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Abstract

Although studies have established that immune mechanisms are important in controlling tick-borne encephalitis
virus (TBEV) infection, the interactions of different TBEV strains with cells of innate and adaptive immunity
are not well understood. In this study, the ability of two Far Eastern subtype TBEV strains (Dal’negorsk and
Primorye-183) with various degrees of pathogenicity for humans to modulate the expression of membrane
molecules differently on human immune cells were investigated using a whole-blood flow cytometry-based
assay. The whole-blood samples (from 10 healthy donors) were infected with TBEV strains and analyzed for
the virus binding to the blood cells, as well as expression of adhesion (CD11b and ICAM-1) and activation
(CD69, CD25, CD95) molecules on the surfaces of monocytes, granulocytes, natural killer (NK) cells, and T-
lymphocytes (CD4 + , CD8 + ) at selected times (3, 6, and 24 h post-infection). It was found that the highly
pathogenic Dal’negorsk strain penetrated rapidly and was actively replicated in the blood cells, inducing
downregulation of CD11b, ICAM-1, and CD69 on monocytes and a significant decrease of NK cells expressing
CD69, CD25, CD95, and CD8 T-lymphocytes expressing CD69 compared with the mock-infected cells. The
nonpathogenic Primorye-183 strain penetrated slowly and was replicated in the blood cells, but caused a
significant increase in the adhesion and activation of molecule expression to trigger innate defense mechanisms
and enable the rapid elimination of the virus from the organism. Thus, TBEV-induced activation or suppression
of adhesion and activation receptors expression form an essential part of fundamental virus properties, that is,
virulence and pathogenicity.

Introduction

T ick-borne encephalitis (TBE), known in many Eur-
asian countries, is one of the most dangerous neuroviral

infections, which has consistently attracted the attention of
researchers. According to the international classification,
tick-borne encephalitis virus (TBEV) belongs to the genus
Flavivirus in the family Flaviviridae, and has three subtypes:
Far Eastern, Siberian, and European (19). In the endemic
areas, where TBEV strains of the Far Eastern subtype cir-
culate, severe forms of disease with high mortality rates that
can exceed 20% (23) are detected more often than in the
regions dominated by virus strains of Siberian and European
subtypes. Besides, each TBEV subtype includes genetically
different lines or clusters that indicate heterogeneity of a
virus population that can cause various forms of disease
(6,13,25). A number of authors, who have described clinical

polymorphism of TBE, link it to genotypic and phenotypic
variability of the TBEV population (38,65).

Along with that, it has been established that the ability of
all flaviviruses, including TBEV, to modulate the host im-
mune response can have a pivotal effect on the course and
outcome of the disease (32,41,43,53,62). The key to un-
derstanding how these viruses are able to evade the host’s
immune response and make their way from the site of in-
fection to the central nervous system and the brain is
studying viral–host cell interactions. Mutational analyses of
the flaviviral envelope E protein, which is critical for cel-
lular infectivity, have demonstrated a striking ability of
flaviviruses to adapt to different cells and receptors
(2,11,31). In this study, the interaction between TBEV and
human blood leukocytes was examined, since it is known
that these cells could differently contribute to the protective
and pathogenic manifestations of flavivirus infections
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(4,28,32,37). In addition, TBEV, as has been previously
established, can be isolated from human blood leukocytes
during the first days after the tick bite, indicating that the
virus is replicating in blood cells (23,24). However, the
molecular mechanisms that allow TBEV to manipulate host
cellular functions for successful infection are still unclear.
Here, the ability of two TBEV strains with various degrees
of pathogenicity for humans to modulate the expression of
membrane molecules on different subpopulations of human
blood leukocytes were investigated.

Materials and Methods

TBEV strains

TBEV strains of the Far Eastern subtype—Dal’negorsk
(Dal) and Primorye-183 (P-183)—were used. The Dal
strain, isolated in 1973 from the brain of a dead patient who
had the focal form of TBE, is highly pathogenic in humans
(Gene Bank Whole Genome Sequence Number: FJ402886).
The P-183 strain, isolated in 1991 from the blood leukocytes
of a person with an inapparent form of TBE, is nonpatho-
genic in humans (Gene Bank Whole Genome Sequence
Number: JQ825153). Isolation of these strains and the study
of their molecular genetic characteristics and biological
properties was performed as previously described (6,25,26).
In this study, the brains of infected suckling mice (Dal
strain: 9 passage; P-183 strain: 5 passage) stored at - 80�C
were taken. Ten percent of brain suspensions were prepared,
and their titers were determined on pig embryo kidney cell
(PK cells) monolayers as previously described (25,26). The
titer of the Dal strain was 1010 TCID50/mL; the titer of the
P-183 strain was 107 TCID50/mL.

