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Introduction  

The immune system is a complex network of organs and 
processes within the host which protects from the invasion 
of pathogenic microorganisms. This network consists of an 
enormous variety of cells and molecules with specialized 
functions and is generally divided into innate and adaptive 
immunity. The innate immune system provides the first line 
of defense in infection and acts broadly against various 
pathogens, whereas the adaptive immune system generates 
a highly specialized response to individual pathogens. 
Adaptive immunity is also capable of “striking” harder upon 
secondary exposure to the same pathogen due to its ability 
to generate immunological memory. Importantly, the 
innate and adaptive immune systems function as allies to 
produce a more efficient total response than either one 
alone.  

Tick-borne encephalitis (TBE) is a viral infectious disease of 
the central nervous system (CNS) caused by tick-borne 
encephalitis virus (TBEV). It is usually a biphasic disease 
manifesting with influenza-like febrile illness during the first 
(viremic/febrile) phase followed by a second (meningo-
encephalitic) phase with neurological symptoms of different 
severity, ranging from meningitis to severe 
meningoencephalitis (as reviewed in1). The first phase of 
TBE is challenging to study in humans, as infected 

individuals rarely seek medical attention. Therefore, 
sampling from blood or tissues from humans to study TBE is 
mostly possible during the second phase of disease. 
Interestingly, upon the emergence of neurological 
symptoms, the virus can no longer be detected in 
peripheral blood and cerebrospinal fluid (CSF).2 Whether as 
of this time the virus persists in other locations in the body 
(e.g. the brain parenchyma) has yet to be investigated.  

The pathogenesis of TBE is also not completely understood. 
It may be attributed to either the direct viral cytolytic 
effects or the immune cell-mediated tissue damage, or 
both. TBEV viral proteins and immune cell infiltrates have 
been detected in neuronal tissues from fatal TBE cases 
supporting both mechanisms of pathogenesis – at least in 
such cases.3,4  

In this chapter of the book, we aim to summarize the 
current understanding of the immune system responses to 
TBEV infection (Fig. 1). First, we discuss the initial stages of 
TBE development including host barriers, viral spread, 
mechanisms of TBEV entry into the CNS and innate immune 
responses, most of which are delineated from in vitro or 
mouse models. We later review the adaptive immune 
system responses to TBEV infection, both humoral and 
cellular, from studies conducted primarily on human 
peripheral blood and CSF compartments. 

Key Points 

• Tick-borne encephalitis (TBE) is a viral infectious disease of the central nervous system caused by the tick-borne 
encephalitis virus (TBEV). 

• TBE is usually a biphasic disease and in humans the virus can only be detected during the first (unspecific) phase of the 
disease. 

• Pathogenesis of TBE is not well understood, but both direct viral effects and immune-mediated tissue damage of the 
central nervous system may contribute to the natural course of TBE. 

• The effect of TBEV on the innate immune system has mainly been studied in vitro and in mouse models.  

• Characterization of human immune responses to TBEV is primarily conducted in peripheral blood and cerebrospinal fluid, 
due to the inaccessibility of brain tissue for sample collection.  

• Natural killer (NK) cells and T cells are activated during the second (meningoencephalitic) phase of TBE. The potential 
involvement of other cell types has not been examined to date.  

• Immune cells from peripheral blood, in particular neutrophils, T cells, B cells and NK cells, infiltrate into the cerebrospinal 
fluid of TBE patients.  
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Throughout this chapter, we also highlight the observed 
correlations between human immune responses and clinical 
TBE disease outcomes.  

 

TBE disease progression 

Barriers and local transmission of TBEV 
 
Skin is one of the first physical barriers of the host that 
prevents the entry of pathogenic microorganisms. However, 
it is not purely a physical barrier, it is also equipped with 
many specialized immune cells, such as macrophages, mast 
cells, dendritic cell (DC) subsets, T cell subsets, and natural 
killer T cells ready to respond to any threatening micro-
organism.5 TBEV is mainly transferred to humans through 
the bite of infected ticks. Thus, the skin is the primary site of 
viral transmission from the tick’s saliva to the host. Virus 
transmission from the tick is facilitated by ‘‘saliva-activated 
transmission” factors within the tick’s saliva which contains 
components that interfere with the immune response, 
including factors that block and modulate inflame-
mation, haemostasis, innate and acquired immunity, and 

wound healing.6  

Already within the first hour of feeding, a stronger 
inflammatory microenvironment with increased cell 
recruitment is created at the TBEV-infected tick feeding site, 
as compared to uninfected tick feeding sites.7  

After TBEV is transmitted, the cells residing in the skin tissue 
are exposed to the virus. Tick-feeding experiments in mice 
show that dendritic cells (DCs), mononuclear phagocytes 
and fibroblasts are the main cells to be infected by TBEV in 
the skin.7,8 Tick saliva further modulates TBEV infection of 
DCs by increasing their susceptibility to the virus and 
decreasing their ability to release inflammatory cytokines.9 
Mononuclear phagocytes and DCs are believed to be 
involved in viral dissemination of TBEV, as these cells can 
migrate from the skin to the draining lymph nodes.  

