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Dobler, G.; Hristea, A.; Kerlik, J.;

Kuivanen, S.; Kynčl, J.; et al.
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Abstract: There has been an increase in reported TBE cases in Europe since 2015, reaching a peak in
some countries in 2020, highlighting the need for better management of TBE risk in Europe. TBE
surveillance is currently limited, in part, due to varying diagnostic guidelines, access to testing, and
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awareness of TBE. Consequently, TBE prevalence is underestimated and vaccination recommenda-
tions inadequate. TBE vaccine uptake is unsatisfactory in many TBE-endemic European countries.
This review summarizes the findings of a scientific workshop of experts to improve TBE surveillance
and vaccine uptake in Europe. Strategies to improve TBE surveillance and vaccine uptake should
focus on: aligning diagnostic criteria and testing across Europe; expanding current vaccine recom-
mendations and reducing their complexity; and increasing public education of the potential risks
posed by TBEV infection.

Keywords: tick-borne encephalitis (TBEV); Western Europe; incidence; Europe; surveillance; vaccine;
vaccination; vaccine coverage; recommendations

1. Introduction

Tick-borne encephalitis (TBE) is a disease of the central nervous system (CNS), caused
by a virus in the Flavivirus genus that is predominantly transmitted to humans by tick bites,
or in some cases, alimentary infection through the milk of animals infected with the TBE
virus (TBEV) [1,2]. TBE is the most important tick-borne viral disease in Europe, endemic
in 27 European countries [3–5], and represents a considerable disease burden.

There are at least five antigenic subtypes of TBEV. Among them, the European tick-
borne encephalitis virus (TBEV-EU), the Siberian tick-borne encephalitis virus (TBEV-Sib),
and the Far Eastern tick-borne encephalitis virus (TBEV-FE) are the main subtypes, of which
TBEV-EU is predominant in Europe [6,7]. TBE may cause severe sequelae and quantifiable
long-lasting limitations in daily life. In addition, postencephalitic syndrome, which can
affect up to 50% of hospitalized TBE patients, can impact a patient’s quality of life for
months to years after acute illness has resolved [8,9].

There has been an increase in reported TBE cases in the past two decades and TBE is
spreading to new areas, including areas as high as 1000 m above sea level in Norway and
1500 m above sea level in central Europe, as well as regions previously believed to be free
of the virus [10–13], highlighting the need for better management of TBE risk in Europe.
Since 2012, the European Centre for Disease Prevention and Control (ECDC) requires all
European Union (EU) member states, plus Iceland and Norway, to annually report their
TBE data to the European Surveillance System (TESSy) [5]. Furthermore, TBE cases are
likely underreported; only 8% of countries in Europe use the current ECDC diagnostic
criteria, and while some national diagnostic criteria are similar to those of the ECDC,
others are very different [14,15]. Other limitations also have an impact on the number of
cases reported, including access to diagnostic testing and suboptimal surveillance systems,
particularly regional and passive surveillance [10,11,16,17].

Vaccination remains the most effective method of protection against TBE [18]. In
Europe, both available vaccines report seroconversion rates in a range of 92–100%, as
measured by a commercial enzyme-linked immunosorbent assay (ELISA) or neutralization
test [19–23]. High field vaccine effectiveness, >90%, has been demonstrated in several
settings and across all ages, including people ≥60 years old [24,25]. However, breakthrough
TBE, despite vaccination, has been noted across Europe [26,27]. Some authors quote that
these vaccine failures appear to occur more often in patients >50 years of age, possibly
due to age-related weakening of the immune system, though the exact cause has not been
elucidated [27–29]. However, this is not generally accepted and recent studies do not
confirm a higher vaccine failure rate in the elderly [23].

Owing to the varying endemicity of TBE across Europe, TBE vaccine recommendations
vary considerably across Europe, including no specific TBE vaccine recommendations in
some countries [10]. Uptake and compliance with TBE vaccination in Europe is also highly
variable, with low overall vaccination rates [3].