Ex vivo modeling of TBE infection

Whole-blood samples (15 mL) were collected using
heparin as an anticoagulant from healthy donors (n = 10)
without a history of TBE and unvaccinated against TBE.
The average age of the donors was 32 years (range 28–37
years). All donors gave informed written consent according
to the local ethics committee. Each of the whole-blood
samples (approximately 5 · 106 cells/mL) was divided into
three portions: one portion of the blood (6 mL) was infected
with the Dal strain at a multiplicity of infection (MOI) of
0.01 TCID50/cell; another portion (6 mL) was infected with
the P-183 strain of TBEV at 0.01 TCID50/cell; and the third
portion (3 mL) was mock infected (phosphate-buffered sa-
line [PBS]). Immediately, each portion of infected and
mock-infected blood was divided into aliquots of 1 mL and
incubated at 37�C for 24 h. At 3, 6, 12, and 24 h post-
infection (p.i.), respectively, virus binding to blood cells and
expression of adhesion and activation molecules on the
surface of blood cells was determined.

Virology methods

Infected and mock-infected blood samples (1 mL ali-
quots) were taken at the given time points, centrifuged at
400 g for 5 min, and then TBEV strains binding to the blood
cells were assessed by the number of virus-infected cells and
amount of virus remaining in the plasma.

The number of blood cells infected with TBEV strains
was determined by indirect immunofluorescence. Infected

and mock-infected pelleted cells were plated on microscope
slides that were fixed with chilled acetone within 20 min.
Then, the cells were applied to human serum containing
antibodies to TBEV (1:40 dilution). The slides were incu-
bated in a wet chamber at 37�C for 1 h, washed with PBS
(pH 7.2) for 10 min, and air-dried. Then the cells were ap-
plied to antihuman FITC-conjugated immunoglobulins
(1:64 dilution; Medgamal). They were then incubated in a
wet chamber at 37�C for 1 h again, washed with PBS (pH
7.2), and visualized in a luminescent microscope (Micros
200A). To calculate the percentage of the blood cells that
was TBEV-infected at each time point, both total cells and
immunofluorescence-positive cells in each sample of blood
cells in at least five microscopy fields (100–120 cells per
field) were counted. The number of virus-infected cells
staining positive in relation to the total number of cells was
expressed as the percentage of virus-positive cells.

The amount of unbound virus in the plasma samples was
determined by titration of samples on PK cells. Infected and
mock-infected plasma samples were serially diluted (10–1 to
10–6), and 100 lL of each dilution was added to an overnight
monolayer of PK cells grown on 24-well plates. After 1 h of
incubation at 37�C, the inoculated monolayer was washed with
culture medium 199 followed by the addition of cell mainte-
nance medium 199 with gentamicin and 1% fetal bovine se-
rum (FBS). It was then, incubated at 37�C in a CO2-incubator
for 7 days. The virus titer was expressed as log10 TCID50/mL.

Flow cytometry analysis

Expression levels of adhesion (CD11b and CD54) and
activation (CD69, CD25, and CD95) molecules on the hu-
man whole-blood cell surface were determined in aliquots
(1 mL) infected with TBEV strains and mock-infected blood
samples, taken at 3 and 24 h p.i., using monoclonal anti-
bodies (MAb) against the related antigens (49).

For this study, the MAb panels (Beckman Coulter) anti-
CD45-FITC/CD14-PE, anti-CD3-FITC, anti-CD4-FITC,
anti-CD8-FITC, anti-CD16-FITC, anti-CD56-FITC, anti-
CD11b-PE, anti-CD54-PE, anti-CD69-PE, anti-CD25-PE,
anti-CD95-PE, anti-CD3-PC5, as well as related isotype
controls, were used.

