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ARTICLE INFO ABSTRACT

Keywords: This work is dedicated to the study of the variability of the main antigenic envelope protein E among different
Tick-borne encephalitis virus strains of tick-borne encephalitis virus at the level of physical and chemical properties of the amino acid re-
E protein sidues. E protein variants were extracted from then NCBI database. Four amino acid residues properties in the
Physicochemical properties amino acid residue polypeptide sequences were investigated: the average volume of the amino acid residue in the protein tertiary
:Egizzy structure, the number of amino acid residue hydrogen bond donors, the charge of amino acid residue lateral

radical and the dipole moment of the amino acid residue. These physico-chemical properties are involved in
antigen-antibody interactions. As a result, 103 different variants of the antigenic determinants of the tick-borne
encephalitis virus E protein were found, significantly different by physical and chemical properties of the amino
acid residues in their structure. This means that some strains among the natural variants of tick-borne en-
cephalitis virus can potentially escape the immune response induced by the standard vaccine.

1. Introduction The TBEV envelope protein (E protein) is the main antigen that acti-

vates the immune response during both infection and vaccination

One of the most dangerous for humans natural foci neuroinfections
in the territory of Northern Eurasia is tick-borne encephalitis (TBE)
(Zilber, 1945; Panov, 1956; Dumpis et al., 1999; Charrel et al., 2004;
Goodman et al., 2005; Bogovic and Strle, 2015). The pathogen that
causes TBE, tick-borne encephalitis virus (TBEV), is divided into three
major subtypes, namely Far Eastern, Siberian and European (Zlobin
et al., 1996; Ecker et al., 1999a,b; Zlobin et al., 2001a,b). Phylogenetic
analysis on the full genome and genome fragments sequences of TBEV
show a clear clusterization of TBEV strains to one of three subtypes
(Zlobin et al., 2001a,b; Demina et al., 2010). Two genetic variants of
the virus (prototype strains 886-84 and 178-79) were also described as
possible new TBEV subtypes (Demina et al., 2012; Kozlova et al., 2013).

The standard method of TBE prevention for humans is vaccination.

(Mandl et al., 1989; Rey et al., 1995). The vaccine is produced by in-
activated TBEV particles grown in chick embryo cells cultures (Bock
et al.,, 1990; Klockmann et al., 1991; Vorobyova and Rasschepkina,
1992; Leonova et al., 2007; Orlinger et al., 2011; Morozova et al.,
2012). Currently, four commercially available vaccines for TBEV pre-
vention are produced, namely FSME Immun Inject (“Baxter”, Austria)
based on Neudoerfl strain corresponding to TBEV European subtype;
Encepur (“Novartis Vaccines and Diagnostics” Germany) based on K23
strain of European subtype; Entsevir (“Microgen”, Russia); and, the
vaccine by M.P. Chumakov (Moscow, Russia) produced by the Institute
of Poliomyelitis based on 205 and Viral Encephalitis based on Sofjin
strains, corresponding to the Far-Eastern subtype (Wagner et al., 2004a;
Zlobin et al., 2009; Zavadska et al., 2013; Morozova et al., 2014).
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Fig. 1. The scheme for isolating the surface
antigenic determinants.

Fig. 2. The scheme of statistical analysis
pipeline. sy, so, S3, ...... , s, — the indices of
the amino acid sequence of the studied
strains of the virus.
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Fig. 3. The phylogenetic tree reconstructed by the maximum likelihood method using the JTT + G model. In the nodes separating the subtypes are the values of bootstrap support. Simple
arrows indicate the position of vaccine strains. Arrows with circles indicate the position of the strains most suitable for the creation of polyvalent vaccines, each subtype has its own
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Table 1
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The parts of E protein amino acid sequence facing to the surface of the viral particle (marked with gray), TBEV Sofjin strain.

