw from here [21, 22].

Importantly, nearly half of vaccinated cases were among recipients of only 1-2 doses. Here, 
we calculated VE for incomplete vaccination at 76.8%, which was substantially and 
significantly less than that for complete vaccination (95.0%). Furthermore, we found that 
nearly 40% of the cases among incompletely vaccinated individuals occurred within 2 months 
of their last dose, suggesting they were exposed before they had developed a protective 
immune response to vaccination. As TBE is a strongly seasonal disease (peaking from April to 
October), and because primary vaccination for TBE according to the “conventional” schedule 
takes a minimum of 5-9 months, vaccination should ideally begin in the fall or winter of the 
year prior to planned exposure. Alternatively, a rapid immunization scheme, such as that used 
for Encepur® (0, 7 and 21 days plus a fourth dose after 12-18 months), could possibly provide 
an option to limit a period of reduced protection. Previous studies have not found substantial 
differences in serological response to TBE vaccination based on use of the “rapid” or 
“conventional” schedules [8, 23, 24]. While our dataset did not include complete timing of 
TBE vaccination history, which could allow us to investigate VE by vaccination schedule, such 
an analysis could be informative. 

Among completely vaccinated individuals, overall TBE VE was 95.0%. Interestingly, we did not 
observe a decrease in VE with increasing time since the last vaccine dose was received, 
consistent with the findings of a recent study evaluating TBE cases in vaccinated individuals 
using a different methodology [21]. If anything, VE was lower in the first 5 years following last 
vaccination compared to last vaccination 10+ years prior. We further observed the median 
time to vaccine failure among completely vaccinated cases was 3.8 years (46.0 months). While 
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not completely clear, this observation could potentially be explained by a fraction of 
individuals which remained insufficiently protected by vaccination. The median time to 
vaccine failure did not, however, differ between cases having received 3 doses or those having 
received 4+ doses (not shown), suggesting no impact of adding an additional dose. It should 
also be noted that we did not observe appreciable differences in overall VE or VE over time 
between age groups (in agreement with findings summarized in a recent systematic review 
of TBE vaccine booster intervals [25]).

An important limitation of our study is the relatively small number of vaccinated cases 
(n=151). Furthermore, we do not have data on other factors which might impact the response 
to vaccination such that we could control for them in our analysis. Whether individuals have 
a chronic medical condition or immunosuppression [26-29], the age at which the person was 
first vaccinated, [17, 20, 30, 31] or whether they were regularly vaccinated in their primary 
series [10, 11] and possibly whether they received a “conventional” or “rapid” schedule, could 
potentially have an impact on our assessment of VE. An additional limitation is that, while we 
found that TBE VE appeared similar between age groups, as we matched cases and controls 
by age we were unable to directly compare VE values. Several studies have demonstrated, 
though, reduced serological responses to TBE vaccination among older individuals, and, that 
vaccine failures may be increased among older individuals, though this is not completely clear 
[17, 20, 30, 31]. Whether TBE VE differs by age, however, remains an important question 
warranting further study.

Taken together, and despite our study limitations, these results do not indicate a consistent 
decrease in TBE VE over time among fully-vaccinated individuals, as might be predicted by 
antibody decay kinetics. These findings also highlight that antibody responses may not 
necessarily always be a suitable surrogate for VE estimates, which have been shown to decline 
with time in several publications [7, 9, 32, 33].

CONCLUSIONS

Despite that a substantial portion of the Swiss population has been vaccinated for TBE—42% 
coverage for 1 dose and 34% for 3 doses [12] —disease incidence continues to increase, 
indicating that current vaccination coverage is insufficient. To better address this, additional 
information related to vaccination uptake, schedule compliance, and effectiveness is needed. 
Our findings highlight the increased effectiveness of complete (3+ dose) versus incomplete 
(1-2 dose) TBE vaccination. That 40% of breakthroughs among incompletely vaccinated 
individuals occur within 1-2 months of vaccination suggests that individuals are being exposed 
before they have had time to develop a protective immune response to vaccination. That VE 
does not appreciably change or decrease among completely vaccinated individuals over 10+ 
years since last vaccination supports the longevity of the protective response following 
complete TBE vaccination; also among both younger and older age groups. In total, our 
findings support the effectiveness of 10-year TBE booster intervals currently used in 
Switzerland.
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FIGURE LEGENDS

Figure 1. Study Flow Diagram.

Figure 2. Vaccine Effectiveness by Age. For each age group (18-39, 40-59, and 60-79), 
individuals were categorized as unvaccinated, incompletely vaccinated (1-2 doses), 
completely vaccinated (3+ doses) <5 years prior, 5-10 years prior, or 10+ years prior and VE 
was calculated using the formula (VE=100*1-Odds Ratio), with unvaccinated as the reference.

Figure 3. Time Since Last Vaccination Among Vaccinated Cases and Controls. (A) Among 
incompletely vaccinated cases (n=75) or controls (n=279), the percentage of individuals (with 
95% Confidence Intervals) that received their last vaccine dose by indicated times. (B) Among 
completely vaccinated cases (n=76) or controls (n=1,377), the percentage of individuals (with 
95% Confidence Intervals) that received their last vaccine dose by indicated times.
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Figure 1. Study Flow Diagram
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Reporting checklist for case-control study.
Based on the STROBE case-control guidelines.

