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Background and purpose: Tick-borne encephalitis (TBE) is a common viral

disease in central Europe and Asia. Severe or even lethal neurological symp-

toms may ensue. With limited therapeutic options, active vaccination against

the TBE virus (TBEV) is strongly recommended in endemic areas. A system-

atic analysis of the clinical picture and cerebral imaging findings associated

with TBE was conducted with particular focus on patients who acquired TBE

despite previous vaccination.

Methods: A cohort of 52 patients with serologically proven TBE treated at

our centre in a 10-year period who received at least one cerebral magnetic res-

onance imaging (MRI) was retrospectively described. Extension of MRI

changes was systematically assessed by an experienced neuroradiologist. Stan-

dard statistical procedures were performed.

Results: Fifty-two patients with a definite serological diagnosis of TBE were

included. The most common presentation was encephalitis (67%). MRI

showed TBE-associated parenchymal lesions in 33% of all patients. Sites of

predilection included the periaqueductal grey, the thalamus and the brainstem.

Ten patients had received at least one prior active or passive TBEV immuniza-

tion. All of these had a maximal Rankin Scale score of at least 4. The median

number of affected anatomical regions on MRI was significantly higher than

in the non-vaccinated cohort.

Conclusions: To our knowledge, this is the first study systematically describ-

ing the peculiarities of MRI in patients vaccinated against TBE. In addition

to a severe clinical course, they exhibit more extensive MRI lesions than a

non-vaccinated cohort. Possible reasons for these findings include incomplete

seroconversion, more virulent TBEV strains or antibody-dependent enhance-

ment.

Introduction

Tick-borne encephalitis (TBE) is caused by an RNA

virus of the Flaviviridae family. Transmission occurs

via infected ticks in most cases, Ixodes ricinus being

the vector for the European subtype. Rarely, the dis-

ease may be acquired by consumption of contami-

nated dairy products [1-4]. In Austria, the

introduction and widespread coverage (one or more

vaccination doses in >80% of the population) of a

vaccine specific for TBE virus (TBEV) has resulted in

an 84% reduction of TBE incidence, with a constant

incidence of 6 per 100 000 unvaccinated inhabitants

[5]. Primary immunization consists of three doses
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within 12 months, with the first booster after 3 years

and every subsequent booster after 5 years [6]. Two

preparations – Encepur� and FSME-IMMUN� – are

available in Europe. Cases of TBE after incomplete or

complete immunization have been described [2,7].

Therapeutic options in TBE are limited to supportive

care.

The first stage of TBE is characterized by unspecific

symptoms such as fever, headache and malaise.

Approximately 10% of infected patients suffer from

neurological symptoms, which are usually attributed

to the second stage: meningitis (approximately 49%–
58%), encephalitis (28%–41%) and myelitis and/or

polyradiculitis (10%–14%). Patients with an encepha-

litic manifestation run a high risk of incomplete recov-

ery (up to 46%). The mortality of TBE is

approximately 1% [1,3-4,8,9]. TBE is diagnosed sero-

logically via testing for antibodies in the serum and

the cerebrospinal fluid (CSF). False-positive results

may occur post-vaccination for TBEV or other Fla-

viviridae. Alternatively, reverse transcription poly-

merase chain reaction for the detection of TBEV

RNA is available. Its sensitivity seems to depend

strongly on the timing of this investigation relative to

symptom onset [10].

Postmortem and animal studies have identified the

thalamus, the basal ganglia, the brainstem and the

cerebellar cortex as predilection sites for TBEV. In

cases with a positive magnetic resonance imaging,

lesions have also been described predominantly in

these regions [3-4,11,12]. However, MRI is negative in

up to 90% of TBE patients [3,13].

The primary aim of this study is to describe the

radiological and clinical findings in a cohort with

serologically proven TBE. The secondary aim is to

report the particular presentation in a subgroup of

patients who acquired TBE despite previous vaccina-

tion. These patients suffer a clinically and radiographi-

cally more severe course. Possible reasons include

incomplete seroconversion, more virulent TBEV

strains or antibody-dependent enhancement.

Methods

Data of all patients with the International Classifica-

tion of Diseases 10 discharge diagnosis of encephalitis

meeting the European Academy of Neurology consen-

sus review criteria of ‘probable TBE’ who were treated

between 2007 and 2017 at one of the two neurological

departments of the Kepler University Hospital, Linz,

Austria, were reviewed [6]. Those patients with a diag-

nosis of confirmed TBE who received at least one

cerebral MRI were included. Clinical data were

retrieved from the electronic patient data file. The

individuals and/or their general practitioners were

contacted for missing details concerning the vaccina-

tion scheme.

