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A B S T R A C T

Background: Tick-borne encephalitis (TBE) is endemic in southern and eastern districts of Germany.
Approximately 10–14% of the infected individuals suffer from long-term disability and in 1.5–3.6% the course is
fatal. Two well-tolerated vaccines are available, which provide high protection and which have been confirmed
in several field studies. Here we investigate clinical course, long-term outcome and cerebrospinal fluid (CSF)
characteristics of TBE cases with a prior history of any vaccination as well as real vaccination breakthrough
(VBT).
Methods: A case series of 11 patients with a prior history of vaccination, part of a recently published lager cohort
of 111 TBE cases. Evaluation included clinical data, degree of disability (modified RANKIN scale, mRS) and
analysis of CSF and serum samples. Furthermore, metadata for extended analysis on clinical outcome of TBE
with VBT were analysed.
Results: One patient had a clear VBT and ten of them had irregular vaccinations schedules (IVS). Infection
severity did not differ in patients with IVS as compared to a non-vaccinated control cohort (median mRS: both
3.0) but these patients showed a stronger cellular immune response as measured by CSF pleocytosis (IVS, 205
cells/μL versus non-vaccinated control, 114 cell/μL, P< 0.05) and by differential pattern of CSF (intrathecal)
immunoglobulin synthesis. However, shift analysis of VBT metadata using linear-by-linear association revealed a
more serious course of TBE in patients with VBT than in a non-vaccinated control cohort (χ2= 9.95, P=0.002).
Furthermore, ordinal logistic regression analysis showed that VBT patients had an age-corrected, 2.65 fold (CI:
1.110–6.328; χ2= 4.813; p= 0.028) significant higher risk to suffer from moderate or severe infections, re-
spectively.
Conclusion: A history of IVS surprisingly seems to have no impact on the clinical course of TBE but may leave
marks in the specific brain immune response. VBT patients, however, carry an age-independent, significant risk
to experience a severe infection.

1. Introduction

Tick-borne encephalitis (TBE) is the most frequent Flavivirus infec-
tion in Europe and Russia. In Europe, the European-type tick-borne
encephalitis virus (TBEV-Eu) accounts for TBE whereas related Sibirian
and Far Eastern subtypes (TBEV-Sib, TBEV-Fe) are prevalent in the
Baltics, the European part of Russia, and eastward to the Ural moun-
tains (Suss, 2011). In endemic areas and countries in Europe, TBE

represents the most frequent viral CNS infection in general. Incidences
in some southern regions of Germany or in Slovenia reach up to 29
infections per 100,000 of the population in Germany and up to 47 per
100,000 in Slovenia (Donoso Mantke et al., 2008; SurvStat@RKI,
2012).

Efficient primary infection prophylaxis can be reached by a specific
anti-TBE vaccination. Two vaccines have been approved in Europe and
shown to be safe and effective: FSME-Immun®, Baxter in 1976 (now
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Pfizer), and Encepur®, GlaxoSmithKline (formerly Chiron-Behring) in
1991 (Kunz et al., 1976; Lindquist and Vapalahti, 2008). Although both
vaccines are generated from TBEV-Eu strains, a cross-protection against
TBEV-Sib and TBEV-Fe could be shown (Hayasaka et al., 2001;
Holzmann et al., 1992). Despite the lack of controlled trials, high vac-
cination coverage has reduced annual infection rates to one seventeenth
in Austria since the beginning of 1980 (Kunz, 2002, 2003). Thus, the
high efficacy of the TBE vaccination has been approved in the field and
the protection rate has been estimated to be 99% (Heinz et al., 2007).

In Germany, the vaccination committee (STIKO) at the Robert Koch
Institute Berlin (RKI), the central institute for national infection sur-
veillance, has proclaimed general vaccination recommendations for
TBE in Germany. Accordingly, a vaccination is recommended for any
individual exposed to ticks, for any job-related risk of TBE infection,
and for travelers visiting TBE-risk areas in Germany or in other TBE-risk
countries. On the basis of reported TBE cases, a classification of the
federal territory into TBE non-risk and TBE risk areas has been defined
at the district level. In 2017, a total of 146 administrative districts were
classified as TBE risk areas in Germany (Robert-Koch-Institut, 2017).
However, motivation to be vaccinated is insufficient in the exposed
population in the risk areas in Germany. Vaccination coverage in risk
areas in Germany ranges from 6.9% up to 60.7% (mean: 20–30% de-
pending on the individual federal state) (Seedat and Marcus, 2013).