 

Viral dissemination and entry into the CNS 

Systemic virus infection – viremia, is a common cause of 
febrile flu-like symptoms manifesting due to the immune 
response to a virus. It is therefore assumed that the first 
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Upon a tick bite, TBEV is transmitted into the skin where it infects local cells including fibroblasts and antigen presenting cells. This creates 
an inflammatory environment at the bite site leading to immune cell infiltration. Infected antigen presenting cells are believed to migrate 
to the draining lymph nodes and contribute to virus dissemination. Virus dissemination leads to viremia (presence of virus in the 
circulation), however it is not yet known at what point during the disease the virus reaches the central nervous system. Upon the 
development of the second phase of TBE involving neurological symptoms, patients usually present with immune cell infiltration into the 
cerebrospinal fluid (CSF), a process referred to as pleocytosis. Cells infiltrating the CNS include neutrophils, T cells, NK cells and B cells. 
Meanwhile, T cells and NK cells in peripheral blood are activated and respond to virus infection with their effector functions. To date, other 
cell types activated in peripheral blood in human TBE have not been investigated for activation status and phenotype. Anti-TBEV IgM and 
IgG antibodies are detected in serum during the second phase of TBE. This figure does not represent the complete mechanism of TBEV 
spread and TBE development. Figures were adapted from Servier Medical Art (http://smart.servier.com/).  

Figure 1: TBE disease progression from TBEV-infected tick bite to the development of the second   
     (meningoencephalitic) phase of TBE.  

http://smart.servier.com/
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phase of TBE involving febrile symptoms is the result of 
immune responses to the systemic infection with TBEV. 
During this phase, TBEV RNA can be detected in human 
blood samples.10,11 As soon as anti-TBEV antibodies are 
detectable in the blood, viral RNA can usually no longer be 
found in blood or CSF samples.10,11 TBEV RNA has been 
detected in urine samples during the second (meningo-
encephalitic) phase of the disease, and persistent viremia 
has been described in immunosuppressed patients.12,13  
 
The exact route of TBEV entry into the CNS is unknown. 
TBEV antigen is found in brain tissue in autopsies from fatal 
cases of TBE, and the virus is selectively localized in the 
neurons.3 As for other, more well-studied neurotropic 
flaviviruses in this context, e.g. West-Nile virus (WNV) and 
Japanese Encephalitis virus (JEV), different ways of viral 
entry have been suggested, that may be dependent on 
blood-brain barrier (BBB) breakdown, passive diffusion of 
virus, or via infected-leukocytic trafficking.14 An additional 
mechanism that has been suggested is transneural invasion 
of virus into the CNS, via either peripheral somatic or the 
olfactory nerves.14 TBEV can infect various cells from the 
central nervous system in vitro, including brain 
microvascular endothelial cells in a BBB model.15-18 
However, BBB breakdown does not seem to be a 
prerequisite for TBEV entry into the brain. In vitro studies 
show that the virus can cross the BBB via a transcellular 
pathway without altering the BBB integrity.18 Additionally, 
in a rodent TBE model BBB breakdown is primarily a result 
of cytokine release by the infected cells and BBB breakdown 
is not required for TBEV entry into the brain.19 
 

Innate immune system and TBE 

The innate immune system 

The primary function of the innate immune system of the 
host is to prevent the entry of and colonization by 
pathogenic microorganisms, and if entry occurs, to limit the 
infection. All cells in the body, though to a varying extent, 
are “trained” to recognize and respond if such penetration 
occurs. The innate immune cell recognition of pathogens 
takes advantage of pattern recognition receptors (PRRs). 
PRRs detect pathogen-associated molecular patterns 
(PAMPs) to initiate protective immune responses and 
subsequent elimination of the “invaders”.20 Different 
classes of PRRs are involved in detection of viral infections, 
such as Toll-like Receptors (TLRs), cytoplasmic protein 
retinoic acid–inducible gene 1 (RIG-I) and structurally 
related melanoma differentiation-associated gene 5 
(MDA5).21 Via different signalling pathways these molecules 
induce antiviral responses upon sensing viral PAMPs from 
different cellular compartments.21 Endosomal TLRs, for 
example, including TLR3, TLR7, TLR8 and TLR9, recognize 
viral nucleic acids, including double-stranded RNA, single-

stranded RNA, and DNA.22 Upon ligand recognition, TLRs 
trigger the production of type I interferons (IFN) and 
inflammatory cytokines/chemokines to activate antiviral 
defense mechanisms and to initiate adaptive immune 
responses.22  
 
Type I IFN can be produced by most cell types and its 
receptors are widely distributed on the cell surface.23 
Binding of IFNs produced by infected cells to the IFN 
receptor complex on the surrounding cells results in the 
expression of interferon-stimulated genes (ISG). ISGs have 
been shown to modulate/inhibit viral replication by 
inducing an antiviral state.24 In addition to interferons, 
cytokines and chemokines are also very important secreted 
factors of the immune response to pathogens.25 They 
orchestrate many processes during infection by controlling 
immune cell trafficking and determining the nature of the 
downstream immune responses. Important cells of the 
innate immune system are dendritic cells (DCs), phagocytes 
(neutrophils, monocytes and macrophages), cells releasing 
inflammatory mediators (basophils, mast cells and 
eosinophils) and the NK cells.   

