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ABSTRACT

Objective To estimate effectiveness of tickborne
encephalitis (TBE) vaccination by time interval (<5, 5-10
and 10+years) postvaccination.

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 to 2020 (final
n=1868). 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=4625).

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 [1-0R])
for each vaccination status category.

Results VE for incomplete vaccination was 76.8% (95%
Cl 69.0% to 82.6%). For complete vaccination, overall

VE was 95.0% (95% Cl 93.5% to 96.1%). When the most
recent dose was received <5 years prior VE was 91.6%
(95% Cl 88.4% to0 94.0%), 95.2% (95% Cl 92.4% to
97.0%) when the most recent dose was received 5-10
years prior, and 98.5% (95% Cl 96.8% to 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.

BACKGROUND

Tickborne encephalitis (TBE) is a serious
viral infection of the central nervous system
which can result in permanent neurolog-
ical injury and death. TBE is caused by the
TBE virus (TBEV), which is transmitted by
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Strengths and limitations of this study

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

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

» Despite a large number of tickborne encephalitis
cases (n=1868), only a small number were vacci-
nated (n=151), preventing a more detailed analysis
of factors which could affect vaccine effectiveness
(VE) within groups.

» Data on other factors which might impact the re-
sponse 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.

In Switzerland, mandatory reporting of TBE
cases was initiated in 1988. Since then, both
the incidence and geographical 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 WHO’s (WHO) definition of a ‘highly
endemic’ area.'*

Vaccination is highly protective against
TBE; producing virus-neutralising antibodies
which are associated with disease preven-
tion, 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 travelling within endemic areas.”

Dr Phung Lang; ticks of the Ixodidae family. Currently, TBEV ~ Both are administered as a primary series of
phung.lang@uzh.ch is endemic throughout much of Europe.' *  three doses given at day 0, 1-3 months and
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5-12 months with booster doses every 36-60 months
(3-5 years) thereafter, depending on age and vaccine
formulation.?* 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).”°

Previous studies have demonstrated sustained levels
of virus-specific and neutralising antibodies up to and
exceeding 10 years after TBE vaccination.”™ Whether this
translates to sustained effectiveness, however, is not clear.
Additionally, irregular TBE vaccination has been associ-
ated with reduced vaccine effectiveness (VE),'* ' indi-
cating that deviations from the established vaccination
schedule can influence lasting immunity. Whether the
prolonged TBE booster intervals in Switzerland impact
VE is of great public health interest as reducing unnec-
essary 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 postvaccination.

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

1213
coverage. 2

Selection of cases

TBE is a mandatory notifiable disease in Switzerland, with
all confirmed TBE cases (based on serology and clinical
picture'!) reported by laboratories to the national disease
surveillance system.]4 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
to 2020. Among the 2450 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=1868, figure 1).

Selection of controls

Community controls were selected from among a data-
base of individuals participating in a 2018 cross-sectional
study of TBE vaccination in Switzerland.'? ® 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=26880; 1280 from each age
group and region) were requested by mail to submit a

Remove cases with missing data
(sex, n=6; vaccination status, n=550; dose
information n=26) n=582

Mandatory TBE Disease Reporting
Data 2006-2020, Swiss FOPH

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

Cases with complete
data n=1,868

Matched Cases n=1,828
Matched Controls n=3,667

Match on age, sex, canton
Unmatched Cases n=40
Unmatched Controls n=958

TBE Vaccination Coverage Cross-
Sectional Study 2018, Ref. [12, 13]

selected adults (18-79) throughout
Switzerland; n=4,626

Vaccination cards from randoml I

Remove control with
missing dose information;
n=1

Figure 1 Study flow diagram. FOPH, Federal Office of
Public Health; TBE, tickborne encephalitis.

copy of their vaccination record. A total of 4626 individ-
uals submitted vaccination records. From these, date(s)
of TBE immunisation 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=4625,
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 neigh-
bour matching with the matchit function in RV.4.0.3,'° (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 vacci-
nation 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 Effective-
ness (VE: 100x [1-OR]) for each of the defined vaccina-
tion status categories. Statistical analyses were performed
using Stata V.17.0 (StataCorp LLC, College Station,
Texas, USA) and GraphPad Prism V.8.0 (GraphPad Soft-
ware, San Diego, California, USA); p values <0.05 were
considered statistically significant.

For the cross-sectional TBE vaccination coverage data-
base used to select controls, potential participants were
sent a letter explaining the study’s purpose and stating
that, by submitting vaccination records, they were volun-
tarily consenting to participation.'®* All data were anony-
mised and treated confidentially throughout the analysis.