In Germany, 3997 TBE cases were reported to the RKI between the
years 2000 and 2012 (Gilsdorf, 2000–2012). Within this period, 226
patients were infected in five districts of the Odenwald hills, a high-risk
area in southwestern Germany. Of these, we have previously reported a
cohort of 111 TBE patients who acquired autochthonic infection
(Lenhard et al., 2016). The aim of the present study was to analyse
patients with any vaccination history concerning the acute clinical in-
fection course, including the related CSF inflammation profile and the
long-term outcome of those patients. In addition, we report on a clear,
verified vaccination breakthrough (VBT) and have analysed metadata
of VBT by means of clinical outcome measures and predictors for un-
favorable outcome.

2. Methods

2.1. Study population

We recently published epidemiological, clinical and neuroimage
data of a cohort of 111 TBE patients. Epidemiological data associated
with TBE were collected by means of a medical history questionnaire at
admission and for long-term outcome by a follow-up telephone inter-
view. For a detailed description of the study population we refer to
previous published work (Lenhard et al., 2016). Of this cohort, 11 pa-
tients had a history of vaccination by any means and were further
analysed in the present study. Vaccination was verified by a copy of the
vaccination card. The study was approved by the ethical committee of
the University of Heidelberg.

2.2. CSF analysis and immunoassays

CSF data consists of cell number count and cell differentiation
(microscopic evaluation of CSF sediments), analysis of blood-CSF bar-
rier function and of CSF chemistry (protein, glucose, and lactate). Anti-
TBEV antibodies (IgG, IgM) were analysed in serum and CSF with an
enzyme immunoassay assay (EIA; IMMUNOZYM FSME IgG, IgM,
Progen Heidelberg, Germany). TBE IgG antibody-specific index (AI)
was calculated as follows:

AI =
Q
Q

=
[anti − TBE IgG] × [anti − TBE IgG]

[total IgG] × [total IgG]
specific IgG

total IgG

CSF serum

serum CSF

2.3. Case definition of vaccination breakthrough and irregular vaccination,
database search strategy and analysis of metadata

VBT was defined according to the definition of Grgic-Vitek et al.
(2010) as follows: confirmed TBE case (for definition, see Lenhard
et al., 2016) and confirmed history of a complete vaccination schedule
or complete vaccination and timely booster vaccination and infection
within 3 years after last vaccination. Irregular vaccination schedule
(IVS) was defined either as incomplete vaccination (two of three re-
commended vaccinations) or as insufficient vaccination (one of three
recommended vaccinations) and as lack of regular booster vaccination
according to the general recommendations.

A PubMed search to identify published cases of VBT and vaccination
failure as well as of cases of any vaccination history with TBE was
performed by using the following broad Boolean search strategy:
“((vaccine*[ti] OR vaccination*[ti] OR immunization*[ti]) AND (tick-
borne-encephalit*[ti] OR central-European-encephalit*[ti] OR TBE
[ti]))”. Hits for any vaccination-associated reports of TBE were pre-
selected from the results. Only cases/studies that met the criteria for
real VBT were included in the further analysis (Grgic-Vitek et al., 2010).
Metadata for clinical outcome in vaccination failure were compared to
our control cohort, which was published previously in detail (Lenhard
et al., 2016). To establish comparability of the selected metadata for
VBT with our case of VBT and our control cohort, the clinical outcome
data of our cohort, measured as modified RANKIN scale (mRS), were
transformed into a simplified common severity score as follows: mRS 0
(healthy) were assigned as “0” for further analysis; mRS 1–2 as “1”
(mild), mRS 3–4 as “2” (moderate), and mRS 5–6 as “3” (severe).

2.4. Statistics

All statistical analyses were performed using the SPSS software
package (SPSS version 21; SPSS Inc). Nominally scaled data (infection
type: bi- versus monophasic) were analysed by Fisher’s exact test,
ordinally scaled data (age categories, clinical outcome score, cell
number, age) were analysed by Mann–Whitney U test, and parametric
data (CSF protein) were analysed by Student’s t-test. Shift analysis for
the degree of severity of infection (clinical outcome score) within the
control (TBE-Co)- and the VBT TBE group, respectively, was performed
with linear-by-linear association. Finally, to estimate the likelihood to
suffer from a more severe TBE infection course in VBT, an ordinal lo-
gistic regression analysis was performed. For all variables, probability
values as well as the odds ratios (OR) and 95% confidence intervals (CI)
were determined. To receive odds ratios and probability values, a
syntax command was included in the ordinal regression analysis, since
SPSS do not perform this analysis routinely (for illustration, see e.g.
https://statistics.laerd.com/spss-tutorials/ordinal-regression-using-
spss-statistics.php) Significance was accepted at the P level< 0.05 for
all calculations.

