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Background. Infection with the tick-borne encephalitis virus (TBEV) can affect the nervous system and lead to significant
morbidity. To summarize current knowledge of long-term outcomes following TBEV infection, we systematically reviewed the
prevalence of TBEV infection sequelae after hospital discharge across different age groups and follow-up time points.

Methods. Studies of adults, children, and “all-age” populations with laboratory-confirmed TBEV infection were identified via
electronic database searches. Study categorization was based on follow-up time after hospital discharge: <6, 7 to <12, or >12
months. Sequelae signs/symptoms were divided into 3 categories: neurological, neuropsychiatric, and other. Data were
normalized using weighted means. Heterogeneity was estimated using a meta-analytic random-effects model.

Results.  Fifteen studies were eligible for analysis (13 included only hospitalized patients). Seventy-nine unique sequelae
symptoms were identified. Adults had a higher frequency of persistent symptoms than children (20.6%-100% vs 1.7%-69%).
There were high levels of data heterogeneity (I>90%) among all studies. Although the proportion of patients with each
sequela fluctuated across time, headache was reported by >20% of patients at all time points. Some sequelae also varied by age
group; for example, irritability was more frequent in children, while insomnia/sleep disorders were more frequent in adults.
Predominant neurological symptoms included balance disorders and headache. Predominant neuropsychiatric symptoms
included concentration and memory disorders.

Conclusions. Patients experience a variety of neurological, neuropsychiatric, or other sequelae symptoms following TBEV
infection that vary over time and across age groups. This study highlights the need for standardized symptom categorization
and follow-up time for TBE sequelae studies.

Keywords. clinical manifestations; long-term outcome; nervous system damage; sequelae; tick-borne encephalitis.

Tick-borne encephalitis (TBE) is an infectious disease caused
by the TBE virus (TBEV) that can result in signs and symptoms
of central nervous system (CNS) and peripheral nervous system
(PNS) inflammation with subsequent neurological damage [1].
TBEV infection is most often acquired by the bite of a tick (ge-
nus Ixodes) or occasionally through consumption of unpasteur-
ized milk products [2-4]. There are 3 major subtypes of TBEV:
European, Siberian, and Far Eastern [3, 5]. While the
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proportion of asymptomatic individuals is not precisely
known, epidemiological data across all TBEV subtypes suggest
that approximately 30% of infected individuals remain asymp-
tomatic throughout the course of infection [6]. For the
European subtype, approximately 74%-85% of infected pa-
tients experience a diphasic course, with an initial disease phase
of nonspecific, flulike symptoms (1-8 days) followed by an
asymptomatic period (1-20 days) before occurrence of signs
and symptoms of nervous system involvement [6]. Clinical
manifestations of TBEV infection include fever, headache,
body aches, malaise, and a variety of neurological symptoms,
indicative of meningitis, encephalitis, myelitis, radiculitis, or
a combination thereof [6, 7]. Many patients with a diagnosis
of TBE require hospitalization, and up to 15.5% of hospitalized
patients require treatment in an intensive care unit [8].

TBE incidence has risen across Europe in recent years, along
with its associated healthcare costs [9, 10]. Despite the availabil-
ity of preventative measures, including safe and effective
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vaccines [1], TBE awareness is limited and TBE vaccination
rates are low in many European countries [6]. Additional expla-
nations for the rise in TBE incidence may include the geograph-
ic expansion of endemic areas and the extension of the
transmission season, possibly driven by climate change (chang-
es in humidity, temperature, and landscape); changes in human
behavior, activities, or consumer demands; and the distribu-
tion/abundance of tick species and vector reservoirs [6, 11-14].