In September and November 2021, two separate meetings with experts in TBE from 13
European countries were convened to discuss the effectiveness of European TBE surveil-
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lance systems, their impact on vaccine recommendations, and the role of vaccine awareness
on vaccine uptake. As participants at these meetings, we present the discussion on these
topics and provide suggestions to improve vaccine uptake in Europe.

2. Disease Epidemiology

In Europe, TBE is generally diagnosed in forested belts ranging from Norway, South-
eastern UK, Eastern France, and the Netherlands, down to Northern Italy through Central
and Eastern Europe (Figure 1) [10]. TBEV exists in natural foci, areas where TBEV is circu-
lating among ticks and reservoir hosts. As such, TBE is restricted to particular geographical
regions, leading to TBE endemic areas [30–32].
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Figure 1. Distribution of tick-borne encephalitis virus (TBEV) subtypes in Europe and Asia. Dotted
blue line, TBEV-EU: prevalent in Europe with virus isolates identified in Siberia and as far east
as Lake Baikal. Dotted green line, TBEV-Sib: prevalent in Siberia and the Ural region with virus
isolates identified as far west as the Baltics and Moldavia. Dotted gray line, TBEV-FE: prevalent in
the far eastern region of Russia, with virus isolates identified as far west as the Baltics and Moldavia.
Adapted and reprinted with permission from Ref. [10]. Copyright 2021 Global Health Press Pte Ltd.

Indeed, the incidence of TBE is rising across Europe, including those at higher altitudes
in Central Europe and further north and west in Scandinavian countries, as well as regions
previously believed to be free of the virus [10–13]. There are wide fluctuations in the
reporting of national annual cases, which is caused by many factors that will be described
and discussed later in this section. However, it is of note that cumulative reported TBE
cases across Europe in 2020 were twice those in 2015 (TBE case numbers: 2015 = 1779,
2020 = 3626), (Figure 2A) [10]. An increase in reported TBE case numbers was observed
in 76% (13/17) of countries over this period (Figure 2B) [10]. Most notably, there was a
more than three-fold increase from 2015 to 2020 in Germany, Italy, Norway, Slovenia, and
Switzerland [10].
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Figure 2. Reported tick-borne encephalitis (TBE) case numbers from 2015 to 2020: (A) across Europe; (B) per country. Totals calculated using countries with no
missing reported TBE case data for the years 2015–2020. * Denotes missing data [10].
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Aside from the Europe-wide rising incidence, there is also a shift in the pattern of
national/regional risk areas. For example, TBE is endemic in Croatia. The total number
of reported human TBE cases in Croatia from 2009 to 2020 ranged from 6 in 2016 (mean
incidence of 0.15/100,000 inhabitants) to 45 in 2012 (mean incidence of 1.1/100,000 in-
habitants) [33]. Historically, TBE cases were restricted to the northwestern continental
parts of the country [34,35], and currently, endemicity remains highest in northwestern
counties, with a mean incidence of 3.6–6.8/100,000 inhabitants [36]. However, the area of
TBE circulation in Croatia is expanding with the emergence of several new natural foci [37].

The causes for this increase are unclear but are likely to include various factors, such
as changing human behavior, improved diagnosis of TBE, and changes in tick habitats and
periods of activity due to climate change [10]. The impact of national lockdowns during
the COVID-19 pandemic in 2020 is unclear; however, TBE incidence across Europe did
not differ significantly in 2020 compared with projected incidence values, suggesting that
the COVID-19 pandemic may have had only a limited impact on the increased TBE cases
observed in 2020 [38].

3. TBE Surveillance in Europe

The identification of TBE-endemic areas is essential to inform national and interna-
tional programs of TBE risk management. Since 2012, the European Centre for Disease
Prevention and Control (ECDC) requires all European Union (EU) member states, plus
Iceland and Norway, to annually report their TBE data to the European Surveillance System
(TESSy) [5]. However, comparison between regions and countries is dependent on the
accuracy and consistency of national/regional surveillance systems.

