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1. Introduction  

The immune system belongs to the protective basic system of an organism which is capable 
of identifying and destroying pathogens. There are two forms of the immune response of an 
organism: innate and adaptive ones. The innate response occurs within minutes of infection, 
providing the first wave of defense against the invading pathogen. The concept of innate or 
nonspecific immunity includes many factors of protection of an organism: biomechanical 
barriers, physiological, physical, chemical and biochemical factors, etc. The phagocyte 
(neutrophils, monocytes/macrophages, basophil cells, eosinophils and corpulent cells), into 

epithelium subpopulations of lymphocyte Тγδ-cells, killer cells - natural (NK-cells), 
lymphokine activity killer cells (LAK-cells) and so-called Pit-cells - a subpopulation of NK-
cells with phenotype CD56/CD16 belong to cellular elements of innate immunity (Litvitskij 
& Sinelnikov, 2009). Functional properties of these cells are so diverse, that their inferiority 
as the consequence or the reason of pathological process, in due course inevitably forms the 
system defeat of an organism accompanied by immune insufficiency. Following virus 
infection, the host cell deploys the rapid response to limit virus replication in both the 
infected cell and in neighboring ones.  
The family of Flaviviridae includes three genius: Flavivirus, Pestivirus and Hepacivirus. The 
tick-borne encephalitis (TBE) serocomplex comprises viruses belonging to the genus 
Flavivirus of the family Flaviviridae and includes TBE virus (TBEV), Powassan (POWV), 
Omsk hemorrhagic fever virus (OHFV), and Kyasanur Forest disease virus (KFDV). These 
viruses cause encephalitis, meningitis, and/or hemorrhagic fevers and represent a serious 
public health threat due to high morbidity and mortality rates following the infection. The 
TBEV species include 3 subtypes, Far Eastern (previously RSSE), Siberian (previously West-
Siberian), and Western European (previously Central European encephalitis [CEE]) viruses. 
Recently, taxonomic improvements were proposed, and TBEV were divided into 4 types: 
Western, Eastern, Turkish sheep, and Louping ill (Grard et al., 2007). Eleven thousand TBE 
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cases annually occur in Russia, but only ≈150 cases are registered in Primorsky District, 
Russia (Leonova et al., 2006). The Far Eastern subtype is considered to be the most 
pathogenic for humans, with a mortality rate of >20%. The Western European subtype is 
less virulent and lethal (Leonova et al., 2006). In addition to the tick-borne viruses, the 
flaviviruses include mosquito-borne dengue virus (DEN, serotypes 1 through 4), yellow 
fever virus (YFV), Japanese encephalitis virus (JEV), and West Nile virus (WNV).  
All flaviviruses are virions uniform in shape; spheroidal; enveloped; 40-60 nm in diameter. 
An isometric nucleocapsid (composed of a single protein designated C) contains the 
positive-stranded RNA genome of about 11 000 nt, which has of single open reading frame 
(ORF) flanked by non-coding regions at its 5′- and 3′- noncoding ends regions. Following 
translation, the single polyprotein is cleaved by viral and cellular proteases into three 
structural proteins, C (capsid), prM/M (membrane and its precursor), and E (envelope), and 
seven nonstructural (NS) proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5) (Murray 
et al., 2007). The C protein binds viral RNA to form the spherical nucleocapsid, which is 
enclosed within a host-derived lipid bilayer studded with viral prM and E proteins.  
The transmission of flaviviruses to humans basically occurs following the bite of infected 
insects – tick, mosquito and so on. When the skin tissue is damaged during the sting of 
insects, the soluble mediators and cells contribute to the response. Soluble mediators 
released by injured cells activate polymorphonuclear neutrophils and other types of cells 
that accumulate at the site of injury. Concurrent with neutrophil accumulation, other cells 

migrate from both the epidermis [Langerhans cells (LC), dendritic cells (DC) and γδ T cells] 
and blood (granulocytes, monocytes, natural killer cells, and CD4/CD8 T cells). Following 
their recruitment, these cells play important roles in the early signaling that activates and 
orchestrates the immune response. It’s establish that upon inoculation of dengue virus into 
the skin, initial infection and replication occurs in dendritic cells (DCs) localized in the skin 
and neutrophils (Wu et al., 2000). The macrophages and dendritic cells (DCs) are critical 
early responders in host defense against West Nile virus infections infection, not just 
because of their role in orchestrating the immune response, but also because of their 
importance as sites of early peripheral viral replication (Schneider et al., 2010). The research 
also showed that cutaneous West Nile virus (WNV) infection leads to a decrease in LC 
density in the epidermis with a concomitant increase in LC concentration in draining lymph 
nodes. DCs are thought to transport virus to nearby lymph nodes. Virus replication at this 
site leads to viremia and spread to peripheral organs including the central nervous system 
(CNS). The primary cellular targets of infection in the CNS are neurons. However, the 
mechanisms by which the virus enters and damages the CNS are not defined. Although 
critical for controlling virus infection in the CNS, the host immune response has been 
implicated in contributing to neuropathology (Chen et al., 2002). Recently, genetic analysis 
of TBE patients in Lithuania suggested that a deletion within the chemokine receptor CCR5 
is a host genetic factor associated with severe TBE (Rios et al., 2006). Similarly, a mutation in 
the CCR5 gene was shown to correlate with severe disease in West Nile virus infections 
(Cologna & Rico-Hesse, 2003).  

2. The role of neutrophils (polymorphonuclear cells) in Tick-Borne 
Encephalitis 

The immune function of neutrophils (polymorphonuclear cells, PMNs) at infectious 
diseases, mainly, associates with phagocytoses and production of cytokines, including nitric 
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oxide and oxygen radicals. The process of output neutrophils from blood in tissue occurs 
within the first minutes after infection for some stages: a stage of primary adhesion and 
rolling of leukocyte on endothelium surface; activation and a stop of cells on the certain site 
of endothelium; the adhesion to a surface and diapedesis of leukocyte with movement in 
loci of inflammation. The rolling and adhesion are necessary stages for transformation of 
neutrophils and monocytes in more mature cells and in this process the selecting receptors 
and integrins take part. The two kinds of selectin receptors: L (CD 62L) and Е (CD 62E) and 
the 5 kinds of integrins to which concern three of heterodimers, consisting from the general 
ǃ-chain (CD 18) and three ǂ- chain (CD 11a, CD 11b, СD 11с) are identified (Holzer et al., 
2010). 
Leukocyte chemoattractants induce a series of metabolic changes including activation of 

trimeric G-proteins followed by enhancing intracellular calcium levels, lipid remodeling, 

and protein kinase activations. These events culminate in fusion of granule membranes with 

phagosomes or with the plasma membrane (Smolen & Boxer, 2001). Leukocyte 

chemoattractants stimulate signaling pathways that are evolved in Rho GTPases, including 

Rac-dependent NADPH oxidase activation, Rac- and Rho-dependent phospholipase D 

activity, and Racand CDC-42 regulate p21-activated protein kinases (Bokoch, 1996). The 

studies by Bokoch have illuminated the role of the GTPases especially the necessary 

requirement for Rac-dependent and NADPH oxidase activation.  

