Chapter 5

TBE in adults

Johannes P. Borde and Joanna Zajkowska

Key Points:

e TBE is the most important tick-borne arbovirus disease of humans. Epidemiological data indicate a trend towards an in-

creasing severity with higher age.

e A number of possible genetic and non-genetic risk factors have been identified, which might have an impact on the mani-

festation and severity of human disease.

e Different TBEV strains seem to cause differing clinical courses of disease. While the TBE-Eu mainly causes a biphasic course,
the clinical course of TBEV-FE and TBEV-Sib are mainly monophasic.

e The diagnosis of TBE is based on serological tests.

e So far there is no effective treatment of TBEV infections.

Introduction

The tick-borne encephalitis virus (TBEV) causes serious
infections of the brain, the myelon, and / or the meninges.
Initial symptoms include headache and fever. Severe forms
of tick-borne encephalitis (TBE) progress to a loss of
consciousness, coma, and even death (Fig. 1)." Overall,
TBE is associated with a high burden of disease and often
disabling long-term sequelae. From an epidemiological
perspective all age groups are at risk for TBE; however, the
individual risk depends on age, sex, occupation, leisure
activity profile, and the local environmental presence of
TBEV. Within the European Union (EU), TBE became a
notifiable disease in 2012, and in 2014, 2,057 cases were

reported to the European Centers for Disease Control and
Prevention (ECDC), 1,986 with a confirmed TBEV infection
based on ECDC diagnostic criteria (0.42 cases per 100,000
population).® The highest rates were documented in the
Baltic states and TBE was predominantly reported in males
245 years of age. The majority of cases occurred in males in
all age groups, based on aggregated data from 2000-2010
(n=22,378); however, in Lithuania, Latvia, and Estonia in the
>60 years group, female cases predominated. The ECDC
report showed that most TBE cases were reported to public
health authorities between June and October.?

Figure 1: TBE by age and gender
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TBE cases by age group and gender reported in 16 EU/EFTA countries (2000-2010; n=22,378) Source ECDC (TBE technical report).’




Predisposition factors and risk factors
Risk factors — age, comorbidities

The personal risk for TBE in non-immune persons depends
on the probability of exposure to TBEV. Exposure is usually
the result of close contact with the environment in which
ticks are found. Forest workers, professional hunters, and
landscape gardeners are examples for occupational groups
with a relatively high work-related risk of acquiring a TBE
infection.

However, the most endangered groups for severe clinical
manifestation are elderly people, with studies showing that
TBE tends to be more severe in the elderly.* This may be
due to their social habits and leisure activities, e.g.,
collecting mushrooms, hiking, or other activities in the
forests, that lead to a higher probability of exposure to ticks
and therefore for TBEV infection.

Epidemiological data from different European countries
demonstrate that the incidence of TBE is higher in elderly
people than in younger age groups. In some countries (e.g.,
Germany, Austria, Sweden, Lithuania) more than 50% of
TBE patients are 250 years of age. Long-term data (1993—
2008) from a single center in Biatystok/Poland showed that
among 710 hospitalized patients with TBE, 235 patients
(33%) were 250 years old. The clinical manifestation of TBE
depends on the virulence of the pathogen and individual
factors of the host. The most important host risk factors are
age, comorbidities, and notably immunosuppression. In
detail, the latter encompass autoimmune diseases such as
rheumatoid arthritis, psoriasis, vasculitis, encephalomyelitis
disseminata, solid organ recipients, or oncological diseases
requiring treatment with biologicals, steroids, chemo-
therapeutic agents, or other immunomodulating sub-
stances. The case fatality rate for TBE is exceedingly high in
these patient groups. A recently published cluster of TBEV
in the organ transplant recipients underscores the role of
host immune suppression and fatal outcomes.”

Another factor that may result in a more severe clinical
picture of TBE is the relatively rare occurrence of
coinfection with other tick-borne pathogens like Borrelia
burgdorferi, Anaplasma phagocytopilum, Rickettsia spp. or
Listeria monocytogenes.® According to Pikelj et al., other
predictors for severe courses of TBE infection are early
alteration of consciousness (Glasgow Coma Scale [GCS]
score <7), development of limb paralysis together with
respiratory insufficiency within 24-48 hours from the
beginning of the second phase of the disease, and
pleocytosis >300 cells.” According to Mickiene et al., a
monophasic course of the disease is also a predictive
factor.® Late onset of specific anti-TBEV IgM antibodies in
cerebrospinal fluid (CSF) is linked with the severity of acute
encephalitis symptoms. Thus, it can be concluded that a
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fatal outcome of TBE may be a consequence of coexisting
risk factors, such as old age and chronic underlying diseases.
Special efforts should be made to vaccinate elderly people
(>50 years of age), who constitute the main group at risk for
development of severe courses of TBE and long-term
sequelae.®

Host genetic risk factors

As mentioned above, clinical and epidemiological data
indicate that human susceptibility to clinical TBEV infection
greatly varies according to age, gender, and ethnicity. The
potential role of a genetic background for TBE was
investigated in mouse models, where different mouse
strains differ greatly in susceptibility, virus replication rate,
and characteristics of the immune/inflammatory response.’
Most of the genetic factors analyzed are part of the innate
immune response of the mammalian host to TBEV. A
selection of genetic predispositions is discussed in the
following section in the context of TBE.™

