
Key points 

• The host immune response to Tickborne Encephalitis Virus (TBEV) infection involves the coordination of multiple immune subsets at 

several distinct tissue sites over time. 

• Contributions from both early innate and later adaptive immune responses are critical in controlling TBEV infection. 

• Early innate immune responses are driven by Type I interferon-mediated signaling and are dominated by neutrophils and natural killer 

cells. 

• Antibody-mediated humoral responses and T cell-mediated cellular immune responses both contribute to adaptive immune control of 

TBEV infection. 

• The mechanisms of Central Nervous System (CNS) pathogenesis during Tickborne Encephalitis (TBE) remain unclear but may involve a 

combination of direct viral cytopathic effects and immune-mediated damage. 

• An improved understanding of host immune responses during TBE could aid in the development of improved therapies. 
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Introduction  

Tick-borne Encephalitis (TBE) is a severe, vaccine-
preventable disease of the Central Nervous System (CNS) 
caused by the tick-borne encephalitis virus (TBEV). The virus 
is primarily transmitted to humans through the bite of 
infected Ixodid ticks, though an estimated 1% of cases occur 
via alimentary transmission1,2 and rare cases of transmission 
through organ or blood donation have been documented 
3,4. An estimated 70% of TBEV exposures are asymptomatic 
5-7. The remaining 30% of individuals experience a brief, 
asymptomatic incubation phase1,2,8, followed by a period of 
viremia accompanied by febrile, influenza-like illness. While 
most individuals recover without further symptoms, 
approximately 30% progress to a second phase of illness 
characterized by CNS involvement1,2,8,9. While some 
individuals transition directly from the first systemic phase 
to the second CNS phase, referred to as “monophasic” 
disease, most experience a short symptom-free interval of 
approximately 1 week between these two phases, which is 
referred to as “biphasic” disease. Factors driving a 
monophasic versus biphasic disease course are not 
completely clear. Data clearly linking viral subtype to clinical 
disease course are lacking, though it is believed that 
monophasic disease, as well as a more severe disease 
course, are more common after infection with the Siberian 
(TBEV-Sib) and Far Eastern (TBEV-FE) viral subtypes 
compared to the European (TBEV-Eu) subtype (reviewed in 
1,10). Differences in virulence factors responsible for distinct 
pathologies between viral subtypes, however, have yet to 
be described and confounding factors, such as age, chronic 
conditions, or possibly even regional differences in medical 
practices could play further roles. 

The immune responses which protect individuals against 
disease represent a complex interplay between many 
distinct cell types at various times and over different 
locations. Innate immunity comprises the “first line” 
defenses following pathogen exposure, acting broadly 
within the first hours to days following infection to protect 
against invaders. TBEV belongs to the genus Orthoflavivirus, 
which also includes the clinically-relevant, arthropod-borne 
viruses Dengue, West Nile, Yellow Fever, Japanese 
Encephalitis, and Zika1,2,11 and early immune responses to 
TBEV infection share many features with these viruses12. 
Adaptive immune responses, comprised by both humoral 
(i.e. antibody), and cell-mediated (i.e. T cell) responses, take 
more time to be established, on the order of days to weeks, 
as they require the initial activation of the innate immune 
system. Adaptive immunity, however, provides highly-
specific protection against invading pathogens, and further 
offers immune memory – a subset of cells which are 
maintained long-term (up to decades), and provide rapid 
protection upon later re-exposure to the same pathogen. 

In this chapter, we summarize the early innate and adaptive 
immune responses to TBEV infection as well as discuss 
potential mediators of long-term immune memory 
protective against later viral reinfection. 

TBEV transmission and early local innate 
immune responses 

Skin is perhaps the most important immune organ in that it 
acts as an initial physical barrier to many infectious 
organisms. The skin further contains many specialized 
immune cells, including resident dendritic cell (DC) subsets, 
natural killer (NK) cells, and T cell subsets, among others 
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(Figures 1,2). Transmission of TBEV through tick bites helps 
the virus to partially circumvent skin’s role as a protective 
physical barrier. Furthermore, factors present within the 
tick’s saliva, including various compounds which help to 
suppress local innate responses as well as the initiation of 
adaptive immunity13-15, further facilitate viral transmission.  