A prospective study in central Europe of 420 adults reported
persistent symptoms, including headache (31.0%), memory/
concentration disorders (28.8%), arthralgias/myalgias (13.8%),
and emotional lability (13.6%), 2-7 years after TBE hospitaliza-
tion [15]. A Swedish case-control study of adults reported that
many had persistent neurological symptoms 2-15 years (median
of 5.5 years) after TBE hospitalization [16]. TBE has also been as-
sociated with severe neurological sequelae, such as spinal cord
injury, including paresis and bladder/bowel dysfunction [16-
21]. The course and prognosis of sequelae following TBEV infec-
tion has been reported to depend on the infection route, TBEV
subtype, concomitant diseases and medication, genetic predispo-
sition, and age [3, 22-24]. While children are often reported to
present with milder symptoms and a lower incidence of long-
term morbid conditions than adults, there is some evidence of
a higher burden of disease in children, with lifelong symptoms
making a notable contribution to the overall burden, especially
in the younger age groups [8, 25-27].

In this systematic review, we investigated the prevalence of
persistent symptoms after hospital discharge in individuals
with TBEV infection across multiple studies, populations,
and follow-up time points to describe the current understand-
ing of sequelae following TBE and TBEV infection in the pub-
lished literature.

METHODS

Study Design

We searched PubMed, Embase, and Cochrane Library databases.
Searches were conducted on 31 May 2024 and included publica-
tions of any language from 2007 to the present. The reference
lists of included studies were searched for additional relevant
studies. The systematic literature review inclusion criteria were
(1) studies of adult and/or child participants with laboratory-
confirmed TBEV infection (including non-CNS/PNS infection)
or outbreak-linked TBEV infection and (2) either epidemiolog-
ical, real-world studies or retrospective database studies. Studies
meeting these inclusion criteria were rescreened for suitability
for data analysis. For the analysis, we included studies with
data within countries endemic for the European TBEV subtype,
studies with laboratory-confirmed cases of TBE as defined by the
European Centre for Disease Prevention and Control (ECDC),
studies containing percentages or rates of known sequelae, and

studies that provided information about patient signs and symp-
toms >1 day after hospital discharge.

Studies were excluded if they did not apply the ECDC TBE
case definition or included insufficient information on laborato-
ry methods to confirm the definition used. Studies and time
points were also excluded from data analysis if (1) the study re-
sults were for a subset of the population (eg, only patients with
magnetic resonance imaging), (2) the study reported on the
same or overlapping cohorts as another study (duplicate data
or double counting of patients), (3) the study did not primarily
focus on TBEV infection or the outcomes were not specific to
the TBEV-infected population, or (4) the study was a non-real-
world evidence study (eg, randomized controlled trials) or a case
report/series with <20 patients with TBE. Follow-up time points
“at discharge” were also excluded in the analysis so that symp-
toms linked to “acute” illness would be distinguished from se-
quelae. All inclusion and exclusion criteria can be found in
greater detail in Supplementary Table 1. We accepted the seque-
lae definitions implemented by each study and thoroughly doc-
umented these definitions.

Data Analysis

Studies were categorized according to the duration of follow-up
after discharge for patients with TBEV infection: <6, 7 to <12, or
>12 months. Studies were also categorized into 3 groups: those
that included only children, those that included only adults,
and those that included both children and adults and did not ex-
plicitly distinguish between the age groups (“all ages”). Data were
normalized using weighted mean percentages to account for dif-
ferent study sizes across time points and population types.
Studies were first assessed by the proportion of patients with
TBEV infections who reported any sequelae. Studies that report-
ed percentages or rates of specific sequelae were further evaluat-
ed and organized into symptom groups. Sequelae symptoms
were categorized into 3 groups: neurological, neuropsychiatric,
and other symptoms. Forest plot summaries for TBEV infection
sequelae proportions in each study were generated. The data het-
erogeneity (I°) was estimated by using a meta-analytic random-
effects model in pediatric, adult, and all-age studies, separately.