C-C chemokine receptor type 5 (CCR5)

The CCR5 plays a key role in leukocyte migration and
attraction. In human immunodeficiency virus (HIV)
infections, the CCR5A32 mutation is important for the
invasion of CD4 cells by HIV particles with a CCR5 tropism.
Based on these findings, the CCR5 entry inhibitor,
mavaviroc, was successfully introduced into clinical use in
2007. In mouse models for flaviral infections, it had been
demonstrated that homozygote CCR5-deficient (-/-) mice
died in almost 100% of all infections with West Nile virus
(WNV)'; whereas CCR5 (-/+) heterozygote mice, and
homozygote mice with a wildtype CCR5 receptor, had a
significantly lower mortality rate after WNV infection. These
data from animal studies were later confirmed in a cohort
study from North America during a WNV outbreak. In
conclusion, the CCR5A32 mutation is a strong predictor for
a severe clinical course of WNV infections in the human
host. Following the epidemiological results from WNV
research, a potential effect of the CCR5A32 mutation on TBE
was investigated. A clinical study from Lithuania analyzed
the incidence of the CCR5A32 mutation in different patient
populations.” In adult patients with TBE, 2.3% (n=129) of
patients were homozygous for CCR5A32. Control patients
with aseptic meningitis (n=76), and a second healthy control
group (n=134), included no patients with a homozygote
CCR5A32 mutation. A second study with adult and pediatric
TBE patients13 enrolled 246 patients in total (n=117
pediatric, n=129 adult). There were 2 control groups: 1 with
79 patients with aseptic meningitis and a second with 135
healthy individuals. Patients with TBE were stratified into
subgroups on the basis of clinical parameters and severity
of disease. It was shown that, in the TBE patients, a
homozygote CCR5A32 mutation was detected with
significantly greater frequency than in the control
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populations, but there was no correlation between disease
severity and CCR5A32 mutational status. Mutations in
another C-C chemokine receptor, CCR2, are linked to a
slower progression of HIV infections; however, any
association between CCR2 and TBE has not yet been
studied.

Toll-like receptor 3

Toll-like receptor 3 (TLR 3) is an intracellular pattern
recognition receptor (PRR), active within the cell and
located to a lesser degree at the cell surface, which
recognizes double-stranded ribonucleic acid (dsRNA), thus
making it an important factor in the innate response to
most viruses.**!> Activation of TLR3 results in activation of
the NFkB proinflammatory transcription factor pathway,
and synthesis of type 1 and type 3 interferon (IFN).***® TLR3
-dependent signaling has been described in different cell
types, including epithelial and endothelial cells, fibroblasts,
different populations of mononuclear leukocytes, as well as
neurons and glial cells."***™ TLR3 is present in different
types of glial cells within the central nervous system (CNS)
and its expression is upregulated during CNS inflammation.
However, some viruses seem to suppress or bypass TLR3
signaling, at least in some types of cells. For example,
herpes simplex virus type 1 (HSV1) induces only a limited
response in human neurons expressing TLR3, with no type 1
IFN synthesis."

Data from WNV infections suggest that there is a link
between genetic risk factors and severe clinical courses;
however, findings are, in part, inconsistent. WNV entry into
the CNS depends on the expression of TLR3 as an important
cofactor.”’ Knockout of TLR3 results in higher peripheral
viral load, reduced CNS viral load, and inflammation of the
brain.”* The detrimental effects of TLR3 stimulation depend
on the activation of tumor necrosis factor-a (TNF-a)
receptor 1, suggesting that TNF-a is a downstream mediator
of TLR3-induced blood-brain barrier permeability.”*
However, knockout of TLR3 reduces the inflammatory
response and thus neuronal damage in the CNS, irrespective
of the local viral load.”

For TBEV, the exact mechanism of entry to the CNS is not
known.?* It is speculated that, very similar to WNV, TBEV
enters the CNS after an intense peripheral inflammatory
response disrupts the blood—brain barrier, or via olfactory
neurons.” Investigating the clinical relevance of these
findings from animal studies, a clinical study analyzed the
frequency of 2 TLR3 mutations in 128 TBE patients from
Lithuania,”® presumably infected with the European subtype
of TBEV (TBEV-EU). There were 2 control groups: 1
consisted of 77 patients with aseptic meningitis and the
second comprised 135 healthy individuals from the same
region. Results indicated that fully-functioning TLR3 is a risk
factor for TBE. These findings were confirmed by a large
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cohort study from Lithuania™ and a trial from Russia.”’ In
the Lithuanian cohort study, which enrolled adult and
pediatric TBE cases, the TLR3 polymorphism, rs3775291,
was found to be less prevalent in the combined adult/
pediatric TBE cohort than in the healthy control group.™ In
the Russian analyses, which investigated 137 non-
vaccinated TBE patients for the presence of the rs3775291
polymorphism compared with a healthy control group
(n=239), it was concluded that a functioning, wild type TLR3
seems to be a risk factor for TBE.