The following clinical entities were defined:

• Meningitis (M): headache, nuchal rigidity, photo-

phobia, nausea, vomiting

• Encephalitis (E): according to the criteria of the

International Encephalitis Consortium [14]

• Myelitis (ME): clinical signs of myelitis and/or sug-

gestive MRI changes on T2-weighted or contrast-

enhanced spinal MRI

• Polyradiculitis (PR): clinical, neuroimaging and/or

electrophysiological features compatible with

polyradiculitis

MRIs were performed on a 3 T or a 1.5 T scan-

ner using standard protocols consisting of T1, T2,

fluid-attenuated inversion recovery (FLAIR) and dif-

fusion weighted imaging. Contrast medium was

injected if the patient had no contraindications.

Images were re-examined by an experienced neurora-

diologist (MS) who was blinded to the clinical data

of the patients. MRI positivity was defined as

hyperintensity on FLAIR/T2 imaging. Extension of

MRI changes was assessed by defining 14 anatomi-

cal regions and counting the number of regions

affected. Additionally, contrast enhancement of

radices and/or cranial nerves and meninges was

recorded. If the patient had received more than one

MRI, the MRI with the most extensive lesion load

was considered.

Tick-borne encephalitis virus antibody titres in

serum and CSF were measured via routine protocol

enzyme-linked immunosorbent assay. The diagnosis of

TBE was made according to the recommendations of

the European Academy of Neurology [6].

Descriptive statistical methods were used. Groups

were compared using the Mann–Whitney U test and

the chi-squared test. Statistical significance was

assumed for P < 0.05. Statistics were performed by

JW. The study was approved by the ethics committee

of Upper Austria. The need for consent was waived

as this is a retrospective study.

Results

Study population

In all, 245 patients with a diagnosis of encephalitis or

meningitis were screened for eligibility. Fifty-two

patients (30 males) with a definite serological diagno-

sis of TBE were included. All of these patients had

neurological symptoms, CSF pleocytosis and at least

one of the following (number of vaccinated/non-vacci-

nated patients fulfilling each criterion; numbers add
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up to more than 10/42 as most patients fulfilled more

than one criterion):

• seroconversion of specific serum and/or CSF

immunoglobulin M (IgM) (7/3)

• a significant increase of specific serum and/or CSF

IgG titres (5/5)

• positive CSF/serum indices (IgG and/or IgM) (4/21)

• high specific serum and/or CSF IgM titres (i.e. >500
units) and no TBEV vaccination in the previous

year (9/42)

• immunohistochemical positivity for TBEV in a

brain tissue specimen (1/0)

The median age was 58 years (range 19–80). 67%

had encephalitis or cerebellitis, 46% meningitis, 25%

polyradiculitis or cranial polyneuritis and 10% myeli-

tis. Eighteen patients reported a tick bite within the

4 weeks before hospitalization. Data on previous

TBEV vaccination were available for all patients. For

individual patient data, see Table 1.

Presenting neurological symptoms

The most frequent presenting neurological symptoms

were disorders of higher order cortical function (con-

sciousness, orientation, cognition, speech etc.; 58% of

patients). Other symptoms included pareses of the

extremities (27%), cerebellar symptoms (21%), bulbar

deficits (13%), extrapyramidal signs (12%) and psychi-

atric symptoms (4%). The median maximal score on

the modified Rankin Scale (mRS) throughout the

course of the acute disease [range 6 (death) to 0 (no

symptoms)] was 1 in those patients who presented with

meningitis only (range 1–2), 5 in those with myelitis

and/or polyradiculitis (range 2–6) and 3 in patients with

encephalitis without myelitis or polyradiculitis (range

2–6). At least one clinical follow-up >30 days after

symptom onset was available in 16 patients (median

time to last follow-up 236 days; range 42–2554). At the

last follow-up, 44% of these patients were symptom-

free. The mortality rate in the total cohort was 6%.

Cerebrospinal fluid

The first lumbar puncture was performed at a median

of 5 days after onset of the first symptoms (range 1–
30). The median cell count in the first spinal tap was

96 cells (range 0–705). There was no significant differ-

ence in cell counts between meningitis, encephalitis,

myelitis and polyradiculitis.

Localization and characteristics of MRI lesions

All patients included in this study had at least one

cerebral MRI which was performed at a median of

6 days after symptom onset (range 1–25). Parenchy-

mal lesions assumed to be caused by TBEV were

found in 33% of all patients. Of those patients with

encephalitis or cerebellitis, 16 (46%) had lesions on

their cerebral MRI.