3.1. TBE Case Definitions

Common TBE case definitions, officially introduced by the ECDC in 2012 and up-
dated in 2018, aimed to increase and standardize TBE identification within surveillance
programs across the EU [10,39,40]. However, TBE case definitions and reporting have been
implemented inconsistently throughout Europe (Table S1) [10,14]. The ECDC, in 2019,
reported that 92% (23/25) of countries utilize an ECDC TBE case definition but that only
8% (2/25) utilize the current 2018 ECDC case definition [14]. In several countries that
do not utilize the ECDC diagnostic criteria, such as Italy, national diagnostic criteria are
largely similar to the ECDC criteria and, therefore, may not lead to major differences in
reported TBE case numbers [41]. However, this may not be the case in countries that have
key differences in requirements for the confirmation of a TBE case, such as in Germany,
where there is no requirement for CNS symptoms [15,42,43]. Furthermore, TBE diagnostic
criteria in non-EU member states, such as Ukraine and Serbia, often differ from ECDC
diagnostic criteria [16,44,45]. Differences in case definitions between countries, therefore,
make country data on TBE prevalence difficult to compare and result in varying degrees of
accuracy [10].

TBEV infections often present as mild, with non-specific febrile illness, in the first
phase of the disease, without impact on the CNS [46]. The ECDC case definition requires
symptoms of inflammation in the CNS for confirmation of TBE, which occurs in the
second phase of the disease only [10,39,46]. In several cases, the first phase of illness
(fever only) does not progress to CNS inflammation, and in most countries, only cases
following the ECDC criteria for inflammation of the CNS are reported. There are only a
few countries—Austria, Latvia, Germany, and Slovenia—that collect data on nonspecific,
non-CNS symptoms [15,24,47–49]. In addition, mild CNS symptoms may be missed and
go un-reported since they would not fulfil the ECDC criteria, leading to underreporting of
TBE. This is of particular note in pediatric patients, where symptoms are more often mild
and can be misdiagnosed. This may lead to pediatric TBE cases being disproportionately
underreported compared with adult cases [10,50], as shown by Hansson et al. [51], who
demonstrated that up to two-thirds of TBE cases in children are missed.
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3.2. Diagnostic Testing

ELISAs are the most common method of detecting antibodies against TBEV [32,52].
While ELISAs are available across Europe [32], education on when to test for TBEV in-
fection and when other diagnostic tests are appropriate, and access to those tests (e.g.,
neutralization tests as well as PCR verification of genetic markers in attached ticks or the
blood and cerebrospinal fluid of the patient), are essential for the accurate diagnosis of TBE.

TBE underreporting may be exacerbated by clinicians who do not test for TBEV
infection because they do not recognize the possibility of CNS inflammation or, if they
suspect CNS inflammation, may be less likely to perform a CSF examination supportive of
a TBE diagnosis.

In addition, underreporting of TBE may occur in countries where TBEV and West Nile
virus (WNV) infections are endemic, such as Serbia or Romania [16,53]. TBE cases may be
misdiagnosed as West Nile encephalitis and vice versa because of antibody cross-reactivity
in ELISA assays and the larger scale of WNV testing compared with TBEV testing in some
countries [16,54]. Improved laboratory capacities and implementation of neutralization
assays in these countries could improve TBE identification by distinguishing TBE from
other flaviviral infections [16].

The choice of direct or indirect assay to detect TBEV is dependent on the phase of
disease [52]. In the initial phase of illness, TBEV RNA can be detected in blood, whereas
antibodies to TBEV are typically absent. In the second, meningo/encephalitic phase, IgM
and IgG antibodies to TBEV are present but direct detection of viral RNA is typically
unsuccessful. TBE following infection with TBEV-Sib and TBEV-FE is more commonly
associated with CNS inflammation during a more rapid onset of a monophasic disease
course. This may mean that patients infected with TBEV-Sib or TBEV-FE are more likely to
be seronegative at time of hospitalization compared with TBEV-EU-infected patients and
may lead to misdiagnosis of TBEV-Sib and TBEV-FE cases in countries where these strains
are also present, such as Ukraine, Latvia, and Estonia [10].