2’-5’ Oligoadenylate synthetase (IFN-induced
oligoadenylate synthetase 2 (OAS2) and IFN-
induced oligoadenylate synthetase 3 (OAS3))

2’-5’ Oligoadenylate synthetase is an IFN-induced antiviral
protein that catalyzes oligomerization of ATP into 2’,5’-
linked oligoadenylate (2-5A), which in turn activates latent
RNase L. Activated RNase L is able to degrade viral RNA,
particularly RNA from neurotropic viruses." The human
OAS gene family comprises 4 genes, of which 3: OAS],
OAS2, and OAS3 encode functional OAS, which by
alternative splicing may be expressed in 8 different
isoforms: 5 of OAS1 (p42, p44, p46, p48, and p52), 2 of
OAS2 (p69 and p71), and a single OAS3 isoform (p100).
OASL encodes 2 isoforms of the OASL protein (p30, p59)
which lacks OAS enzymatic activity. OAS1 and OAS2
synthesize mainly 2-5A oligomers and OAS3 mainly (but
probably not exclusively) dimers, which do not activate
RNase L, but may initiate alternative antiviral pathways.
Particular isoforms of OAS1 and OAS2 differ in their activity
and intracellular distribution.” Constitutive OAS activity is
individually variable and strongly correlated between close
relatives, suggesting that genetic factors determine activity.
In theory, single nucleotide polymorphisms (SNPs) in all the
genes of the OAS complex could contribute to the
phenotypic variability, as well as different isoforms of OAS
proteins, contributing to the overall activity in vivo. Several
findings from other viral infections point to an important
role of OAS genes in the anti-flaviviral immune response.
For example, in patients with dengue shock syndrome,
transcription levels of OAS3 in peripheral blood
mononuclear cells are significantly lower than in patients
with the less severe form of the disease.*® The very initial
stage of infection with TBEV depends on virus replication in
the Langerhans cells, macrophages, and neutrophils in the
skin at the site of tick feeding.31 It is worthy of speculation
that the innate antiviral response, including OAS activity,
could influence the outcome of the infection at an early
stage, protecting some individuals from clinically overt
disease even before an adaptive immune response and
seroconversion, very similar to the suggestion by Lim et al.
in the context of WNV infection.’®*! There are few clinical
data regarding TBE and mutations in the OAS genes. In a
study by Kindberg et al., rs1077471 distribution was not
significantly different between healthy controls and TBE



patients from Lithuania, although there was a non-
significant tendency towards a more frequent homozygosity
for the mutant allele in meningoencephalitis patients (7% in
TBE group vs. 11% in non-TBE group) than in healthy
individuals (3%).”° Barkhash et al. studied 23 SNPs within
the OAS gene cluster in a group of patients from
Novosibirsk, presumably infected with the Siberian TBEV
subtype (TBEV-Sib), and identified 3 SNPs in the OAS2 gene
(rs1293762, rs15895, and rs1732778) and 2 SNPs in OAS3
gene (rs2285932, rs2072136). There were significant
differences in allele and haplotype frequency of these SNPs
between patients with mild TBEV infection (uncomplicated
meningitis and febrile disease) and with
encephalomeningits or myelitis. However, in contrast with
other studies,”®*® no SNPs in the remaining genes of the
OAS cluster (OAS1 and OASL) were associated with the
severity of infection. The authors of the Russian study
analyzed, in a second step”, the frequency of such OAS
‘TBE risk SNPs’ in different ethnic populations within the
territory of the Russian Federation. The authors found that
the frequency of the aforementioned SNPs correlated with
the probability of exposure to TBEV. Very low SNP
frequencies were detected in Altaians, Khakasses,
Tuvinians, and Shorians, groups that have a high exposure
risk for TBEV in their native habitats. In conclusion, these
‘TBE risk SNPs’ may even serve as selection factors in these
ethnic groups.

IL-28 and IL-10 polymorphisms

The IL-28B polymorphism has been used in the era before
the ‘directly acting antivirals’ (DAA) revolution to predict a
sustained virological response (SVR) in patients chronically
infected with the hepatitis C virus (HCV). The IL- 28B
polymorphism (rs12979860) is associated with an improved
SVR in response to an antiviral HCV regimen based on
pegylated IFN, proteinase-inhibitors, and optional
ribavirin.*” Given the close genetic relationship of flaviviral
pathogens like HCV and TBEV, the role of the IL-28B and IL-
10 polymorphism was investigated in TBEV infections.” In a
study from the Novosibirsk region of Russia, 132 non-
vaccinated patients with TBE were compared with a
regional control group comprising 221 healthy individuals.
The results indicated that the I[L-28B polymorphism
(rs8103142, rs12980275) and the IL-10 polymorphism
(rs1800872) are genetic risk factors for TBE and in particular
for severe TBE disease.”