As the innate immune system is activated during the early 
stages of infection, it is difficult to study its role in TBEV-
infection in humans. TBE patients are usually admitted to 
hospital very late during the infection, already after the 
adaptive immune system responses are initiated. Therefore, 
the majority of research on TBEV and the innate immunity 
are performed in mouse and in vitro models, also taking 
advantage of the natural attenuated Langat virus that 
belongs to the TBEV serocomplex.  

 

Pattern recognition receptor signalling and type I 
interferon response to TBEV 

As for other viral infections, animal models and in vitro 
experiments demonstrate that type I IFN has a protective 
role against TBEV-infection. IFN-receptor-deficient mice 
infected with TBEV or Langat virus develop severe clinical 
symptoms and succumb to the infection, most likely due to 
unrestrained systemic viremia, and local inflammation 
induced by viral replication in the brain.26 Further 
experiments have suggested that interferon-beta promoter 
stimulator 1 (IPS-1), a downstream adaptor for MDA5 and 
RIG-1-like receptor signalling is important in controlling 
TBEV and Langat virus infection in mice.27 Knockout of IPS-1 
leads to increased viral replication, release of inflammatory 
cytokines and immune cell infiltration in the CNS of Langat 
infected mice.  

In vitro experiments demonstrate that astrocytes initiate a 
very early type I IFN antiviral response upon TBEV-infection 
thereby limiting viral replication and spread.28 RIG-1-like 
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receptors are upregulated together with various ISGs in 
human neuronal derived cell lines by TBEV-infection.29 A 
number of ISGs have been shown to specifically target TBEV
-infection. The Tripartite motif (TRIM) 79α  protein restricts 
TBEV and Langat virus replication by mediating lysosome-
dependent degradation of the NS5 protein.30 TRIM79α  was 
also important for eliciting antiviral activity of IFNβ  for 
inhibition of TBEV replication. Viperin (virus-inhibitory 
protein, endoplasmatic-associated, interferon inducible) has 
also been shown to restrict TBEV replication by proteasome
-dependent degradation of NS3 viral protein, and reduced 
the stability of other TBEV proteins (prM, E, NS2A and 
NS2B) in the presence of NS3.31 Studies of polymorphisms in 
innate immune genes support the importance of innate 
immunity in TBE, as 5 different single nucleotide 
polymorphisms (SNPs) in the interferon-induced antiviral 
proteins oligoadenylate synthetase 2 (OAS2) and 3 (OAS3) 
have been suggested to be associated with clinical TBE 
infection.32 

Even though TLR signalling has been studied to some extent 
in other flavivirus infections33, the role of TLR in TBEV 
infection is not clear. A functional TLR3 receptor was 
suggested to be a risk factor for clinical TBE infection in 
adults, but not in children.34-36 TLR7 signalling has also been 
shown to have a role in controlling the replication of Langat 
virus as TLR7-deficiency in mice increases the virus burden 
in the CNS. However, increased viral burden does not seem 
to influence the level of neuropathogenesis.37 The 
mechanism for the increased viral replication in the neurons 
of these TLR7-deficient mice is not clear. However, lower 
levels of pro-inflammatory cytokines and chemokines is 
observed.  

 

Innate response and its antagonism by TBEV  

Many viruses induce activation of PRR and subsequent IFN 
signalling within hours of viral infection. Similarly to other 
viruses, TBEV may also have many mechanisms to interfere 
with or evade the innate immunity. TBEV as a single-
stranded RNA (ssRNA) virus produces double-stranded RNA 
(dsRNA) intermediates during replication. One of the 
earliest immune evasion strategies by TBEV is to hide its 
dsRNA from the cytoplasmic PRRs within the host cells by 
rearranging internal cell membranes.38 Inaccessibility of 
dsRNA for cytoplasmic PRRs delays the activation of 
interferon regulatory factor 3 (IRF-3), a key transcriptional 
regulator of type I IFN response. This results in a 
subsequent 24h delay of IFN production giving an 
opportunity for TBEV to replicate unhindered.38  
 
Effective and early IFN responses are critical during viral 
infection, thus active antagonism of host proteins involved 
in IFN responses is another common viral mechanism of 
evasion. Viruses often use their own proteins to directly 

interact with and inhibit IFN signalling molecules. Studies on 
Langat virus have shown that viral nonstructural protein 5 
(NS5) is an IFN antagonist and inhibits the JAK-STAT signal 
transduction pathway by blocking the phosphorylation of 
STAT1, STAT2, Tyk2 and Jak1.39 Similarly, TBEV NS5 protein 
was also found to block the phosphorylation of STAT1 by 
binding to the host membrane protein scribble (hScrib) 
resulting in inhibition of downstream IFN signalling.40 
Another known target of TBEV NS5 is host protein prolidase 
(PEPD). Interaction of NS5 with PEPD is associated with 
decreased surface expression of type I IFN receptor subunit 
IFNAR1 resulting in reduced ISG expression.41 These findings 
highlight an important role of TBEV NS5 protein as a strong 
antagonist of type I IFN response.  
 