QGTTRVTLVLELG]
DANK:
SSEKTILTMGDYGDVSLLCRVASGVDL]
GAQNWNNAERLVEFGAPHAVKMDVYNLGDQTGVLLKSLAGVPVA|
KTKFTWKRIPTDSGHDTVVMEVAFSGTK

FNDLAL
SGHVTCEVGLEKLKMKGLT]

KGSSIGRVFQKTRKGIERLTVIGEHAWDFGSTGGFLTSVGKALHTVLGGAFNSLFGGVGFLP

KILVGVVLAWLGLNMRNPTMSMSFLLAGGLVLAMTLGVGA

Table 2

The values of the diversity of TBEV E protein antigenic variants at the level of virus subtypes and population.

The number of The ratio

antigenic variants

The number of
sequences in GenBank

Virus subtype

The maximum distance of
physical and chemical

The coefficient of variation
for physical and chemical

The average distance of
physical and chemical

database characteristics characteristics distances

n/N — the variety
of antigenic
variants

Far-Eastern 98 42 0.429 2.751 0.657 73.398

Siberian 31 15 0.484 1.611 0.780 48.830

European 112 46 0.411 2.286 0.653 69.094

In total 241 103 0.427 2.922 0.927 46.366

Table 3 antigenic protein (Stolbikov et al., 2014). A series of studies were also

Results of analysis significant differences variability of antigenic determinants of protein
variants E TBEV at the level subtypes and virus population.

Virus subtype  Far-Eastern Siberian European The
total for
TBEV
Far-Eastern
Siberian Pv =0.78
X% =0.07) +
European Pv =0.68 Pv = 0.66
(X* = 0.16) (X* =0.18)
+ +
The total for Pv = 1.00 P_v = 0.80 Pv =0.84
(X? = 0.00) (X* = 0.06) (X? = 0.03)
TBEV + + +

Note: The table is a matrix with the results of the pairwise testing variability differences
between selected groups of strains virus. In the cells matrix shows the value probability
P_v, acceptance hypothesis HO about absence reliable values between indexes diversity
and criterion values X2, on based which is calculated P_v. Sign + at cell points out that
the null hypothesis (absence of reliable differences) It was accepted.

Vaccines based on the TBEV Sofjin strain also prevents against Japanese
encephalitis virus (Lai and Monath, 2003). The aforementioned vac-
cines were shown to be highly immunogenic (Wagner et al., 2004b;
Fritz et al., 2012; Amicizia et al.,, 2013; Domnich et al., 2014). In
Austria, after the introduction of a mass vaccination against TBEV, the
incidence of TBE decreased by 95% (Romanenko et al., 2007; Heinz
et al., 2008; Kunze and Bohm, 2015). In other TBEV endemic countries
the vaccination is mainly used to protect specific groups, in case of an
occupational risk, for school children and others (Zavadska et al.,
2013).

Despite the success of TBEV vaccination, there are still some reports
of TBEV infection cases among vaccinated individuals (Romanenko
et al., 2007; Pogodina et al., 2009; Konkova-Rejdman and Zlobin, 2012;
Subbotina et al., 2014; Pogodina et al., 2015). TBEV immunized in-
dividuals may accumulate amino acid substitutions by some TBEV
strains in the course of microevolution in natural foci that prevent
binding of the main TBEV antigen (the E protein) with the antibodies
produced in response to the vaccination. Amino acid substitutions in
the protein envelope for some hepatitis B viral strains have also ren-
dered the vaccine ineffective for immunized individuals (Heijtink et al.,
2002). A bioinformatics study on various hepatitis B virus variants
showed the presence of large number of amino acids substitutions that
cause significant physicochemical changes at specific positions of the

devoted to the physicochemical properties of the TBEV envelope E
protein (Holzmann et al., 1990; Heinz et al., 1991; Rey et al., 1995).