CD209 - (ICAM)-3-grabbing non-integrin
(DC-SIGN)

Dendritic cell (DC)-specific intercellular adhesion molecule 3
-grabbing non-integrin (DC-SIGN) is a C-type lectin,
expressed by DCs and a subpopulation of macrophages,
involved in detection of pathogen-associated molecular
patterns (PAMPs), cell migration, and interaction with T
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lymphocytes, potentially contributing to an early response
to TBEV at the site of tick feeding and initiation of a specific
immune response. It is coded by CD209 gene on the
chromosome. Findings in the context of dengue virus and
HCV infections pointed to an increased risk of dengue
hemorrhagic fever and advanced hepatic injury in hepatitis
C when there is an underlying SNP (rs4804803) located in
the promoter region of the CD209 gene.** Dendritic cells in
the skin and gut probably play an important role in the early
stages of TBEV infection. These antigen-presenting cells act
as a source of pro-inflammatory and antiviral mediators and
as initiators of a specific immune response. However, this
cell type is susceptible to TBEV as well and facilitates the
initial spread of TBEV from the primary site of infection to
remote regions of the mammalian host.** A clinical study
from Russia enrolling 136 non-vaccinated TBE patients
showed a correlation between the presence of 2 SNPs
(rs4804803, rs2287886) in the promotor region of the
CD209 gene and severity of TBE disease course.** The
studied patient population was stratified into different
clinical syndromes—isolated febrile illness (n=35), meningitis
(n=61), and severe CNS manifestation such as meningo-
encephalitis (n=40). The control group comprised 263
healthy individuals from the same Siberian region. The
Russian TBE cases were presumably infected with the TBEV-
Sib. However, it should be noted that, to date, there has
been no study investigating CD209 polymorphisms in
European TBE patients infected with the western subtype of
TBEV.

Clinical course

Pathogenesis — preclinical phase

After a tick bite, the released TBEV in the skin replicates
subcutaneously and is, in this early stage, limited to the
skin. Dendritic cells of the skin, the Langerhans cells, bind
with antigens and subsequently induce an immune
response by producing proinflammatory cytokines. After
the initial replication in the skin, TBEV replicates in the
lymph nodes and lymphatic system, leading to viremia. DCs
and macrophages are crucially involved in TBEV replication,
and may contribute to the spread to uninfected cells,
thereby serving as an important source of local virus
replication before viremia occurs.**>°

Time frames of the clinical presentation and
definitions

The incubation period is difficult to assess in many TBE
cases, because tick bites often remain unnoticed. There are
few data and only rough estimates about the percentage of
infected individuals who develop symptomatic disease.’
Published data suggest an average incubation period of 7—
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10 days (range, 4—28 days) after a bite of an infected tick.>*’

In a recent Polish study a median incubation period as long
as 22 days (range, 4-34 days) has been reported® However,
in a case of food-borne TBEV transmission, the incubation
period may be even shorter and depends upon the number
of viable virus particles ingested with food. 3-4 days have
been reported by Hudopisk et al.** and by Dumpis et al.”® in
a recent outbreak of alimentary TBE in Austria, the length of
the incubation period ranged between 9 and 14 days.*

Symptoms of TBEV infection usually appear in a 2-phase
course. In order to harmonize the use of terminology, TBEV
infection is categorized into a first phase, which progresses
to a second (neurological) phase of the disease. Sometimes,
the disease progression is terminated after the first phase;
this clinical pattern is termed ‘abortive’. Monophasic
disease expresses only 1 phase of the disease with
neurological symptoms. The typical course of the infection
exhibits the aforementioned 2 phases and is called
‘biphasic’. The TBEV-Sib might even cause a chronic
disease.*®*

Dynamics of TBE — first phase and second phase

During the viremic phase, extra-neural tissues, including the
reticuloendothelial system (spleen, liver, and bone
marrow), are infected and release TBEV. Viremia lasts for
several days and facilitates the invasion of the CNS.*”® The
outcome at this stage depends on the initial immune
response at the entry site and the subsequent peripheral
immune response. Impaired clearance of viremia, and
consequent entry of TBEV to the CNS, are the result of a
limited humoral response in the early course of TBEV
infection.” Flu-like symptoms develop during the initial
viremic phase of the illness, including fever, headache,
fatigue, myalgia, anorexia, nausea, and vomiting. However,
fever and headache are the chief complaints of patients
presenting to health services. This initial phase lasts for 2-4
days (range 1-8 days).*"*

Overall, approximately 30% of all infected individuals
remain free of clinical signs and symptoms, and 30-50% of
all symptomatic TBE patients experience only the initial
phase; however, epidemiological data show wide variability.
An estimated 30% of patients with TBE who have gone
through the initial phase will develop a second phase with
CNS involvement. The asymptomatic period between the
first and second phase of symptoms lasts for 8 (1-20)
days.“'43 Abortive disease is diagnosed if there is only an
initial phase. The second phase of the disease may involve
the CNS with symptoms of meningitis, meningoencephalitis,
meningoencephalomyelitis, encephaloradiculitis, or even
mixed forms. A biphasic course is observed in 74-85% of
TBE patients infected with TBEV-EU.* Up to 46% of patients
experiencing the second phase of TBE develop long-term
sequelae. Interestingly, Kaiser et al. report that patients
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with encephalomyelitis often present with only 1 phase
(i.e., absence of prodromal phase).*" Infections with the
TBEV-Sib and the Far Eastern subtype of TBEV (TBEV-FE) are
predominantly monophasic. Only a small remainder shows
a biphasic or even chronic pattern (8-21%).** An abortive
form of TBEV infection presenting exclusively with febrile
temperatures, without CNS involvement, has been reported
in some European studies.”® This abortive pattern seems to
be a rare clinical manifestation, estimated to account for
1.8% of all TBEV infections in Europe.46 In Russia, however,
these abortive forms represent up to 50% of all clinical
presentations of TBE.>? The exact ratio of abortive versus
CNS forms of TBE still remains unknown and depends on a
variety of pathogen-related and individual host factors.®