Instructions to authors
Complete this checklist by entering the page numbers from your manuscript where readers will find each of the 
items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the 
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short 
explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE case-controlreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting 
observational studies.

Reporting Item
Page 

Number

Title and 
abstract

Title #1a Indicate the study’s design with a commonly used term in the title or 
the abstract

1

Abstract #1b Provide in the abstract an informative and balanced summary of what 
was done and what was found

2

Introduction

Background / 
rationale

#2 Explain the scientific background and rationale for the investigation 
being reported

2, 3

Objectives #3 State specific objectives, including any prespecified hypotheses 3

Methods

Study design #4 Present key elements of study design early in the paper 3

Setting #5 Describe the setting, locations, and relevant dates, including periods 3
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of recruitment, exposure, follow-up, and data collection

Eligibility criteria #6a Give the eligibility criteria, and the sources and methods of case 
ascertainment and control selection. Give the rationale for the choice 
of cases and controls. For matched studies, give matching criteria and 
the number of controls per case

3

Eligibility criteria #6b For matched studies, give matching criteria and the number of 
controls per case

3

#7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if 
applicable

3

Data sources / 
measurement

#8 For each variable of interest give sources of data and details of 
methods of assessment (measurement). Describe comparability of 
assessment methods if there is more than one group. Give information 
separately for cases and controls.

3, 4

Bias #9 Describe any efforts to address potential sources of bias NA

Study size #10 Explain how the study size was arrived at 3

Quantitative 
variables

#11 Explain how quantitative variables were handled in the analyses. If 
applicable, describe which groupings were chosen, and why

3, 4

Statistical 
methods

#12a Describe all statistical methods, including those used to control for 
confounding

4

Statistical 
methods

#12b Describe any methods used to examine subgroups and interactions 4

Statistical 
methods

#12c Explain how missing data were addressed 3, 4

Statistical 
methods

#12d If applicable, explain how matching of cases and controls was 
addressed

3, 4

Statistical 
methods

#12e Describe any sensitivity analyses NA

Results

Participants #13a Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, 
included in the study, completing follow-up, and analysed. Give 

3, Figure 
1, Table 1
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information separately for cases and controls.

Participants #13b Give reasons for non-participation at each stage 3, Figure 1

Participants #13c Consider use of a flow diagram Figure 1

Descriptive data #14a Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders. Give 
information separately for cases and controls

Table 1

Descriptive data #14b Indicate number of participants with missing data for each variable of 
interest

3, Figure 
1, Table 1

Outcome data #15 Report numbers in each exposure category, or summary measures of 
exposure. Give information separately for cases and controls

Table 1

Main results #16a Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make 
clear which confounders were adjusted for and why they were 
included

4, Table 1

Main results #16b Report category boundaries when continuous variables were 
categorized

4, Table 1

Main results #16c If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

NA

Other analyses #17 Report other analyses done—e.g., analyses of subgroups and 
interactions, and sensitivity analyses

4, Figure 
2, Figure 3

Discussion

Key results #18 Summarise key results with reference to study objectives 5, 6

Limitations #19 Discuss limitations of the study, taking into account sources of 
potential bias or imprecision. Discuss both direction and magnitude of 
any potential bias.

6

Interpretation #20 Give a cautious overall interpretation considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and 
other relevant evidence.

6, 7

Generalisability #21 Discuss the generalisability (external validity) of the study results 7

Other 
Information
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7

Notes:

• 13a: 3, Figure 1, Table 1

• 13b: 3, Figure 1

• 14b: 3, Figure 1, Table 1

• 17: 4, Figure 2, Figure 3 The STROBE checklist is distributed under the terms of the Creative Commons 
Attribution License CC-BY. This checklist was completed on 18. January 2022 using 
https://www.goodreports.org/, a tool made by the EQUATOR Network in collaboration with Penelope.ai
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ABSTRACT

Objective: To estimate effectiveness of Tick-Borne Encephalitis (TBE) vaccination by time 
interval (<5, 5-10, and 10+ years) post-vaccination.

Design: A retrospective, matched case-control study.

Participants: Cases – all adult (age 18–79) TBE cases in Switzerland reported via the national 
mandatory disease reporting surveillance system from 2006–2020 (final n=1,868). Controls – 
community controls from a database of randomly selected adults (age 18–79) participating in 
a 2018 cross-sectional study of TBE vaccination in Switzerland (final n=4,625).

Primary outcome measures: For cases and controls, the number of TBE vaccine doses received 
and the time since last vaccination were determined. Individuals were classified as being 
“unvaccinated” (0 doses), “incomplete” (1–2 doses) or “complete” (3+ doses). Individuals 
with “complete” vaccination were further classified by time since the last dose was received 
(<5 years, 5–10 years, or 10+ years). A conditional logistic regression model was used to 
calculate Vaccine Effectiveness (VE: 100 x [1- odds ratio]) for each vaccination status category.

Results: VE for incomplete vaccination was 76.8% (95% CI 69.0–82.6). For complete 
vaccination, overall VE was 95.0% (93.5–96.1). When the most recent dose was received <5 
years prior VE was 91.6% (88.4–94.0), 95.2% (92.4–97.0) when the most recent dose was 
received 5–10 years prior, and 98.5% (96.8–99.2) when the most recent dose was received 
10+ years prior.

