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We studied the effect of sulfated glycosaminoglycan on the infection properties of high-
virulence Dal’negorsk strain and low-virulence Primorye-437 of tick-borne encephalitis vi-
rus. Differences in reproductive activity of these strains and their tropism to the target cells 
were revealed. Glycosaminoglycan reduced pathogenetic activity of high-virulence strain in 
vitro, but had no effect on low-virulence strain. The interaction of imperfect virus particles 
of non-pathogen strain with the glycosaminoglycan led to their accumulation in cell, but in 
the culture medium of SPEV cells infected with experimental and control samples, accumu-
lation of virus particles did not differ. The results on activity of glycosaminoglycan binding 
with strains differing by their biological and molecular genetic characteristics can be used to 
assess their pathogenic potential.
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The interaction of viral particles with cell surface re-
ceptors is the initial phase of virion penetration into 
the cell, determines tropism of the virus, its virulence 
and pathogenicity. The primary stage of flavivirus 
penetration into the target cells is determined by the 
interaction of the surface viral glycoprotein E with 
cell surface receptors. Numerous studies have dem-
onstrated that flaviviruses contact with the host cell 
by binding with glycosaminoglycans (GAGs), e.g. 
with heparan-sulphate proteoglycans or syndecan on 
the surface of the target cell [2,4,6,7,11]. Syndecans 
primarily act as a factor of attachment and concentra-
tion of flavivirus particles on the surface of the target 
cell prior to their interaction with primary receptors 
and receptor-mediated endocytosis. Pretreatment of 
tick-borne encephalitis virus (TBEV) with GAGs can 
inhibit attachment of flavivirus particles to the cell 
surface thus attenuating their pathogenic properties.

Here we demonstrate manifestation of the patho-
genic properties of TBEV strains during their interac-

tion with glycosaminoglycans inhibiting their binding 
to the cell surface.

MATERIALS AND METHODS

Two strains of the Far-Eastern subtype of TBEV, 
Dal’negorsk (Dal’) strain isolated from the brain of 
a deceased patient with a focal TBE form (GenBank 
number FJ402886) and Primorye-437 strain (P-437) 
isolated from the blood of a patient with inapparent 
infection (GenBank number JQ825162). The initial 
virus titer in SPEV cell culture for Dal´ strain was 8 
lg TCD50/ml and for P-437 5 lg TCD50/ml [8].

Sulfated GAG, chondroitin sulfates sodium salt 
(Sigma-Aldrich), was used in a dose of 100 μg; activ-
ity of this GAG against TBEV was previously studied 
[3]. The rate of inhibition of virus binding upon addi-
tion of GAG was determined as follows: [1-(number 
of viral plaques in the experiment/number of viral 
plaques in the absence of GAG)]×100%.

The dynamics of accumulation of TBEV strains 
Dal’ and P-437 in SPEV cell culture was analyzed. 
To this end, 9 tubes with 24-h cell monolayer were 
infected with TBE (control) and 9 test tubes were in-
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fected with a mixture of TBE+GAG (experiment). The 
accumulation of the virus was assessed in cells and 
culture medium. Experimental samples were formed 
from 3 tubes and examined in 0, 6, 24, and 48 h after 
infection of SPEV cells using indirect immunofluores-
cence assay (IFA) and plaque-forming test. All experi-
ments were performed in triplicates.

The antigen in SPEV culture infected with control 
and experimental samples was identified by IFA. The 
cells from 3 tubes were collected in 6, 24, and 48 h and 
slides were prepared. TBEV antigen in cells was detect-
ed by applying immune serum against TBE and fluores-
cent FITC-labeled immunoglobulins in working dilution 
specified by the manufacturer (MEDGAMAL Branch, 
N. F. Gamaleya Research Institute of Epidemiology 
and Microbiology). The slides were examined under 
an MC-200 TF fluorescence microscope. The relative 
number of cells containing fluorescent TBEV antigen 
was calculated relative to the total number of cells in 
the field of view. The control and experimental samples 
were compared using non-parametric Mann—Whitney 
U test. The differences were significant at p≤0.05.

RESULTS

We revealed differences in the inhibitory action of 
GAG on the studied TBEV strains (Fig. 1). For Dal’ 
strain, the rate of GAG-inhibition was high: the rela-
tive number of non-inhibited virus particles was 18%. 
P-437 strain was significantly less inhibited by GAG 
(the number of non-inhibited viable viral particles was 
83%, p≤0.01).

The number of large plaques of Dal strain in the 
experimental samples decreased by 5 times in compar-

ison with the control. The number of small plaques of 
P-437 strain in the experimental and control samples 
was almost the same.