Experiments showed that some monoclonal antibodies produced
against the E protein for a particular TBEV strain have a lower affinity
for E proteins from other TBEV strains (Guirakhoo et al., 1989; Rey
et al., 1995). Earlier X-ray crystallography methods provided detailed
tertiary and quaternary structures of the TBEV envelope E protein (Rey
et al., 1995). The tertiary structure of the TBEV E protein provided a
spatial location of the amino acid substitutions that affect the affinity to
antibodies. These substitutions face the outer surface of the E protein
that interacts with the antibodies (Rey et al., 1995). These observations
indicate that the vaccine based on a particular TBEV strain may not
provide reliable cross-protection against other viral strains.

Currently, international databases are rapidly supplemented with
determined sequences of viral genomes and proteins. For example,
GenBank database (http://www.ncbi.nlm.nih.gov/genbank/) contains
a large number of determined amino acid sequences of TBEV E protein.
These sequences can be statistically analyzed for amino acid diversity
and variability to identify residue-specific, physicochemical properties
at various positions of TBEV E protein. Therefore, the aim of this study
was to search for sequence variants of the TBEV E protein in GenBank
that are associated with the antigenic properties of the virus. A com-
parative analysis on the variability of vaccine-based or natural TBEV
strains was then determined by statistical methods.

2. Materials and methods

The TBEV Sofjin strain (496 amino acid residues) was used for a
protein BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to search for
homologous TBEV E protein sequences in GenBank (http://www.ncbi.
nlm.nih.gov/genbank/) non-redundant Database. For homologous
search, the penalty for gap opening was set to 8 and the penalty for gap
continuation was set to 2. The maximum number of queries produced as
a result of the search was set to 1000. This combination of parameter
values allows to identify sequences with both high and low similarity
with the original sequence of the Sofjin strain.

All TBEV E protein sequences were visualized with the SeaView
software (Gouy et al., 2010). Subsequent statistical analysis of antigenic
determinants and the complete amino acid sequences of TBEV E protein
were performed with R programming language designed for statistical
data and its supplement package, bios2mds, for the polypeptide se-
quences processing (Pele et al., 2012).
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Fig. 4. The distribution of amino acid sequences of different variants of TBEV E protein
antigenic determinants in two-dimensional space position constructed on the basis of
multidimensional scaling involving physical and chemical characteristics of amino acid
residues involved in the interaction of the antigen-antibody complex. The points cloud
belonging to the antigenic determinants of Far-Eastern subtype is marked with number 1
and the corresponding ellipse; the points clouds of Siberian and European subtypes are
marked with numbers 2 and 3 and corresponding ellipses, respectively. The letter S states
the position of antigenic determinant of TBEV Sofjin strain; letter D — the position of
epitope of Neudoerfl strain; symbols K23 and 205 define the positions of K23 and 205
strains epitopes, respectively.

Maximum likelihood phylogenetic analysis was performed on the
selected amino acid sequences using the SeaView program. The relia-
bility of the phylogenetic tree topology was tested using bootstrap
analysis. The 1000 repeats were generated for calculations of bootstrap
support. The model for the accumulation of amino acid substitutions for
phylogeny was selected using the ProtTest program (Abascal et al.,
2005). The protein sequence of the Omsk hemorrhagic fever virus was
used as the outgroup as the closest relative of the TBE virus. The most
optimal model of amino acid substitutions was chosen on the basis of
Bayesian information criterion (BIC). The results of phylogenetic clus-
tering were used to determine the subtype of strains from which the
amino acid sequences were isolated.

3 Based on the data on TBEV E protein tertiary structure (Rey et al.,
1995) from the data set containing the full-length amino acid se-
quences, the amount of E protein fragments sequences forming the
outer layer of virion envelope was formed with SeaView software. Thus,
for each variant of amino acid sequence of E protein the sequences
consisted of the set of E protein fragments exposed at the virus surface
— the antigenic determinants, — were defined. The scheme for iso-
lating to the antigenic determinants is shown in Fig. 1.