RESULTS

Included Studies

A total of 1912 unique titles and abstracts were reviewed; 238 met
the inclusion criteria and underwent full-text screening
(Figure 1). After full-text screening, 68 publications were includ-
ed, of which 15 remained after the data analysis inclusion criteria
were applied: 6 studied sequelae in adults [17, 20, 21, 29-31], 5in
children, [25, 32-35] and 4 in all-age populations [27, 36-38]
(Figure 1 and Table 1). Most studies (n = 13) included only hos-
pitalized patients. Definitions of sequelae varied among studies
(Supplementary Table 2). Follow-up times after hospital
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram for systematic literature review, adapted from Page et al [28].
Abbreviation: ECDC, European Centre for Disease Prevention and Control.

discharge among TBEV-infected patients varied within and be- Overview of Sequelae

tween studies; therefore, data from the reviewed studies were =~ Categorization of signs and symptoms differed among studies
grouped for analysis as <6 months (n=6), 7 to <12 months (Supplementary Table 2). The proportions of patients with se-
(n = 3), or >12 months (n = 3) after hospital discharge. quelae across all time points varied between and within the dif-

ferent age groups: from 20.6% [17] to 100.0% [20, 21] for adults,
1.7% [33] to 69% [32] for children, and 16.3% [37] to 51.2% [27,
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Figure 2. Neurological sequelae signs and symptoms. Symptoms with 1 data point include akinesia (2.03%) and neurological deficit (3.70%) (both at <6 months).

36] for studies that did not distinguish between adults and chil-
dren (all ages). The definition of “adult” varied between studies.
For example, Misi¢ Majerus et al [21] studied patients aged 16—
76 years, who were included in the adult analysis. In compari-
son, Krbkova et al [34] studied patients aged 2-18 years, and
was included in the analysis of children. Studies using a pro-
spective design reported sequelae with a frequency range of
31.3%-100%. We observed high levels of data heterogeneity
in the meta-analyses (I* > 90%) of all studies, regardless of pop-
ulation type (Supplementary Figure 1). Nine studies reported
the specific sequelae symptoms experienced [17, 27] [30, 32—

36, 38]. In total, 79 different symptoms were reported across
the 10 studies. Of these 79 symptoms, those that were similar
were grouped together (eg, balance disorders and incoordina-
tion were combined, as were sleep disorders and insomnia),
providing 44 groups of symptoms. These 44 groups were
then categorized into 3 types of sequelae: neurological, neuro-
psychiatric, and other.

Neurological Sequelae
The proportion of patients with TBEV infection and neurological
sequelae signs and symptoms after discharge are presented in
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Figure 3. Neuropsychiatric sequelae signs and symptoms. Symptoms with 1 data point include attention problems (8.04%) at 7 to <12 months, psychotic (0.09%) and

psychoorganic (0.19%) symptoms (both at <6 months).

Figure 2. In all, 20 neurological symptoms were reported. The
most frequently reported (highest overall weighted mean propor-
tions at any of the 3 time points) were balance disorders and
headache. The proportion of patients with headache remained
similar across all time points (approximately 20%). In contrast,
the percentage of patients in some categories changed over
time: the proportion of sleep disorders/insomnia after discharge
increased over time (from 11.5% at <6 months to 19.4% at >12
months), while proportions decreased from the <6-month to
the >12-month time point for balance disorders/incoordination
(from 46.1% to 18.0%), handwriting deficits (from 22.0% to
7.1%), speech impairment (from 18.7% to 7.4%), paresis—un-
specified (from 11.1% to 5.9%), and disturbance of consciousness
(from 14.0% to 4.5%) (Supplementary Table 3).

Neuropsychiatric Sequelae

The proportions of patients with TBEV infection and neuro-
psychiatric signs and symptoms after discharge are presented
in Figure 3. The most commonly reported symptoms (highest
overall weighted mean proportions at any of the 3 time points)
were concentration disorders (15.5% at <6, 22.1% at 7 to <12,
and 23.6% at >12 months) and memory disorders (13.6, 15.0%,
and 22.5%, respectively), with reports of these symptoms in-
creasing across all 3 time points. Other neuropsychiatric seque-
lae included anxiety, attention problems, behavioral disorders,
cognitive problems, depression, psychotic symptoms, pseudo-
bulbar impairment, and psychoorganic symptoms.