A comparative study of the intracellular virus ac-
cumulation was carried out using IFA to clarify the 
features of the infectious process (Fig. 2). In case of 
Dal’ strain (control), native viral particles quickly en-
tered the cells and in 6 h, infected cells constituted 
63%; while viral particles treated with GAG pen-
etrated the cells more slowly and in 48 h, just few 
cells contained viral particles. The presence of cells 
containing specific TBEV antigen suggests that GAG 
did not completely inhibit virions.

Low rates of cell infection (13%) for strain P-437 
at the same observation term attested to its slow pen-
etration into cells (p≤0.05). Different GAG-dependent 
replicative activity of TBEV strains was revealed. 
Strain P-437 was characterized by more intensive in-
tracellular replication in the experiment in comparison 
with the control (Fig. 2). Intracellular accumulation of 
Dal’ strain antigen in the experiment was significantly 
lower (p≤0.01) than in the control, and only in 48 
h, the percentage of cells containing specific antigen 
slightly increased, which attested to high, though not 
complete GAG-inhibition of virions.

In addition, we studied the dynamics of TBEV 
accumulation in the culture medium of SPEV cells 
infected with Dal’ and P-437 strains (control and ex-
perimental samples). Strain Dal’ was used in a dose 
of 2.5 lg PFU/ml (Fig. 3). Infectious activity of Dal’ 
strain (control) increasing from 0 (6 h) to 1.5 lg PFU/
ml (24 h) and 3.5 lg PFU/ml (48 h). After treatment 
with GAG, infectious activity of Dal’ strain decreased 
(Fig. 3, a). Virus replication rates in the control and 

Fig. 1. GAG-inhibition of TBEV strains isolated from patients with focal form (Dal’negorsk) and inapparent form (Primorye-437). The mor-
phology of plaques is shown on SPEV cells. 
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experiment in 48 h differed significantly (p≥0.05). In 
the test sample, the number of virus particles at that 
time reached 2 lg PFU/ml indicating virus reproduc-
tion. Treatment with GAG did not reduce the titer of 
strain P-437 virus at infection dose of 2 lg PFU/ml. 
In the culture medium of SPEV cells infected with 
control and experimental samples, virus accumulation 
was similar (Fig. 3, b).

To understand the differences in the infectious 
activity of TBE strains characterized by different 
pathogenicity, their full-genome molecular genetic 
characteristics were compared. Strain P-437 has 24 
amino acid substitutions relative to strain Dal’: Q32R, 
K64N, K69R, D100N, and L111Del in capsid pro-
tein; I130V, V137A, and A151V in prM; A431T and 
V463A in protein E; S141G in NS1; K52R and T168I 
in NS2A; F108V in NS2B; R16K, S45S, and S261A 
in NS3; M95V, V179A, and A213V in NS4B; S634T, 

R677K, I692V, and A724S in NS5 [1]. Flavivirus par-
ticles adhere to the surface of target cells via inter-
action of surface viral protein E with cell receptors. 
Protein prM, a precursor of membrane protein M, is 
cleaved by cell protease furin during maturation of 
virus particles, which leads to reorganization of the 
virus surface. As a result, mature viral particles carry 
only surface protein E that interacts with the surface of 
the infected cells; protein M is located beneath protein 
E and does not participate in binding to cell receptors. 
Incomplete cleavage of prM protein leads to the ap-
pearance of defective “rough” virus particles poorly 
binding the target cells. It can be assumed that amino 
acid substitutions in the membrane regions of proteins 
prM and E in P-437 strain contribute to the formation 
of immature, defective, imperfect virus particles with 
a reduced ability to bind to target cells.

GAG treatment of viral particles of the Dal’ strain 
prior to their interaction with cells prevents their inter-
nalization and leads to virus inhibition, probably due 
to competition of GAG with cell receptors [3,5,9,10]. 
Strain P-437 that presumably has rough surface, poor-
ly binds GAG; therefore, its activity little changes 
upon addition of GAG preparation.

Thus, the obtained results indicate that strains of 
TBE virus with different pathogenicity for humans 
can differ by the surface structure of mature virus 
particles. Identified substitutions in the low virulent 
strain can lead to the formation of imperfect “rough” 
viral particles that poorly bind with cell receptors. 
Preliminary added GAG preparation can modulate the 
formation of the infectious process in different ways: 
it reduced infectious activity of virulent strain Dal’ 
and had practically no effect on strain P-437 isolated 
from the blood of a patient with subclinical TBE. The 
described approach to the study of binding of GAG 

Fig. 2. Detection of antigens of Dal’negorsk (Dal’) and Primorye-437 
(P-437) strains in SPEV cells by IFA in dynamics.

Fig. 3. Dynamics of tick-borne encephalitis virus accumulation in culture medium of SPEV cells. a) Dal’negorsk strain (Dal’); b) Primo-
rye-437 strain (P-437).
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preparations with strains with different biological and 
molecular genetic characteristics can be used to assess 
their pathogenic potential.

The study was supported by the research project 
0545-2014-0011 of the Federal State Budgetary Sci-
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