3. Results

3.1. Baseline data and clinical outcome of TBE cases with any vaccination
history

Eleven patients (10%) of the total cohort of 111 TBE cases had a
history of any kind of prior vaccination. Table 1 summarizes the
baseline data of this subgroup compared to the main data of the control
group (TBE cases without vaccination history) (Lenhard et al., 2016).
Of them, 1 patient (Table 1, number 1) had a clearly verified VBT with
TBE onset 3 months after completing a full vaccination schedule. For
detailed description of this case, see Section 3.2. Ten patients had a
vaccination with an IVS, among whom two had an insufficient vacci-
nation (one of three recommended vaccinations), five had an in-
complete (two of three recommended vaccinations), and three patients
had a complete vaccination but forgot timely booster vaccination. The
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age and gender distribution of the IVS subgroup was comparable to that
of the control group (TBE cases without prior history of vaccination).
The clinical presentation of TBE differed not between the both groups
(encephalitis proportion: 55% in total vac.-group and 50% in the IVS,
respectively versus 42% in controls, not significant; respective differ-
ence represents meningitis). The grade of disability at admission and
after 12-months differed not between the IVS and the control group.
More monophasic infections could be observed in the vaccination group
compared to the control (p= 0.04).

3.2. CSF data in irregular vaccinated TBE cases (IVS)

Next we were interested whether specific changes of CSF parameters
could be detected between the IVS and the control group. In IVS in-
creased numbers of CSF cells could be detected compared to the control
group (Fig. 1) (mean vaccination group 205cells/μL ± 38 sem versus

mean control group 114 cells/μL ± 12 sem, p= 0.018). Numbers of
specific cell types such as granulocytes, lymphocytes, activated lym-
phocytes, or monocytes did not differ between the groups. CSF total
protein did not differ (mean 102 versus 95mg/dL). Quantitative in-
trathecal immunoglobulin analysis revealed a slight trend of less IgM in
IVS. Intrathecal IgG and IgA synthesis could be determined in the
control group but not in IVS (significant for IgG with P=0.045 and for
IgA with P= 0.008).

3.3. A case of vaccination breakthrough (VBT)

A 65-year-old hunter (Table 1, case 1) without any history of im-
munosupression was admitted to our neurological intensive care unit
with a progressive tetraparesis. Involvement of peripheral motor nerves
was verified by electroneurography and electromyography. He was
ventilator-dependent in the course due to respiratory insufficiency (CO2

narcosis). He had received last vaccination of a complete schedule 3
months before. TBE could be verified based on serological and CSF
analytics. Table 2 summarizes a comprehensive CSF and immune re-
sponse data set against TBEV during the course of infection. Con-
currently infections were ruled out including Borrelia spec., HSV 1/2,
VZV, CMV and Enteroviruses. A bacterial culture from CSF remained
“sterile”. Taken together, the patient suffered from a severe tick-borne
meningoencephaloradiculitis (mRS=5) despite a complete vaccination
schedule. Twelve months later, at follow-up examination he was still
wheel walker dependent but was again able to breathe spontaneously
(mRS=4). The case was included in the subsequent meta-analysis
(Table 3, case 1).

3.4. Clinical outcome of verified VBT in TBE: analysis of metadata

Next we were interested in the clinical outcome of VBT and pre-
dictors compared to our unvaccinated control group of TBE cases. A
broad search strategy to identify publications reporting about any kind
of TBE vaccination issue initially revealed 286 hits in total. In the
majority, quantitative clinical data or traceable proven VBT was not
available. Eight publications ultimately fulfilled the criteria of VBT and
TBE (Andersson et al., 2010; Bender et al., 2004; Brauchli et al., 2008;
Grgic-Vitek et al., 2010; Kleiter et al., 2007; Koppi et al., 2011;
Pogodina et al., 2013; Stiasny et al., 2009). One publication missed
criteria because the patient died of an infection with the TBEV-Sib
subtype: this subtype is associated with higher mortality than the TBEV-
Eu in general. In addition, this patient was vaccinated with a

Table 1
Base-line data and clinical characteristics of human TBE with any prior vaccination history.