 

Innate cellular responses in circulation 
during TBE  
 

NK cells  

Natural killer (NK) cells are cytotoxic innate lymphoid cells 
that are an important part of the immune response against 
viruses and tumor cells. NK cells represent a distinct 
population of lymphocytes that lack CD3 and express CD56. 
The two main NK cell populations in peripheral blood of 
healthy individuals are the cytotoxic CD56dimCD16+ NK cells, 
and the less cytotoxic CD56brightCD16- NK cells which 
produce larger amounts of cytokines upon activation.42 The 
ability of NK cells to distinguish between normal and 
infected cells is partly dependent on the surface MHC class I 
expression levels. In addition, NK cells express multiple 
activating and inhibitory receptors, and the state of NK 
activation or tolerance is dependent on a balance of the 
engagement of these receptors.43 NK cell cytotoxicity is 
mediated via three main pathways: 1) cell lysis of infected 
cells using perforin- and granzyme, 2) Fas ligand–mediated 
induction of apoptosis, 3) antibody-dependent cellular 
cytotoxicity, NK cells also produce cytokines and 
chemokines for communication with surrounding cells, 
thereby also bridging the innate and adaptive immune 
response.44  
 
In patients suffering from TBE, NK cells are present in both 
peripheral blood and the CSF with higher percentages of NK 
cells residing in the blood.45 Even though the virus is not 
detected during the second phase of TBE, increased levels 
of cytokines that either activate or are produced by NK cells 
are detected in blood.46 In addition, NK cells are shown to 
be activated at early time points during the second phase of 
TBE (Fig. 2). The TBEV-induced NK cell activation was 
predominantly seen in more differentiated NK cells 
(CD57+CD56dim). The activated NK cells had less expression 
of perforin, granzyme B, and Bcl-2, suggesting that the cells 
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have already responded to target cells. In addition, CD56dim 

NK cells had a decreased responsiveness to target cells ex 
vivo, but recovered their functional capacity during the 
convalescent phase of TBE. In contrast to the decreased 
response to target cells, the NK cells could respond to 
cytokine stimulation ex vivo throughout the infection. 
Interestingly, the characteristics of NK cell responses in TBE 
infection are different from those of other human viral 
infections. The release of cytotoxic granules early in NK cell 
activation may contribute to the pathogenesis in TBEV-
infection.  

 

Neutrophils 
 
Neutrophils contribute to the inflammatory response and 
have phagocytic activity early during innate immune 
responses to viral infections. They are attracted to the bite 
site during tick feeding experiments and can also be 
infected by TBEV.8 Neutrophils are also present at high 
levels in human CSF early after TBE onset, slowly decreasing 

over time.47 However, despite decreasing numbers, 
neutrophil counts in CSF are higher during the convalescent 
phase in patients with persistent neurological symptoms.48 
In TBE patients concentrations of chemokines signalling 
through CXCR1 and CXCR2 receptors are upregulated in the 
CSF suggesting a potential mechanism for neutrophil 
infiltration.48 
 
In a mouse model using Langat virus, neutrophils have been 
suggested to mediate brain injury. Increased levels of 
neutrophils in the CNS were observed during late infection 
time points in CCR5 deficient mice, together with high levels 
of neutrophil attracting chemokines CXCL1 and CXCL2, 
higher viral load and increased apoptosis in the brain tissue. 
Depletion of neutrophils reversed this phenotype (Fig. 3).49 
 

Adaptive immune system and TBE 

The adaptive immune system recognizes and selectively 
eliminates specific foreign microorganisms and toxic 

Natural killer cells and CD8 T cell phenotype and activation status in the peripheral blood of recently hospitalised TBE patients during 
second (meningoencephalitic) phase are presented. Figure compiled from studies.46,60,61 

Figures were adapted from Servier Medical Art (http://smart.servier.com/). 

Figure 2. Cellular responses to human TBEV-infection in the peripheral blood compartment during the 
second phase of TBE.  

http://smart.servier.com/
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molecules, i.e. antigens. The adaptive immune system 
displays characteristic attributes including antigen 
specificity, immunologic memory, self-tolerance and non-
self-discrimination. The key cells of adaptive immunity are 
the T and B lymphocytes, which express antigen-specific 
receptors on their cell surface. Adaptive immunity can be 
divided into humoral and cell-mediated.  

 

Antigen presenting cells and antigen 
presentation during TBE 

Dendritic cells (DCs) act as an important bridge between the 
innate and adaptive immune systems. DCs express many 
types of PRRs, thus enabling DCs to respond to various 
pathogens by the recognition of PAMPs.50 Antigen uptake 
and the engagement of PRRs induce processes of 
chemokine receptor switching, upregulation of co-
stimulatory molecules and cytokine secretion. DCs become 
activated and mature after PRR stimulation resulting in their 

migration from tissues to lymph nodes where they can 
initiate T cell responses.  

In order to specifically recognise a given antigen, naïve 
antigen-inexperienced T cells require antigen presentation 
in the form of a peptide by antigen-presenting cells (APC) 
via Histocompatibility Complex (MHC) molecules on their 
surface. APCs include DCs, monocytes/macrophages, 
Langerhans cells and B cells. DCs are the most potent 
antigen-presenting cells and are professional inducers of T 
cell responses. MHC-peptide complexes on DCs bind to the 
T-cell receptor (TCR) providing the first signal of activation. 
The secondary signal of co-stimulatory molecule 
engagement is required for full activation of T cells. The 
CD28 is a major co-stimulatory molecule on T cells, and it 
facilitates T cell activation upon binding to CD80 and CD86 
on DCs.51 DCs are also producers of type I IFN that have 
multiple functions in adaptive immunity, such as T cell 
proliferation, CD8 T cell activation, B cell isotype switching 
and differentiation into plasma cells.50 

 Figure 3. Expression of chemokines, cytokines and other signalling molecules in the cerebrospinal 
fluid (CSF) and peripheral blood, as well as their role in immune cells recruitment to the 
central nervous system in TBE.  