3.3. Regional Surveillance

The tendency for TBE to be restricted to geographical regions provides the opportunity
to focus TBE surveillance on defined risk areas. In Romania, TBE surveillance is limited
to high-TBE-risk areas in the northwest of the country, comprising 11 of the 41 counties
of Romania, with passive surveillance occurring from May to October [55,56]. However,
the etiology of meningoencephalitis is not routinely investigated for TBEV because of
low disease awareness. As such, the absence of evidence in other regions is incorrectly
interpreted as evidence for the absence of TBE risk.

Incomplete surveillance can lead to a poor understanding of TBE endemic areas and
potentially inadequate vaccine recommendations. This was demonstrated in Poland, where
a pilot project of enhanced surveillance for TBE doubled the testing for TBE in patients
with meningitis or encephalitis. As a result, 38 new endemic districts were identified, 7 of
which were located far away from previously known endemic foci, highlighting the need
for widespread testing for TBE in TBE-endemic countries [17].

With the observed spreading of TBE to new areas in Europe [10], restricted surveillance
does not allow for the early identification of new TBE endemic areas, increasing the public’s
risk of infection with TBEV. In addition, the designation of endemic or high-risk areas
may limit the awareness and, thus, diagnosis of TBE in non-endemic areas, regardless of
a national obligation to report TBE cases. This leads to less sensitivity in the diagnosis
of imported TBE cases and the identification of TBE cases from previously non-endemic
areas. In Serbia, since 2020, the Pasteur Institute Novi Sad has conducted TBE surveillance
in Vojvodina province and tested all cases of viral CNS infection for the presence of anti-
TBEV antibodies. Seroreactivity against TBEV was reported in 20% of tested patients who
recovered from viral meningitis/encephalitis in the Vojvodina province in 2018–2019 [57].
This approach of testing all suspected TBE cases may help to identify new TBE microfoci [58]
and increase awareness of travel-associated risk.
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3.4. Active versus Passive TBE Surveillance

It is also useful to consider the type of national surveillance system employed be-
cause active TBE surveillance typically generates higher quality data than passive surveil-
lance [59]. In the ECDC 2019 report, only the Czech Republic and Slovakia utilized active
surveillance of TBE, whereby national health authorities actively seek out TBE cases [14].
Both the Czech Republic and Slovakia utilize a combination of passive and active surveil-
lance. In the Czech Republic, active epidemiological investigation in TBE cases is mainly
related to milk or cheese as a source of infection. In Slovakia, the passive component
consists of the compulsory reporting of TBE laboratory results being sent daily to the
Epidemiological Information System. The active component consists of daily requests
to infectious disease departments about any reported TBE cases [60]. Of note, the Czech
Republic performs regular surveillance of ticks in its “Prognosis of tick activity in the Czech
Republic” system, whereby an interactive map highlighting areas of high tick activity is
updated twice weekly for the general public [61].

TBE surveillance in the remaining countries is either mostly or entirely passive. In
Croatia, TBE surveillance is entirely passive, performed via the compulsory, paper-based,
infectious diseases reporting system that obliges all physicians to report all suspected infec-
tious diseases, including TBE [62]. In Slovenia, patients with CNS inflammation are treated
at infectious disease departments and all patients with aseptic meningitis/encephalitis (all
having CSF pleocytosis) are tested for TBEV infection.

3.5. Recommendations to Improve Surveillance

Surveillance of TBE in Europe is currently incomplete, meaning that reported inci-
dences likely only partially reflect actual risk [3,10]. Improving TBE surveillance across
Europe could be achieved by:

1. The use of a single TBE case definition across Europe to ensure that data are comparable;
2. Testing all cases of aseptic meningitis/encephalitis of unknown etiology for

TBEV infection;
3. Rapidly expanding testing to all patients with either a fever without a known source

or CNS symptoms (headache, nausea, neck stiffness, photophobia, ataxia, tremor,
paralysis, polyradiculitis, and confusion) who reside in or have visited an endemic or
probable or potential endemic area or have received a tick bite;

4. Improved financing for and access to diagnostic tests and testing facilities;
5. Employing nationwide surveillance systems in countries where these systems are

lacking by implementing active surveillance systems with interactive maps of Ixodid
tick activity throughout Europe; and

6. Introducing active surveillance systems across Europe.

These recommendations could be applied in an ideal healthcare setting; however, the
level of implementation of these measures will largely depend on the national TBE disease
burden and funding constraints. An alternative to national, active surveillance may be to
employ more focused, sentinel-based TBE surveillance in TBE-endemic regions.