Case Age Sex TBE presentation RANKIN RANKIN Infection Vaccination* dT Verified#

[N] [median] [% male] [% encephalitis] admission [median] 12-month [median] [%-mono] month [median]

1 65 male encephaloradiculitis 5 4 monophasic complete 3 1, 3
2 51 male encephalitis 4 2 monophasic incomplete 35 1, 2, 3
3 59 male encephalitis 3 0 biphasic incomplete 30 1, 2
4 70 female encephalitis 5 2 monophasic w/o booster 60 1, 2
5 43 male meningitis 1 0 monophasic incomplete 25 1, 2
6 53 female meningitis 3 1 biphasic insufficient 24 1, 2
7 17 male meningits 3 0 biphasic insufficient 1 1, 2, 3
8 56 male meningitis 2 0 monophasic incomplete 23 1, 2
9 48 female encephalomyelitis 5 3 monophasic w/o booster 63 1, 2
10 22 female meningitis 1 1 monophasic w/o booster 72 1, 2
11 49 male encephalitis 4 1 monophasic incomplete 33 1, 2, 3
11 49 64 55 3 1 72 30
P-values ns§ ns$ ns$ ns§ ns§ 0.04$ n/a
Control group&

100 50 66 42 3 1 40 n/a

RANKIN, modified RANKIN scale; *vaccination status: w/o booster= full vaccination history but forgot necessary booster vaccination, incomplete= 2 of 3 recommended, in-
sufficient= 1 of 3 recommended; dT, time delay from last vaccination until TBE; #TBE verified by: 1, rise of blood IgG, 2, cerebrospinal fluid IgM; 3, increase of anti-TBEV specific IgG
antibody index; P-values, compared to a non-vaccinated TBE control group [13]; ns, not significant; calculated with Mann-Whitney test§ and $Fisher’s exact test; n/a, not applicable; &

Lenhard et al. (2016).

Fig. 1. Cerebrospinal fluid pleocytosis in TBE patients with irregular vaccination sche-
dules (IVS). Shown is a box plot diagram with mean values (black square) and standard
deviation. Significance is depicted within the graph. The group with irregular vaccina-
tions (CSFTBE.Vac) showed significantly higher cell counts compared to an unvaccinated
TBE control group (CSFTBE.Co).
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heterotypic vaccine prepared from TBEV-Fe (Pogodina et al., 2013).
Another publication indeed fulfilled the criteria of VBT but clinical
outcome data were not published, nor were they retrospectively
available (personal correspondence to the authors) (Stiasny et al.,
2009). Table 3 summarizes the metadata of all published VBT cases that
ultimately fulfilled the criteria for further analysis. In total, 25 verified
cases of VBT according to the case definition could be included and
compared to our control group of non-vaccinated TBE cases. The dis-
tribution of age showed a tendency for older patients in the VBT group
(VBT group vs controls, median, 60 vs 50 years, P= 0.063). Highly
significantly more patients in the VBT group suffered from encephalitis
(P= 0.0002). Accordingly, patients in the VBT group were significantly
more severe affected by TBE than patients in the control group
(P= 0.012), although the formal median grade of disability score was 2
in both groups (Table 3). Linear-by-linear association (Fig. 2) showed
significantly more patients with VBT suffering from severe TBE (48%
versus 21%) and less patients from mild (20% versus 37) or moderate
TBE (32% versus 42%) compared to unvaccinated controls (P= 0.002).
Ordinal logistic regression analysis with age as covariate showed that
VBT patients had an independent, significant, 2.65 times higher risk to
suffer from more sever TBE course compared to unvaccinated controls
(for likelihood values, compare Table 4). A combined analysis of the
VBT and TBE control group showed that an increase in age was asso-
ciated with an increase of severe TBE (Table 4). Please recapitulate, that
Mann-Whitney U test comparing both groups showed a trend for higher
age in the VBT group (see Table 3). However, within the VBT group
itself, age was not associated with the severity of infection based on
regression analysis.

Table 2
CSF and immune response profiles in a patient with TBE vaccination breakthrough§.