The innate immune system is the first line of defense 
against infection and is especially crucial for so-called 
“naïve” hosts that have not yet encountered a specific 
pathogen and developed corresponding adaptive immune 
memory. Following exposure to TBEV-infected ticks, local 
skin inflammatory responses begin within 1-3 hours of 
attachment16-18. Pathogen recognition by the innate 
immune system depends on the host's expression of 
pattern recognition receptors (PRRs), which identify 
conserved moieties expressed by invading microorganisms. 
Toll-Like Receptors (TLRs) and Retinoic Acid-Inducible Gene 
I (RIG-I)-Like Receptors (RLRs), including RIG-I and 
Melanoma Differentiation-Associated protein 5 (MDA5), are 
important in the detection of RNA viruses. Upon activation 
in this context, PRRs initiate signaling cascades that activate 
the Interferon (IFN) regulatory factor 3 (IRF-3) signaling 

pathway, leading to the production of IFN. The role of TLR 
signaling in protecting against TBEV infection is not well-
defined, although TLR-3 and possibly TLR-7, may be 
involved19,20. Roles for RIG-I and MDA5 in the innate 
immune recognition of TBEV proteins, including non-
structural protein 5 (NS5) have been demonstrated17. This 
recognition leads to an early immune response dominated 
by type I IFN (IFN-a and IFN-b), which seems to be the key 
mediator of protection during early infection in both in vitro 
and in vivo models21,22. In line with this, mice that lack the 
IFN-α/β receptor (IFNAR) are unable to control TBEV 
infection and studies of polymorphisms in innate immune 
response genes in patients have identified variations in the 
interferon-induced antiviral proteins oligoadenylate 
synthetase 2 (OAS2) and 3 (OAS3), which may predispose 
individuals to the development of clinical TBE23. While it has 
been established that differing strains of TBEV can elicit 
distinct symptoms in mouse models of disease20,24 the 
immunological mechanisms underlying these differences 
remain incompletely described, though early differences in 
innate responses due to viral evasion could potentially play 
an important role. 
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The localization and function of innate and adaptive immune cell subsets described in the context of TBEV infection and TBE disease. DCs 
are thought to be involved in the initial trafficking of TBEV to the draining lymph nodes following infection. Their major role is in the 
initiation of later adaptive immune responses. NK cells can be found in the cerebral spinal fluid (CSF) of CNS disease patients and NK cells 
detected in the blood have an activated (CD57+ CD56dim) phenotype, but lower degranulation and expression of perforin and granzyme B 
suggesting reduced functionality. Neutrophils are likely among the first cell types at the site of infection and can be infected by TBEV. In 
CNS disease patients they are present in the CSF and may positively correlate with disease severity. B cells are a key mediator of the 
adaptive immune response to TBEV as the are responsible for antibody production. Initially IgM is produced, followed by IgG. T cell 
responses are CD8-biased, though CD4+ T cells are important in providing the B cell help necessary for antibody production. 

Figure 1: Innate and adaptive immune cells known to be involved in TBE disease  
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Local dendritic cell (DC) responses 

DCs represent a group of cells with a range of functions 
including acting as a major source of type I IFN during viral 
infection and playing critical roles in antigen presentation 
and the activation of adaptive immune responses (Figures 
2,3). DCs are often described as the interface between the 
innate and adaptive immune systems. After TBEV is 
transmitted, skin-localized DCs are among the first cell types 
to be infected and they likely play an important role in viral 
trafficking. In addition, infection of DCs in vitro with Langat 
virus (LGTV), an attenuated member of the TBE serogroup, 
has been shown to inhibit type I IFN signaling and reduce IL-
12 production – an activator of type 1 adaptive immune 
responses which are crucial in controlling viral infections25. 

Inhibition of DC type I IFN signaling by the virus, therefore, 
acts as an important host evasion mechanism and helps to 
suppress the ensuing immune response. Interestingly, 
infection of DCs with distinct TBEV strains in vitro has been 
demonstrated to result in distinct functional capacities, also 
impacting later activation of CD4+ T cells20. In addition, 
higher viral infectious doses in mice result in delayed DC 
activation and IFN production, and may impact viral spread 
to the CNS20. 