4. Current National Vaccine Recommendations

Vaccination remains the most effective method of protection against TBE, with avail-
able TBE vaccines demonstrating high seroconversion rates [19–22]. TBE vaccine rec-
ommendations vary widely across Europe (Figure 3) [10]. Currently, only Austria and
Switzerland have national universal vaccination programs [10]. Other European countries
with vaccine recommendations link them to certain factors, such as predefined risk areas
or possible occupational exposure [63]. Vaccine recommendations in many TBE-endemic
countries, such as Germany, Czech Republic, Slovenia, and Sweden, include vaccination of
populations living in, working in, or traveling to TBE risk areas or endemic areas [64–66].
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There is little clarity on how national vaccine recommendations reflect observed
TBE incidence numbers; based on the completeness of current surveillance systems, the
actual incidence numbers may be much higher. [10]. However, documentation of TBE-
endemic areas is the minimum requirement in most countries for focused vaccination
recommendations [67,68]. In Romania, the lack of TBE vaccine recommendation is in line
with the lack of national recommendations for adults regarding a number of vaccines,
except for the influenza vaccine. In Finland, a highly detailed map of TBE endemicity is
continually updated by the National Institute of Health and Welfare, which provides highly
localized vaccine recommendations to specific affected areas [69]. In Denmark, vaccine
recommendations are based on areas where TBEV-infected ticks have been identified [70].
However, persons living in non-endemic areas may not be aware of the recommendation
for TBE vaccination prior to visits to TBE-endemic areas.

Whereas the World Health Organization defines a highly TBE-endemic area as having
an average annual pre-vaccination TBE incidence of ≥5 cases/100,000 population, to date,
there is no European consensus on the definition of TBE risk areas [10,71]. The ECDC
defines a risk area as one where the chances of transmission of an arthropod-borne disease
to humans are higher than nil; this statement does not quantify the level of risk. An
endemic area is defined as a risk area where recurrent transmission of TBE to humans
is taking place over several seasonal cycles [72]. These definitions require that TBEV-
infected tick populations and the number of human TBE cases be determined as accurately
and completely as possible. This may not be possible in countries where surveillance
is incomplete.

Beyond the abovementioned challenges in defining TBE risk areas, estimating the level
of risk of TBEV infection is further complicated by annual variation in the TBEV animal
reservoir; lower apparent disease incidence in areas with high vaccine uptake; and TBEV
microfoci that could evade detection in otherwise TBEV-free areas [10].

Indeed, human TBE cases have been described as the tip of the iceberg, where TBEV
prevalence and wildlife transmission cycles are largely hidden [73]. In the UK, TBEV was
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discovered in two areas with no associated confirmed cases of TBE [74]. In Poland, TBEV
hotspots that had comparable proportions of infected ticks to hyperendemic regions, but
with few associated TBE cases, were identified [75].

Given the difficulty in accurately identifying TBE endemic areas, the risks associated
with travel to TBE-endemic areas, and the potential risk of TBEV infection in non-endemic
areas, all people in TBE-endemic countries could be considered at risk of TBEV infection.

Recommendations to Improve National Vaccine Guidance

The difficulty in identifying TBE-endemic areas combined with the unpredictable
appearance of TBEV microfoci raises questions over the suitability of vaccine recommen-
dations focused on TBE-endemic areas. As such, TBE vaccine recommendations could be
expanded to encompass the whole population, rather than just those living or travelling
to currently identified endemic areas. Alternatively, should this represent a significant
burden on national/local healthcare services, or in countries where significant TBE risk is
confined to clearly restricted areas, TBE vaccine recommendations should be harmonized
so that they are easy to understand for healthcare practitioners and the public. In addition,
reducing the complexity of vaccine recommendations might help the public to decode the
sometimes-complex local recommendations.