TaA Cell count Cell populations QAlb Protein IT IgG IT IgM IT IgA TBEV-IgG TBEV-IgM ASI OCB

[day] [cells/μL] [%] [×10−3] [mg/dL] [%] [%] [%]

Ly tfLy Pc Mo Gran Serum CSF Serum CSF
Ref.: < 5 $ 0 0 $ 0 <7–9* 15–45 0 0 0 <1.5
1 14 94 1 0 5 0 30,9 135 0 0 0 + + + − 7.6 −
5 18 74 1 18 6 1 30,8 172 19,8 0 0 + + (+) − 11.8 −
104 12 93 1 3 3 0 22,4 163 32,5 39,7 33,7 + + − − n/d +

§, data belong to case 1, see also Table 1; TaA, time after admission; Ly, lymphocytes, tfLy, transformed lymphocytes, Pc, plasma cells, Mo, monocytes, Gran, granulocytes; QAlb, Albumin
CSF/serum quotient; IT, quantitative intrathecal immunoglobulin synthesis; ASI, anti-TBEV specific IgG antibody index; OCB, CSF oligoclonal bands, Ref., reference values, $, normal CSF
consists of lymphocytes (∼90–97%) and monocytes (∼3–10%), *QAlb reference values are age-dependent.

Table 3
Clinical metadata of verified vaccination breakthrough in human TBE: summary of the literature.

VBT cases Age TBE manifestation Course# Vaccination dT Verified* Ref.
[N] [median] [% encephalitis] grade of disability [median] No. of dosis [median] month [median]

TBE VBT group
1 65 encephaloradiculitis 3 3 3 1, 3 (actual publication)
1§ 44 encephalitis 3 3 4 3 Grgic-Vitek et al. (2010)
19§ 55 encephalitis (79%) 2 3.4 17 1, 4 Andersson et al. (2010)
1 68 rhombencephalitis 3 8 28 1, 2, 4 Koppi et al. (2011)
1 54 encephaloradiculitis 3 5 39 1, 2, 3, 4 Kleiter et al. (2007)
2 57 encephalitis 3 4 16 1, 2, 4 Bender et al. (2004)

60 encephaloradiculitis 2 3 36
25 60 84 2.0 3 17
P-value 0.063$ 0,0002& 0.012$

TBE control group Lenhard et al. (2016)
100 50 43 2.0 n/a n/a

N, number of cases; #infection course: 1, mild, 2, moderate, 3, severe; dT, time of delay from last vaccination untill TBE; *TBE verified by: 1, blood IgG rise, 2, cerebrospinal fluid IgM, 3,
increase of anti-TBEV specific IgG antibody index, 4, neutralization test; Ref., references; §publications, that report both verified and probable VBT cases – only verified VBT cases were
included in the analysis; statistics: calculated with $Mann-Whitney U test and with &Fisher’s exact test; n/a, not applicable.

Fig. 2. Shift analysis of TBE degree of severity in patients with VBT. Depicted is the
clinical severity score of infections in the non-vaccinated control group compared to VBT
group (n= number of patients, percentage in box brackets). Patients with VBT (TBE VBT)
had a significant (χ2= 9.95, *P= 0.002) more severe infection course compared to those
without any vaccination history (TBE Co).

Table 4
Likelihood to develop more severe TBE in patients with vaccination breakthrough.

Infection
course
[threshold]

OR Probability [%] 95% CI χ2 P-value

to moderate 5.420 67 1.407–20.882 6.032 0,014
to moderate or

severe
37.910 93 8.514–168.796 22.760 > 0.0001

VBT 2.650 73 1.110–6.328 4.813 0.028
age 2.719 73 1.524–4.849 11.477 0.001

Ordinal logistic regression analysis: clinical degree of severity score as dependent vari-
able, TBE group (VBT versus control) as independent factor, age as covariate; VBT, odds
to develop severe infection; age, age as risk factor for combined analysis of TBE controls
and VBT; OR, odds. ratio; CI, convidence interval; χ2, Wald.
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4. Discussion

We have analysed a subgroup of 11 TBE cases with a history of any
prior vaccination as part of a cohort of 111 TBE cases in total. Only one
patient fulfilled the criteria of a real VBT whereas 10 patients had an
IVS.