Seroconversion without any obvious clinical signs is
common and well documented, especially in populations
that are highly exposed to TBEV and ticks.”” In a study from
Sweden,” 25% of infected individuals developed CNS
disease. This proportion seems to be lower with the TBEV-
Sib and TBEV-FE subtypes, where 70-95% of infections are
reported to remain without any symptoms.*’

Clinical presentations of the neurological
(second) phase

The exact mechanism by which TBEV crosses the blood—
brain barrier and invades the CNS remains unclear. There
are 4 proposed mechanisms: I. Cytokine  mediated
(targeting the endothelium) whereby cytokines modulate
endothelial cell permeability, disrupt the blood-brain
barrier, and lead to the passage of the TBEV into CNS; Il
Trojan horse hypothesis, in which immune cells migrate into
CNS and establish an infection of the neural cells,
endothelial cells, or choroid plexus epithelial cells, with
budding of TBEV into the parenchymal
compartment;zz’z"”so'51 Ill. Digestive tract infections from
epithelial cells to DCs; and IV. Infection via olfactory
epithelium and olfactory neurons.

The second stage of TBE begins with an increasing body
temperature. This second febrile phase is characterized by
temperatures 1-2°C higher than peak body temperatures in
the first phase, frequently exceeding 40°C.** The further
course of acute TBE can be classified as mild, moderate, or
severe depending on the affected parts of the CNS, such as
meninges (meningitis), brain (encephalitis), cranial, or spinal
nerves (meningoencephalomyelitis). The specific clinical
symptoms in the second stage of TBE result from the
affinity of the virus for distinct CNS regions, producing
additional clinical symptoms like chorea,” parkinsonism,
mutism, nystagmus, and others. Encephalitic symptoms are
classified as mild to severe.

Meningitis presents with headache, nausea, vomiting,
vertigo, and neck stiffness. Signs of meningeal irritation
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(neck stiffness, Brudziniski, Kernig’s signs) have a low clinical
sensitivity and could even be absent, leaving headache and
febrile temperatures as the only symptoms. In a study from
Poland, 10% of the TBE patients with CSF pleocytosis were
without objective meningeal symptoms.>>** In pediatric TBE
patients, fever without neurological symptoms is more
often the chief complaint compared with adult patients.

Meningoencephalitis is observed in adults in 50% of TBE
cases.”® Symptoms are cerebellar signs and typically
include ataxia. The most common neurological symptom is
altered mental state, ranging from somnolence to coma
with 12% of TBE patients in this phase exhibiting a GCS
score below 7.** Disorientation, excitation, seizures, and
confusion are also observed, as well as hyperkinesia of
limbs and facial muscles, cranial nerve involvement with
paresis of facial and ocular nerves, cerebellar ataxia, and
autonomic disturbances of the bladder and intestines.
Spinal nerve paralysis has been documented in 11-15% of
patients. Depending on the extent of the CNS affection,
meningoencephalitis can be moderate or severe. Severe
myalgia in the extremities sometimes precedes the
development of paresis. Involvement of the cranial nerve
nuclei and motor neurons of the spinal cord causes flaccid
paralysis of neck and upper extremity muscles (Photo 1)

Patients with meningoencephalomyelitis may experience
paresis of the arms, back, and legs, with the upper
extremities affected more often than the lower extremities.
Bilateral paresis is a rare symptom (Photo 1 and 2).
Involvement of the medulla oblongata and the central parts
of the brainstem (bulbar) is associated with the poor
prognosis*’ (Photo 3). Occasionally, TBE can be associated
with autonomic dysfunction including reduced heart rate
variability and tachycardia.

Flaccid paralysis arises, very similar to that seen in
poliomyelitis, due to the viral preference for the anterior
horn of the cervical spinal cord. In contrast to poliomyelitis,
mono-, para-, or tetraparesis develops in 5-10% of patients.
Paralysis of respiratory muscles may also occur,
necessitating  ventilatory = support.  Cranial nerve
involvement is associated mainly with ocular, facial, and
pharyngeal motor functions. Hearing defects may also
occur. Brainstem involvement (particularly of the medulla
oblongata) can lead to bulbar syndrome, with the risks of
sudden respiratory and circulatory failure.®”*"***

Chronic TBE — chronic TBEV infection

Some peculiarities in the course of TBE are observed in
Western Siberia. The onset of illness is more often gradual
than acute, with a prodromal phase including fever,
headache, anorexia, nausea, vomiting, and photophobia.
These symptoms are followed by a stiff neck, sensorial
changes, visual disturbances, and variable neurological
dysfunctions, including paresis, paralysis, sensory loss, and
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Photo 1.