The expression level of membrane molecules was assessed
by a standard method of two- or three-color immunofluores-
cent staining of whole blood. Heparinized whole blood
(100lL) was incubated in the presence of 5 lL of antihuman
cell surface molecule MAbs for 30 min in the dark and at
room temperature. Then, erythrocytes lysis was performed
using 2 mL of FACS Lysing Solution (Becton Dickinson),
followed by incubation for 10 min at room temperature. The
leukocyte suspension was further washed with 2 mL of PBS
(Cell Wash, Becton Dickinson). Data collection was per-
formed using a flow cytometer FACSCalibur (Becton Dick-
inson). The CELLQUESTTM software provided by the
manufacturer was used for data acquisition and analysis. At
least 10,000 cells were examined in each sample.

The gating of granulocyte, monocyte, and lymphocyte
subpopulations was performed using a light scatter (forward
and side scatter), and natural killer (NK) cell gating was
carried out using CD16 or CD56 fluorescence in the CD3-
negative lymphocyte area. Data were analyzed with Cell-
Quest Pro (Becton Dickinson) software.
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The results of expression analysis for CD11b, CD54, and
CD69 on monocytes, granulocytes, and NK cells are indi-
cated as mean intensity fluorescence (MFI). Results of ex-
pression analysis for CD69, CD25, and CD95 within
lymphocyte subpopulations (NK cells, CD4 + and CD8 + T-
lymphocytes) are shown as the mean percentage of the cells
that express markers.

Statistical analysis

Statistical analysis was performed using the Mann–
Whitney U-test. Statistical significance was considered at
the level of p £ 0.05.

Results

The ex vivo interaction of different pathogenic TBEV
strains (Dal and P-183) with the immune cells of healthy
donors’ whole blood was examined. It is of note that the use
of whole blood does not require the extraction of cells or
their preparation for cultivation, which eliminates nonspe-
cific cell activation at separation stages, while retaining the
existing in vivo balance of various types of blood cells.
Therefore, assessment of adhesion and activation markers
expression on whole-blood cells most closely reflects the
processes that take place in vivo.

Dynamics of infection of donors’ blood cells
by TBEV strains

The early stages of infection by different TBEV strains in
donors’ whole-blood samples infected with these strains
within 24 h p.i were examined.

In the blood samples infected with the P-183 strain (MOI
0.01), which caused an inapparent form of TBE, virus
binding to blood cells was only detected at 24 h p.i. (11 – 3%
virus-infected cells; Fig. 1A), whereas unbound virus was
revealed in plasma samples during the whole experiment:
virus titers 1–24 h p.i. were from 1.0 – 0.3 to 2.0 – 0.4 log10
TCID50/mL (Fig. 1B).

Infection of donors’ blood cells with the Dal strain, which
caused a focal form of TBE, had the opposite dynamics. In
the blood samples infected with this strain (MOI 0.01), the
percentage of virus-infected cells, starting from 3 h p.i.
(12 – 4%), increased within the whole observation period to
reach a mean value at 47 – 7% (Fig. 1A). In plasma samples,
unbound virus was only found at 24 h p.i. (Fig. 1B), and this
probably indicates that by this time the reproduced viral
particles from the blood cells were beginning to enter the
plasma.

These results confirm the results of the authors’ previous
studies (20, 26) as well as other studies that showed repli-
cation of highly virulent strains of TBEV starting from 12 h
pi by using different cell cultures (31,35,45,52).

Influence of TBEV strains on expression
of adhesion and activation molecules
by innate immune system cells

The expression of molecules CD11b was studied, belong-
ing to the family of b2-integrins, ICAM-1 (CD54), relating to
the immunoglobulin superfamily, and early activation antigen
CD69 on monocytes, granulocytes, and NK cells in blood
samples infected with TBEV strains and mock-infected at 3
and 24 h p.i. At 3 h p.i., a change in fluorescence intensity of
adhesion and activation molecules by action of TBEV strains
was observed only for molecules CD11b that are known
(8,57) to be constitutively expressed on these cells. By this
time, the level of CD11b expression on monocytes, granu-
locytes, and NK cells in the blood samples infected with the
P-183 strain increased by 1.3–1.4 times, and in samples in-
fected with the Dal strain, it did not change compared to
mock-infected samples (data not shown).