Sites of predilection included the periaqueductal

grey (17% of all patients), the thalamus (12%) and

the brainstem (12%). Supratentorial lobar lesions

were seen in 15% of patients. All of these were

FLAIR/T2-positive lesions. The median number of

affected anatomical regions per patient was 0 (range

0–8). In those with at least one MRI lesion, the med-

ian was 2. Contrast-enhancing parenchymal lesions

were found in only three patients. Meningeal enhance-

ment was seen in 17, radicular/cranial nerve enhance-

ment in seven patients. Diffusion weighted imaging

was positive in one patient.

Twenty-two patients had at least one follow-up

MRI during or after the encephalitis-related hospi-

talization with a total of 37 short-term (i.e. within

3 months after symptom onset) follow-up MRIs.

The last of these MRIs was performed at a median

of 14 days (range 2–57) after hospitalization. New

lesions relative to the previous MRI were detected

in seven patients up to 21 days after hospital admis-

sion. On the last short-term MRI available, six

patients had receding, four patients stable and three

patients progressive findings relative to the penulti-

mate MRI.

Vaccinated (vTBE) patients

Nine patients of our cohort (17%) had received at

least one prior active TBEV immunization; one had

been passively immunized 19 years before encephalitis

onset. The median age of this group was 68 years

(range 44–80) and included six males. At least three of

these patients had completed the entire primary

immunization scheme. Seven patients had received a

booster vaccination within the last 10 years before

TBE onset. For details as to the vaccination dates and

the formulations used, see Table 2.

All of the vTBE patients suffered from encephalitis,

two from myelitis and five from polyradiculitis, and

were severely affected with a median maximal mRS

score of 5 (range 4–6). Cerebral lesions were found in

eight patients, three of them with contrast-enhancing

parenchymal lesions. The median number of affected

anatomical regions in vTBE patients was significantly

higher at a median of 2 (range 0–8) than in non-vacci-

nated patients (median 0; range 0–4). For a direct

comparison of MRI findings in the vaccinated versus

non-vaccinated group, see Table 3. Imaging examples

are shown in Figs 1 and 2.
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There was no significant difference in the CSF cell

count between the TBE (median 88; range 7–665) and
vTBE (median 130; range 0–705) groups. Five out of

10 vTBE patients were seropositive for anti-TBEV

IgM in the first serum tested at a median of 5 days

after onset of the first symptoms; three patients were

negative, two had borderline titres. In all of the latter

patients, the titres turned clearly positive on the

Table 1 Epidemiological and clinical details of all TBE patients included in this study

Sex Age Manifestation Vaccination

Maximal

mRS

1st MRI – time

from

onset (days)

Last MRI – time

from onset (days)

Spinal

MRI

First available

CSF count

(leucocytes/µl)
Mechanical

ventilation

f 66 M, E, PR + 5 7 28 395 �
f 60 E, PR + 5 3 159 + 74 +
f 57 E � 3 4 13 72 �
m 48 M, ME, PR � 5 6 1055 + 563 +
m 64 E � 2 18 79 �
m 73 E, PR � 4 5 140 52 �
m 53 E, ME, PR + 6 3 24 + 224 +
f 70 E, PR � 2 6 8 + 66 �
f 44 E + 4 5 16 705 �
m 33 E � 2 11 115 �
f 75 E + 5 16 53 �
f 77 E � 5 25 117 �
m 52 E, PR + 5 5 353 + 104 �
f 68 E � 3 15 21 34 �
f 47 E � 3 3 4 159 �
f 29 M � 2 9 143 �
f 74 E � 6 4 7 �
m 53 M � 1 7 14 �
m 47 M � 1 10 129 �
m 48 E � 3 11 67 �
m 55 PR � 2 15 86 �
m 58 M � 1 6 130 �
m 75 E � 3 20 29 82 �
m 55 M � 2 13 72 �
m 54 E � 2 7 22 273 �
m 62 E � 2 7 76 �
f 19 E � 3 2 194 �
m 54 E � 3 3 72 �
f 58 E � 3 4 743 39 �
m 57 E � 3 21 102 �
m 56 M, ME, PR � 5 1 47 + 359 +
m 69 E + 6 1 11 620 +
m 73 E � 3 4 90 �
f 77 E, PR � 5 1 11 64 +
m 74 E + 5 1 84 �
m 66 M, E � 2 18 54 �
m 80 M, E + 4 4 16 155 �
f 29 M � 1 3 19 9 �
m 33 M � 1 4 26 �
m 61 M � 1 12 733 37 �
m 55 M � 1 4 37 374 �
f 70 M � 4 13 147 �
f 41 M � 1 9 205 �
f 60 M, E � 3 6 220 �
m 78 M, E � 3 7 116 �
f 37 M � 1 8 212 �
m 78 E � 5 3 72 �
m 29 M, PR � 4 3 16 + 665 �
f 71 M, E, ME, PR � 5 6 + 258 �
m 73 M, E, ME, PR + 5 1 + 0 �
f 49 M � 2 17 45 �
f 72 M � 1 18 116 �
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second testing. The initial CSF was IgM positive in