Recruitment and activation of neutrophil is among the principal defensise mechanisms of 

innate immunity. However, neutrophil-derived proteinases and reactive oxygen species, 

which are required for the elimination of microorganisms, are also capable of inflicting 

tissue damage (Klebanoff, 1992). Myeloperoxidase (MPO), a heme protein abundantly 

expressed in the azurophilic granules, plays a central role in these events. MPO catalyzes the 

formation of hypochlorous acid, a potent oxidant that has been implicated in killing infects 

and tissue destruction through induction of necrosis and apoptosis. MPO, through 

formation of secondary oxidants and nitration of protein tyrosine residues, could modulate 

intercellular signaling in the vasculature and affect the activation state of neutrophils.  

Neutrophil trafficking into inflamed tissues is intimately linked to prolonged survival. 

Mature neutrophils have the shortest half-life (7 hours) among leukocytes and die rapidly 

via apoptosis (Kebir & Filep, 2010). This constitutively expressed cell death program renders 

neutrophils unresponsive to proinflammatory stimuli and promotes their removal from 

inflamed areas by scavenger macrophages with minimal damage to the surrounding tissue, 

thereby facilitating the resolution of inflammation (Kennedy & DeLeo, 2009; Fox et al., 2010). 

Neutrophil survival is contingent on rescue from apoptosis bysignals, such as 

lipopolysaccharide or proinflammatory cytokines, from the inflammatory 

microenvironment.  

Upon contact with their bacterial targets, neutrophils fire a barrage of antimicrobial 

peptides, sometimes releasing structures called neutrophil-associated extracellular traps, or 

NETs. In releasing their NETs, they commit suicide—unleashing their entire antibacterial 

arsenal via a specialized form of programmed cell death called NETosis (Hakkim et al. 

2010). It is established, that NET release is a marker of disease progression in Feline 

leukemia virus infection in domestic cats (Wardini et al., 2010).  

Neutrophils are key in innate immunity, but their role in viral pathogenesis is incompletely 
understood. In Flavivirus infection the protective role of neutrophils was researched in 
Japanese encephalitis, West Nile and Denge viruses infections. After entry into the host, 
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these viruses generate a rapid inflammatory response, including peripheral neutrophil 
leucocytosis and infiltration of neutrophils into extraneural tissue (Khanna et al., 1994). In 
Japanese encephalitis virus (JEV) the inflammation results in an increased level of cytokines 
such as macrophage-derived chemotactic factor (MDF), tumour necrosis factor alpha (TNF-
) and interleukin 8 (IL-8) in the serum and cerebrospinal fluid (CSF) (Winter et al., 2004). 
JEV-stimulated neutrophils released reactive oxygen metabolites with maximum activity 
between days 7 and 9 (Chen & Wang, 2002). The increased levels of inflammatory mediators 
appear to play a protective role or to initiate an irreversible immune response leading to cell 
death. In West Nile virus (WNV) disease the neutrophils are rapidly recruited to the loci of 
infection and support efficient replication of virus. Thus the expression of neutrophil 
attracting chemokines, Cxcl1 and Cxcl2, was rapidly and dramatically elevated in 
macrophages. Mice depleted of neutrophils after West Nile virus inoculation developed 
higher viremia and experienced earlier death, compared with the control group, which 
suggest a protective role for this cells. These data suggest that neutrophils have a biphasic 
response to WNV infection, serving as a reservoir for replication and dissemination in early 
infection and later contributing to viral clearance (Bai et al., 2010).  
Defensins product of neutrophils are antimicrobial peptides important to innate host 

defense. In addition to their direct antimicrobial effect, defensins modulate immune 

responses. Increasing evidence indicates that defensins exhibit complex functions by 

positively or negatively modulating infections of both enveloped and non-enveloped 

viruses (Ding et al., 2009). The effects of defensins on viral infections appear to be specific to 

the defensin, virus and target cell. Regulation of viral infection by defensins is achieved by 

multiple mechanisms. In virus infection: defensins bactericidal/permeability-increasing 

proteins – DEF1A and DEF4A are neutrophil-associated defensins with antiviral activity 

(Hartshorn et al., 2006; Hazrati et al., 2006; Furci et al., 2007). Dengue is a pantropic public 

health problem. It is established that in dengue shock syndrome (DSS) at children plasma 

concentrations of several canonical proteins associated with neutrophil degranulation 

(bactericidal/permeability-increasing protein, elastase 2, and defensin 1 alpha). Elevated 

levels of neutrophil-associated transcripts were independent of the neutrophil count and 

also of the genotype of the infecting virus, as genome-length sequences of dengue virus 

serotype 1 and serotype 2 sampled from DSS patients were phylogenetically 

indistinguishable from those sampled from uncomplicated dengue patients. Collectively, 

these data suggest a hitherto unrecognized association between neutrophil activation, 

pathogenesis, and the development of DSS and point to future strategies for guiding 

prognosis of diseases (Hoang et al., 2010).  

We study the morphofunctional characteristic of neutrophils in TBEV infections. The TBEV 

strain Primorye-73 isolated from the brain of a person who died from TBE and these was the 

virulent for newborn white mice. TBEV was propagated in pig embryo kidney (PEK) cell 

line was grown at 37 0C in Eagle’s minimal essential medium (MEM) that was 

supplemented with 8% fetal calf serum and L-glutamine and 100 U of penicillin/ml, and 10 

µg of streptomycin/ml. The specific-pathogen free male mice (6 to 8 weeks old) peritoneal 

neutrophils were elicited by intraperitoneal injection of 5 mL of peptone water with meat 

extract (10%). Neutrophils 18 h after injection were collected by washing the peritoneal 

cavity of mouse once with 3 ml of cold minimal essential medium 199 (Sigma) containing 

preservative-free heparin (5 IU/ml). The cells were isolated by 3%dextran sedimentation 

and were placed in glass vials (2X106 /ml) in 2 mL  medium for the following neutrophils 
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adherence for 45 min at 37 0C in 95% air ± 5% CO2. Non-adherent cells were removed by 

washings and the cell monolayer were kept in tissue culture medium 199 containing 10% 

heat-inactivated fetal bovine serum (FBS) and 1000 U/mL penicillin and 1 mg/mL 

streptomycin (Invitrogen). For infection of neutrophils we used the virus containing culture 

liquid of PEK cells (2 units of the titer of cytopathogenic virus action on 50% of the cell 

culture; TCA50; multiplicity of infection [MOI]=1). The time of the contact of the neutrophils 

with TBEV was 15, 30, 45, and 60 min, 2, 3, 5, 6, 8, 24 and 48 h. 