4 A comparison analysis on the diversity of E protein antigenic
variants from different TBEV subtypes and virus population was cal-
culated by the ratio of antigenic determinants to the total number of E

Table 4
The characteristics of TBEV strains and vaccines based on them.
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protein sequences. The coefficient of antigenic variation was de-
termined according to Hudson (Hudson, 2000). Specific virus subtypes
with coefficient value approaching 1 suggests an increase in variation in
the composition of E protein antigenic variants. Using the statistical
criterion based on chi-square distribution, the significance differences
were identified between the variability coefficients for the antigenic
determinants of virus subtypes and for the entire virus population
(Newcombe, 1998).

5 The numerical values of the physicochemical properties of amino
acid residues in the polypeptide sequences were obtained from
APDbase database (http://www.roskamps.com/bioinfo/APDbase/)
(Mathura and Kolippakkam, 2005). To eliminate the effects of unequal
contribution of different physicochemical properties in the statistical
analysis, the selected numerical physicochemical properties of each
feature were recalculated as percentage change from a maximum to a
minimum value (the maximum numeric value of feature was taken as
100%, the minimum value — as 0%), i.e., were normalized to 100%.

The amino acid sequence of the antigenic determinant of TBEV E
protein can be represented as a vector of dimension N — the length of
the sequence. Each coordinate of the vector can take one of 20 literal
values (single-letter encoding of amino acid). If n normalized physico-
chemical properties will match each amino acid, the vector (amino acid
sequence of the antigenic determinant of TBEV E protein) will be
transformed into a numeric vector of dimension Np = N X n. The nu-
meric vector of dimension Np will characterize the physicochemical
properties of the antigenic determinants of the TBEV E protein. By
comparing the antigenic determinants of amino acids at particular po-
sitions, an array of numerical vectors is obtained that characterize the
TBEV E protein antigenic determinants. Statistical analysis pipeline is
shown in Fig. 2.

A pairwise distance matrix using the Euclidean distance measure
was built based on numerical vectors describing the physicochemical
properties of the TBEV E protein antigenic determinants. The resulting
pairwise distance matrix was used for multivariate statistics — multi-
dimensional scaling (Gower, 1966). The same distances matrix was
used to evaluate the properties of E protein antigenic determinants for
TBEV strains currently used for vaccines production, namely Neudoerfl,
K23, 205 and Sofjin. The parts of the matrix used contained the dis-
tances of antigenic determinant of a definite strain from all other an-
tigenic determinants of the viruses. Based on this information, the
average distance of the strain determinant against all other antigenic
determinants was calculated and the distribution of distances presented
as boxplots. The reliability of the differences between the mean values
for the distances spectra of vaccine strains from other strains was de-
termined using a nonparametric version of the single-factor analysis of
variance — the Kruskal-Wallis test (Kruskal, Wallis, 1952).

Strains that had the lowest average Euclidean distance from other
antigenic determinants calculated on the basis of the physicochemical
properties of the amino acid residues were used to isolate the athenic
determinants most preferred for the creation of a polyvalent vaccine. It
can be assumed that upon introduction into the body viral particles
with such an amino acid composition of the surface layer of E protein
will stimulate the formation of antibodies that are potentially more
likely to bind to other antigenic determinants of different strains of

Vaccine name The company and the country of ~ Strain

Representation of the antigen in

The average distance to other antigenic determinants on physical
and chemical characteristics

origin GenBank
FSME-IMMUN Inject  Baxter, Austria Neudoerfl 2
FSME-IMMUN Junior Baxter, Austria Neudoerfl 2
Encepur-Adults Novartis, Germany K23 1
Encepur-Children Novartis, Germany K23 1
EnceVir Microgen, Russia 205 9
TBE-Moscow Chumakov Institute, Russia Sofjin 37

0.747
0.747
0.995
0.995
0.926
0.745
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terminants constructed on the basis of differences in physical and chemical characteristics
of amino acid sequences involved in the antigen-antibody interaction.

viruses present in the natural population.
3. Results and discussion

The BLAST search identified 350 TBEV E protein sequences. The
spectrum of matches found in the database contained sequences with an
identity score of 100% to 41%. The least identity with the Sofjin strain
for a sequence recorded in the database under TBEV identifier was 95%.
This means that the entire variety of TBEV E protein variants contained
in the database was presented in this search. The search was conducted
according to the state of the GenBank database for October 2016.
Sequences less than 496 residues (the length of the TBEV Sofjin strain)
or contained unknown residues (X) were deleted from the sequence
dataset — 241 sequences remained.