Bilateral flaccid paralysis of the arms, shoulders, and the levator
muscles of the head.

convulsions. In fatal cases, death occurs within the first
week after onset. The case-fatality rate is approximately
20%, compared with 1-2% for the European form.
However, these findings may be biased by the different
types of medical treatment available in Western and
Eastern Europe. It is supposed that, in contrast to the
European form, the disease caused by TBEV-FE is more
severe in children than in adults. Neurological sequelae
occur in 30-80% of survivors, especially residual flaccid
paralysis of the shoulder girdle and arms. Overall, there is
little information available on the virulence of the recently
described TBEV-Sib with respect to the course of disease in
humans. The few systematic and unsystematic data
accumulated over the past 20 years show that TBE is a
chronic disease in 1-1.7% of cases. Chronic TBE affects
mainly working-age people and children, often leading to
their debilitation.®® The frequency of the chronic form is
described as approximately 1-1.8% of patients.*®

Hyperkinetic syndrome is the main manifestation of chronic
TBE (86%), which presents as myoclonic hyperkinesia in
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Photo 2.

Photo 3.

Movements are limited to the hands, due to bilateral flaccid
paralysis of the arms, shoulders, and the levator muscles of
the head

paralyzed muscles, myoclonus of oral muscles, myoclonus
of the oral, shoulder girdle, and abdominal wall muscles
with Parkinson tremor, and spontaneous progressive form
of chronic TBE (from myoclonic hyperkinesia in the arm to
typical Kozevnikoff epilepsy).

Laboratory findings

Compared with other forms of viral meningitis, white blood
cell counts in the CSF are low in TBE (median 60/uL, range 5
—1200/pL).>® The CSF albumin is moderately increased;
indeed, in some TBE cases, an increased albumin

TBE with affection of the brain stem.

concentration may be the only pathological finding in the
CSF.>® Increased CSF-to-serum-albumin ratio indicates an
impaired blood—brain barrier, significant disruption of
which can be observed in up to 60% of patients with TBE.*
Initially there is a predominance of polynuclear cells
(granulocytes) in the CSF cell count; however, the immune
response switches within a few days towards an increased
lymphocytic cell count (Figures 2—4). In serum samples,
patients with TBE display only moderate markers of
inflammation. For example, CRP is marginally altered
(median 3 mg/dL; range 1-60 mg/dL).*" TBE-specific IgM
and 1gG antibodies are already present in CSF samples at
the time when patients are admitted to hospitals because
of CNS symptoms.** Meningeal signs can be absent in TBE
patients with CSF pleocytosis. For microbiological
confirmation of TBE please see chapter 12.

Neuroimaging

Magnetic resonance imaging (MRI) is the standard for the
evaluation of patients with any type of encephalitis,
including TBE. However, only about 18% of patients with
TBE have abnormalities on cranial MRI (cMRI) examination.
These abnormalities are mainly located in the thalamus, the
cerebellum, the brainstem, and the nucleus caudatus
(Figures 5-7).°°>®* MRI findings are bilateral or unilateral.
The most characteristic MRI finding is the bilaterally-
increased signal intensity in T2-weighted images and in fluid
-attenuated inversion recovery (FLAIR) images within the
basal ganglia or thalamus. The localization of the MRI
lesions corresponds with neuropathological findings. The
cerebellum, brainstem, cerebral cortex, and spinal cord are
further brain structures that may be clinically affected;
however, pathological MRI enhancements are rarely seen in
these locations. There is usually no restricted diffusion on
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Figure 2: Pleocytosis in CSF

B monocytes 5% neutrophils 2%

B lymphocytes
93%
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Pleocytosis in CSF; Percentage of cells seen in pleocytosis
at the onset of symptoms, and follow—up (Zajkowska,
unpublished data).

diffusion-weighted imaging (DWI) in patients with TBE.
Sometimes single-voxel 1H-MRI spectroscopy may show
pathological patterns, indicating lactate or lipid peaks or
other metabolic alterations in the otherwise unremarkably
appearing basal ganglia or thalami. TBE patients with
meningoencephalitis and unfavorable prognosis are more
likely to present with MRI lesions; however, anecdotal
reports show that even some patients with normal cMRI
scans may die from TBE. It is difficult to correlate MRI
results with clinical findings or even outcomes in TBE
patients. However, there is one prospective cohort study
from Germany that enrolled 111 TBE patients from 2004 to
2014. All patients were evaluated by high-resolution MRI.
Clinical symptoms were scored using the modified RANKIN
Scale at admission and at defined follow-up dates. The
results indicate a strong correlation between meningo-
encephalomyelitis documented on MRI and a poor
outcome. Further risk factors for a worse outcome were
age, male gender, and preexisting diabetes mellitus.®*
Cranial computed tomography (CCT) is usually negative and
not recommended for the diagnosis of encephalitic brain

lesions. In some rare occasions CCT may show symmetric or
asymmetric bilateral hypodensities of the thalami and/or
basal ganglia.®® Single photon emission computed
tomography (SPECT) is a highly sensitive functional imaging
method for the detection of cerebral perfusion
abnormalities. A SPECT study from Sweden including adult
patients with TBE (n=73), and patients with other forms of
meningoencephalitis (n=56), showed a decrease in regional
cerebral blood flow (rCBF). However, these findings were
not significantly related to the clinical course or the
outcome of TBE.***® Thus, the significance of this reduced
rCBF remains unclear. Another pilot study using 18F-FDG
PET/CT in 10 patients with TBE showed that glucose
hypometabolism was present in 7 out of 10 patients with
TBE, reflecting neuronal dysfunction in areas prone to TBEV
infiltration and responsible for the development of clinical
signs and symptoms.®’