 

 

 

 

 

Following tick bite-mediated transmission of TBEV, the virus first infects local skin cells including fibroblasts and phagocytic cells. This leads 
to the rapid initiation of innate immune responses resulting in the recruitment of additional immune cells to the bite site. Infected DCs are 
thought to migrate to the draining lymph nodes where they begin to initiate TBEV-specific adaptive immune responses. The virus next dis-
seminates to the organs and peripheral tissues. During this primary viremia, the host experiences the first symptomatic phase of illness. As 
IgM and antibody-secreting B cells can be detected in patients with biphasic illness upon hospitalization indicates that these responses likely 
begin during the first phase of illness or short recovery period prior to initiation of CNS symptoms. It is not yet known at what point during 
the process of viral dissemination that TBEV reaches the CNS. In individuals experiencing biphasic illness with CNS involvement, neutrophils, T 
cells, NK cells and B cells can be detected in the CNS. Virus-specific T cells and activated NK cells can also be found in peripheral blood. T cell 
responses, which are strongly CD8-biased, are detected in the blood and peak approximately 1 week after CNS symptom onset. Both anti-
TBEV IgM and IgG antibodies are detected in serum during the second phase of TBE. IgM responses peak and begin to transition to IgG re-
sponses, which dominate during convalescence. While this figures depicts what is currently known for TBEV infection and the initiation of 
immune responses during TBE disease, the complete mechanism for this process remains to be understood. 

Figure 2. TBEV transmission and initiation of host immune responses  
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 Figure 3. TBEV transmission and timeline of viral and host immune response  

1) TBEV is transmitted by the bite of an infected tick. 2) The virus infects dendritic cells (DCs) within the kin which traffic to the draining 
lymph node where the virus replicates further. 3) Presentation of TBEV-derived antigens by infected DCs results in the activation of adap-
tive immune responses; these take, however weeks to fully develop. 4) The virus is able to spread from the draining lymph node into the 
blood; during this primary viremia, the host experiences the first symptomatic phase of illness. 5) During primary viremia the virus seeds 
peripheral organs and replicates further within the tissues. This leads to 6) a second period of virema during which the virus is able to 7) 
cross the blood brain barrier (BBB). 8) Involvement of the CNS leads to the second phase of disease (in individuals experiencing biphasic 
illness), neutrophils, T cells, NK cells and B cells can be detected in the CNS. 
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Primary viremia and seeding of peripheral 
tissues 

In the absence of early immune control within the skin, 
TBEV next traffics to the draining lymph nodes (Figures 1, 
2). This process is not completely understood, but likely 
occurs during the asymptomatic incubation phase with the 
migration of virally-infected phagocytes or DCs from the 
skin playing an important role26. Once within the lymph 
nodes, the virus replicates and eventually seeds peripheral 
organs (Figures 1, 2). During this viral expansion the host 
experiences a period of systemic viremia1,2,8,27,28, which 
corresponds to the first symptomatic phase of disease. An 
estimated 70% of individuals control the infection at this 
stage, though the mechanisms of this control are not clear. 
Work in a mouse LGTV model has demonstrated a critical 
role for the type-I IFN response in limiting initial viral 
replication and systemic spread29. This is likely important in 
the context of TBEV infection as well and suggests a key role 
for innate immunity in not only early local, but also early 
systemic immune control of TBEV infection. This is 
supported by the fact that, due to delayed initiation of 
adaptive immunity, antibody and T cell responses are 
absent in the first weeks after pathogen encounter in 
“naïve” hosts and would, therefore, not be expected to 
contribute to protection. 