On the basis of testing the data set in the ProtTest program, the JTT
model (Jones et al., 1992) with gamma correction (JTT + G) was the
most optimal model. The phylogenetic tree reconstructed by the max-
imum likelihood method using the JTT + G model is shown on Fig. 3.
Three clusters with sufficiently high bootstrap supports values
(73%-98%%) can be distinguished on the phylogenetic tree. Each of the
clusters contained sequences for which only one corresponding subtype
in the GenBank database was specified and sequences for which the
subtitle was not specified. The first cluster included sequences identi-
fied as the Far-Eastern subtype, the second cluster contained the Si-
berian subtype, and the third formed the European subtype. According
to these clusters, the unknown sequences can be appropriately assigned
a subtype. The branching topology and subtype distribution of the re-
constructed phylogenetic tree corresponded to the tree obtained on the
basis of the nucleotide sequences of TBEV E gene in (Ecker et al.,
1999a,b). On the phylogenetic tree (Fig. 3), the vaccine strains Neu-
doerfl and K23 clustered together with other strains of the western
genotype, strains 205 and Sofjin clustered together with strains of the
Far Eastern TBEV genotype. Of the 241 TBEV E protein sequences, 98
belong to the Far-Eastern subtype, 31 to the Siberian subtype, and 112
to the European subtype. All 241 amino acid sequences of TBEV E
protein with GenBank accession number, which were used in the ana-
lysis, are presented in supplementary file in fasta format.

Protein fragments that face outwardly from the virion envelope
surface were identified (Table 1) based on the tertiary structure of the
complete TBEV Sofjin strain E protein (Rey et al., 1995). As a result, an
antigenic determinant-based sequence (224 residues) was obtained
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Virus Research 238 (2017) 124-132

from the TBEV Sofjin strain E protein. This antigenic determinant was
used as the reference sequence for a multiple sequence alignment to
detect similar determinants in the TBEV sequence dataset. Further
computational analysis showed that the complete set of TBEV E protein
sequences contained 103 antigenic determinant variants, differing in at
least one amino acid substitution. The Far-Eastern subtype included 42
antigenic determinant variants, the Siberian subtype had 31 variants,
and the European subtype had 46 variants (Table 2). The coefficient of
antigenic variation was calculated for the total TBEV population (full
sequence dataset) and for each virus subtype. The coefficient values are
represented in Table 2. The measured values for these coefficients
ranged from 0.484 to 0.411. The Far-Eastern, Siberian and European
subtypes were not significantly different (Table 3), therefore, all three
TBEV E protein subtypes have the same variability of antigenic de-
terminants.

Antibody-antigen binding occurs by space-conformational interac-
tion (Boyden, 1966). Theoretical and experimental studies show that
specific physicochemical properties of amino acids of the antigen play
key roles in its reaction with an antibody (Absolom and Van Oss, 1985;
Mian et al., 1991) These properties include, a) the average amino acid
volume of the protein; b) the number of hydrogen bond donors of re-
sidues; c) the charge of the residue side chain; and, g) the residue dipole
moment. The sequence residues differing in volume on the surface of
the protein antigen defines the spatial structure recognized by antibody.
The hydrogen bonding, charge and dipole interaction between the an-
tigen and antibody bind them into a single structure. These four phy-
sicochemical properties (n = 4) were selected for this study. Each an-
tigenic determinant of TBEV E protein (as described in Materials and
Methods section) with the length N = 224 residues was characterized
with the numerical vector with the dimension N, = 896 (N, = N X n).
Using these vectors, a pairwise distance matrix was built for the TBEV E
protein antigenic determinants. The calculated distances are based on
the physicochemical properties of the antigenic determinants. For each
TBEV subtype, and TBEV in general, the maximum and average dis-
tances on the physicochemical properties and the variation coefficients
for the studied distances were calculated (Table 2). The Far-Eastern and
European subtypes have similar maximum and average distances va-
lues. The Siberian subtype differs since it has a lower maximum dis-
tance and a higher average distance values. For TBEV in general, the
maximum and the average distances exceeded the corresponding values
of each subtype (Table 2).