EEG

In the acute stage of CNS inflammation, electro-
encephalograms (EEGs) show pathological patterns. In a
study by Lindquist, there were abnormal EEG findings in
77% of patients with TBE.>” An abnormal EEG correlates
with the severity of the clinical condition of the TBE patient;
however, there is no link between the degree of EEG
pathology and clinical condition. In most cases, an initially
abnormal EEG normalizes within a few weeks. The EEG may
be of prognostic value when there is a persistence of
pathological patterns or the appearance of new
irregularit‘ies.e&69

Prognosis, long-term sequelae and
Postencephalitic syndrome (PES)

The case fatality rate (CFR) from infection with TBEV-EU is
reported to range between 1% and 2%.”*" In lethal cases,
death occurs within 5-10 days after the onset of
neurological symptoms in the context of diffuse brain
edema and bulbar involvement.

There are several retrospective and prospective studies
from different countries regarding long-term morbidity of
TBE patients (Table 1). Overall, there is a high proportion of
patients with persistent post-TBE symptoms of different
severity. However, differences in patient selection, age-
specific exposure, access to medical care, and selective
reporting of more severe cases may result in bias in these
data and may explain, in part, the discrepancies between
different TBEV subtypes.®***%7074

PES is a condition that includes residual (behavioral)
changes following the recovery from viral or bacterial
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Table 1: Overview of TBE long-sequelae in prospective and retrospective studies

Study Patients

Kaiser R, 1997”'* 63/70

Follow-up period

11-44 months

Findings

Unable to work for up to 3 months: 32%
Persistent hearing loss: 11%

Severe dysphagia/dysarthria: 6%

Cognitive deficits: 11%

1/9 patients with radiculitis and paresis and
15/15 with myelitis had residual paresis
CFR: 6.3%

Misi¢-Majerus L, et al. 20097 124

> 3 years

Postencephalitic syndrome (PES): 52%
Mild PES symptoms of short duration: 12%
Moderate or severe PES symptoms lasting
3-18 months: 40%

Permanent sequelae: 17%

Spinal nerve paresis: 4%

Hearing impairment: 6%

Dysarthria: 2%

Severe mental disorder: 1%

CFR: 2.5%

Giinther G, et al., 1997°%* 85 1year

Persistent CNS dysfunction: 40%
Tetraparesis: 2 patients
Bilateral paralysis of shoulder muscles: 3 patients

Kaiser R, 1999*** 230/656

up to 4 years

Transitory mild paretic complaints: 38%
Sequelae lasting 3 months or longer: 27% (n=62)
9/62: mild sequelae, not affecting daily life
23/62: moderate sequelae, affecting daily life
30/62: severe sequelae, serious impact on daily life
47/53 with moderate or severe sequelae had paresis
of extremities
CFR: 1.2%

Mickiene A, et al., 2002%* 117 1 year

Permanent sequelae: 46%

Czupryna P, et al., 201172 687

1993-2008

Neurological sequelae at discharge from the
hospital: 23%

Required further psychiatric treatment: 44%
Long-term sequelae requiring further
hospitalizations: 6%

CFR: 0.6%

Kaiser R, 201173 57 10 years

Only patients included in the study described
in Kaiser 1999 and who had a myelitic course
were included.

Recovered: 19%

Moderate or severe sequelae: 51%

CFR: 30%

encephalitis according to the international classification for
diseases. The symptoms are nonspecific and, in contrast to
organic disorders, are often reversible. There may be a
variety of residual neurological dysfunctions, such as
paralysis, deafness, or aphasia. Initially, doubts were raised
whether PES after TBE exists; however, a recent study
specifically assessed the incidence and characteristics of PES
after TBE. Between 1995 and 2008, 124 patients aged 16—

76 years were followed for >3 years. Of these, 60 patients
(48%) had no symptoms of PES; 15 patients (12%) had
symptoms that were mild and of short duration; and the
remaining 49 patients (40%) developed PES lasting for 3—18
months. In 15/49 patients (12%) PES was severe. The main
characteristics of PES were psychiatric symptoms, balance
and movement disorders, headache, general malaise, and
reduced working ability.”* Kaiser et al. followed patients
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Figure 3: Evaluating pleocytosis in TBE (early)
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F/rst eva/uat'lon ofp/eocytosts in TBE. The cell preparations cerebrospinal fluid of patients with TBE observed a plurality of cells. In all
microscopic views there are cells that occur singly or in small clusters, neutrophils with different numbers of lobes nuclear and clearly visible

large monocytes. (1 x 100; 1 x 400; 1 x 400.)

Figure 4: Evaluating pleocytosis in TBE (later)
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Figure 5: MRI visualization of
TBE-related abnormalities

Axial (A) and coronal (B) T2-weighted MRI
images show high signal intensity in the
basal ganglia and thalami. The second
scans (C, D) obtained several months later,
show partial resolution of the lesions.
Patient with chorea presentation.