Other Sequelae
Some studies reported symptoms among patients with TBE after
discharge that did not fall into neurological or neuropsychiatric

categories, including irritability, dizziness, asthenia, sexual dys-
function, and impairment of daily living (Figure 4). The most
frequently reported other sequelae symptoms (highest overall
weighted mean proportions at any of the 3 time points) were im-
paired activities of daily living, irritability, and muscle pain.
Muscle pain decreased from <6 months to >12 months after dis-
charge for all ages (from 34.3% to 17.0%). Irritability increased
over time across all age groups from <6 months to >12 months
after discharge (overall, from 4.4% to 35.9%). Impairment in ac-
tivities of daily living increased from 2.7% to 39.3% after dis-
charge in small follow-up cohorts of children at 7 to <12 and
>12 months (Table 1 and Supplementary Table 3).

Sequelae Among Children and Adults

Five of the studies reported sequelae in children after discharge,
with prevalences ranging from 1.7% to 69.0%. This compared
with the prevalence in adults, ranging from 20.6% to 100%
(Table 1). The types of symptoms were reported in 3 pediatric
studies, but patient numbers were small. Weighted percentages
of sequelae by time point and age group can be found in
Supplementary Table 3. Symptoms reported only in adults
were bladder dysfunction, cerebellar syndrome, psychotic
symptoms, psychoorganic symptoms, radiculitis, and sexual
dysfunction. In contrast, attention problems, amplified reflex-
es, electroencephalographic anomalies, impairment in activi-
ties of daily living, and worsening of school grades were
reported exclusively in children. In general, neurological symp-
toms were more commonly reported in adults. All age groups
experienced headache as a persistent symptom but with a high-
er prevalence at >12 months (in 59.5% of children vs 29.5% of
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Figure 4. Other sequelae signs and symptoms. Symptoms with 1 data point include abdominal pain (4.05%) and muscle wasting/weakness (7.41%) (both at <6 months)
and worsening of school grades (5.29%), amplified reflexes (8.04%), and electroencephalographic anomalies (1.76%) (at 7 to <12 months). For fatigue, note that Nygren et al
[27] reported fatigue and general weakness separately; fatigue was selected for the purposes of categorization as it was reported by a higher proportion of patients.

adults). Similarly, both adults and children experienced mem-
ory disorders that persisted and had a higher prevalence at >12
months (in 50.0% of children vs 42.6% of adults).

DISCUSSION

To our knowledge this is the first study to comprehensively re-
view published sequelae occurring after discharge in patients
hospitalized with TBEV infection. The proportion of patients
with nervous system manifestations of TBEV infection affected
by sequelae following hospital discharge varied across studies,
time points, and population types. Two of the most prominent
sequelae symptoms reported consistently across all time points
were headache and asthenia. Both were consistently reported
for >20% of patients across all time points after discharge, high-
lighting them as prominent and persistent symptoms afflicting
patients and suggesting that further studies are warranted to im-
prove patient care. Other proportions of symptoms fluctuated
over time. Decreases were reported in balance disorders, hand-
writing deficits, and muscle pain across time points, while other
symptoms, like sleep disorders, anxiety, and memory disorders,
increased over 12 months. Sequelae symptoms can significantly
alter the overall quality of life for individuals following TBEV in-
fection [39]. Sequelae after TBE should be routinely assessed at
discharge and at different time points after discharge. Given
the wide breadth of sequelae symptoms experienced by both

children and adults, continued assessment can facilitate more
successful rehabilitation and allow for tailored interventions spe-
cific to the needs of each individual patient [40].

TBEV and other causes of viral encephalitis can result in nu-
merous persistent sequelae, including disorders of behavior,
speech, and memory [41]. Insomnia and sleep disorders follow-
ing inflammatory conditions of the CNS have been reported,
particularly for viral encephalitis, though estimates of preva-
lence vary [42-45]. A European multicenter study from 2010
to 2017 reported that 32% of hospitalized patients with TBE
had sleep disturbances after discharge [46]. The data in the cur-
rent study are consistent with previous research and suggest a
link between long-term disordered sleep and TBEV infection.
Further research into the connection between TBE and sleep
disorders may provide valuable insight on the cause and subse-
quently the treatment of TBEV infection sequelae. Chronic
headache has similarly been reported following infection and
viral encephalitis [41 , 47].