The IVS subgroup was heterogeneous concerning their vaccination
status and in terms of time lag of TBE onset after last vaccination
(Table 1). We were interested to learn whether this subgroup, despite
an IVS, might have any benefit from vaccination compared to an un-
vaccinated control group as measured by clinical outcome parameters
(Lenhard et al., 2016). Comparing the grade of disability at admission
as well as the long-term outcome, there was unexpectedly, and in
contrast to the hypothesis, no difference between the two groups as
measured by mRS (Table 1). However, concerning the level of CSF in-
flammation, IVS showed a stronger cellular immune response (Fig. 1)
and a less intrathecal immunoglobulin synthesis was evident, latter may
indicate a weaker humoral response in IVS. Furthermore, significantly
more patients presented with a monophasic infection course in IVS
(Table 1). This might be explained by the presence of still circulating
antibodies leading to an attenuated, but subclinical viremia. However,
CNS transmission by chance could not be prevented most likely because
of insufficient amounts of these neutralizing antibodies. Data on the
efficacy and effectiveness of irregular vaccination when the primary
vaccination series has been interrupted or the intervals have been
grossly extended are rare. Serological data imply that, in 94% of vac-
cinated subjects, a long-lasting immune memory develops even after
the first TBE immunization (Schosser et al., 2009). This is supported by
the study of Heinz et al. (2007), who showed that the field effectiveness
was around 95% for irregularly vaccinated subjects, too (Heinz et al.,
2007). Furthermore, Schosser et al. showed in the largest study with
IVS subjects that a catch-up vaccination with a single dose elicited high
antibody levels (Schosser et al., 2014). However, these theoretical as-
sumptions are rather not supported by our clinical data since in our TBE
cohort every ninth subject had a history of irregular vaccination and the
clinical course did not differ from unvaccinated controls – the favoured
monophasic course and the differential CNS immune response would
constitute the only evidence.

One patient in our cohort fulfilled the criteria for a VBT (Table 1,
case 1; Table 2). He had completed a full vaccination schedule 3 months
before onset of TBE. The patient experienced a severe meningoence-
phaloradiculitis that generated a high grade tetraparesis (mRS 5). He
needed mechanical ventilation, subsequent tracheotomy and sub-
sequent early in-patient rehabilitation. Twelve months after TBE, he
was still dependent on a wheeled walker (mRS 4). On the occasion of
this case, we were interested in learning whether patients with VBT
might be at higher risk for a more severe TBE course and worse out-
come than unvaccinated TBE patients. Since the field effectiveness of
the approved vaccines (FSME-Immun®, Encepur®) is about 99% in
regularly vaccinated individuals (Heinz et al., 2007, 2013), VBT is a
rare event in general and it is difficult to include sufficient case num-
bers in a single-center study. Therefore, we analysed metadata re-
porting on VBT and compared those with our control cohort of non-
vaccinated TBE cases (Lenhard et al., 2016). Thus, we could include
altogether 25 VBT cases in the analysis (Table 3). More VBT
(P= 0.012) suffered from a more severe course than unvaccinated TBE
controls. Interestingly and consistent, more VBT patients presented
with encephalitis (Table 3). Linear-by-linear association showed that
more patients with VBT shifted to more severe infections compared to
TBE controls (Fig. 2). Age as risk factor to suffer from more severe TBE
course has been already shown in the past (Czupryna et al., 2011;
Kaiser, 1999; Lenhard et al., 2016). This was still true, if both groups
were analysed together (Table 3). Although there was a trend for higher
age in the VBT group, regression analysis ruled out a significant asso-
ciation of age. However, using ordinal logistic regression analysis with
age as covariate, we can showed that VBT patients seem to have an age-

independent significant higher risk (2.65 times) to suffer more severe
infection courses compared to unvaccinated control TBE cases
(Table 4).

We are aware that our approach may only provide limited data that
can support, but not prove our hypothesis. Although, classification of
the majority of VBT in terms of infection severity pursued a symptom-
orientated approach (Table 3) (Andersson et al., 2010) compared to the
mRS that is disability-orientated (cases from Table 1 and other cases
from Table 3), there is a direct and gradual interrelationship between
severity of symptoms and severity of disability. Therefore, restricting
the outcome analysis to a simplified three-step disability score, the
clinical outcome data are, in our opinion, comparable. Furthermore,
our results are strongly substantiated by a very recently published study
of Lotric-Furlan and colleagues from Slovenia who have extensively
analysed 39 cases of TBE with prior vaccination history, part of a cohort
of 2332 captured TBE cases (Lotric-Furlan et al., 2017). They could also
demonstrate that patients with vaccination history (a majority with
VBT) developed significant severer infection course.