The cells were washed twice in PBS containing 1% FBS and stained for 30 min at -4 0C with 
antibodies for antigen of TBEV and then were fixed in gas of formalin for 15 min. After 
several washes, the bound antibodies were detected with Alexafluore 546 conjugated with 
IgG1 of mice (Molecular Probes) After incubation, slides were washed several times, and 
stored at -4 0C.  The cells were examined by a LSM510META multiphoton confocal laser 
scanning microscope (Carl Zeiss, Germany). Fluorescence from the Alexafluore-546 dye was 
excited by 633 nm light and collected after passing through an HQ660LP emission filter. The 
lasers were programmed to scan over successive focal planes (0.25–0.5 µm intervals) at 50 
lines per second. Lasersharp software was used to control the confocal system and to 
reconstruct individual focal planes into three-dimensional renderings. 
The activity of enzymes ATPase, 5′ nucleotidase, succinate and lactate dehydrogenases and 

myeloperoxidase were determinated in infected neutrophils by F.G. Hayhoe and D. 

Quaglino’s (1983) methods with our updating (Plekhova et al., 2007). The absorption of the 

product of cytochemistry reaction was measured by using a Multiscan Titertek Plus 

spectrophotometer (Flow lab, Finland) at lengths of waves corresponding to each reaction. 

Samples containing the reagent without cells and uninfected cells were used as controls.  

The results of experiments were calculated using the equation: T = [(N0 – Nk)/Nk]*100%, 

where T is the index of stimulation of the phagocytes, Nk is the average absorption of the 

cytochemistry reaction product of uninfected cells, N0 is the average absorption of this 

product of infected cells. 

For determination of apoptosis neutrophils the method of staining by Hoechst 333258 (Sigma, 

USA) was used. Preparations investigated in system LSM510META, at excitation of 405 nm 

counted up 100 cells, and from them, on presence of a specific luminescence, defined a share of 

the apoptoses changed cells which expressed in the form of an index apoptoses (IA).  

After 15 min of the contact of TBEV with the neutrophils, specific fluorescence of the 

cytoplasm was detected using the indirect fluorescent antibody method (Fig. 1). The 

fluorescence was mainly of diffuse character, and its intensity reached 42,6±5,6 standard 

units and the individual antigen-positive cells exhibited a localized fluorescence. The 

maximum intensity was determined in 4 h post infection made 234,56±15,7 standard units 

and then remained constant within 8 h of observation. After the first day of post infection 

the cells degraded.  

The plasma membrane of cells is known to transform spatially during chemotaxis, and this 

directly depends on activities of its ectoenzymes 5’ nucleotidase and ATPase. In order to 

differentiate activated and resting cells, the intracellular contents of these enzymes were 

determined [Plekhova et al., 2007]. We found that an increase of the number of antigen 

positive cells was associated with a decrease of the activity of its enzymes (Fig. 2a). The 

parameters were significantly different from of the control ones in 2 hours post infection 

with TBEV. The values of stimulation index have made for 5’ nucleotidase 12.3±1.2 and for 

ATPase 11.4±1.1 %.  
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Fig. 1. Micrograph shows the neutrophils staining on TBEV by methods of indirect 
fluorescent antibody and analyzed by confocal laser scanning microscope, 5 hours post 
infection, original magnification, X 120 (a), intensity of fluorescence antigen-positive cells (b) 

In terms of biochemical characteristics, phagocytes do not differ significantly from other 

cells. Nevertheless, the characteristic feature of their metabolism is the ability to generate 

various oxygen radicals under the influence of different factors. This phenomenon is called 

“respiratory burst”. The formation of these short-lived, but reactive oxygen metabolites, 

which include superoxide anion, hydrogen peroxide, hydroxyl radical and others, is 

catalyzed in leukocytes by the membrane-associated enzyme, NADPH oxidase. This multi-

component enzyme consists of both membrane-bound components (Nox2, p22 phox ) and 

cytosolic regulatory proteins (p40 phox , p47 phox , p67 phox and Rac2 GTPase) (Klebanoff, 2005). 

Besides the pathway when the oxygen molecule accepts electrons, reactive oxygen species in 

phagocytes can be formed due to the hydrogen transfer from a substrate being oxidized 

(hydrogen donor) to another substrate (hydrogen acceptor). This reaction is catalyzed by 

dehydrogenases, participating in hydrogen transfer to substrates is specific for both the 

hydrogen donor and the hydrogen acceptor. The succinate dehydrogenases (SDH) is a 

flavoproteid dehydrogenase and belongs to the succinate oxidase enzyme complex that 

forms the membrane respiratory chain. The flavin group of this enzyme contains four iron 

atoms and is bound covalently to the protein. The SDH activity depends on the SH groups 

of the enzyme (Hayhoe & Quaglino, 1980). Investigation of the intracellular content of SDH 

in neutrophils infected with TBEV demonstrated a significant increase of its activity 

(18.2±1.6%, Fig. 2b) in 5 h post infection. The maximal value of the stimulation index for this 

enzyme was observed in 8 h post infection (27.95±2.4%).  
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Fig. 2. The enzyme activity in infected TBEV neutrophils: a) 5’ nucleotidase (1) and ATPase 
(2); b) succinate dehydrogenases (3) and lactate dehydrogenases (4) 

The lactate dehydrogenases (LDH) is a coenzyme dependent dehydrogenase and catalyzes 
the transfer of a reduced equivalent (hydrogen) from lactate to NAD+ or from NADPH to 
pyruvate. Usually, NAD+ is the coenzyme of LDH, but NADPH also can function as the 
coenzyme. LDH acts at the last step of hydrolysis that occurs under anaerobic conditions 
and results in the reduction of pyruvate yielding lactate and NAD+. Most of the enzyme in 
the cell is weakly bound to the cell structure and localized in the cytoplasm, a smaller part 
being attached firmly to mitochondrial membranes (Loida et al., 1982). Histochemical 
analysis can result in the enzyme diffusion into the incubation media. The 
spectrophotometric analysis used in the present work provided more precise determination 
of LDH activity in the cells. We determined a slight change in the activity of its enzyme in 
the neutrophils infected by TBEV that did not differ significantly from the value obtained 
for the intact cells during the experiment. Thus, in contrast to LDH, a significant increase in 
the intracellular content of SDH in neutrophils was observed at the later period of TBEV 
infection.  
Among the antimicrobial systems formed in the phagosome is one consisting of 

myeloperoxidase (MPO), released into the phagosome during the degranulation process, 

hydrogen peroxide (H2O2), formed by the respiratory burst and a halide, particularly 

chloride. The initial product of the MPO-H2O2-chloride system is hypochlorous acid, and 

subsequent formation of chlorine, chloramines, hydroxyl radicals, singlet oxygen, and ozone 

has been proposed. These same toxic agents can be released to the outside of the cell, where 

they may attack normal tissue and thus contribute to the pathogenesis of the disease. The 