Increased levels of many signalling molecules are observed in CSF and blood, however, information on their exact role in TBE is not well 
understood. Increased levels of CXCL1 and CXCL2 in mouse TBEV infection may explain neutrophil infiltration into the CNS. Higher levels of 
CXCL9 and CXCL10 in CSF compared to blood may be responsible for the selective recruitment of T cells expressing CCR5 and CXCR3. Integ-
rin role in TBE is underexplored, but one study shows that almost all TBEV-specific CD8 T cells in peripheral blood express α4 and β1 integ-
rins suggesting their capacity to infiltrate the central nervous system. However, it has not yet been possible to isolate and characterise the 
phenotype and function of TBEV-specific T cells in the CSF. Compiled from studies.46,48,49,61,74,75,80-84  
Figures were adapted from Servier Medical Art (http://smart.servier.com/). 

http://smart.servier.com/
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Many flaviviruses, including Langat virus, can infect DCs in 
vitro.52 Infection of DCs results in impaired DC maturation 
and subsequently decreased T cell priming/proliferation. 
However, when mouse dendritic cells were infected with 2 
different strains of TBEV, DC maturation was instead 
induced, as measured by co-stimulatory molecule and MHC 
class II upregulation on the cell surface.53 Tick-feeding 
experiments on mice also showed that DCs and monocytes 
are locally infected by TBEV at the bite site, therefore 
potentially contributing to subsequent viral spread and the 
initiation of the adaptive immune responses.8  

 

B lymphocytes and antibody responses during 
TBE 

B cells carry a large variety of immunoglobulin (Ig) surface 
receptors that can directly recognize antigens and are 
responsible for specific antibody production. Naive B cells 
are activated after primary antigen encounter and initially 
produce antigen-specific IgM, and later IgG. Activated B 
cells later differentiate into plasma and memory B cells. 
Plasma cells are responsible for antibody secretion during 
the immune response, whereas memory B cells are 
responsible for the recall responses during repeated 
infection with the same pathogen.54  

Many viral infections and vaccines give rise to long-lasting 
protective immunity consisting of pathogen-specific 
antibodies and memory B cells. TBEV infection also elicits an 
efficient B cell response. During the first (viremic) phase of 
TBE, anti-TBEV antibodies are generally not detected.11 
However, anti-TBEV IgM- and IgG-antibodies appear in 
serum during the second phase of the disease.2 During the 
second phase of TBE, virus is rarely present in human 
serum, therefore detection of viral RNA using PCR is not 
optimal for TBE diagnosis. For this reason, diagnosis of TBE 
is primarily based on serology, i.e. presence of TBEV-specific 
IgM and IgG- antibodies in serum and CSF of patients.2  

A number of studies have attempted to correlate humoral 
responses to TBE infection with clinical outcome. High anti-
TBEV IgM antibody levels were detected early during TBE, 
decreasing over time in both serum and CSF, whereas IgG 
antibodies were detected later than IgM, peaked in the six-
week convalescent samples and persisted for more than a 
year.55 The persistence of serum and CSF antibodies did not 
correlate to the disease severity, but patients with low 
levels of IgM antibodies in CSF during the early second 
phase of TBE, and patients with low TBEV-neutralizing 
antibody levels in serum suffered from a more severe 
disease.55,56 In addition, a more recent study found a higher 
concentration of anti-TBEV IgG antibodies in serum of 
patients with a milder disease as compared to those with a 
severe TBE.57 These studies may support a link between 
humoral immunity and TBE clinical outcome.  

 
Mouse studies provide additional data that suggest that B 
cells contribute to the outcome of TBEV infection. Increase 
of CD19 mRNA levels in brain tissue of infected mice 
coincides with high levels of TBEV-neutralizing antibodies.58 
These mice are also less susceptible to TBEV than mice 
producing low levels of neutralizing antibodies.58 However, 
the mice more susceptible to TBEV also exhibited strong 
cytokine/chemokine mRNA production in the brain, 
suggesting that other immunopathological mechanisms are 
involved in the disease outcome.  
 
Even though the antibody response during TBE has been 
studied to some extent, the cellular aspects of B cell 
response, including phenotype and activation status, as well 
as the overall B cell role in TBE pathogenesis remain to be 
investigated. 
 

T lymphocyte responses during TBE 

T cells are characterized by the expression of the cell 
surface marker CD3, which forms a complex with the T cell 
specific receptors. Conventionally, the T cells are divided 
into two groups with different immune functions: T helper 
(CD4) and cytotoxic (CD8) cells, based on their surface 
expression of either CD4 or CD8 markers. Activated CD4 T 
cells secrete various cytokines that orchestrate the immune 
response by activating B cells, CD8 T cells, macrophages and 
other cells of the immune system. CD4 cells are restricted to 
recognizing peptides presented on MHC class II molecules 
on APCs, whereas the CD8 cells recognize peptides 
presented on MHC class I molecules. CD8 T cells have a 
cytolytic ability to kill infected host cells. The killing is 
mediated by the release of cytolytic proteins like perforin 
and granzyme. Most CD8 T cells are also efficient cytokine 
producers.  