5. Vaccine Uptake

Compounding the disparity in national vaccine recommendations are the low vaccina-
tion uptake rates across Europe. Uptake and compliance with TBE vaccination in Europe
is highly variable, with low vaccination rates overall [3]. In a recent online survey of the
general population in TBE-endemic European countries, only 36% of respondents had
received a TBE vaccination (Figure 4). Reported vaccination rates were as high as 81%
and 62% in Austria and Latvia, respectively, and as low as 7% and 11% in Romania and
Poland, respectively [3,76]. Substantial regional differences in uptake were observed in
Germany (data not shown) between endemic federal states (Bavaria, Baden-Wurttemberg,
Thuringia, Saxony, Hesse), with an average of 60%, compared to 41% in all other federal
states considered non-endemic [76].
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5.1. Vaccine Schedule

The basic immunization protocol for TBE vaccines in Europe consists of three doses:
the first vaccination dose is followed by a second dose 4–12 weeks later, and then a third
dose is administered after 5–12 months [18]. An accelerated vaccine schedule is available for
those traveling to TBE-endemic areas [18]. However, a recent study found that a four-dose
vaccine schedule may improve antibody levels beyond 400 days in patients >50 years of
age, compared with a three-dose schedule, potentially reducing the risk of vaccine failure
in this age group [29].

In most of Europe, the first booster vaccination is recommended after 3 years, with sub-
sequent booster vaccinations recommended at 5-year intervals for people <50 or <60 years
of age (depending on the vaccine brand) or 3-year intervals for people >50 or >60 years of
age (depending on the brand) [18]. Poor compliance to vaccine booster schedules has been
observed across Europe [3]. In a European survey, whereas compliance among respondents
who received ≥1 TBE vaccination was 61%, only 27% and 15% of respondents had received
a first and second booster, respectively [3]. In the authors’ experience, many healthcare
professionals state that the complexity of the vaccine schedules of both available TBE
vaccines in Europe is a key reason why they do not vaccinate or inform their patients of the
availability of the vaccine.

Indeed, in Switzerland and Finland, evidence showing that high vaccine effectiveness
remained for more than 10 years following a three-dose primary series led to the adoption
of a 10-year booster interval, with the hope that this may increase vaccine uptake [23,77].

5.2. Access to the TBE Vaccine

In some countries or regions, lack of access to the TBE vaccine may hinder vaccine
uptake. TBE foci are often located in mountainous or forested areas. Rural communities
may have limited access to healthcare facilities, hindering access to the TBE vaccine. In
addition, in Serbia, access to the vaccine is severely limited nationwide, as permission from
the Medicines and Medical Devices Agency of Serbia is required for import [78].

5.3. Vaccine Reimbursement

In many countries, TBE vaccination may be recommended but not reimbursed, which
may reduce vaccine uptake due to economic constraints [79]. TBE vaccination is fully or
partially reimbursed in only a few countries, such as Austria, Germany, and Switzerland,
and is often limited to those living in endemic areas or at risk of occupational exposure [10].
In a survey of 1500 respondents in Sweden, the availability of free TBE vaccines could
increase the vaccination rate by 78%, with a greater effect on low-income households [80].
The recent provision of TBE vaccination by health insurance cover in some European
countries, such as the Czech Republic, could increase vaccine uptake [81].

Although many countries have a good level of vaccine uptake without a compre-
hensive national program [3,76], vaccine reimbursement could lead to improved vaccine
uptake, particularly in low-income households [80].