Secondary viremia and CNS disease 

As described, the remaining 30% of individuals unable to 
control TBEV during the early local and systemic stages of 
infection progress to disease which includes CNS 
involvement. TBEV is neurotropic – preferentially infecting 
cells of the nervous system. TBEV replication, for example, 
has been shown to be 10,000-fold higher in human 
neuronal cells compared to epithelial cells30. The ability of 
the virus to cross the blood brain barrier and invade the 
CNS is the root cause of clinical disease (Figures 1, 2). In 
some cases, this progression can directly follow the initial 
febrile, influenza-like illness (monophasic disease), though 
most individuals experience a short symptom-free interval 
prior to CNS disease progression (biphasic disease). In a 
biphasic disease course, CNS symptoms may occur 
anywhere from 4 days up to more than 60 days after viral 
exposure1,2,8. Differences in immune control between 
monophasic and biphasic illness are not well-defined but 
may also be driven by differences in early innate control 
rather than differences in later adaptive responses. A recent 
study comparing monophasic and biphasic disease found 
that patients with a biphasic disease course were younger 
and had fewer comorbidities. Levels of proinflammatory 
cytokines in the CSF were also lower in a biphasic course 
suggesting less severe disease31. In either case, the route by 
which CNS seeding occurs is not well understood, though 
breakdown of the blood brain barrier (BBB) does not appear 
to be necessary for TBEV entry into the brain32,33 and the 

virus is no longer present in the blood once CNS 
involvement is clinically apparent. However, a recent study 
demonstrating TBEV transmission following organ 
transplantation brings into question whether the virus may 
persist in the peripheral tissues for prolonged periods 
following infection, perhaps even when no longer 
detectable in the blood3. 

Much of what is known about immune responses to TBEV in 
humans has been studied during the CNS phase of disease 
as patients generally present to the clinic only after 
neurological symptoms have begun. Several studies have 
evaluated serum cytokine responses in these patients and 
factors including Chemokine (C-C-motif) Ligand (CCL)5, 
CCL7, Chemokine (C-X-C-motif) Ligand (CXCL)10, CXCL11, 
CXCL13, Interferon (IFN)-γ, Interleukin (IL)-1 α, IL-6, IL-15, IL-
18, and Tumor Necrosis Factor (TNF)-α have been found to 
be upregulated, among others34-40. A “TBE-specific” cytokine 
profile, however, which could be useful for diagnostic 
purposes, has not been defined. Importantly, the entry of 
immune cells into the brain, which may contribute to 
immunopathology observed during severe infection in 
animal studies33, relies on cytokine-mediated trafficking. In 
TBE patients, increased levels of CCL534 and CXCL1034,37 in 
the cerebral spinal fluid (CSF) may be involved in T cell 
recruitment into the brain during disease through CCR534 

and CXCR3-mediated37 trafficking. Similarly, levels of 
CXCL10 are increased in the sera and brains of mice during 
TBEV infection41. Strong cytokine responses in the brain, 
coupled with very low neutralizing antibody responses, 
have been linked to enhanced disease and death42. 
Interestingly, polymorphisms in CCR5, which is an important 
driver of leukocyte migration, have been implicated in TBE 
disease susceptibility and severity19. 

Natural killer (NK) cell responses during 
CNS disease 

NK cells (Figure 3) are a subset of cytotoxic innate 
lymphocytes which play important roles in eliminating 
virally-infected and tumor cells. While not much is known 
about the role of NK cells in TBE prior to the development 
of CNS disease, NK cell-associated cytokines, including IL-12, 
IL-15, IL-18, IFN-γ, and TNF-α are upregulated in patient 
sera43 and NK cells can further be detected in the CSF; 
indicating their migration to the CNS44. Interestingly, while 
NK cells detected in the peripheral blood of patients have 
an activated (CD57+ CD56dim) phenotype43, they appear to 
be poorly functional, possibly indicating limited protective 
capacities43. Thus, clear roles for NK cells in the context of 
TBE have not yet been defined, particularly during mild 
disease where their function may be distinct from that 
observed in severe disease. 
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Neutrophil responses during CNS disease 