RESULTS

In total, 1828 cases and 3667 controls were matched for
our study (figure 1, table 1). Among cases, 8.3% (n=151)
had received at least one TBE vaccine dose, compared
with 45.2% (n=1656) of controls (p<0.0001, X2 test).

2

Zens KD, et al. BMJ Open 2022;12:¢061228. doi:10.1136/bmjopen-2022-061228



Table 1 Demographic breakdown of cases and controls and vaccine effectiveness by vaccination status
Controls Cases % Vaccine Effectiveness 95%Cl 95%ClI
(n=3667) (n=1828) (1-OR)*100 lower upper P value
Male 1925 (52.5%) 1159 (63.4%) - - - -
Female 1742 (47.5%) 669 (36.6%) - - - -
18-39 1060 (28.9%) 463 (25.3%) - - - -
40-59 1257 (34.3%) 800 (43.8%) - - - -
60-79 1350 (36.8%) 565 (30.9%) - - - -
Unvaccinated 2011 (54.8%) 1677 (91.7%) Ref. - - -
1-2 doses (incomplete) 279 (7.6%) 75 (4.1%) 76.8 69.0 82.6 <0.001
3+ doses (complete) 522 (14.2%) 48 (2.6%) 91.6 88.4 94.0 <0.001
<5 years
3+ doses complete 397 (10.8%) 20 (1.1%) 95.2 92.4 97.0 <0.001
5-10 years
3+ doses complete 458 (12.5%) 8 (0.4%) 98.5 96.8 99.2 <0.001
10+ years
3+ doses (complete) 1377 (37.6%) 76 (4.2%) 95.0 93.5 96.1 <0.001
Any time

Of vaccinated cases, 49.7% were ‘incomplete’ (1-2
doses) and 50.3% were ‘complete’ (3+ doses). Of vacci-
nated controls, 16.8% were ‘incomplete’ and 83.2 were
‘complete’ (p<0.0001, * test).

VE for incomplete vaccination was 76.8% (table 1). For
complete vaccination, overall VE was 95.0%. When the
mostrecent 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 with <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 with 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
with 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 vacci-
nation 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 <b, 5-10, or
10+ years prior, respectively (p<0.0001, x° test).

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 inter-
vals 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 esti-
mate 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.?! %

Incomp. 18-39-
40-59
60-79
18-39
40-59
60-79
5-10 Yrs 18-39
40-59
60-79
10+ Yrs 18-39
40-59
60-79

<5Yrs

f;I{}IHI

T T T T T
50 60 70 80 90 1

% Vaccine Effectiveness

Figure 2 Vaccine effectiveness by age. For each age group
(18-39, 40-59 and 60-79), individuals were categorised

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=100x[1-OR]), with unvaccinated as the
reference.
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Figure 3 Time since last vaccination among vaccinated
cases and controls. (A) Among incompletely vaccinated
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individuals (with 95% Cls) that received their last vaccine
dose by indicated times. (B) Among completely vaccinated
cases (n=76) or controls (n=1377), the percentage of
individuals (with 95% Cls) that received their last vaccine
dose by indicated times.

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 vaccina-
tion (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 protec-
tive 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 possible exposure. Alternatively, a rapid
immunisation 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®?), could
potentially provide an option to limit a period of reduced
protection. Previous studies have not found substantial
differences in serological responses to TBE vaccination

based on use of the ‘rapid’ or ‘conventional’ sched-
ules.” # ** 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.”' If anything, VE was lower in
the first 5 years following last vaccination compared with
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 vaccine failure did not, however, differ between cases
having received three doses or those having received
more than four 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 summarised in a recent systematic review of TBE
vaccine booster intervals®).

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,**’
the age at which the person was first vaccinated,'” 2 **!
whether they were regularly vaccinated in their primary
series,'” ' and possibly whether they received a ‘conven-
tional” 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 203031 ther work has shown vacci-
nation breakthrough to be comparable between older
and younger age groups, and that VE remains high even
among those aged 60+.”* * 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 17)een shown to decline with time in several publica-
tions.” ? 7%
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CONCLUSIONS

Despite that a substantial portion of the Swiss population
has been vaccinated for TBE—42% coverage for one dose
and 34% for three doses'>—disease incidence continues
to increase, indicating that current vaccination coverage
is insufficient. To better address this, additional informa-
tion related to vaccination uptake, schedule compliance,
and effectiveness is needed. Our findings highlight the
increased effectiveness of complete (3+ dose) vs incom-
plete (1-2 dose) TBE vaccination. That 40% of break-
throughs 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 vaccina-
tion. That VE does not appreciably change or decrease
among completely vaccinated individuals over 10+ years
since last vaccination supports the longevity of the protec-
tive 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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