Conclusions: That VE does not decrease among completely vaccinated individuals over 10+ 
years since last vaccination supports the longevity of the protective response following 
complete TBE vaccination. Our findings support the effectiveness of 10-year TBE booster 
intervals currently used in Switzerland.

STRENGTHS AND LIMITATIONS OF THIS STUDY

- Switzerland has a nearly complete national mandatory disease reporting surveillance 
system, and case data should be representative.

- The case-control design allows direct comparison of vaccination status among cases and 
individuals matched by sex, age, and area of residence.

- Despite a large number of TBE cases (n=1,868), only a small number were vaccinated 
(n=151), preventing a more detailed analysis of factors which could affect VE within 
groups.

- Data on other factors which might impact the response to vaccination (chronic medical 
conditions, immunosuppression, age of first vaccination, whether individuals were 
vaccinated according to the recommended vaccination schedule) were not available.
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- As cases and controls were matched by age, VE values between age groups cannot be 
directly compared.

BACKGROUND

Tick-Borne Encephalitis (TBE) is a serious viral infection of the central nervous system which 
can result in permanent neurological injury and death. TBE is caused by the Tick-Borne 
Encephalitis Virus (TBEV), which is transmitted by ticks of the Ixodidae family. Currently, TBEV 
is endemic throughout much of Europe [1, 2]. In Switzerland, mandatory reporting of TBE 
cases was initiated in 1988. Since then, both the incidence and geographic range of disease 
have continued to increase. In 2020, the country experienced its most severe disease season 
with an overall incidence of 5.16 cases/100,000 individuals, exceeding the World Health 
Organization’s (WHO) definition of a “highly endemic” area [1, 2].

Vaccination is highly protective against TBE; producing virus-neutralizing antibodies which are 
associated with disease prevention, but are not universally considered the “correlate of 
protection”. Two vaccines are currently licensed by the European Medicines Agency (EMA): 
Encepur® and FSME-Immun®. Both are recommended for individuals living, working or 
traveling within endemic areas [2]. Both are administered as a primary series of three doses 
given at day 0, 1-3 months, and 5-12 months with booster doses every 36-60 months (3-5 
years) thereafter, depending on age and vaccine formulation [3, 4]. In 2006 the Swiss Federal 
Office of Public Health (FOPH) amended its official recommendation for TBE vaccination, 
extending the Swissmedic and EMA-approved booster interval to 120 months (10 years) [5, 
6].

Previous studies have demonstrated sustained levels of virus-specific and neutralizing 
antibodies up to and exceeding 10 years after TBE vaccination [7-9]. Whether this translates 
to sustained effectiveness, however, is not clear. Additionally, irregular TBE vaccination has 
been associated with reduced vaccine effectiveness (VE) [10, 11], indicating that deviations 
from the established vaccination schedule can influence lasting immunity. Whether the 
prolonged TBE booster intervals in Switzerland impact vaccine effectiveness is of great public 
health interest as reducing unnecessary vaccinations can improve cost-effectiveness and 
vaccine compliance. Here, we conducted a retrospective case-control study to evaluate TBE 
VE in Switzerland at <5, 5-10, and 10+ years post-vaccination.

METHODS

Study Design: We used a retrospective, matched case-control study design, comparing all TBE 
cases among adults 18-79 in Switzerland reported via the national mandatory disease 
reporting surveillance system in the 15-year period between 2006 and 2020, to community 
controls selected from a 2018 nationwide study of TBE vaccination coverage [12, 13].

Selection of Cases: TBE is a mandatory notifiable disease in Switzerland, with all confirmed 
TBE cases (based on serology and clinical picture [14]) reported by laboratories to the national 
disease surveillance system [14, 15]. Age, sex, canton of residence and information on 
vaccination status, including number of doses received and date of last vaccination, are 
reported to the Swiss FOPH by the submitting physician. From the Swiss FOPH we obtained 
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data for all TBE cases among residents of Switzerland aged 18-79 reported from 2006-2020. 
Among the 2,450 eligible cases, 6 were excluded as sex was unknown, 550 were excluded as 
vaccination status was unknown, and another 26 were excluded due to missing information 
on the number of vaccine doses received (final n=1,868, Figure 1). 

Selection of Controls: Community controls were selected from among a database of 
individuals participating in a 2018 cross-sectional study of TBE vaccination in Switzerland [12, 
13]. In brief, adults with a Swiss mailing address in each of three age groups (18-39, 40-59, 
60-79) were selected from each of the seven Swiss geographical regions (European NUTS-2 
level) by disproportional stratified random sampling. Selected individuals (n=26,880; 1,280 
from each age group and region) were requested by mail to submit a copy of their vaccination 
record. A total of 4,626 individuals submitted vaccination records. From these, date(s) of TBE 
immunization were recorded into a database. All participants in this database were eligible 
for inclusion into this study. One case was excluded due to missing information on vaccine 
dose number (final n=4,625, Figure 1).

Matching: Cases and controls were matched on sex, age (within 5-year intervals) and canton 
of residence (half-cantons were combined). All possible matches for each case were 
considered. Matching was performed using nearest neighbor matching with the matchit 
function in R v 4.0.3 [16], R Foundation for Statistical Computing, Vienna, Austria).