MPO-H2O2-halide system is strongly toxic to human immunodeficiency virus type 1, as 

measured by the inability of the virus to replicate in the lymphocyte cell line CEM 

(Klebanoff & Coombs, 1991). Investigation of the intracellular content of MPO in neutrophils 

infected by TBEV demonstrated a significant decrease of its activity (Fig. 3a). The minimal 

value of the stimulation index for this enzyme was observed in 3 h post infection  

(-34.4±2.8%). These data specified in TBEV infection cells the deficits of activity of protective 

system at the formation of oxygen radicals in them. 

A variety of cationic peptides and proteins present in leukocyte granules has been 
implicated in the microbicidal activity of phagocytes. These include defensins, seprocidins, 
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bactericidal/permeability-increasing protein, lysozyme, cathelicidins, phospholipase A2, 
and lactoferrin. Defensins are antimicrobial peptides important to innate host defense. In 
addition to their direct antimicrobial effect, defensins modulate immune responses. 
Defensins are classified into two subfamilies, ǂ and ǃ, which differ in their three disulfide 
bond paring. Neutrophil ǂ-defensins are mainly synthesized as prepropeptides in 
promyelocytes, neutrophil precursor cells in the bone marrow, and the mature peptide is 
stored in primary granules of neutrophils (Ganz, 2003). In studies of enveloped viruses, 
defensins ǂ have been shown to have a potent direct inhibitory effect on herpes simplex 
viruses, a moderate direct effect on vesicular stomatitis virus, and little effect on 
cytomegalovirus (Daher et al., 1986). We researched the activity of cationic peptides in 
neutrophils infected by TBEV and found that intracellular included its enzymes decreased 
in reply to infection by TBEV. It specified on exocytose by infected TBEV cells of  cationic 
peptides, which can influence on neutrophils in intracellular environment. The inhibition of 
its cell function  can partially suppress of organism immune response. Recent evidence 
indicates that defensins modulate viral infection through multiple mechanisms (Ding et al., 
2009).  
 

 

Fig. 3. The activity of myeloperoxidase (a) and cationic peptides (b) in infected TBEV 
neutrophils 

Apoptosis, a programmed cell death that occurs to conserve toxic neutrophil contents, is one 
of such mechanisms. The benefits of apoptotic neutrophils are twofold as they also stimulate 
macrophages into a proresolution phenotype, reducing the inappropriate inflammatory 
response further (Fox et al., 2010). The increase of apoptosis these cells has been reported in 
chronically Simian Immunodeficiency Virus infected patients, and shown that degradation 
of neutrophils function is the consequence of upregulation apoptoses (Elbim et al., 2008). 
Morphologically the apoptosis of neutrophils is characterized the reduction of cytoplasm 
granules quantity, a rounding of nucleus and the condensation of chromatin, that is 
accompanied by depression of cells functions, especially their antiinfect abilities (Kennedy & 
DeLeo, 2009).  
We researched the degradation of neutrophils infected by TBEV. Early display of the 
programmed destruction of neutrophils is sharply outlined of nucleus in the form of 
homogeneous substances with a uniform green luminescence (fig. 4a). At this stage 
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apoptosis can be stopped by the action of inhibitors and it is designated as preapoptosis 
(Wilkie et al., 2007). The intermediate stage of apoptosis destructions of cell is accompanied 
by reduction of the sizes of nucleus and at the final stage it breaks up to discrete fragments 
the quantity of which are 3-5 and more (fig. 4b). Hoechst 33342 is used by us contacts with 
damaged sites of DNA cells at the final stage of apoptosis. We established the increase of 
quantity of apoptosis changed neutrophils, infected by TBEV (fig. 4c). This quantity accrued 
with the increase of time post infection, and reached the maximal value in 8 hours - 48±7.3 
%. The decrease of apoptosis index in 18-24 hours of incubation was connected with 
degradation of cells.  
 

 

Fig. 4. The apoptosis of neutrophils infected by TBEV. a) preapoptosis (arrows) of cells – 2 
hours post infection; b) apoptosis (arrows) of cells – 8 hours post infection; c) the quantity of 
apoptotic cells, AI – apoptotic index. The method of staining by Hoechst 333258, slides 
investigated in system LSM510META, at excitation of 405 nm counted up to 100 cells 
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Recently, a new microbicidal mechanism named NETosis was described in human, bovine 
and fish neutrophils, (Brinkmann et al., 2004; Palic et al., 2007). In this mechanism, 
neutrophils die after releasing neutrophil extracellular traps (NETs), threads composed of 
DNA, histones and granular proteins that not only ensnare microorganisms but also provide 
a high local concentration of antimicrobial molecules (Brinkmann et al., 2004; Lippolis et al., 
2006). The release of NETs is dependent on reactive oxygen species (ROS) production and 
can be stimulated by bacteria, fungi, protozoa and some soluble molecules (e.g. interleukin-
8, lipopolysaccharide, b-glucan and phorbol esters) (Brinkmann et al., 2004). NET formation 
requires a specialized form of cell death that is distinct from apoptosis and which is 
dependent on NADPH oxidase activity. It is show that a late phase of Nox2-mediated ROS 
production is sensitive to DNase treatment and suggest a role for myeloperoxidase-derived 
ROS in NET-dependent extracellular killing. In TBEV virus infection we have found in 
neutrophils the increase of activity enzymes which take part in reproduction of reactive 
oxygen species 8 h post infection (fig. 2a). The formation of NETs was determined in 6 h 
post infection (fig. 5). Their quantity was the small nearby 5 per 100 cells, but with the 
increase of time incubation it has made 8-10 per 100 cells. In our opinion the formation of 
NETs really occurs to participation of ROS which was produced at TBEV infection and the 
protective MPO-H2O2-chloride system of cells does not work (fig. 3). 
 