The estimated values of the coefficients of distance variation based
on the numeric values of the physicochemical properties of the TBEV
antigenic determinants for Far-Eastern (73.398) and European (69.094)
subtypes differed slightly from each other (Table 2). The Siberian
subtype had the distance variations coefficient of 48,830. For TBEV in
general, the coefficient of distance variation was 46,366. The low value
of the distances variation coefficient for Siberian subtype is possibly
connected with the small representation of the Siberian subtype in
GenBank database — only 31 complete E protein sequences and 15
antigenic determinant sequences (Table 2). An increase in sequences
analyzed may equalize the coefficient values of distance variation for
different subtypes. However, for the current number of sequences the
coefficient of variability of antigenic determinants for all subtypes, and
TBEV in general, did not significantly differ. Additionally, amino acid
variability depends on positive or purifying selection. In any case, to
verify these assumptions it is necessary to increase the number of de-
termined sequences of TBEV E protein of Siberian subtype.

7 Using the distance matrix calculated from the numeric values of
the physicochemical properties, an analysis on the TBEV antigenic de-
terminants was carried out by multidimensional scaling. Fig. 4 is two-
dimensional scatter — result of the multidimensional scaling from
space of physicochemical properties of amino acid residues. The dis-
tinguishable three clouds in Fig. 4 are antigenic determinants belonging
to the E protein of the three viral subtypes (Far-Eastern, Siberian and
European). The characteristic point spread was observed for each
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subtype indicating that the lowest variation was found in the Siberian
subtype. This low variation is consistent with the low coefficient in the
distance variation calculated from the numeric values of the physico-
chemical properties. It should be noted that the extreme distant points
in each cloud are comparable with the distances between the closest
points of different virus subtypes. This means either the E protein an-
tigenic determinants of different TBEV subtypes have similar antigenic
properties or the antigenic determinants of the same subtype sig-
nificantly differ in antibody affinity. This fact points to the wide
variability of the antigenic properties of TBEV E protein in different
strains.

The TBEV E protein from vaccination commercial strains Neudoerfl,
K23, 205 and Sofjin were among the amino acid variants found in the
sequence dataset. The full characterization of these strains is given in
Table 4. From the sequence dataset, two antigenic determinants were
identical to those in the Neudoerfl strain, one was identical to the K23
strain, nine were similar to the 205 strain, and thirty-seven were
identical to the Sofjin strain. As severe causing agents of TBE in the Far-
East (Holzmann et al., 1992), both 205 and Sofjin strains are of great
research interest. Thus, there is a broad representation of 205 and Sofjin
antigenic determinants in the sequence dataset due to the large number
of TBEV Far-Eastern subtype E sequences isolated from patients, as
carried out by the Russian Federation.