Adequate T cell responses, both CD4 and CD8, are 
important during viral infections. The effector CD8 T cells 
contribute to the clearance of the infection and provide 
long-lasting immunity. CD4 T cells have a central “helper” 
role to assist and activate B cells and CD8 T cells. After the 
naïve T cells encounter an antigen they differentiate into 
effector T cells, with the majority of the effector cells dying 
off after clearance of the infection, with only a small pool of 
cells remaining as memory cells.59 Memory cells can 
respond rapidly upon re-exposure to the same infectious 
agent.59 Different subsets of memory cells can be defined 
based on their phenotypic markers, with the central 
memory cells homing to secondary lymphoid organs and 
effector memory cells mostly found in non-lymphoid 
organs.59  

 
 



T cell activation and phenotype during TBE 

T cell activation and phenotype was investigated 
longitudinally in TBE patients during the second phase of 
the disease, from the time of hospitalization up to the 
convalescent period. Peripheral blood T cells were found to 
be activated (as determined by Ki67 and CD38 co-
expression), with the activation peaking at one week after 
hospitalization (Fig. 2).60 In contrast to CD8 T cells, CD4 T 
cells showed only low levels of activation at this time of 
infection.60 Activated CD8 T cells had increased expression 
of perforin and granzyme B and passed through an effector 
phase prior to differentiation into memory cells. TBEV-
specific CD8 T cells were further shown to be mainly 
monofunctional in response to TBEV-peptide stimulation 
early after hospitalization, but became more polyfunctional 
in the convalescent phase.60 Additionally, TBEV-specific CD8 
T cells express higher levels of α4- and β1-integrins than the 
bulk CD8 T cells, which may indicate their ability to migrate 
into the CNS.61 

These data indicate that the primary CD8 T cell response to 
TBEV infection occurs during the second phase of TBE, as 
the peak of activation of CD8 T cells along with the 
occurrence of TBEV-specific CD8 T cells take place at about 
one week into the second phase of TBE.60,61 In a yellow 
fever vaccine-based infectious model the peak of CD8 T cell 
response was observed at day 15 after immunization.62 This 
may suggest a slight delay of CD8 T cell activation during 
TBEV infection as compared to the yellow fever vaccine-
based infectious model. However, without access to patient 
samples during the first phase of TBE it is difficult to explain 
the exact kinetics of T cell responses. 

 

Role of T cells in TBE pathogenesis  

Even though T cells participate in the immune response to 
TBEV, the role of these cells in the outcome of TBE is not 
clear. One study suggests that T cell infiltration into the CNS 
during TBEV infection might contribute to a favourable 
disease outcome.49 In vivo studies of CCR5-deficient mice 
infected with Langat virus, show a delayed influx of CD4 and 
CD8 T cells into the CNS, increased viral replication and 
decreased survival of these mice, suggesting a protective 
role of T cells.49 Other conflicting studies suggest 
immunopathological rather than protective role of CD8 T 
cells in TBE. Brain tissue biopsies from fatal TBE cases show 
cytotoxic T cell infiltration in close proximity of TBEV-
infected neurons.4 In addition, CD8 deficient mice have a 
prolonged survival as compared to immunocompetent mice 
during TBEV infection, and this effect is independent of viral 
load in the periphery or the brain.63 This immunopathology 
is primarily mediated by CD8 T cells and not CD4 T cells, as 
shown by shorter time of survival of immunodeficient SCID 
mice receiving CD8 T cells, whereas adoptive transfer of 
CD4 T cells increases the survival time.63 Yet, other mouse 

studies that compared mice challenged with TBEV that died 
or recovered, did not detect any differences in T cells 
numbers in the brains of the two groups, even if the cell 
numbers were increased in both groups as compared to 
uninfected mice.64 Interestingly, T cell receptor antigen 
specificity might determine the severity of TBEV-infection in 
mice, as T cell clones that express certain TCRs accumulate 
in the brains of mice dying from TBEV.65 These conflicting 
studies highlight the need for further research to 
understand the role of T cells in the context of TBE patho-
genesis.  

 

T cell antigen specificity in TBEV infection and vaccination 

Antigen-specific T cells can be detected by artificially 
generated and fluorescently labelled peptide-MHC 
complexes.66,67 Antigen-specific T cells recognize the 
peptides presented on these complexes and bind to them. 
This binding can then be detected using flow cytometry. 
This is an invaluable tool to study virus-specific cells in 
patients including TBEV-infection. 