Analysis: For cases and controls, the total number of TBE vaccine doses received and the time 
since the most recent vaccination were determined. Individuals were classified as being 
“unvaccinated” (0 doses), “incomplete” (1-2 doses) or “complete” (3+ doses). Among those 
with “complete” vaccination, individuals were further classified by the time since the last dose 
was received (<5 years, 5-10 years, or 10+ years). Based on these criteria, a conditional logistic 
regression model was used to calculate Vaccine Effectiveness (VE: 100 x [1- odds ratio]) for 
each of the defined vaccination status categories. Statistical analyses were performed using 
Stata v.17.0 (StataCorp, LLC, College Station, TX, USA) and GraphPad Prism v.8.0 (GraphPad 
Software, Inc., San Diego, CA, USA); p values <0.05 were considered statistically significant.

Ethics Statement: Mandatory reporting data for TBE cases were provided to us by the Swiss 
FOPH, which maintains the national disease surveillance system. Data were provided to us in 
an anonymized form and were treated confidentially throughout the analysis, therefore, 
ethical approval was not necessary. For the cross-sectional TBE vaccination coverage 
database used to select controls, potential participants were sent a letter explaining the 
study’s purpose and stating that, by submitting vaccination records, they were voluntarily 
consenting to participation [12, 13]. All data were anonymized and treated confidentially 
throughout the analysis. The procedure and method of consent for the cross-sectional study 
were approved by the Department of Data Protection of the University of Zurich and the 
Ethics Committee of the Canton of Zurich (approval number 2017-02-027). 

Patient and Public Involvement: There was no patient and/or public involvement in the 
design, conduct, or dissemination plans of this research study.

RESULTS
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In total, 1,828 cases and 3,667 controls were matched for our study (Figure 1, Table 1). Among 
cases, 8.3% (n=151) had received at least 1 TBE vaccine dose, compared to 45.2% (n=1,656) 
of controls (p<0.0001 Chi-squared test). Of vaccinated cases, 49.7% were “incomplete” (1-2 
doses) and 50.3% were “complete” (3+ doses). Of vaccinated controls, 16.8% were 
“incomplete” and 83.2 were “complete” (p<0.0001 Chi-squared test).

VE for incomplete vaccination was 76.8% (Table 1). For complete vaccination, overall VE was 
95.0%. When the most recent dose was received <5 years prior VE was 91.6%, 95.2% when 
the most recent dose was received 5-10 years prior, and 98.5% when the most recent dose 
was received 10+ years prior. Compared to <5 years prior, VE 10+ years prior was significantly 
higher (p<0.0001 conditional logistic regression). These values were also comparable 
between those aged 18-39, 40-59, and 60-79 (Figure 2).

Among incompletely vaccinated TBE cases, the median time since last vaccination was 1.3 
years (15.5 months), compared to 6.7 years (79.8 months) for incompletely vaccinated 
controls (p<0.0001 Mantel-Cox Log-rank test) (Figure 3a). 37.5% of incompletely vaccinated 
cases occurred within 2 months of last vaccination. For completely vaccinated TBE cases, 
median time since last vaccination was 3.8 years (46.0 months) compared to 7.8 years (93.3 
months) for controls (p<0.0001 Mantel-Cox Log-rank test, Figure 3b). Comparing timing of 
last vaccination to the recommended booster vaccination scheme, 63.2% of cases had been 
last vaccinated within the preceding 5 years, 26.3% within the preceding 5-10 years and 10.5% 
had been last vaccinated more than 10 years prior. For controls, 38.0%, 28.8% and 33.3% of 
individuals had received a last vaccination <5, 5-10, or 10+ years prior, respectively (p<0.0001 
Chi-squared test).

Table 1. Demographic Breakdown of Cases and Controls and Vaccine Effectiveness by 
Vaccination Status

Controls
(n = 3,667)

Cases
(n = 1,828)

% Vaccine 
Effectiveness
(1-OR)*100

95% CI 
Lower

95% CI 
Upper p Value

Male 1,925 
(52.5%)

1,159 
(63.4%) - - - -

Female 1,742 
(47.5%)

669 
(36.6%) - - - -

18-39 1,060 
(28.9%)

463 
(25.3%) - - - -

40-59 1,257 
(34.3%)

800 
(43.8%) - - - -

60-79 1,350 
(36.8%)

565 
(30.9%) - - - -

Unvaccinated 2,011 
(54.8%)

1,677 
(91.7%) Ref. - - -

1-2 Doses 
(Incomplete) 279 (7.6%) 75 (4.1%) 76.8 69.0 82.6 <0.001
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3+ Doses 
(Complete)
<5 years

522 
(14.2%) 48 (2.6%) 91.6 88.4 94.0 <0.001

3+ Doses 
Complete
5-10 years

397 
(10.8%) 20 (1.1%) 95.2 92.4 97.0 <0.001

3+ Doses 
Complete
>10 years

458 
(12.5%) 8 (0.4%) 98.5 96.8 99.2 <0.001

3+ Doses 
(Complete)
Any time

1,377 
(37.6%) 76 (4.2%) 95.0 93.5 96.1 <0.001

DISCUSSION

Here we used a retrospective, matched case-control study design to investigate TBE VE in 
Switzerland considering both incomplete and complete vaccination, and, among completely 
vaccinated individuals, different time intervals since last vaccination. Of the 8.3% of cases that 
had received at least one vaccine dose, 50.3% were completely vaccinated (3+ doses). Based 
on this definition, we estimate a failure rate of 4.2%, which is in line with TBE vaccine failure 
rates estimated in other studies [10, 17-20], including two previous studies also using Swiss 
mandatory reporting data from the national database which we draw from here [21, 22].