5.4. Disease Awareness

Public awareness and knowledge of the benefits of TBE vaccination, as well as any
potential consequences of non-complete immunization on vaccine effectiveness, are key to
improve vaccine uptake [3]. Countries with the lowest public vaccine awareness recom-
mend TBE vaccination in defined high-risk areas only [3]. However, vaccine awareness does
not necessarily correlate with vaccine uptake, the latter being a complex, multi-factorial
issue. Both high TBE awareness and TBE vaccine uptake were observed in some countries,
such as Austria and Latvia, but TBE awareness was also high in some countries with low
vaccination uptake rates, such as Slovakia and Romania [76].

An understanding of the risks associated with TBE may be key to improving vaccine
uptake. Perception of risk or lack of risk were found to be the main drivers for vaccination
or lack of vaccination, respectively, in an online survey [76]. In a survey of 1500 respondents
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in Sweden, trust in vaccine recommendations, perceptions about tick-bite-related health
risks, and knowledge about ticks and tick-borne diseases also had significant effects on
vaccination behavior [80].

Vaccine uptake can be further hindered by vaccine hesitancy, a delay in acceptance,
or refusal of vaccination [82]. Vaccine hesitancy has become a major health concern in
industrialized countries with fear of adverse effects, doubt around effectiveness of vac-
cines, and distrust toward the pharmaceutical industry stated as common reasons for
non-vaccination [83]. Indeed, confidence in vaccines across Europe is low compared with
other continents [84]. For TBE vaccine recommendations to be effective, the public must
trust in the recommendations, understand the health risks associated with tick bites, have
knowledge of TBE, and have easy access to vaccination services [80].

5.5. Recommendations

The complexity of the TBE vaccination schedule, accessibility, and reimbursement of
the TBE vaccine, and the low awareness of potential consequences of TBE each contribute
to the low uptake rates of vaccination across most of Europe [3].

Reducing the complexity of vaccination schedules may improve adherence. Investiga-
tions into the vaccination effectiveness of booster vaccines outside of the current vaccine
schedules, such as that of Steffen et al. [77], are warranted to potentially support a dosing
schedule beyond year 5. In addition, national vaccine reminder systems, such as those used
for the COVID-19 vaccine, could be developed or improved to help improve adherence to
the TBE vaccine schedule.

In countries with financial restrictions, local/targeted vaccine reimbursement pro-
grams could increase vaccination levels in certain at-risk groups. This approach has
been employed in Kleszczów, Poland, where a vaccination program was introduced for
people >1 year of age, targeting farmers and those spending time outdoors for recreational
activity [85]. This strategy may also indirectly increase awareness of and trust in available
TBE vaccines in the general population.

To improve access to vaccination, especially in rural areas, several novel approaches
could be employed. Mobile vaccination initiatives, such as those employed in Finland, have
proved effective in increasing local vaccine uptake and may have the additional benefit of
improving disease awareness in these regions. Alternatively, drive-through vaccination
centers, such as those employed successfully in several countries during the COVID-19
pandemic, may improve vaccine access in rural communities [86].

It is important to raise TBE awareness across Europe, where it is evident that the
risks posed by TBE are underestimated [76]. For clinicians, in particular, primary care
practitioners who are often the first contact with the patient, the provision of accurate data
on the number of TBE cases and risk areas, as well as education on disease severity, is
beneficial to reinforce the necessity for TBE testing.

Awareness campaigns to educate the public on the risk of TBE have already been
shown to be effective. Austria has high TBE awareness and the highest TBE vaccine uptake
in Europe [76]. Since 1980, Austria has implemented an annual, national TBE awareness
and vaccination campaign that targets the whole population [3]. As a result, TBE cases
substantially declined [79]. While broad TBE disease awareness is important, education on
the potentially fatal and life-long effects of TBE, such as neurocognitive impairment, may
help clinicians and patients comprehend the risk of TBE and improve risk management,
including TBE vaccination uptake.