Changes in the level of CD11b, ICAM-1, and CD69 ex-
pression on monocytes, granulocytes, and NK cells induced
by TBEV strains at 24 h p.i. are shown in Figure 2. It was
found that by this time, in blood samples infected with the
P-183 strain, the fluorescence intensity of the CD11b mol-
ecules on cells of innate immunity was 1.6–1.7 times higher

FIG. 1. Dynamics of infection of donors’ blood cells by tick-borne encephalitis virus (TBEV) strains: (A) in blood cells
and (B) in plasma. The whole-blood samples were mock-infected and infected with the Dal strain at a multiplicity of
infection (MOI) of 0.01 TCID50/cell (gray columns) and with the P-183 strain at a MOI of 0.01 TCID50/cell (columns with
hatching). Virus binding to the blood cells was analyzed at 3, 6, and 24 h post-infection (p.i.). (A) The number of blood cells
infected with TBEV strains was determined by indirect immunofluorescence and expressed as the percentage of virus-
positive cells. (B) The amount of unbound virus in the plasma samples was determined by titration of samples on pig
embryo kidney (PK) cells and expressed as log10 TCID50/mL. The results shown were obtained from 10 independent blood
samples (each data point represents the mean – SD).
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than in samples infected with the Dal strain ( p £ 0.05) and
mock-infected samples ( p £ 0.05). At 24 h p.i. in blood
samples infected with the Dal strain, the level of CD11b
expression on monocytes ( p = 0.030) decreased, while that
on granulocytes and NK cells did not differ from that on
mock-infected cells ( p > 0.05).

Intercellular adhesion molecules ICAM-1, which belong
to the immunoglobulin superfamily, are constitutively ex-
pressed on endothelial cells, while expression on peripheral
blood leukocytes requires their activation by virus or cyto-
kines, that is, IL-1, IFNc, or TNFa (44). It was shown that
the maximum level of ICAM-1 expression on blood cells
was registered in monocytic and granulocytic cell popula-
tions after 24 h p.i. (Fig. 2). In blood samples infected with
the P-183 strain, the level of ICAM-1 expression on
monocytes and granulocytes increased 1.8 times compared
with that in mock-infected samples ( p £ 0.05). During
blood-cell infection by the Dal strain, fluorescence intensity
of ICAM-1 on the surface of the monocytes decreased
( p = 0.032), while expression of these molecules on granu-
locytes and NK cells was within variability of values in
mock-infected samples (Fig. 2).

Molecule CD69 is the earliest activated antigen that is
expressed on the surface of leukocytes, monocytes, and NK
cells within 1–2 h of cell activation (3,9,27,29). At the same
time, Craston et al. showed that the dynamics of CD69
expression differ with respect to the cell type and the
method of stimulation. Here, it was found that at 24 h p.i. in
blood samples infected with the P-183 strain, the level of
CD69 expression on monocytes (Figs. 2 and 3) and granu-
locytes increased by 4.5 times, and NK cells by 7.5 times,
compared with those in mock-infected samples ( p £ 0.05;
Fig. 2). Blood-cell infection by the Dal strain over the same
period revealed a significant decrease in fluorescence in-
tensity of CD69 on the surface of monocytes and NK cells

compared with that on mock-infected cells ( p £ 0.05). The
distribution of activation molecules CD69 on monocytes in
blood samples infected with TBEV at 24 h p.i. is shown in
Figure 3.

Influence of TBEV strains on expression of activation
molecules by donors’ lymphocytes

Transmission of the activation signal that triggers lym-
phocyte activation is a development of the cascade reaction,
which is accomplished by the expression of various genes
and their receptors on the cell surface, that is, activation
antigens of lymphocytes. Several dozens of such activation
antigens that are expressed on the lymphocyte membrane
have been studied so far (18,39,61). Activation markers that
are most often studied are CD69, CD25, and CD95, with
their expression being indicative of passing certain stages of
the cell cycle.

It has been found that at 3 h p.i. in blood samples infected
with TBEV strains, the number of lymphocytes that ex-
pressed CD69 did not differ from those in mock-infected
samples ( p > 0.05). At 24 h p.i. in blood samples infected
with the P-183 strain, a significant increase of expression of
this activation marker was detected on NK cells, CD8 + T-
lymphocytes, and CD4 + T-lymphocytes, whereas infection
with the Dal strain showed a reduction in the expression of
CD69 compared to mock-infected cells ( p £ 0.05; Figs.4 and
5). By this time, the greatest changes in the level of CD69
expression were detected on NK cells: the number of NK
cells expressing CD69 in mock-infected samples was 40.2%
(34.3–45.9%), while in blood samples infected with the P-
183 and Dal strains the number of cells were 83.4% (71.2–
93.8%) and 23.1% (19.5–27.2%), respectively (Fig. 5).