Importantly, nearly half of vaccinated cases were among recipients of only 1-2 doses. Here, 
we calculated VE for incomplete vaccination at 76.8%, which was substantially and 
significantly less than that for complete vaccination (95.0%). Furthermore, we found that 
nearly 40% of the cases among incompletely vaccinated individuals occurred within 2 months 
of their last dose, suggesting they were exposed before they had developed a protective 
immune response to vaccination. As TBE is a strongly seasonal disease (peaking from April to 
October), and because primary vaccination for TBE according to the “conventional” schedule 
takes a minimum of 5-9 months, vaccination should ideally begin in the fall or winter of the 
year prior to planned exposure. Alternatively, a rapid immunization scheme (0, 7 and 21 days 
plus a fourth dose after 12-18 months for Encepur or 0 and 14 days plus a third dose after 5-
12 months for FSME-Immun [3, 4]), could potentially provide an option to limit a period of 
reduced protection. Previous studies have not found substantial differences in serological 
response to TBE vaccination based on use of the “rapid” or “conventional” schedules [8, 23, 
24]. While our dataset did not include complete timing of TBE vaccination history, which could 
allow us to investigate VE by vaccination schedule, such an analysis could be informative. 

Among completely vaccinated individuals, overall TBE VE was 95.0%. Interestingly, we did not 
observe a decrease in VE with increasing time since the last vaccine dose was received, 
consistent with the findings of a recent study evaluating TBE cases in vaccinated individuals 
using a different methodology [21]. If anything, VE was lower in the first 5 years following last 
vaccination compared to last vaccination 10+ years prior. We further observed the median 
time to vaccine failure among completely vaccinated cases was 3.8 years (46.0 months). While 
not completely clear, this observation could potentially be explained by a fraction of 
individuals which remained insufficiently protected by vaccination. The median time to 
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vaccine failure did not, however, differ between cases having received 3 doses or those having 
received 4+ doses (not shown), suggesting no impact of adding an additional dose. It should 
also be noted that we did not observe appreciable differences in overall VE or VE over time 
between age groups (in agreement with findings summarized in a recent systematic review 
of TBE vaccine booster intervals [25]).

An important limitation of our study is the relatively small number of vaccinated cases 
(n=151). Furthermore, we do not have data on other factors which might impact the response 
to vaccination such that we could control for them in our analysis. Whether individuals have 
a chronic medical condition or immunosuppression [26-29], the age at which the person was 
first vaccinated, [17, 20, 30, 31], whether they were regularly vaccinated in their primary 
series [10, 11], and possibly whether they received a “conventional” or “rapid” schedule, 
could potentially have an impact on our assessment of VE. An additional limitation is that, 
while we found TBE VE appeared similar between age groups, as we matched cases and 
controls by age we were unable to directly compare VE values. While some studies have 
demonstrated reduced serological responses to TBE vaccination and increased vaccine 
breakthrough in older individuals [17, 20, 30, 31], other work has shown vaccination 
breakthrough to be comparable between older and younger age groups, and that VE remains 
high even among those aged 60+ [32, 33]. Clarifying how TBE VE is impacted by age remains 
an important area warranting further study.

Taken together, and despite our study limitations, these results do not indicate a consistent 
decrease in TBE VE over time among fully-vaccinated individuals, as might be predicted by 
antibody decay kinetics. These findings also highlight that antibody responses may not 
necessarily always be a suitable surrogate for VE estimates, which have been shown to decline 
with time in several publications [7, 9, 34, 35].

CONCLUSIONS

Despite that a substantial portion of the Swiss population has been vaccinated for TBE—42% 
coverage for 1 dose and 34% for 3 doses [12] —disease incidence continues to increase, 
indicating that current vaccination coverage is insufficient. To better address this, additional 
information related to vaccination uptake, schedule compliance, and effectiveness is needed. 
Our findings highlight the increased effectiveness of complete (3+ dose) versus incomplete 
(1-2 dose) TBE vaccination. That 40% of breakthroughs among incompletely vaccinated 
individuals occur within 1-2 months of vaccination suggests that individuals are being exposed 
before they have had time to develop a protective immune response to vaccination. That VE 
does not appreciably change or decrease among completely vaccinated individuals over 10+ 
years since last vaccination supports the longevity of the protective response following 
complete TBE vaccination; also among both younger and older age groups. In total, our 
findings support the effectiveness of 10-year TBE booster intervals currently used in 
Switzerland.
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FIGURE LEGENDS

Figure 1. Study Flow Diagram.

Figure 2. Vaccine Effectiveness by Age. For each age group (18-39, 40-59, and 60-79), 
individuals were categorized as unvaccinated, incompletely vaccinated (1-2 doses), 
completely vaccinated (3+ doses) <5 years prior, 5-10 years prior, or 10+ years prior and VE 
was calculated using the formula (VE=100*1-Odds Ratio), with unvaccinated as the reference.

Figure 3. Time Since Last Vaccination Among Vaccinated Cases and Controls. (A) Among 
incompletely vaccinated cases (n=75) or controls (n=279), the percentage of individuals (with 
95% Confidence Intervals) that received their last vaccine dose by indicated times. (B) Among 
completely vaccinated cases (n=76) or controls (n=1,377), the percentage of individuals (with 
95% Confidence Intervals) that received their last vaccine dose by indicated times.