 

Fig. 5. Micrograph show the neutrophils staining on TBEV (arrow) and DAPI fluorescence 
shows NET analyzed by confocal laser scanning microscope 6 hours post infection. Cells 
were fixed with paraformaldehyde and stained with DAPI (5 ng ml-1) 

Thus in TBEV infection the neutrophils activity of plasmalemma enzymes and 
degidrogenese increased. It is known, that neutrophils belong to cells with mainly aerobic 
type of an exchange (Walmsley et al., 2008). In these cells SDG has the important metabolic 
value as the increase of its activity does not give accumulation of lactate and the full 
oxidation of glucose occurs through a cycle of threecarbon acids with production of a plenty 
of energy (Arruda & Barja-Fidalgo, 2009). In this case the increase of an energy potential of a 
cell is the display of adaptive reaction neutrophils on TBEV infection. In its turn, the 
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increase of LDG activity is connected with changes of glycolyses intensity the biological 
value of which consists in formation of phosphoric connections rich with energy that 
testifies an intensification of power supply neutrophils due to inclusion anaerobic glycolys 
(Koolman & Rohm, 1998). This way of oxidation can be regarded as compensated the 
mechanism of adaptive reaction neutrophils on TBEV infection. Thus, the moderate increase 
of SDG activity presence evidences about direction to anaerobic ways of production energy 
– the activity of glycolys in TBEV infected neutrophils testify the relative stability of a 
homeostasis of cells. Finally it brings to killing of neutrophils mainly by apoptoses as it is 
known, that necroses is accompanied with acid bioenergy hypoxia of cells at full inhibition 
of enzymes activity of a respiratory circuit (Arruda & Barja-Fidalgo, 2009). 

3. The monocytes/macrophages in Tick-Borne Encephalitis 

The existence of different populations of monocytes in the blood of a man and mammalian 
homologues of these populations is established (Geissmann et al., 2003). In addition to the 
classical monocytes, which are strongly positive for the CD14 cell surface molecule (CD14++ 
CD16– monocytes), a population of monocytes was discovered, which coexpresses CD16 
and low levels of CD14 antigens. These cells have some characteristic patterns of cell surface 
molecules when compared with the classical monocytes, and this includes high HLA-DR, 
epidermal growth factor module-containing mucinlike receptor 2 (EMR2), Ig-like transcript 
4 (ILT-4), CD43, and CD45RA expression and expression of MDC8 on a fraction of CD14+ 
CD16+ monocytes (Ziegler-Heitbrock, 2007). The CD14+ CD16+ monocytes and their 
mammalian homologues are potent producers of TNF but show no-to-low IL-10 production 
supports the concept that they are proinflammatory cells. Also, these cells and their derived 
cells show a higher antigen-presenting capacity. The process of differentiation monocytes in 
macrophages accompanies the rises of adhesion receptors СD11с/СD18, and an activation 
of cells – the parity of receptors СD11а/СD18 (Ammon et al., 2000). The basis functions of 
monocytes and tissue macrophages are phagocytosis and intracellular killing of 
microorganisms. In addition, macrophages are capable of extracellular killing of infected or 
altered self target cells. In response to such a stimulus, monocytes adhere to activated 
endothelial cells on the blood vessel wall and extravasate into the adjacent tissue. While 
residing in the tissue, they differentiate to monocyte-derived macrophages. One of the most 
immediate responses of monocytes to a variety of activating stimuli is the production of the 
potent oxygen free radical, superoxide anion. Furthermore, macrophages contribute to 
tissue repair and act as antigen presenting cells, which are required for the induction of 
specific immune responses.  
The applicability of monocytes/macrophages in virus infection is determined by their 
participation in the production of antibodies and interferon, cooperation with lymphocytes 
and maintenance of more perfect antibodies presentation for stimulation of B-lymphocytes.  
These cells can accept direct participation in elimination of infect agents by phagocytosis of 
the cells-targets infected by a virus and their fragments or adsorbing directly on the 
plasmalemma a virus with its subsequent ingesting. At present anti-virus activity of 
monocytes/macrophages subdivide on direct and mediated (Baskin, 1997). Both intrinsic 
and extrinsic antiviral mechanisms of macrophages have been described. Intrinsic antiviral 
activity is defined as the ability of macrophages to restrict virus replication in macrophages 
per se and thus to serve as nonpermissive targets for virus replication. Extrinsic antiviral 
activity is defined as the ability of macrophages to influence extracellular virus and to 
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interfere with virus replication in surrounding permissive cells. Also it is marked, that 
during the development of some virus infections the activated macrophage gets an ability to 
distinguish infected and intact cells (Silva et al., 2007). Thus, the value of 
monocytes/macrophages in virus infections is defined by their functional condition. On the 
one hand, infected by virus monocytes as host cells at their maturation in macrophages can 
be a source of this virus in an organism. On the other hand, for viruses, inactivated by 
macrophages, these cells are the biological barrier interfering these distribution from the 
primary loci inflammation. It protects the high-sensitivity cells of the central nervous system 
and parenchymal bodies from the further infection. It is especially value able to studying 
influences on monocytes/macrophages at the first hour and day of the organism infection 
by virus. It is necessary to consider, that the concrete mechanisms of activation of these cells 
in various virus infections are not identical and are not clearly defined yet. 
After contact with virus, the macrophages were considered as activated macrophages. In the 
resident macrophages, the activity of most lysosomal enzymes is in a latent state, being 
associated with glycolipid membrane complexes. As in resting primary human monocytes 
the enzyme complex nicotinamide adenine dinucleotide phosphate oxidase (NADPH) for 
the production of highly reactive oxygen species is unassembled and its components are 
located in the cytosol and the membrane. After activation, the cytosolic components 
translocate to the membrane and associate with the membrane components, and the newly 
formed enzyme complex actively catalyzes the production of superoxide anion. The 
membrane components include the cytochrome b558, consisting of gp91phox and p22phox 
(Babior, 1999). Cytosolic components include p47phox, p67phox, and Rac1 – Rho family 
member of small G-proteins (Abo et al., 1991). Also in contrast to resident macrophages the 
activated macrophages have a larger size, higher content of protein and RNA and exhibit a 
high enzymatic activity. While carrying out phagocytosis, pinocytosis, and exocytosis, 
macrophages constantly consume (interiorize) the plasma membrane, which is compensated 
by the constant synthesis of its components (Ballinger et al., 2010). The degree of 
macrophage stimulation can be estimated by the activity of their membrane ectoenzymes 
(ATPase, 5′ nucleotidase, leucine aminopeptidase, D amino acid oxidase, serine esterase, 
alkaline phosphodiesterase) (Nathan & Shiloh, 2000). Numerous primary lysosomes of 
macrophages contain acid hydrolases (ǃ-D-glucuronidase, N-acetyl-ǃ-glucosaminidase, ǃ-
glycerophosphatase, ǂ mannosidase, acid phosphatase, ǂ naphthylesterase, esterase, RNase, 
arylsulfatase, lipase, ǃ- galactosidase, naphthylamidase, cathepsins B, D, and G, and 
elastase) and antibacterial enzymes (lysozyme, neutral proteases, and B12 binding protein) 
(Cathcart et al., 2004). Secondary lysosomes (phagolysosomes) are formed by the fusion of 
the primary lysosomes with pinocytic and phagocytic vacuoles. Many lysosomal enzymes 
demonstrate combined and cumulative action (Williams & Burgo, 2009). 
We researched the macrophages infected by TBEV. The patterns of peritoneal exudates were 
obtained by washing the peritoneal cavity of specific-pathogen free male mice (6 to 8 weeks 
old) once with 3 ml of cold minimal essential medium (RPMI) containing preservative-free 
heparin (5 IU/ml). Cell suspensions were placed in a glass vials (4X106 /ml) for 60 min at  
37 0C in 95 % air ± 5% CO2 to allow macrophages adherence. Non-adherent cells were 
removed by washings and the cell monolayer was kept in tissue culture medium RPMI 
containing 5% heat-inactivated fetal bovine serum (Sigma) for 72 h before infection. Thus we 
received the completely functionally mature population of cells.  
The high-virulent for newborn white mice Primorye-73 TBEV strain was isolated from the 
brain of a person who died from tick borne encephalitis and two avirulent strains 202 and 
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69, isolated from blood of patient’s disease of TBE subclinical form were used in this study. 
The monolayer of cells was washed once in serum-free RPMI, followed by suspension in 0.2 
mL of virus (73, 69 and 202) giving the multiplicity of infection 0.3 plaque-forming units on 
cells (PFU/cell). For adsorbing the viruses were left with cells for 60 min at 37 0C. After 1 h 
at 37 0C the non-adsorbed viral particles were removed by serial washing of serum-free 
RPMI and monolayer of cells in medium RPMI containing 5 % heat-inactivated fetal bovine 
serum was incubated within 4 days. The supernatant medium was collected and frozen at –