Neutrophils are a critical phagocytic cell subset during the 
early immune response to viral infections and are major 
producers of inflammatory cytokines. In tick feeding 
experiments, neutrophils are attracted to the bite site and 
can also be infected with TBEV26. Like NK cell responses, 
however, little is known about their role in protection prior 
to CNS disease. One study found that neutrophils are 
universally present in the CSF of TBE patients, and, that IL-8, 
a neutrophil chemoattractant, is the most abundant CSF 
cytokine45. In the same study, neutrophil counts positively 
correlated with disease severity in patients and their 
continued detection in CSF samples into convalescence was 
associated with neurologic sequelae45. Supporting this, 
work in a mouse LGTV model demonstrated increased 
neutrophil migration into the CNS, and, further, that 
depletion of neutrophils reduced viral loads, decreased 
immunopathology, and improved survival46. Together these 
findings suggest that neutrophils may play a role in 
immunopathology, at least in the context of severe TBE, 
making them a potential immunotherapeutic target. 

Cellular immune responses to TBEV 
infection 

Cellular immunity forms one arm of the so-called “adaptive” 
immune system (Figure 3). A key feature of adaptive 
immune responses is the ability to form immune memory 
following primary pathogen exposure, which is able to 
provide rapid protective responses upon later pathogen re-
encounter. Cellular immunity relies primarily on T cell-
mediated immune responses. While T cell responses during 
TBEV infection are less studied and less understood than 
humoral responses, T cells seem to play an important role 
in protection. As with early innate immune responses, a 
major issue in our understanding of cellular immunity 
during TBEV infection is that most studies are conducted in 
patients with relatively severe disease, and late during the 
disease course – namely after CNS involvement. As a 
consequence, our understanding of what constitutes “ideal” 
protective immunity is limited. 

CD4+ T cells 

Cytokine production is arguably the most important 
function of CD4+ T cells during antiviral immune responses. 
These cells are also essential in providing the help necessary 
for B cells to effectively produce antibodies. Like other 
orthoflaviviruses, the TBEV genome encodes seven non-
structural proteins (NS1, NS2a, NS2b, NS3, NS4a, NS4b, and 
NS51,2,11), and three structural proteins (capsid (C), two 
membrane-associated proteins; precursor of membrane/
membrane (prM/M), and envelope (E)1,2,11). These 
structural proteins appear to be the major targets of CD4+ T 
cell responses during TBEV infection47,48. In clinical TBE 
cases, T cell activation has been observed to peak 

approximately one week after hospitalization, indicating 
that primary T cell responses are delayed until the CNS 
phase of illness, at least in severe disease49,50. Whether this 
is the case in mild infections is not clear.  

The majority of CD4+ T cells observed during TBEV infection 
are polyfunctional, producing mainly IL-2, TNF-α, and IFN-γ; 
the major cytokines of type 1 immune responses (Figure 3)
47,50. IFN-γ-mediated responses, in particular, are known to 
be important in the control of viral infections and are often 
also associated with direct antiviral effector functions in 
CD4+ T cells. CD4+ T cells appear to have a moderate 
activation phenotype during TBE infection, suggesting that 
they may play a less important role in direct viral clearance, 
but also, may have less immunopathogenic potential, than, 
for example, CD8+ T cells51. In line with their potential 
protective roles, adoptive transfer of CD4+ T cells has been 
shown to protect against lethal disease in TBEV-infected 
Severe Combined Immunodeficiency (SCID; no T or B cells) 
mice30. 

CD8+ T cells 

CD8+ T cells, also known as cytotoxic T cells, play crucial 
roles in viral infection through their ability to identify and 
destroy infected host cells, thereby limiting viral replication 
and spread (Figure 3). In contrast to CD4+ T cells, which 
appear to target TBEV structural proteins during infection, 
the CD8+ T cell response appears primarily to target NS 
proteins; among 6 CD8+ T cell epitopes identified in one 
study, all were derived from NS proteins52. In TBE patients, 
peak T cell responses are observed approximately 1 week 
following hospitalization with CD8+ T cell activation 
substantially increased compared to CD4+ T cells, indicating 
that responses tend to be CD8-dominated51. These CD8+ T 
cells further displayed an effector phenotype (CD45RA-
CCR7) 51,52, and had a highly-activated Eomes+Ki67+T-bet+ 
transcriptional profile51. As patients became convalescent, 
virus-specific CD8+ T cells transitioned to an Eomes-Ki67-T-
bet+ phenotype51, consistent with a type 1 effector memory 
(TEM) population. 