Interestingly, in this review, many of the sequelae reported
in children with TBEV infection fell into the neuropsychiatric cat-
egory. Viral meningitis and encephalopathy have similarly been as-
sociated with a variety of cognitive issues, including memory,
learning, and concentration disorders, irritability, and anxiety
[48-50]. The data presented here highlight the repercussions of di-
rect TBE-acquired brain injury that may similarly indicate a con-
nection between TBEV infections and neuropsychiatric disorders
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in children. Sequelae may negatively affect children’s daily life,
school performance, and other abilities critical to cognitive devel-
opment [51, 52]. Little is known about the consequences of a TBEV
infection on the developing brain, highlighting the need for future
research on TBEV infection sequelae, especially in zchildren.

There is no standard case definition for sequelae. Long-term
signs and symptoms vary and can be subjective (eg, anxiety/fear
and irritability), and follow-up time points after discharge are
not consistent; therefore, the synthesis of comprehensive infor-
mation is limited. Some rarer sequelae may be reported only in
case studies and may therefore not be captured in this review.
Some sequelae were reported only in pediatric studies and
may not have been recorded in adult studies, such as impaired
activities of daily living; a lack of reporting does not necessarily
mean that the symptom does not affect adults. Categorization
of symptoms and reported proportions of sequelae may vary
between hospitalized and nonhospitalized patients, who were
analyzed together in the current study. Some studies used a
prospective design, which may have resulted in a larger number
of persistent symptoms being reported. In addition, categoriza-
tion may vary between studies; for example, what is entered as
“paresis—unspecified” in one study could be entered as “paresis
of extremities” in another.

This data set was highly heterogenous among all study pop-
ulations, regardless of age. There was a lack of information on
patient comorbid conditions or immunization status, both of
which have been associated with overall outcomes [53, 54].
Not all studies distinguished between TBEV infections with
or without nervous system involvement. Because of the limited
availability of reported outcomes, we grouped all CNS/PNS
outcomes for the current study, but in the future it would be
valuable to investigate sequalae by nervous system manifesta-
tion. In doing so, we have identified a need for clinical data
on this topic, as the type and severity of nervous system man-
ifestation can result in a variety of long-term outcomes [55-58]
and highlighted an open area of research to determine whether
these factors are associated with a higher risk of long-term dis-
ability or lower quality of life. Patients may appear across more
than a single symptom category group, so we could not group
patient data and compare across categories. Not all studies re-
ported sequelae symptoms for all time points after discharge
(eg, cognitive problems and behavioral disorders were assessed
only at <6 months and 7 to <12 months); similarly, comparing
between time points often necessitated comparing data from
>1 study.

Despite its limitations, the current study also has several
strengths. Sample sizes within individual studies remained con-
sistent at all measured time points, indicating that patients who
did not experience sequelae symptoms were not lost to follow-
up. Weighted means were used to account for varying sample
sizes between studies. This is among the first studies to provide
a comprehensive overview of TBEV infection sequelae. This

work further bolsters the need for common criteria for the as-
sessment of TBE disease severity and standardized follow-up
time points for evaluating sequelae and quality of life [59].

In conclusion, after TBEV infection, patients can experience a
wide variety of neurological, neuropsychiatric, or other sequelae
symptoms that have been reported at follow-ups more than a
year after hospital discharge. While the proportion of some se-
quelae decreased over time, it remained constant or even in-
creased for others. For example, sleep disorders were found to
increase in prevalence over time and headache to persist for
many patients. Better understanding of the persistent and pro-
gressive sequelae affecting patients after discharge, and the
mechanisms behind their occurrence, can better inform future
research and treatment options. The findings of this study also
emphasize the need for standardized symptom categorization
and follow-up time periods to increase comparability among fu-
ture studies of TBE sequelae in both children and adults.
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