six, negative in three and borderline in one vTBE

patient(s). In contrast, initial IgM testing was positive

in 93% (serum) and 87% (CSF) of unvaccinated

patients.

Discussion

The most frequent TBEV-associated neurological

symptoms were disorders of cognitive and motor func-

tion. The latter was particularly common in patients

who suffered from myelitis and/or polyradiculitis,

often causing significant long-term invalidity. Persist-

ing disability was also seen after encephalitis and may

result from residual focal cerebral lesions or a post-en-

cephalitic syndrome, which comprises cognitive and

psychiatric symptoms [3].

The sensitivity of cerebral imaging was low: 33% of

all patients and 46% of patients with clinical

encephalitis had a positive MRI. This figure is higher

than that found in previous reports (17%–20%
[3,11]), possibly due to more advanced imaging tech-

niques (i.e. more patients with 3 T MRI). Further-

more, all of our MRIs were seen by a specialized

neuroradiologist. A possible alternative confounder

may be the timing of the investigation as a time-de-

pendent course of MRI alterations has been described

[13]. 42% of our patients received multiple images,

reducing the likelihood of missed temporary lesions.

Two of these patients displayed new lesions on day 21

after hospital admission compared to their respective

MRIs on day 5 and day 8. This suggests that MRI

changes may appear late, providing the rationale for

repeat MRI in case of diagnostic doubt.

A novel finding of our study is the increased exten-

sion of cerebral MRI lesions in our cohort of vTBE

patients, going along with a more severe clinical

course. Contrast-enhancing lesions were only found in

this group, probably reflecting a propensity for a

blood–brain barrier breakdown. More severe clinical

courses of TBE have been seen in patients after com-

plete and incomplete active vaccination compared to

those without previous immunization [1-2,7,15-18].

Sporadically, exceptionally pronounced MRI alter-

ations have been documented in these patients as well

[8,19].

Vaccine failure may result from incomplete serocon-

version or the specific absence of antibodies to neu-

tralizing epitopes despite the presence of antiviral

antibodies detected with immunoassays. These

patients may be predisposed to a more severe disease

course [1,16,17]. However, seroconversion rates are

high after active TBE vaccination (up to 99.5% after

three shots, 91%–92% with an irregular schedule

[16,20]). Serological follow-up studies in adults have

revealed long-term persistence of protective immunity

following at least one booster immunization [21].

Another patient-specific immunological factor may

be the velocity of the antibody defence. Low early

CSF IgM response is an immunological peculiarity

associated with the development of encephalitic symp-

toms and vaccination failure [18,22,23]. It was possible

to verify this delayed induction of specific IgM in our

vTBE cohort. Alternatively, vTBE may be due to a

selection effect of particularly virulent strains of

TBEV in a vaccinated population [4]. RNA sequenc-

ing of the virions found in the relevant geographical

areas should be performed to test this hypothesis.

For another flavivirus – dengue virus – antibody-de-

pendent enhancement of the disease has been sug-

gested [24,25]. This theory claims that within a

specific concentration range antibodies bind but do

not neutralize virions, thereby facilitating virus entry

and replication in immune cells. In a recent trial, chil-

dren and adolescents showed evidence of a higher risk

of severe disease and hospitalization in vaccinated per-

sons who had not previously been exposed to dengue

compared to those who had [24]. Further exploration

of this hypothesis would require prospective studies.

In summary, a cohort of TBE patients was system-

atically described with particular focus on imaging

results. The subgroup of vTBE patients is of particu-

lar interest. To our knowledge, this is the first study

systematically describing the peculiarities of MRI in

this entity. Limitations of this study include its retro-

spective character and the lack of complete vaccina-

tion data in some patients. Furthermore, the anti-

TBEV Ig CSF serum index was not available for 60%

of vTBE patients. Also, no children, who may have a

more favourable course of disease, were included.
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