70 ° at 1, 5, 9, 24, 48, 72 and 96 h post infection time periods. The virus titers were 

determined by plaque assay on porcine kidney stable (PS) cell monolayers by A.T. De 
Madrid’s method (1969). The tenfold dilutions of virus were placed in 24-well tissue culture 
plates to which a suspension of PS cells was added (0.5–1.5 x 10 5 cells per well). After an 

incubation for 4 h, the suspension was overlaid with carboxymethylcellulose (1.5% in L-15 
medium). After incubating at 37 ° and 0.5% CO 2 for 5–6 days, the infected plates were 

washed with saline, and cell monolayers were stained with naphthalene black. Infectivity 
was expressed as PFU/ml. 
The cells were stained with indicated antibodies to viral proteins conjugated secondary 
antibodies with followed by Alexafluore 546 (Molecular Probes). In brief, the monolayer of 
cells was fixed in gas of formalin for 15 min. Cells were then washed with PBS, labeled with 
either polyclonal mice anti–TBEV antibodies. After several washes, the bound antibodies 
were detected with rabbit anti-mouse antibodies directly labeled with Alexafluore. After 
incubation, the slides were washed several times, and stored at -4 0C until viral antigen was 
assessed. Caveolin-1 (CAV 1) were visualized by staining of anti-Caveolin-1 antibody 
produced in rabbit IgG fraction of antiserum (Molecular Probes) with Alexafluore 488 
conjugated with IgG1 of mice. The revealing activity of inducible nitric oxide synthase 
(iNOS) was revealed by staining of monoclonal anti-iNOS antibody produced in mouse IgG 
fraction of antiserum (1:50; Sigma) with Alexafluore 586 conjugated with IgG1 of mice. 
The slides were examined by a LSM510META multiphoton confocal laser scanning 
microscope (Carl Zeiss, Germany). Alexa-488 immunostain was excited using 488 nm light 
from a Krypton-Argon laser and the emitted light passed through an HQ515/30 filter. 
Fluorescence from the Alexa-546 dye was excited by 633 nm light and collected after passing 
through an HQ660LP emission filter. The lasers were programmed to scan over successive 
focal planes (0.25–0.5 µm intervals) at 50 lines per second. Lasersharp software was used to 
control the confocal system and to reconstruct individual focal planes into three-
dimensional renderings. 
For NO metabolite assays (nitrite ions) the infected monolayer of cells and the culture liquid 
were frozen and stored at –20°C. The suspension of destroyed cells was treated with 100 μl 
of Griess reagent (Schulz et al., 1999). The activity of enzymes ATPase, 5′ nucleotidase, 
succinate and lactate dehydrogenases and myeloperoxidase were determined in infected 
neutrophils by methods of F.G. Hayhoe and D. Quaglino (1983) with our updating 
(Plekhova et al., 2007). The absorption of the product of cytochemistry reaction was 
measured by using a Multiscan Titertek Plus spectrophotometer (Flow lab, Finland) at 
lengths of waves corresponding to each reaction. Samples containing the reagent without 
cells and uninfected cells were used as controls.  
The results of experiments were calculated using the equation: T = [(N0 – Nk)/Nk]*100%, 
where T is the index of stimulation of the phagocytes, Nk is the average absorption of the 
cytochemistry reaction product of uninfected cells, N0 is the average absorption of this 
product of infected cells. 
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Electron Microscopy. The monolayer of macrophages was prefixed in 1 % glutaraldehyde in 

0,1 mol/L cacodylate buffer for 18 hours at room temperature, then it was postfixed for an 

hour in 1 % OsO4  in the same buffer, dehydrated in a graded series of ethanols and 

embedded in epon-araldite medium. Thin sections unstained or stained with lead citrate 

were examined in Jeol 100S electron microscope. The control patterns consisted of 

macrophages without TBEV. To elucidate the role of nitric oxide (NO) in TBEV infected 

macrophages, the ultrastructural localization of the enzyme NO synthase (NOS), based on 

the cytochemical NADPH-diaphorase staining was studied in a cell. For the localization of 

NADPH-diaphorase activity a special tetrazolium salt (BSPT, Sigma) was applied (Faber-

Zuschratter, 1994).  

After 60 min of the contact of, specific fluorescence of the cytoplasm was detected using the 

indirect fluorescent antibody method. The fluorescence of TBEV in the macrophages was 

mainly of diffuse character, and 20 ± 0.9% of the antigen-positive cells exhibited a localized 

lumpy fluorescence (Fig. 6b,c). After 4 and 5 h of incubation, the number of such cells 

increased to 35±1.4 and 87±5.3%, respectively, and then remained constant within 24 h of 

observation. After 4 days of observation, the number of the antigen-positive macrophages 

was minimal, constituting 17.5 ± 0.8%. 