The immunological mechanisms underlying VBT are difficult to
conceptualize since information on specific antibody composition and
individual immune competence (note, that all VBT patient were not
immunosuppressed) before a given infection is rarely available.
However, by analysing antibody dynamics within serum and CSF in the
course of infections valuable data could be collected to generate hy-
potheses. In our case of a verified VBT (Table 1, case 1 and Table 2), the
patient presented already at admission with high serum anti-TBEV IgG
and borderline anti-TBEV IgM antibodies. Serial CSF analysis showed a
rise for specific intrathecal anti-TBEV IgG antibodies (ASI= 11.8) but
no rise in TBEV-specific CSF IgM at any time. CSF showed a mono-
nuclear pleocytosis with a high proportion of plasma cells (max. 18%),
as typically seen in flavivirus-caused encephalitis, e.g., in West Nile
virus encephalitis and also in TBE (Carson et al., 2003; Jeren and Vince,
1998). Intrathecal immunoglobulin synthesis started paradoxically first
with total IgG and only delayed with an increase in total IgM. In a
control cohort of unvaccinated TBE cases, a predominant intrathecal
total IgM synthesis could be detected in 47.8% of TBE patients already
at admission but only in 4% for IgG. Here, the percentage of total IgM
was always much greater than IgG (own data). This paradoxic humoral
immune response within the CSF might add another small piece to the
puzzle of aberrant immune responses in VBT and are consistent with
previous findings concerning serum responses (Andersson et al., 2010;
Kaiser and Holzmann, 2000; Stiasny et al., 2009). Furthermore, Lotric-
Furlan et al. could recently demonstrate sophisticated the same para-
doxical humoral immune response in TBE patients with prior vaccina-
tion history and thus substantiate our findings (Lotric-Furlan et al.,
2017).

Reasons for VBT can be distinguished as primary failure (or non-
responsiveness) when a measureable immune response to the antigene
is not initiated or inappropriate and when the immune response is in-
sufficient. Inappropriate response and non-responsiveness may more
likely be associated with genetic causes whereas insufficient immune
responses may be caused by immunosuppression or immune senes-
cence. Genetic influences on vaccine responses and failure have already
been demonstrated for several viruses (Clifford et al., 2012; Jacobson
and Poland, 2004; Tan et al., 2001). Data for vaccine efficacy in im-
munosuppressed patients are limited and mainly derived from influenza
vaccination (Hahn et al., 2015; Kunisaki and Janoff, 2009; Ortbals
et al., 1977; Robertson et al., 2000). One study reported a reduced sero-
conversion rate and reduced mean antibody titers in 31 TBE-vaccinated
heart transplant recipients (Dengler et al., 1999). The effect of immune
senescence on vaccine efficacy in TBE-vaccinated, elderly people was
documented recently (Jilkova et al., 2009; Weinberger et al., 2010).
Considering this issue from the perspective of VBT, we could show that
the VBT subgroup was 10 years older than non-vaccinated TBE controls
and age may show a positive trend but regression analysis ruled out age
as independent risk factor for VBT. However, VBT patients themselves
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have an age-independent higher risk to develop more severe infections.
The discussed recent findings and our own data might support a certain
effect of immune senescence (also referred as “anamnestic immune
response”) on VBT – as described for CSF above – but other factors as a
specific genetic background may interfere in otherwise immune-com-
petent patients (Stiasny et al., 2009; Weinberger et al., 2010).

5. Conclusion

We could demonstrate that TBE patients with IVS develop infection
courses that, unexpectedly, did not differ from non-vaccinated patients
but may leave marks in the brain immune response. For confirmed VBT
patients however, we have provided data for a hypothesized more se-
vere infection course. This is consistent with a very recently published
work (Lotric-Furlan et al., 2017). A certain weakness of our study and
previous work on this issue is that there are no data available for pre-
infection antibody levels. This could be only addressed with a vacci-
nation register that intend to collect data among others on serum im-
mune responses. Nevertheless our data and previous published work
suggest, that post-vaccination controls of antibody titers (better: neu-
tralization antibody tests) should be performed in elderly and im-
munosuppressed patients in principle until more specific analytic con-
cepts are available. Differentially adapted vaccine schedules should be
established for individuals with attenuated immune responses. Fur-
thermore, an European-wide register for TBE (and other virus infec-
tions) with a CSF specimen and CSF cell bank could provide more
precise and reliable insight in the brain immune response to TBEV,
especially with regard to VBT and its underlying mechanisms.
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