While immune responses during acute CNS disease are CD8-
dominated (Figure 2), the role of these CD8+ T cells in 
immunopathology versus protection during TBE disease is 
unclear. Results in animal studies have also been mixed. 
CCR5-deficient animals experienced a temporal lag in 
lymphocyte migration into the CNS during LGTV infection 
which resulted in increased mortality. This was, however, 
alleviated by adoptive transfer of wildtype (but not CCR5-
deficient) T cells, demonstrating the importance to T cell 
responses in protection from lethal infection46. In contrast, 
survival following lethal TBEV infection in SCID and CD8-
knockout mice was increased compared to wildtype or mice 
with adoptively transferred CD8+ T cells, demonstrating 
that CD8+ T cells can also contribute to lethal infection30. 
Similarly, CD8+ T cell infiltrates are commonly found in the 
post-mortem brains of fatal TBE cases53-55, and a separate 
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study found that, in severely infected patients, nearly all 
virus-specific CD8+ T cells expressed a4 and b1 integrins 
(VLA-4), which are important in lymphocyte homing and can 
mediate trafficking across the BBB52. However, breakdown 
of the BBB during infection in mice was observed in both 
wildtype and CD8-knockout animals, indicating that CD8+ T 
cells themselves are not responsible for BBB permeability 
during disease33. Interestingly, in a mouse model of TBEV 
infection, TCR CDR3 gene usage differed between lethally 
and non-lethally infected mice, although no differences in T-
cell activation markers or apoptosis-related genes were 
observed, suggesting that disease severity may be related 
to antigen specificity, rather than simply the number or 
activation level of brain-infiltrating T cells56. While the 
mechanism by which TBEV causes CNS destruction remains 
unclear, a combination of both direct neuronal damage by 
the virus and indirect damage caused by the immune 
response may be involved. 

Humoral immune responses in TBEV 
infection 

Humoral immunity, mediated by antibodies produced by B 
cells, is the arm of the adaptive immune response which 
acts to neutralize and eliminate extracellular microbes and 
microbial toxins. The humoral immune response plays a 
critical role in protecting the host from viral infections with 
antibodies neutralizing virus binding and entry to host cells, 
as well as coating viral particles to induce their uptake and 
destruction by phagocytic immune cells; a process termed 
opsonization. The long-term maintenance of memory B cells 
enables the immune system to respond more quickly and 
effectively upon reinfection as these cells rapidly 
differentiate into antibody-producing plasma cells when 
they encounter the same pathogen again; in the case of 
TBEV, helping to eliminate the virus before it can cause 
widespread infection and disease. Humoral immunity likely 
plays a crucial role in preventing TBE by generating 
antibodies that specifically target TBEV. These antibodies 
neutralize the virus and prevent its spread, helping to limit 
infection severity and, also, by providing long-term 
immunity against future viral exposure (Figure 3). 

B cells 

In contrast to T cells, which, as discussed, peak in their 
response approximately 1 week post-symptomatic CNS 
disease, TBEV-specific humoral responses are observed 
even earlier on during infection (Figure 1). Among TBE 
patients, activated antibody-producing B cells are already 
detected at the time of hospital admission. Furthermore, 
these cells do not appear to expand at this point in time, 
indicating that these responses are likely initiated prior to 
CNS-symptomatic disease, perhaps following initial viremia 
during the asymptomatic interval before CNS symptoms 
appear57. Similarly, in the same study, all patients presented 
with detectable TBEV-specific IgM and IgG antibodies upon 

admission which were maintained into convalescence57. In 
comparing immune responses in the peripheral blood and 
CNS during TBEV infection, several studies have suggested 
that type 1 cellular immune responses tend to be higher in 
the CSF36,38,44,58, while Th17-type responses, dominated by 
follicular helper T cells which provide help to antibody-
producing B cells, and B cell responses are more 
pronounced in the blood36,38,44,58. Together, these findings 
indicate that B cells and antibody-mediated responses are 
likely important in controlling the viremic stages of infection 
where TBEV may spread and seed several peripheral 
tissues.  