Figure 6: Further visualization
of TBE-related abnormalities

A B

C D

Axial FLAIR images. There is abnormal
signal intensity in the left frontal (A) and
left parietal lobe (B) and confluent, poorly
visible abnormal bilateral hyperintensity
in the periventricular white matter (C)
and in the centrum semiovale (D).
Parkinsonism as residual sequelae.

Figure 7: Additional visualization
of TBE-related abnormalities

A B

Axial fluid-attenuated inversion recovery
(FLAIR) image (A) and T2-weighted MR
image (B) show bilateral hyperintensity of
the caudate nuclei, putamina and
thalamus. The right side is slightly more
involved than the left side. Patient with
immunosuppression.




with meningoencephalomyelitis for 10 years.“"B’73 There
were 57 patients with complete follow-up data, of whom
19% recovered, 51% had moderate/severe sequelae, and
30% died. The most substantial improvements were seen in
the first 12 months after acute TBE. These follow-up results
indicate that the chance for clinical improvement reaches a
maximum in the first 12 months after acute TBE and
decreases substantially after the first 3 years. The severity
of acute TBE correlates with long-term prognosis. Patients
who died during the 10-year follow-up had a significantly
higher deficit sum than those who survived. By contrast,
patients with complete recovery within 5 years had the
lowest initial deficit measured in a standardized scoring
system. Mechanical ventilation was required in 30 patients
with TBE in the acute phase of the disease—14 patients died
during the follow-up period (7 within the first year).
Respiratory symptoms resolved completely in 14 patients
with TBE. Overall, there is a correlation of disease severity
and prognosis. Patients with  ataxia, impaired
consciousness, double vision, urinary retention, or mild
paresis of only 1 extremity had the best prognosis.
However, TBE patients with tetraparesis and concurrent
respiratory paralysis, dysphagia, or dysarthria were among
those with the highest risk for a fatal outcome.

Chapter 5: TBE in adults

Post-mortem examinations of deceased TBE patients and
animal studies provided some explanations and insights into
the neuropathological mechanisms of the disease.”>’® Viral
infection of neurons causes cell lysis. There is only a limited
chance for improvement of muscle paresis, because
neurons have restricted regenerative capabilities. TBEV has
a high affinity for cranial nerve nuclei, the cells of the
anterior horn of the spinal cord, the Purkinje cells in the
cerebellum, and cellular components of the thalamus.
Clinical improvements achieved in patients with paresis are
linked to physical exercise increasing the muscular strength
of neighboring muscle groups and, to a lesser extent, to
learning effects in the context of neuronal plasticity.
However, if cellular damage is multisegmental, the resulting
neuronal muscle atrophy has little or no chance for
regeneration (Photo 4).

Treatment

Treatment is mainly supportive and symptomatic. No
specific antiviral therapy is currently available and approved
for TBEV infections. Some antiviral agents, specific

Photo 4.

Muscle atrophy after remote TBE:

Atrophy of the muscles with limitation of elevation both limbs
(both sides R>L)-A,

one side-B,

lower limb-C.




immunoglobulins, and other potentially protective
substances are under investigation for their anti-TBEV
efficacy in vitro and clinically’”’®% however, a detailed
review of these ‘pipeline’ agents is beyond the scope of this
chapter. If there are clinical signs and symptoms such as
status epilepticus, severe meningoencephalitis,
encephalitis, and myelitis, the patient should be admitted to
an NICU (neurological intensive care unit) for further
monitoring and treatment. In a large study of 709 patients
with TBE in Germany, 12% of patients required intensive
care and 5% required assisted ventilation.*”® Maintenance of
an adequate cerebral perfusion and prevention of
secondary complications are the main objectives of
treatment. Correct positioning, deep analgosedation, and
osmotherapy (mannitol, hypertonic saline) can be
considered, but only for 1-2 days and provided exclusively
as boluses. However, the use of mannitol did not affect the
outcome in terms of survival. In the case of an increasing
intracerebral pressure and a decreasing cerebral perfusion,
therapeutic hypothermia might be considered. High fever is
associated with increased metabolic consumption.
Antipyretics, or other physical measures like cooling
blankets, or infusion of cooled fluids, should be employed
to reduce body temperature effectively. The use of steroids
is still a matter of debate and cannot be recommended
based on current evidence.>’? Dehydration increases the
risk for cerebral infarction. Severe TBE is often accompanied
by hypovolemia due to a decreased intake and a secondary
loss of fluids. Hyponatremia is a common condition in
patients with TBE, including the syndrome of inappropriate
antidiuretic hormone secretion (SIADH), cerebral salt-
wasting syndrome, and reduced sodium supplementation.
Mental and behavioral disturbances, delirium, and
psychotic signs and symptoms may justify treatment with
neuroleptics. For seizures, the administration of
benzodiazepines is recommended. Pain and arousal cause
intracranial pressure peaks by increasing the cerebral blood
flow; therefore, sedatives and careful clinical monitoring are
key factors in the prevention of intracranial hypertension.
Rehabilitation should be introduced as soon as possible, as
early introduction of rehabilitation therapy is essential to
protect muscle atrophy.
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