In addition, at 24 h p.i. in blood samples infected with
TBEV strains, changes in the number of NK cells and

FIG. 2. CD11b, ICAM-1, and CD69 expression on innate immune cells after infection of blood cells by TBEV strains.
The whole-blood samples were mock-infected and infected with TBEV strains (P-183 and Dal) at a MOI of 0.01 TCID50/
cell and analyzed at 24 h p.i. by flow cytometry for expression of CD11b, ICAM-1, and CD69 on the surface of monocytes,
granulocytes, and NK cells. The results shown were obtained from 10 independent blood samples and are presented as mean
fluorescence intensity (MFI; each data point represents the mean – SD). Asterisks (*) indicate the differences between
parameters of TBEV-infected and mock-infected cells that were statistically significant ( p £ 0.05).
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CD8 + T-lymphocytes expressing the activation antigen
CD25 were registered. The percentage of NK cells expres-
sing these molecules in mock-infected samples was 22.0%
(18.9–26.1%)%, while in blood samples infected with the
P-183 and Dal strains, the percentages were 49.0% (42.7–
56.0%) and 15.4% (12.1–17.0%), respectively (Fig. 5). The
content of CD8 + T-lymphocytes expressing CD25 in blood
samples infected with the P-183 strain increased to 18.3%
(14.5–22.1%) compared with 7.2% (5.1–9.5%) of those of
mock-infected samples and 5.5% (3.0–7.8%) of samples
infected by the Dal strain.

Studies of the expression of the activation marker CD95
on lymphocytes has shown that its level at 24 h p.i. only
increases on NK cells during infection with the P-183 strain
(Fig. 5). This strain of TBEV induced 18.0% (13.8–22.1%)
of cells that express CD95 (9.6% [6.5–12.0%] in mock-
infected samples); when infected by Dal strain, the per-
centage of NK cells expressing CD95 was 4.5% (3.0–5.6%).

Discussion

This study continued the authors’ experimental research
of the biological and molecular genetic features of TBEV
strains, isolated from people with various forms of disease in
the Russian Far East (6,24–26,40). This research in animal
models, mostly mice, has shown that pathogenic potential
(virulence) of the strains isolated from patients with inap-
parent infection was significantly lower compared to the
strains causing severe focal TBE (6,25). In cell culture
models (PK cells and culture of human peripheral blood
mononuclear cells), it has been found that TBEV strains
differ in their replicative activity: nonpathogenic strains
have lower rates of penetration and replication of viral
particles in cells than pathogenic strains (20,26).

In the present study, the focus was on the initial stage of
infection, which largely predetermines the course and out-
come of the disease. Within 24 h p.i. in an ex vivo model, the

interaction of different pathogenic TBEV strains (Dal and
P-183) with the cells of healthy donors’ whole blood was
examined.

It was found that during the infection of blood cells
by these strains, their dynamics of binding to cells differ
significantly in that period of observation (Fig. 1). So, the
nonpathogenic P-183 strain of TBEV showed slow pene-
tration and a low level of virus binding to blood cells, as well
as its constant presence in plasma samples throughout the
entire monitoring period. However, the Dal strain in contrast
is highly pathogenic for humans, and so it rapidly penetrated
and actively reproduced in blood cells. New viral particles of
this strain from the cells appear in the extracellular space (in
the plasma) after only 24 h p.i. The same slow phase of viral
particles moving out was previously described for flavivirus
Kunjin (58) and the highly virulent Hypr strain of TBEV
(30,35). Overby et al. and Miorin et al. explained this 24 h
delay as an escape strategy of TBEV from the immune
system, according to which TBEV rearranged intracellular
cytoplasmic compartments and reproduced in them, making
them unavailable for detection by pattern-recognition re-
ceptors. This causes a time delay in the activation of these
cells, the belated synthesis of biologically active substances,
including IFN, which, in the end, allows the virus to spread
in an organism rapidly and smoothly, before an efficient
antiviral response is launched (35).