The adhesion and reproduction of TBEV in the macrophages was confirmed by the titration 

method (Fig. 6d). After 60 min of incubation, the original virus titer decreased by 2.0 log 

units. After 24 h, this value increased in the cell monolayer by 1.0 log, decreasing to the end 

of the experiment (4 days). In the supernatant, the virus titer increased to 2.0 log on the 

second day. These data indicate the adsorption and subsequent reproduction of TBEV in the 

primary macrophage culture, and then its liberation from the cells 2 days after the infection. 

Microscopic investigation of the preparations stained 60 min after the contact with TBEV 
revealed mainly activated macrophages with large nucleus occupying 1/3 of the cell area 
and numerous vacuoles on the periphery of the phagocyte cytoplasm. The intact cells were 
lengthened forms with 2 pseudopodials (Fig. 7a). After infected by TBEV the macrophages 
were stimulated and accepted the approximated form (fig. 7b). In infected by virulent 
strains TBEV, 15.0 ± 0.8% of cells with chemotactic activity were detected (fig. 7c). These 
cells acquired lengthened forms due to the formation of two pseudopodias on the opposite 
sides, and the number of such cells significantly increased in 7 h after the contact of the virus 
with macrophages, constituting 25.0 ± 2.1%. Then contacting phagocytes were observed, and 
18 h later, symplast-like conglomerates composed (Fig. 7d), where the maximal specific 
fluorescence of the viral antigen was detected. In this period, macrophages with destroyed 
nucleus were detected (10.0 ± 1.3%), as well as apoptotic cells (5.0 ± 0.46%) with 2-3 nuclear 
fragments and a reduced cytoplasm area. After 24 h of incubation, the intensive 
vacuolization of the peripheral part of the phagocytes was observed, this indicating the 
beginning of degradation of the cell culture Further, the number of degrading cells 
increased, and at the end of the observation (the fourth day) all cells were destroyed. 
To reveal the activated cells, investigators use the test for intracellular 5’ nucleotidase or 

adenosine 5’ phosphatase (EC.1.3.5), the enzyme bound to the external side of the plasma 

membrane through the glycosylphosphatidyl residue. We determined a slight change in the 

activity of 5’ nucleotidase in the macrophages infected by virulent strains TBEV that did not 

differ significantly from the value obtained for the intact macrophages during the 

experiment (fig. 8a). Whereas in cells infected by avirulent strains TBEV the parameters of 

enzyme activity increased it due to the activation of cells. 
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Fig. 6. Accumulation and visualization of TBEV antigen in macrophages. Uninfected 
macrophages (a) or cells (b) infected with virus were stained for presence of TBEV proteins. 
After infection, cells were fixed to spot slides and stained for TBEV proteins, followed by 
Alexafluor 546–conjugated antibodies. The bar represents 10 mkm. Data points show the 
mean of fluorescent intensity of antigen-positive cells (c); d) The growth of the high-
virulence TBEV strain (73) in cultured mouse macrophages. The viral titers were quite stable 
after 2-day infection. In the case of the low-virulence strain (69 and 202), the virus was 
detected only at 18 h after infection; at later time point intervals, the virus titer was under 
the detection limit. These results are representative of 3 experiments of similar design. 
reproduction of TBEV in macrophages: 1) quantity of introduced TBEV; 2) TBEV in culture 
liquid; 3) TBEV in cells 

www.intechopen.com



  
Flavivirus Encephalitis 

 

182 

Adenosine triphosphatase (ATPase, EC 3.6.1.3) of cell membranes is activated by potassium 
and sodium ions. This enzyme catalyzes hydrolysis of the high energy phosphate bonds, 
and the changes in its activity reflect the activation of cell metabolism. Investigation of the 
ATPase activity in avirulent strains of TBEV infected macrophages revealed a significant 
change in the intracellular content of this enzyme (fig. 8b). The ATPase activity decreased by 
12.2 ± 1.5% compared to the control value 0.5 h post infection for the cells infected by strain 
69 of TBEV, remaining constant for 8 h of incubation. Then the activity decreased until the 
end of the experiment (the third day). Thus, the data on the ATPase activity indicate 
pronounced stimulation of the macrophages infected by avirulent strains of TBEV. 
The pathway when the oxygen molecule accepts electrons, reactive oxygen species in 
macrophages can be formed due to the hydrogen transfer from a substrate being oxidized 
(hydrogen donor) to another substrate (hydrogen acceptor). This reaction is catalyzed by 
dehydrogenases, besides, cytochrome oxidases can also be involved in the oxidation, acting 
as the additional substrates of the respiratory chain. To evaluate the activity of oxygen 
metabolism of the resident macrophages infected with TBEV, the intracellular content of 
SDH, LDH, and cytochrome oxidase was determined and the total activity of the respiratory 
chain enzymes was evaluated in the NBT test. Among the known methods for 
determination of the oxygen dependent activity of phagocytes, the cytochemical test for 
reduction of nitroblue tetrazolium (NBT test) is the simplest and the most reproducible 
method. The NBT test allows evaluation of the total activity of NADPH dependent enzymes 
of the respiratory chain. The activated macrophages consume tetrazolium and their 
enzymes convert it into insoluble diformazan. The formation of NBT into diformazan is 
attributed mainly to the powerful redox agent superoxide anion (Babior, 1999). Significant 
increase in the index in NBT test (91.6 ± 6.5%) was observed in macrophages after 15 min 
post infection (Fig. 9a). During 3 h of the experiment, the index decreased to 17.3 ± 0.9%, and 
then increased again, reaching its maximal value after 6 h of incubation (130 ± 11.6%). This 
value exceeded slightly the value obtained for macrophages treated with the bacterium 
Staphylococcus aureus as the stimulating agent (129.8 ± 7.8%). The parameters in NBT test of 
cells infected by avirulent strains 69 and 202 of TBEV statistically authentically did not differ 
from those of high virulent strain infected macrophages.  
Dehydrogenases catalyzing hydrogen transfer to substrates are specific for both the 
hydrogen donor and the hydrogen acceptor. The investigation of the intracellular content of 
SDH in macrophages infected by avirulent strains 69 and 202 of TBEV demonstrated a 
significant increase in the enzyme content compared to the intact cells (Fig. 9b). As seen 
from the figure, 30 min after the contact of the cells with the strains 69 and 202, the 
stimulation index for SDH was 22.5 ± 1.9% and 28.5 ± 2.1% accordingly. Then the index 
decreased to the level of intact cells, and again increased during the observation time. The 
activity of LDH in macrophages infected by high-virulence strain 73 of TBEV decreased 
significantly (-13.4 ± 1.6%, Fig. 8c) after 30 min post infection. The maximal value of the 
stimulation index for this enzyme was observed after 2 h post infection in cell infected by 
avirulance strain 202 (11.8 ± 0.7%). Thus, in contrast to SDH, a significant decrease in the 
intracellular content of LDH in the macrophages was observed. 
The level of oxygen radicals in the cells is regulated by the highly specific antioxidant 
enzyme superoxide dismutase (SOD, EC 1.15.1.11) with molecular weight of 31 kD (Allen et 
al., 1997). The scavenging of the oxygen radicals by SOD proceeds in the presence of O2· at 
pH > 4.8 (Webb et al., 2001). It is known that in an inflammation area, 80% of H2O2 is 
generated by phagocytes due to this reaction. The activity of SOD can be evaluated as the 
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amount of enzyme required for 50% inhibition of the superoxide anion formation in the 
presence of xanthine oxidase and NBT. An increase in SOD activity in macrophages infected 
by high virulent strain of TBEV was detected after 1 h of incubation (41.6 ± 3.4%, Fig. 9d). 
During the observation, the activity remained constant, exceeding significantly the value for 
the intact macrophages. The SOD activity was maximal after 72 h of incubation and 
constituted 26.4 ± 1.8%. In macrophages infected by avirulent strains 69 and 202 the SOD 
activity slightly differed from parameters for high virulent strain of TBEV infected cell. 
 