In total, seven TBEV-specific peptides have been identified, 
and all of them are located in nonstructural (NS) proteins of 
the virus.60,61 The majority of previously identified CD8 T cell 
viral peptides in other flaviviral infections, such as YFV and 
DENV, are also derived from NS proteins.68-70  

Immunodominant regions of viral proteins can be 
determined by stimulating cells with peptides based on the 
full viral protein sequences. Antigen specific cells upon 
binding to such peptides might initiate cytokine release (like 
IL-2) which can be measured for each peptide. Such studies 
on CD4 T cells after TBEV infection and vaccination 
identified immunodominant regions of structural viral 
proteins.71,72 Both vaccinated and infected individuals 
responded to similar regions of TBEV structural proteins, 
even if the response was higher in the vaccinated cohort. 
Another study showed that, full recombinant structural 
TBEV proteins trigger CD4 T cells, but not CD8 T cells in TBE-
vaccinated individuals.73 Therefore, CD4 T cell responses 
seem to be skewed toward recognition of structural 
proteins, whereas CD8 T cell responses are skewed toward 
recognition of NS proteins. 

 

Inflammation during TBE  

Inflammation upon acute infections is an important part of 
the immune response essential for the elimination of 
pathogens. On the other hand, excessive inflammation may 
be harmful to the host. Many cells contribute to the 
inflammatory processes during infections to produce 
different cytokines, chemokines and growth factors. During 
TBEV infection there is both a systemic inflammatory 
response in the peripheral tissues, as well as a localised 
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inflammation in the central nervous system (Fig. 3). 
Numerous studies investigated the levels of cytokines and 
chemokines in serum and CSF of TBE patients, yet there are 
limited data on the role of inflammation in the 
pathogenesis of TBE.  

Early during the second phase of TBE, significantly increased 
levels of cytokines, such as  IL-1α, IL-2, IL-6, IL-8, IL-12, IL-15, 
IFN-α, IFN-γ and TNF can be detected in patient serum 
samples.46,74,75 The levels of these cytokines decline over 
time. Increased levels of growth factors, such as hepatocyte 
growth factor and vascular endothelial growth factor, as 
well as increased serum levels of matrix metallopeptidase-9 
(MMP-9) have also been found in the sera during second 
phase of TBE.75,76 Increased levels of MMP-9 highlight the 
presence of local inflammation within the CNS in TBE 
patients, as increase of MMP-9 is associated with brain 
tissue damage.77 A polymorphism in MMP-9 gene (rs17576 
SNP), which affects the function of this protein,78 was also 
found to predispose TBE patients with this SNP to develop 
CNS damage.79 

Chemokines are a type of cytokines that mediate immune 
cell recruitment and activation in inflamed tissues. 
Chemokine gradient also determines the direction for the 
immune cell movement in and out of tissues.25 In the 
context of TBE patients, increased CXCL9 and CXCL10 levels 
in the CSF were shown to create a chemokine gradient 
between the CSF and serum, potentially resulting in the 
recruitment of CXCR3 receptor expressing T cells into the 
CNS.80-82 Even if a gradient between the CSF and serum 
could not be confirmed for CCL5 (RANTES), CXCL11, CXCL12, 
CXCL13, and CCL3, the concentration of these chemokines is 
also increased in the CSF of TBE patients.81,83,84 The level of 
CCL5 in CSF is correlated with pleocytosis, and activated 
CD4 T cells in CSF also expressed a high level of CCR5 
(receptor for CCL5), further indicating that CCL5 acts as a 
chemoattractant to recruit cells into the CNS of TBE 
patients.84 The neutrophil chemoattractant CXCL1 and 
CXCL2 has also been shown to be increased in CSF early 
during TBE.48  
 
In addition to chemokines, the levels of other cytokines in 
the CSF of TBE patients were assessed and correlated with 
clinical TBE outcome. A significantly increased concentra-
tion of IFN-γ, IL-4, IL-6 and IL-8 was found in the CSF of 
children who developed sequelae after TBE, as compared to 
the children who did not.85 In adults, low levels of IL-10 in 
the CSF later during the second phase of TBE (day 7-18) 
correlated with a more severe disease.86 
 

CNS immune responses during TBE  

The mechanisms underlying TBE pathogenesis in the CNS in 
humans are still largely unknown and under-explored. 

Relatively low mortality of TBE patients and inaccessibility 
of brain tissue samples are the main challenges in 
describing the immune mechanisms taking place in the CNS 
in humans. Therefore, most of the research on immune cell 
subsets within the CNS is performed on CSF, a fluid that is 
separated from peripheral circulation via the BBB and is in 
direct contact with the brain and spinal cord. Even though 
cellular constitution of CSF reflects which cell types 
selectively migrate through the BBB from peripheral blood 
during CNS infections, it does not necessarily fully represent 
the composition of the immune cells within infected brain 
tissue. However, selective migration of certain cell types 
may contribute to defining the mechanisms for pathogen 
clearance and immunopathogenesis and may also predict 
TBE disease outcome.  