To determine the features of strategies to escape from
immune control that are used by TBEV strains, the ability of
these strains to modulate the expression of membrane mole-
cules on different subpopulations of human blood leukocytes
(granulocytes, monocytes, NK cells, and T-lymphocytes) was
investigated. Granulocytes and monocytes/macrophages are
known to be innate immune system cells, which, on the one
hand, can have an antiviral effect by absorption, neutraliza-
tion, and elimination of flaviviruses and cells infected by
them, and, on the other hand, can serve as a reservoir for the
replication and dissemination of these viruses in peripheral

FIG. 3. CD69 expression on the monocytes after infection of blood cells by TBEV strains. The whole-blood samples were
mock-infected (A) and infected with the P-183 strain at a MOI of 0.01 TCID50/cell (B) and the Dal strain at a MOI of 0.01
TCID50/cell (C), and analyzed at 24 h p.i. by flow cytometry for expression of CD69 on the surface of the monocytes.
Isotype control: unpainted peaks; the fluorescence CD69 + monocytes: painted gray peaks. The histogram shows the
number of CD69 + monocytes after 24 h p.i.: (A) 12.76%, (B) 71.14%, and (C) 8.56%. The data shown are from 1 of 10
experiments.
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FIG. 4. CD69 expression on the lymphocyte subpopulations after infection of blood cells by TBEV strains. The whole-
blood samples were mock-infected (top panels) and infected with the P-183 strain at a MOI of 0.01 TCID50/cell (middle
panels) and the Dal strain at a MOI of 0.01 TCID50/cell (bottom panels), and analyzed at 24 h p.i. by flow cytometry for the
expression of CD69 on the surface of NK cells (CD3–CD56 + ), T-lymphocytes (CD3 + CD8 + and CD3 + CD4 + ). The data
shown are from 1 of 10 experiments.
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organs (1,4,7,37,42). A crucial component of the innate de-
fense against flaviviruses are NK cells, which control infec-
tion either through the lysis of infected cells, or by the release
of inflammatory cytokines. The early activation of NK cells
in humans has been associated with mild clinical diseases
(12,28,56,63). T-lymphocytes, as cells of adaptive immunity,
also play an important role in viral clearance and the pre-
vention of virus dissemination (59,64), although in animal
models of flavivirus infection pathogenic effects of T-cell
responses have also been demonstrated (47,48,55).

Here, it is shown that TBEV strains of different patho-
genicity for humans changed the expression of adhesive
(CD11b and ICAM-1) molecules and the activation antigen
CD69 on membranes of innate immune system cells (i.e.,
granulocytes, monocytes, and NK cells) in different ways
(Figs. 2 and 3). It is known that molecules CD11b (a-chain
of b2-integrin, Mac-1a, CR3a), which are expressed on the
leukocyte surfaces and mediate the identification of various
ligands (including molecules ICAM-1, iC3b fragments of C3
component of complement, c-chain of fibrinogen), regulate
certain stages of inflammatory response, the most important
of which is participation in leukocyte adhesion to the endo-
thelium (5,8,16,17). Intercellular adhesion molecules ICAM-
1 are expressed on blood leukocytes during activation,
and participate in the contact interaction of cells in immune
reactions: T-lymphocytes with monocytes, and cytotoxic
T-lymphocytes with target cells (44,50). The earliest induc-
ible activation marker CD69, which is expressed on lym-
phocytes, NK cells, monocytes, and granulocytes, acts as a
transduction signal that causes the synthesis of key response
mediators to viral infections, such as IFNa/b or pro-inflam-
matory cytokines (9,15,29).

Increased expression of adhesion molecules on mono-
cytes and granulocytes, induced by the P-183 strain of
TBEV, shows that, on the one hand, the processes of in-
tercellular interaction facilitate dissemination of the virus
replicating in these target cells, while, on the other hand,

improvement of activation and adhesion abilities of mono-
cytes, granulocytes, and NK cells is associated with the
activation of such cells, as this strengthens their phagocytic
and killing activity, as well as the antigen-induced activation
of T-lymphocytes.

Decline in the adhesion and activation abilities of anti-
gen-presenting cells (i.e., monocytes) and NK cells, caused
by the Dal strain of TBEV that actively replicates in blood
cells, can be one of the mechanisms of virus-induced sup-
pression of the innate immune system. The data obtained
confirm the clinical research of Pirogova et al., which
showed that patients with inapparent TBE forms have in-
creased phagocytic and receptor activity of monocytes and
neutrophils, contrary to those who have manifest TBE
forms. These authors link this to differences in the biolog-
ical properties of TBEV that are able to infect humans.