Page 10 of 19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061228 on 22 A

pril 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

10

REFERENCES

[1] Swiss Federal Office of Public Health. Zahlen zu Infektionskrankheiten - 
Zeckenenzephalitis FSME [Numbers for Infectious Illnesses - Tick-borne Encephalitis - TBE]. 
2021. Available from: https://www.bag.admin.ch/bag/de/home/zahlen-und-
statistiken/zahlen-zu-
infektionskrankheiten.exturl.html/aHR0cHM6Ly9tZWxkZXN5c3RlbWUuYmFnYXBwcy5jaC9p
bmZyZX/BvcnRpbmcvZGF0ZW5kZXRhaWxzL2QvZnNtZS5odG1sP3dlYmdy/YWI9aWdub3Jl.ht
ml.
[2] World Health Organization. Vaccines against tick-borne encephalitis: WHO position 
paper -- recommendations. Vaccine. 2011;29(48):8769-70.
[3] Swissmedic. Encepur N, Encepur N Fachinfo [Technical Information]: Compendium.ch. 
2020. Available from: https://compendium.ch/product/105785-encepur-n-inj-susp/mpro.
[4] Swissmedic. FSME-Immun® CC Fachinfo [Technical Information]: Compendium.ch. 2020. 
Available from: https://compendium.ch/product/1364944-fsme-immun-cc-inj-susp-sep-
nadel/mpro.
[5] Swiss Federal Offic of Public Health. Empfehlungen zur Impfung gegen 
Zeckenenzephalitis [Recommendation for Vaccination against Tick-borne Encephalitis]. 
2006. Available from: https://www.bag.admin.ch/dam/bag/de/dokumente/nat-
gesundheitspolitik/klimawandel/hitzewelle/hintergrundinfos/info-
zecken/impfempfehlungen.pdf.download.pdf/impfempfehlungen.pdf.
[6] Swiss Federal Offic of Public Health. Schweizerischer Impfplan [Swiss Immunization 
Schedule]. 2020. Available from: https://www.bag.admin.ch/bag/de/home/gesund-
leben/gesundheitsfoerderung-und-praevention/impfungen-prophylaxe/schweizerischer-
impfplan.html.
[7] Paulke-Korinek M, Kundi M, Laaber B, Brodtraeger N, Seidl-Friedrich C, Wiedermann U, 
et al. Factors associated with seroimmunity against tick borne encephalitis virus 10 years 
after booster vaccination. Vaccine. 2013;31(9):1293-7.
[8] Beran J, Xie F, Zent O. Five year follow-up after a first booster vaccination against tick-
borne encephalitis following different primary vaccination schedules demonstrates long-
term antibody persistence and safety. Vaccine. 2014;32(34):4275-80.
[9] Konior R, Brzostek J, Poellabauer EM, Jiang Q, Harper L, Erber W. Seropersistence of TBE 
virus antibodies 10 years after first booster vaccination and response to a second booster 
vaccination with FSME-IMMUN 0.5mL in adults. Vaccine. 2017;35(28):3607-13.
[10] Heinz FX, Holzmann H, Essl A, Kundi M. Field effectiveness of vaccination against tick-
borne encephalitis. Vaccine. 2007;25(43):7559-67.
[11] Heinz FX, Stiasny K, Holzmann H, Grgic-Vitek M, Kriz B, Essl A, et al. Vaccination and 
tick-borne encephalitis, central Europe. Emerg Infect Dis. 2013;19(1):69-76.
[12] Baroutsou V, Zens KD, Sinniger P, Fehr J, Lang P. Analysis of Tick-borne Encephalitis 
vaccination coverage and compliance in adults in Switzerland, 2018. Vaccine. 
2020;38(49):7825-33.
[13] Zens KD, Baroutsou V, Sinniger P, Lang P. A Cross-Sectional Study Evaluating Tick-borne 
Encephalitis Vaccine Uptake and Timeliness Among Adults in Switzerland. medRxiv. 
2021:2021.02.04.21251135.
[14] Dobler PDG, Erber W, Bröker M, Schmit PDHJ. The TBE Book: 2nd Edition: Global Health 
Press Pte Limited; 2019.