Antibody responses 

The dynamics of antibody responses following TBEV 
infection and primary vaccination have been well reviewed 
9,10 and humoral immunity is better understood than cellular 
immunity. While anti-TBEV antibodies are not yet present 
during the initial viremic phase of TBEV infection27,28, both 
IgM, and later on IgG, can be detected in serum during the 
CNS phase of illness59 consistent with a limited contribution 
of adaptive immunity in the early immune control of TBEV 
during the initial viremic stage of infection. Serum IgM 
begins to rise within the first six days of CNS symptoms, 
drops again within six weeks, but remains detectable for 
several months after infection59,60. In contrast, serum IgG 
levels increase moderately during the CNS symptomatic 
phase of disease and peak much later - approximately 6 
weeks after the onset of the first neurological symptoms 
10,59-62. IgG responses, however, are durable, possibly 
persisting lifelong following infection, and likely play a 
major role in protection from reinfection59,63. 

 

B cell and antibody-mediated responses seem to primarily 
target the viral E and, to some extent, NS1 proteins. The E 
glycoprotein mediates viral binding and entry into host cells 
and is the primary target for neutralizing antibodies during 
infection as well as in response to TBE vaccination64. More 
than 12 distinct epitopes within E have been identified 
which elicit antibodies characterized by varying degrees of 
neutralization potency64. In contrast, NS-specific antibodies 
do not directly neutralize virus infectivity, but likely protect 
via other mechanisms 64 and several studies have shown 
that NS1-specific antibodies help to protect against TBE65-71. 
Assessment of anti-NS1 antibody titers may help to 
distinguish between TBEV infection and previous TBE 
vaccination, important during vaccine breakthrough 
infections, as NS proteins are produced mainly during viral 
replication72-74. Low levels of NS1-specific antibodies, 
however, may also be generated in response to 
vaccination75. 

 

 



 

 

Antibody neutralization potential 

Neutralizing antibodies are widely considered to be a key 
mediator of protective immunity against TBE, and, indeed, 
neutralizing titers of 1:10 or greater are considered a 
surrogate measurement for the “correlate of protection” 
against TBE76,77. Orthoflaviviral neutralizing antibodies have 
been shown to interfere with the process of virus-induced 
membrane fusion, preventing infection of target host cells78

-80. Other mechanisms of action have been suggested to 
include blocking the binding of the viral particles to cellular 
receptors, blocking the interaction of the virion with cellular 
receptors through steric hindrance, or blocking membrane 
fusion inside endosomes or phagosomes within the host 
cells through the cross-linking of E molecules81. Importantly, 
though, orthoflavivirus neutralization appears to be a 
“multiple hit” phenomenon requiring engagement by more 
than a single antibody64. It is plausible that the mechanism 
of neutralization of many E-specific antibodies involves both 
steps of virus entry and is modulated by the composition of 
antibody populations in polyclonal sera82.  

Epitopes involved in TBEV neutralization have been mapped 
to each of the three viral E protein domains, to domain-
overlapping sites within a single E protein monomer, to E 
protein dimer-specific sites, and to E protein sites requiring 
the quaternary arrangement found only within viral 
particles82. The dominance of antibodies to different E 
domains appears to be heavily impacted by host-species-
specific, as well as virus-specific, factors. Many of the most 
potent orthoflaviviral neutralizing antibodies characterized 
to date recognize the upper lateral surface of domain III of 
the E protein (EDIII) that protrudes from the surface of the 
virion; however these antibodies are major contributors to 
the neutralizing responses observed in mice but not in 
humans64,83. In contrast, antibodies against domains I and II, 
EDI and EDII, dominate the human immune response to 
TBEV84. Due to the potent neutralizing activity of anti-EDIII 
antibodies, though, vaccination or therapeutic strategies 
focusing on this domain could be beneficial78.  