Analysis on the physicochemical properties for Neudoerfl, K23, 205
and Sofjin strains demonstrated that the average distances from the
antigenic determinants of these strains to other strains significantly
differ from each other. According to the results of the Kruskal-Wallis
test the observed differences between the mean distances in the samples
are reliable (the value of the test statistic is W = 81.637,
P_value = 2.2e-16 < 0.05). The TBEV Sofjin and Neudoerfl strain had
the lowest average distance (~0.75), and the TBEV 205 (0.926) and
K23 (0.995) strains had the highest average distances. The average
distribution distances between antigenic determinants of Neudoerfl,
K23, 205 and Sofjin strains to other strains is shown in Fig. 5. The
smaller range of antigenic determinant distances in the Sofjin and
Neudoerfl strains compared with 205 and K23 strains indicates that
antibodies developed during vaccination will bind with antigens from
other virus variants differing in the substitutions of E protein antigenic
determinants. For each Neudoerfl, K23, 205 and Sofjin TBEV strain,
approximately 20% of the sequence dataset had few substitutions (from
2 to 3) that results in a change of charge, polar characteristics, the
ability to form the hydrogen bonds, or a significant change of amino
acid volume. Such substitutions significantly decrease the affinity be-
tween antigens and antibodies, thereby reducing the effectiveness of a
vaccine (Absolom and Van Oss, 1985; Mian et al., 1991).

It should be noted that the vaccine production against TBEV are
designed within a finite regional connection for that particular pre-
valent strain (Klockmann et al., 1991; Morozova et al., 2012). Our re-
sults demonstrate that the industrial TBEV strains, comprising into
three commercial vaccines, do not fully cover the entire spectrum of
antigenic determinants of TBEV E protein within its regional connec-
tion. We not only examine antigenic epitopes of linear structures at the
virion surface, but to the epitopes of arbitrary cross configuration. Since
the investigated antigen is the unified polymer structure of the protein
(E protein of TBEV), all differences between the monomers (amino
acids in the linear structure between the antigenic determinants of
TBEV E protein) will have approximately the same position in space on
the virus surface.

Optimal variants of antigenic determinants for the creation of a
polyvalent vaccine were determined using the pairwise distances ma-
trix calculated from the Euclidean metric on the basis of the properties
of amino acid residues. Such antigenic determinants were determined
for each genotype of the virus. Variants of the amino acid sequence for
the isolated determinants are presented in Table 5. Each antigenic de-
terminant is represented by several sequences from the GenBank da-
tabase. Sequences with identical antigenic determinants did not differ
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in the amino acid composition of the surface layer of E protein, but had
amino acid substitutions in other parts of the protein. For the Far
Eastern genotype, the antigenic determinant of the Sofjin strain was
optimal. For all sets of virus sequences of all genotypes, the smallest
average distance from all other determinants had sequence that, by the
same characteristics, is optimal for the western genotype of the virus.
Strains of the virus with this variant of the antigenic determinant may
be optimal for the creation of a universal vaccine.

Currently as a primary target for the vaccination, the TBEV E pro-
tein has wide variability in physicochemical properties responsible for
antigen-antibody binding. This hypothesis has been supported by ex-
perimental studies to find epitopes of antigenic sites in the amino acid
sequences of TBEV E protein presented in (Kuivanen et al., 2014). We
report that they have first defined the linear epitopes in TBEV E protein
and in non-structural NS5 protein; only two (in E protein) of 11 iden-
tified epitopes were shown to be potential antigenic determinants for
TBEV diagnostics and can serologically differentiate the Flavivirus in-
fections apart. In (Kiermayr et al., 2009) binding of various variants of
monoclonal antibodies to mutant strains of TBEV E protein was studied.
As a result, it was shown that the emerging mutations can neutralize the
process of binding of antibodies to the corresponding epitopes on the
surface of the virus. Epitopes for binding of antibodies in this case can
be in different places of the surface part of the TBEV E protein.
Therefore, our theoretical calculations and experimental results re-
ported in (Kiermayr et al., 2009; Kuivanen S. et.al, 2014) show the need
for more careful approach to the assessment of the effectiveness of both
existing and newly developed vaccines against not only for TBEV, but
also against other Flavivirus pathogens.

The theoretical study carried out is a preliminary attempt to propose
a calculation method for the study and prediction of various variants of
antigens for the creation of universal vaccines. It is necessary to conduct
an experimental study to confirm the findings of the work. Such a study
may consist in analyzing the correlation relationship between distances
calculated by the physicochemical properties of amino acid residues
and the intensity of the antigen-antibody interaction estimated under
experimental conditions.
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