Page 11 of 19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061228 on 22 A

pril 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

11

[15] Swiss Federal Office of Public Health. Infektionskrankheiten melden - 
Zeckenenzephalitis FSME [Infectious Disease Reporting - Tick-borne Encephalitis - TBE]. 
2021. Available from: 
https://www.bag.admin.ch/bag/de/home/krankheiten/infektionskrankheiten-
bekaempfen/meldesysteme-infektionskrankheiten/meldepflichtige-
ik/meldeformulare.html#-1611150545.
[16] Ho D, Imai K, King G, Stuart EA. MatchIt: Nonparametric Preprocessing for Parametric 
Causal Inference. Journal of Statistical Software. 2011;42(8):1 - 28.
[17] Hansson K, Rosdahl A, Insulander M, Vene S, Lindquist L, Gredmark-Russ S, et al. Tick-
borne encephalitis (TBE) vaccine failures: A ten-year retrospective study supporting the 
rationale for adding an extra priming dose in individuals from the age of 50 years. Clin Infect 
Dis. 2019.
[18] Zavadska D, Odzelevica Z, Karelis G, Liepina L, Litauniece ZA, Bormane A, et al. Tick-
borne encephalitis: A 43-year summary of epidemiological and clinical data from Latvia 
(1973 to 2016). PLoS One. 2018;13(11):e0204844.
[19] Lindqvist R, Rosendal E, Weber E, Asghar N, Schreier S, Lenman A, et al. The envelope 
protein of tick-borne encephalitis virus influences neuron entry, pathogenicity, and vaccine 
protection. Journal of Neuroinflammation. 2020;17(1):284.
[20] Lotrič-Furlan S, Bogovič P, Avšič-Županc T, Jelovšek M, Lusa L, Strle F. Tick-borne 
encephalitis in patients vaccinated against this disease. Journal of internal medicine. 
2017;282(2):142-55.
[21] Schmidt AJ, Altpeter E, Graf S, Steffen R. Tick-borne encephalitis (TBE) in Switzerland: 
Does the prolongation of vaccine booster intervals result in an increased risk of 
breakthroughs? J Travel Med. 2021.
[22] Schuler M, Zimmermann H, Altpeter E, Heininger U. Epidemiology of tick-borne 
encephalitis in Switzerland, 2005 to 2011. Euro Surveill. 2014;19(13).
[23] Galgani I, Bunge EM, Hendriks L, Schludermann C, Marano C, De Moerlooze L. 
Systematic literature review comparing rapid 3-dose administration of the GSK tick-borne 
encephalitis vaccine with other primary immunization schedules. Expert Rev Vaccines. 
2017;16(9):919-32.
[24] Rampa JE, Askling HH, Lang P, Zens KD, Gultekin N, Stanga Z, et al. Immunogenicity and 
safety of the tick-borne encephalitis vaccination (2009-2019): A systematic review. Travel 
Med Infect Dis. 2020;37:101876.
[25] Steffen R, Erber W, Schmitt HJ. Can the booster interval for the tick-borne encephalitis 
(TBE) vaccine ‘FSME-IMMUN’ be prolonged? — A systematic review. Ticks and Tick-borne 
Diseases. 2021;12(5):101779.
[26] Dengler TJ, Zimmermann R, Meyer J, Sack FU, Girgsdies O, Kubler WE. Vaccination 
against tick-borne encephalitis under therapeutic immunosuppression. Reduced efficacy in 
heart transplant recipients. Vaccine. 1999;17(7-8):867-74.
[27] Hertzell KB, Pauksens K, Rombo L, Knight A, Vene S, Askling HH. Tick-borne encephalitis 
(TBE) vaccine to medically immunosuppressed patients with rheumatoid arthritis: A 
prospective, open-label, multi-centre study. Vaccine. 2016;34(5):650-5.
[28] Panasiuk B, Prokopowicz D, Panasiuk A. Immunological response in HIV-positive 
patients vaccinated against tick-borne encephalitis. Infection. 2003;31(1):45-6.
[29] Jilich D, Maly M, Kosina P, Fleischhans L, Machala L. Immunogenicity and safety of rapid 
scheme vaccination against tick-borne encephalitis in HIV-1 infected persons. Epidemiol 
Infect. 2021;149:e41.

Page 12 of 19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061228 on 22 A

pril 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

12

[30] Stiasny K, Holzmann H, Heinz FX. Characteristics of antibody responses in tick-borne 
encephalitis vaccination breakthroughs. Vaccine. 2009;27(50):7021-6.
[31] Andersson CR, Vene S, Insulander M, Lindquist L, Lundkvist A, Gunther G. Vaccine 
failures after active immunisation against tick-borne encephalitis. Vaccine. 
2010;28(16):2827-31.
[32] Erber W, Khan F, Zavadska D, Freimane Z, Dobler G, Böhmer MM, et al. Effectiveness of 
TBE vaccination in southern Germany and Latvia. Vaccine. 2022;40(5):819-25.
[33] Schmitt H-J, Dobler G, Zavadska D, Freimane Z, Fousteris D, Erber W, et al. TBE 
Vaccination Breakthrough Cases—Does Age Matter? Vaccines. 2021;9(8):932.
[34] Rendi-Wagner P, Kundi M, Zent O, Banzhoff A, Jaehnig P, Stemberger R, et al. 
Immunogenicity and safety of a booster vaccination against tick-borne encephalitis more 
than 3 years following the last immunisation. Vaccine. 2004;23(4):427-34.
[35] Aerssens A, Cochez C, Niedrig M, Heyman P, Kuhlmann-Rabens I, Soentjens P. Analysis 
of delayed TBE-vaccine booster after primary vaccination. J Travel Med. 2016;23(2):tav020.

Page 13 of 19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061228 on 22 A

pril 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

 

 
 
  

Mandatory TBE Disease Reporting 

Data 2006-2020, Swiss FOPH 

All adult (18-79) cases; n=2,450

TBE Vaccination Coverage Cross-

Sectional Study 2018, Ref. [12, 13]

Vaccination cards from randomly 

selected adults (18-79) throughout 

Switzerland; n=4,626

Remove cases with missing data (sex, n=6; 

vaccination status, n=550; dose information n=26) 
n=582

Cases with complete 

data n=1,868

Match on age, sex, canton

Unmatched Cases n=40
Unmatched Controls n=958

Matched Cases n=1,828

Matched Controls n=3,667

Remove control with 

missing dose information; 
n=1

Figure 1. Study Flow Diagram
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Reporting checklist for case-control study.
Based on the STROBE case-control guidelines.