Cross-neutralization between 
orthoflaviviruses 

While available TBE vaccines designed to protect against 
the TBEV-Eu subtype have been shown additionally to 
protect against TBEV-Sib and TBEV-FE subtypes85-87, 
antigenic similarities between orthoflaviviruses can also 
lead to the generation of both species-specific, as well as 
orthoflavivirus cross-reactive antibodies in response to 
infection88. For instance, a study has demonstrated that 
individuals who had received vaccinations against Japanese 
Encephalitis virus, Yellow Fever virus, and TBEV were able 
to neutralize Louping-ill virus and to a lesser degree West 
Nile virus and Dengue virus89. Similarly, TBEV neutralizing 
antibodies have been shown to be broadly active against 
other tick-borne orthoflaviviruses including Louping ill virus, 

Langat virus, and Omsk Hemorrhagic Fever virus78, and the 
immune response generated following TBEV vaccination 
can protect against Omsk Hemorrhagic Fever virus, 
Kyasanur Forest Disease virus and Alkhumra virus90,91. 
However, cross-neutralizing antibodies are usually not 
durable and cross-neutralization is retained only a few 
months92. And while cross-neutralization might provide a 
certain level of cross-protection from infection, such pre-
existing immunity to other orthoflaviviruses may also impair 
or modulate the immune response to TBEV vaccination. For 
instance, in a cross-sectional study examining risk factors 
for seronegativity despite vaccination, individuals being 
vaccinated against Yellow Fever or Japanese Encephalitis 
virus were less likely to be seropositive for neutralizing 
TBEV antibodies93. Similarly, both an increase in broadly 
orthoflavivirus cross-reactive antibodies and an impairment 
in TBEV-neutralizing activity in individuals with previous 
vaccination against Yellow Fever virus have been 
demonstrated94. Interestingly, broadly cross-reactive 
antibodies are more frequently observed in individuals post
-vaccination than post-infection84. On a molecular basis, 
cross-reactive antibodies are specific for a cluster of 
epitopes that are partially occluded in the cage-like 
assembly of E proteins at the surfaces of infectious virions 
and involve—but are not restricted to—amino acids of the 
highly conserved internal fusion peptide loop. The cryptic 
properties of these sites can provide an explanation for the 
observed low neutralizing potency of broadly cross-reactive 
antibodies, despite their specificity for a functionally 
important structural element in the E protein88,95-97.  

Durability of protection 

Following TBEV infection antibody titers remain stable at 
high levels over many years98,99. Titers following infection 
are also comparable between both older and younger 
individuals98,99, in contrast to vaccination where titers tend 
to be inversely correlated with age. While it is thought that 
IgG generated in response to infection may possibly persist 
lifelong, providing continued protection from reinfection10, 
a comparison of seroprevalence and average TBE incidence 
rates from the 1980s through 2001 suggests that this might 
not be the case100. These results suggest that, in order to err 
on the side of caution, additional booster vaccinations 
should be considered, even for recovered TBE patients. 
However, more evidence is necessary to better understand 
the duration of immunity following TBEV infection to help 
define best practices for vaccination and ensure continued 
protection. 

Conclusion 

TBE is a complex disease which requires the host to respond 
to viral infection at several distinct tissue sites over a 
prolonged period of time. Despite considerable insights into 
innate and adaptive immunity against TBEV infection, 
numerous questions remain. Early in infection, for example, 
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the immune response is critically shaped by local responses 
within the skin. Determining whether local trained innate 
immune responses or “tissue-resident” T or B cell subsets 
could protect from TBEV infection, providing rapid control 
at the initial infection site before viral spread, is an 
interesting area worth further exploration. Furthermore, 
understanding and identifying specific cytokine expression 
profiles contributing either to protection or 
immunopathology, early in acute TBE disease holds 
therapeutic promise. In terms of adaptive immunity, while 
antibody responses have been extensively studied in TBE 
disease, memory B and T cell responses may also act as 
important mediators of protection. Additional research 
focusing on the functions of these adaptive immune 
subsets, particularly in asymptomatic and mild cases, is 
crucial to defining "ideal" protective immune responses and 
establishing a baseline for vaccine-mediated immunity. 
Ultimately, though, a better understanding of the immune 
responses involved in protection and possibly also 
immunopathology of TBE can help in the development of 
effective strategies for its prevention, diagnosis, and 
treatment.  
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