One effective approach may be to utilize clinical case studies to illustrate to patients,
in a more meaningful way, the risks that TBE poses. A presentation about the existing
TBE vaccines and the recommendation for vaccination could be discussed with patients
that present for a consultation after a tick bite. Though vaccination will not be initiated on
presentation of a tick bite, this could be an opportune moment to present the protective
benefit of vaccination to patients.
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6. Conclusions

TBE is rapidly expanding to new areas in many parts of Europe, including those at
higher altitudes [10]. Although there are wide fluctuations in the reporting of national an-
nual cases, cumulative reported TBE cases across Europe increased from 2015 through 2020,
highlighting the need for better management of TBE risk in Europe [10]. TBE surveillance
varies across Europe, with countries having varying diagnostic criteria, access to diag-
nostic tests beyond ELISAs, and approaches to national/regional surveillance [10,14,32].
Combined, these result in varying degrees of TBE underestimation across Europe [10]. Un-
derreporting of TBE is particularly likely in children, in whom disease symptoms are often
mild and may be nonspecific and, hence, may often not be correctly diagnosed [10,50,51].

Vaccination remains the most effective method of protection against TBE; however,
only a few European countries have universal vaccination recommendations [10,18]. Other
European recommendations link vaccination to various factors, such as predefined risk ar-
eas or possible occupational exposure, which may be inadequate given the underestimation
of TBE cases and difficulty in identifying risk areas [10,63].

Vaccine uptake is low in many countries and does not appear to correlate with vaccine
awareness [3,76]. While increasing vaccine awareness may improve vaccine uptake, it is also
important to tackle other barriers to vaccination, such as the complexity of the vaccination
schedule, the lack of TBE vaccine reimbursement, the inaccessibility of vaccination centers,
and the low public perception of TBE as a severe disease.

In September and November 2021, experts in TBE from 13 European countries con-
vened to discuss the effectiveness of European TBE surveillance systems, their impact
on vaccine recommendations, and the role of vaccine awareness on vaccine uptake. The
following strategies to improve TBE surveillance and vaccine uptake were recommended:

1. Align diagnostic criteria and testing across Europe to improve the accuracy of surveil-
lance systems and allow cross-country comparison of TBE incidence data;

2. Improve the accuracy of surveillance systems by testing all cases of aseptic meningi-
tis/encephalitis of unknown etiology, improving financing for and access to diagnostic
tests and testing facilities, and employing nationwide surveillance systems in coun-
tries where these systems are lacking;

3. Consider expanding vaccine recommendations to include the whole population, rather
than just those living or travelling to currently identified endemic areas. Alternatively,
should this represent a significant burden on national/local healthcare services, or
in countries where significant TBE risk is confined to clearly restricted areas, TBE
vaccine recommendations should be harmonized so that they are easy to understand
for healthcare practitioners and the public;

4. Reduce the complexity of vaccination schedules by further investigating booster
vaccine effectiveness beyond year 5 to potentially increase vaccine uptake;

5. Fund disease awareness campaigns to inform the public in TBE-endemic countries that
they are at risk of TBE, a serious disease that requires vaccination with the potential
for life-long complications.

A number of these recommendations may already be in place in some countries. In
other countries, national or regional financial constraints may necessitate the prioritization
of individual strategies over others. However, as a whole, these recommendations aim to
provide a roadmap to improve TBE surveillance and vaccine uptake across Europe and
reduce the TBE burden.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/microorganisms10071283/s1. Table S1. European national TBE
diagnostic criteria.
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practices on tick-borne encephalitis virus and tick-borne diseases within professionally tick-exposed persons, health care workers,
and general population in Serbia: A questionnaire-based study. Int. J. Environ. Res. Public Health 2022, 19, 867. [CrossRef]

55. National Institute of Public Health, Romania; National Center for Surveillance and Control of Communicable Diseases. Evolution
Analysis of Communicable Diseases under Surveillance. Report for 2013 [Romanian]. Available online: https://www.cnscbt.ro/
index.php/rapoarte-anuale/547-analiza-evolutiei-bolilor-transmisibile-aflate-in-supraveghere-raport-pentru-anul-2013/file
(accessed on 29 April 2022).

56. National Institute of Public Health, Romania. Tick Encephalitis Virus Infection Surveillance System [Romanian]. Available online:
https://www.cnscbt.ro/index.php/metodologii/tbe/477-tbe-metodologie/file (accessed on 29 April 2022).
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