Instructions to authors
Complete this checklist by entering the page numbers from your manuscript where readers will find each of the 
items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the 
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short 
explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE case-controlreporting guidelines, and cite them as:

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting 
observational studies.

Reporting Item
Page 

Number

Title and 
abstract

Title #1a Indicate the study’s design with a commonly used term in the title or 
the abstract

1

Abstract #1b Provide in the abstract an informative and balanced summary of what 
was done and what was found

2

Introduction

Background / 
rationale

#2 Explain the scientific background and rationale for the investigation 
being reported

2, 3

Objectives #3 State specific objectives, including any prespecified hypotheses 3

Methods

Study design #4 Present key elements of study design early in the paper 3

Setting #5 Describe the setting, locations, and relevant dates, including periods 3
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of recruitment, exposure, follow-up, and data collection

Eligibility criteria #6a Give the eligibility criteria, and the sources and methods of case 
ascertainment and control selection. Give the rationale for the choice 
of cases and controls. For matched studies, give matching criteria and 
the number of controls per case

3

Eligibility criteria #6b For matched studies, give matching criteria and the number of 
controls per case

3

#7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if 
applicable

3

Data sources / 
measurement

#8 For each variable of interest give sources of data and details of 
methods of assessment (measurement). Describe comparability of 
assessment methods if there is more than one group. Give information 
separately for cases and controls.

3, 4

Bias #9 Describe any efforts to address potential sources of bias NA

Study size #10 Explain how the study size was arrived at 3

Quantitative 
variables

#11 Explain how quantitative variables were handled in the analyses. If 
applicable, describe which groupings were chosen, and why

3, 4

Statistical 
methods

#12a Describe all statistical methods, including those used to control for 
confounding

4

Statistical 
methods

#12b Describe any methods used to examine subgroups and interactions 4

Statistical 
methods

#12c Explain how missing data were addressed 3, 4

Statistical 
methods

#12d If applicable, explain how matching of cases and controls was 
addressed

3, 4

Statistical 
methods

#12e Describe any sensitivity analyses NA

Results

Participants #13a Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, 
included in the study, completing follow-up, and analysed. Give 

3, Figure 
1, Table 1

Page 18 of 19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061228 on 22 A

pril 2022. D
ow

nloaded from
 

https://www.goodreports.org/reporting-checklists/strobe-case-control/info/#6a
https://www.goodreports.org/reporting-checklists/strobe-case-control/info/#6b
https://www.goodreports.org/reporting-checklists/strobe-case-control/info/#7
https://www.goodreports.org/reporting-checklists/strobe-case-control/info/#8
https://www.goodreports.org/reporting-checklists/strobe-case-control/info/#9
https://www.goodreports.org/reporting-checklists/strobe-case-control/info/#10
https://www.goodreports.org/reporting-checklists/strobe-case-control/info/#11
https://www.goodreports.org/reporting-checklists/strobe-case-control/info/#12a
https://www.goodreports.org/reporting-checklists/strobe-case-control/info/#12b
https://www.goodreports.org/reporting-checklists/strobe-case-control/info/#12c
https://www.goodreports.org/reporting-checklists/strobe-case-control/info/#12d
https://www.goodreports.org/reporting-checklists/strobe-case-control/info/#12e
https://www.goodreports.org/reporting-checklists/strobe-case-control/info/#13a
http://bmjopen.bmj.com/


For peer review only

information separately for cases and controls.

Participants #13b Give reasons for non-participation at each stage 3, Figure 1

Participants #13c Consider use of a flow diagram Figure 1

Descriptive data #14a Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders. Give 
information separately for cases and controls

Table 1

Descriptive data #14b Indicate number of participants with missing data for each variable of 
interest

3, Figure 
1, Table 1

Outcome data #15 Report numbers in each exposure category, or summary measures of 
exposure. Give information separately for cases and controls

Table 1

Main results #16a Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make 
clear which confounders were adjusted for and why they were 
included

4, Table 1

Main results #16b Report category boundaries when continuous variables were 
categorized

4, Table 1

Main results #16c If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

NA

Other analyses #17 Report other analyses done—e.g., analyses of subgroups and 
interactions, and sensitivity analyses

4, Figure 
2, Figure 3

Discussion

Key results #18 Summarise key results with reference to study objectives 5, 6

Limitations #19 Discuss limitations of the study, taking into account sources of 
potential bias or imprecision. Discuss both direction and magnitude of 
any potential bias.

6

Interpretation #20 Give a cautious overall interpretation considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and 
other relevant evidence.

6, 7

Generalisability #21 Discuss the generalisability (external validity) of the study results 7

Other 
Information
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Funding #22 Give the source of funding and the role of the funders for the present 
study and, if applicable, for the original study on which the present 
article is based

7

Notes:

• 13a: 3, Figure 1, Table 1

• 13b: 3, Figure 1

• 14b: 3, Figure 1, Table 1

• 17: 4, Figure 2, Figure 3 The STROBE checklist is distributed under the terms of the Creative Commons 
Attribution License CC-BY. This checklist was completed on 18. January 2022 using 
https://www.goodreports.org/, a tool made by the EQUATOR Network in collaboration with Penelope.ai
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