Pathogenesis in the CNS during TBEV infection may be 
attributed to direct viral effect and immune-mediated tissue 
damage, both of which are supported by the detection of 
TBEV viral proteins and immune cell infiltrates in neuronal 
tissues from cases of fatal TBE.3,4 The mechanism for virus 
passage through the BBB into the brain is not yet defined, 
as discussed more in detail under the section “Viral 
dissemination and entry into the CNS”. Neurons are 
believed to be the primary targets for TBEV in the CNS,3,87 
but other brain cells are also infected in vitro.15-17  

Immune cell infiltration into the CSF, defined as pleocytosis, 
is a common event during CNS infections. Early during the 
second (meningoencephalitic) phase of TBE, CSF contains a 
higher proportion of neutrophils, whereas mononuclear 
cells steadily increase overtime to become the dominant 
cell type.47 Importantly, immune cells such as CD4 and CD8 
T cells, NK cells and B cells are also present in the CSF of TBE 
patients, with T cell frequencies being higher than in blood, 
indicating selective migration of these cells through the 
BBB.45 Most previous studies on CNS infiltration of T cells, 
however, were performed in human neuroinflammatory 
diseases and in animal models for autoimmune and viral 
infections, including HIV.88-92 

In general, virus-specific effector T cells are recruited to the 
CNS during infections by chemokines and integrins.88-90,92 To 
date, the exact mechanism for the recruitment of T cells 
(including TBEV-specific T cells) into the CNS during TBE is 
not clear, however certain chemokines and chemokine 
receptors were suggested to be involved. For example, 
infiltrating CCR5 and CXCR3-expressing T cells seem to have 
a role in TBE in humans (Fig. 3). Chemokine CXCL10 (ligand 
for CXCR3) and CCL5 (ligand for CCR5) levels in the CSF of 
TBE patients are increased together with higher CCR5 
expression on infiltrated CD4 T cells as compared to 
blood.80,81,84 Interestingly, a mutation in CCR5 is associated 
with a more severe course of the disease.36,93 

In mouse models, TBEV infection induces CCL5 expression 
accompanied by increased immune cell infiltration into the 
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CNS.94 Blocking of CCL5 reduced cell infiltration and 
extended the survival of mice after TBEV infection. In vitro 
TBEV infection of human glioblastoma cell lines and primary 
astrocytes by TBEV demonstrated that increased CCL5 
expression is mediated by the viral TBEV protein NS5.94,95  

An integrin role in T cell CNS recruitment during TBE is 
discussed in a recent study on TBEV-specific CD8 T cell and 
their expression of α4-integrin and β1-integrin.61  Almost all 
of the TBEV-specific CD8 T cells from peripheral blood 
express α4-integrin and β1-integrin early during second 
phase of TBE (1 and 3 weeks), whereas the bulk CD8 T cells 
expressed lower levels of integrins. Expression of α4β1 is 
associated with the ability to infiltrate tissues and cross the 
BBB.88-91 The same study, however, did not detect higher 
CXCR3 expression on TBEV-specific CD8 T cells as compared 
to bulk CD8 T cells. This may be due to the majority of TBEV-
specific CD8 T cells residing in the CSF during patient 
sampling or by the possibility that CXCR3 is not crucial for 
CD8 T cell migration across the BBB in TBEV-infection. 
Further investigations on the mechanism for T cell 
migration into the CNS during TBE are required in order to 
explain the local CNS pathogenesis of this disease.    

 

Host factors and TBE disease 

As for most human infections, the clinical outcome of TBE is 
extremely variable, ranging from asymptomatic to lethal. A 
more severe TBE is associated with increased age, severity 
of symptoms during the first (febrile) phase, low 
neutralizing antibody titers at onset and low early CSF IgM 
response (as reviewed in1). The risk of developing TBE after 
exposure to the virus may also vary between individuals. 
For instance, an epidemiological study in Sweden measured 
seroprevalence for TBEV in an endemic area and found that 
only 25% of individuals who were seropositive for TBEV 
developed clinical TBE, suggesting that only 25% of 
naturally infected persons may develop disease, while 75% 
of the infections are non-symptomatic.96   
 
Clinical appearance and the progression of TBE may also be 
related to host genetic factors. Studies on TBE in this 
context have thus far not been able to correlate 
susceptibility to TBE or disease severity to one single host 
genetic factor, but a few candidates have been suggested 
including CCR5Δ32 polymorphism,93 a functional TLR3 
receptor,34-36 5 different SNPs in the interferon-induced 
antiviral proteins oligoadenylate synthetase 2 (OAS2) and 3 
(OAS3),32 2 SNPs in the promoter region of CD209 (encoding 
dendritic cell-specific intercellular adhesion molecule 
(ICAM)-3 grabbing non-integrin (DC-SIGN)) expressed on the 
surface of dendritic cells,97 and SNPs in interleukin 28B 
(IL28B) and interleukin 10 (IL10).98 In a more recent study, 
the rs17576 SNP in the MMP-9 gene predisposed TBE 
patients for CNS damage.79  

Conclusions  
 
TBE is a complex and rather understudied disease in the 
context of human immune system responses. In vitro 
experiments, animal models, as well as research in humans 
have greatly contributed to describing TBEV infection and 
defining the mechanism of TBE disease progression, 
however, many aspects of it remain to be investigated 
further.  
It is clear that TBEV is a potent inducer of innate immunity, 
but at the same time the virus is capable of antagonising 
certain pathways of innate immune responses. Adaptive 
immune system responses are also initiated during TBE as 
reflected by anti-TBEV antibody presence in serum, as well 
as NK and T cell activation in peripheral blood of TBE 
patients. Local pathogenesis in the central nervous system 
in TBE may be attributed to both direct viral effects and 
immune mediated tissue damage, but the exact mechanism 
is unclear. More research is needed in order to fully 
understand the development of TBE in order to create 
effective and specific therapeutic strategies.  
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