The presentation of a viral peptide in complex with
molecules MHC-I and MHC-II by antigen-presenting cells
(i.e., monocytes, dendritic cells) to T-lymphocytes acts as a
triggering mechanism of the adaptive immune response to
pathogens. Antigen identification by T-cells triggers their
activation and the expression of numerous activation anti-
gens (46,48,55,59). Contrary to T-lymphocytes, NK cells do
not require a cascade reaction of antigen presentation, and
act independently of MHC presence on infected cell mem-
branes (14,28,33,34,60). Analysis of the number of lym-
phocytes that have activation marker expression resulted
in the following order being identified: CD69/CD25/
HLA-DR/CD95. These are responsible for the consecu-
tive passage of certain stages of lymphocyte differentiation
to activation apoptosis, allowing the activation processes
that take place in immune system to be estimated (27,39,61).
The present study describes the influence of TBEV strains
on the activation profile of lymphocyte subpopulations, that
is, T-lymphocytes (CD4 + , CD8 + ) and NK cells (Figs. 4 and
5). At 24 h p.i. in blood samples infected with the P-183
strain, the most activated cells turned out to be those that

FIG. 5. CD69, CD25, and CD95 expression on the lymphocyte subpopulations after infection of blood cells by TBEV
strains. The whole-blood samples were mock-infected and infected with TBEV strains (P-183 and Dal) at a MOI of 0.01
TCID50/cell and analyzed at 24 h p.i. by flow cytometry for expression of CD69, CD25, and CD95 within lymphocyte
subpopulations (NK cells, CD4 + , and CD8 + T-lymphocytes). The results obtained from 10 independent blood samples and
presented as mean percentage of cells expressing markers (each data point represents the mean – SD of results) are shown.
Uncoated (white) columns, % of cells expressing CD69; gray, % of cells expressing CD25; black, % of cells expressing
CD95. *Significance of the differences between the parameters of TBEV-infected and mock-infected cells ( p £ 0.05).

278 KRYLOVA ET AL.



had cytotoxic potential, that is, NK cells and CD8 + lym-
phocytes, which was confirmed by the high level of CD69
and CD25 expression on these cells. By that time, the P-183
strain had induced expression of only the earliest activation
marker, that is, CD69, on CD4 + lymphocytes. In contrast,
the Dal strain of TBEV suppressed the activation of antigen-
presenting cells (i.e., monocytes), and caused the inhibition
of activation of CD8 + lymphocytes and NK cells.

The NS3 protein region was defined as a primary source
of flaviviral peptide determinants for CD4 + T-cells (21,
22), which was confirmed by the presence of incomplete
NS3-specific CD4 + T-cellular reactions in patients who had
severe encephalitis (21). This allowed the identification of
flaviviral peptide determinants that identify CD8 + T-cells:
they include peptides of E (51), NS4B (54), and NS3 pro-
teins (21). As previously reported, TBEV strains, studied by
the authors, have differences in these regions of viral pro-
teins (6) that may cause various strain influences on T-
lymphocyte activation.

Thus, processes of virus binding to blood cells and
modulation of the expression of intercellular adhesion
molecules and activation markers on monocytes, granulo-
cytes, NK cells, and T-lymphocyte surfaces were different
for the studied TBEV strains.

Apparently, the mechanisms used by the highly patho-
genic Dal strain to escape the host’s immune response are
similar to those employed by other virulent strains of TBEV.
So, virulent TBEV strains were unavailable for cell recog-
nition and delayed cell activation that gave the virus a
replicative advantage within the cells during the first 24 h of
infection (30,35). In contrast, the P-183 strain is rapidly
recognized by immune cells and induces their activation,
which then triggers innate antiviral defense mechanisms. It
can be anticipated that such strains, which are nonpatho-
genic to humans, do not have the above-described strategy
of ‘‘escape’’ from immune control, and are rapidly elimi-
nated from the organism, in contrast to the highly virulent
TBEV strains. Thus, mechanisms of virus-induced up- or
downregulation of the expression of adhesion and activation
receptors are associated with molecular genetic features of
virus strains, and constitute an essential part of fundamental
virus properties such as virulence and pathogenicity.
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46. Rů�zek D, Salát J, Palus M, et al. CD8 + T-cells mediate
immunopathology in tick-borne encephalitis. Virology 2009;
384:1–6.
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