 

 

Fig. 7. Cytological investigation of infected by TBEV: a) intact cells; b) the stimulated cells  in 
infected avirulant strain of TBEV; c) the chemotactic cells in infected virulant strain of TBEV 
(7 h); c) symplast (24 h); d) apoptotic macrophages with fragmentation of the nucleus. The 
cells were stained by method of Nocht–Maksimov (bar represents 8 mkm). e) micrograph 
show the stimulated macrophages infected by avirulent strain TBEV (69) with numerous 
long pseudopodia, scanning electronic microscopy 
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Fig. 8. The enzyme activity in infected by high-virulence strain 73 (1), avirulence strain 69 (2) 
and 202 (3) of TBEV macrophages: a) 5’ nucleotidase and b) ATPase 

Thus, the research of metabolic activity of TBEV infected macrophages established the 

stimulation of cellular oxygen metabolism; the increase of NADPH-oxidase complex 

activity, as well as the mitochondrial enzymes lactate dehydrogenase, succinate 

dehydrogenase, and cytochrome oxidase. A wave-like change of these enzymes activity in 

the macrophages reflected the reaction of the cells in the first period (within 3 h) on virus 

penetration and in the second period (from 5 to 48 h) on the synthesis of the viral 

components and exit of virus into the extracellular space. The activity of these enzymes in 

cells depended on virulent property of TBEV strains which were infected macrophages. In 

infected cells high virulent strain 73 of TBEV the activity of enzymes was less than in 

macrophages infected by avirulens strains.  

Nitric oxide (NO) is a free radical gaseous molecule that is produced in cell from molecular 

oxygen and a guanidino nitrogen from l-arginine, which is converted to citrulline l (Nathan 

& Shiloh, 1992). In activated macrophages this is exerted through the induction of 

expression of the inducible isoform of nitric oxide synthase (iNOS) gene, which encodes this 

enzyme. In recent years, much interest has been paid to NO as an important mediator of 

vital physiological functions, including host defense against virus (Kreil & Eibl, 1996). 

Unlike neutrophils, macrophages generally lack sub-stantial MPO activity, but have the 

capacity to induce a highly active inducible isoform of nitric oxide synthase (iNOS) with 

following activation by bacterial lipopolysaccharide and inflammatory cytokines. It is 

determinated that the stimulating influence of flavivirus on NO production activity of 

monocytes/macrophages, and in phagocytes NO-mediated inhibit action on replication 

these viruses was established (Chen & Wang, 2002; Chaturvedi et al., 2006). On model of the 

resident mouse macrophages infected by Denge virus, it is revealed, that for high-grade 

anti-virus action of phagocytes is necessary activity of oxygen depending enzymes system 

too. In this case at one-stage production of active oxygen metabolites and NO there is a 

formation of peroxynitrites which strengthens cytotoxicity of these cells concerning a virus. 

Thus, studying NO dependence activity of macrophages in infected by flaviviruses 

represents the certain interest and in this connection, the purpose of our research was the 

definition of production NO in resident macrophages in their infection by TBEV. 

Cytochrome oxidase and SDH are the main components of the normal aerobic oxidative 
system of the tissue cells that are also known as the succinate dehydrogenase complex, 
where SDH is the first component and cytochrome oxidase is the second. Cytochromes are 
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subdivided into three groups according to their chemical structure and spectrum: 
cytochromes a, b, and c. Oxidized cytochrome oxidase is reduced by cytochrome c 
catalyzing the transfer of four electrons to the oxygen molecule. Thus, cytochrome oxidase is 
a representative of the third group of oxidases. The cytochrome oxidase activity in the 
macrophages reflects the level of oxidative metabolism (Koolman & Rohm 1998). This 
enzyme contains cytogemmin with which molecule of NO communicates. In this case, the 
peroxynitrites of super oxygen anion with NO are formed at interaction - the powerful 
oxidizer capable of inhibiting activity of mitochondrial enzymes cell. The definition of this 
enzyme activity allows indirectly to estimating the ability of cells to produce NO on nitrite 
reductase ways. 
 

 

1 

 

Fig. 9. The enzyme activity of oxygen dependent system in infected by high-virulence strain 
73 (1), avirulence strain 69 (2) and 202 (3) of TBEV macrophages: a) NBT test; b) succinate 
dehydrogenases; c) lactate dehydrogenases; d)  superoxide dismutase. 4 – NBT test, 
macrophages after 45 min of incubation with S. aureus 

It was shown that the activity of cytochrome oxidase in the macrophages increased after 30 
min post infection (10.6 ± 0.9%, Fig. 10b). A decrease in the cytochrome oxidase activity was 
observed during the period from 1 to 4 h post infection. After 6 h, the activity increased and 
reached 27.6 ± 1.8%, and then decreased again. It is necessary to emphasize the opposite 
direction in the changes of the activities of cytochrome oxidase and SDH in the macrophages 
infected with TBEV (the increase in the activity of one enzyme while decreasing the activity 
of the second).  
At studying activity iNOS by methods of indirect immunofluorescent in the macrophages 
infected TBEV (fig. 10a), the greatest quantity of cells with a activity of this enzymes is 
marked after 1 h of incubation and has made 65±6,5%. Then in 5 h it decreased to a level of 
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intact cells - 5±0,6% and in 7 h it increased up to 25±1,6%, going down to the end of 
experiment time. It is necessary to note the difference in the direction of iNOS activity 
changes and cytochrome oxidase in the macrophages infected by TBEV. It was shown in the 
increase of percentage of cells with positive reaction on iNOS whereas at this time the 
activity of cytochrome oxidase decreased, and the parameters of the NO metabolites quality 
in cells remained at a high level (fig. 10b). 
 

 

Fig. 10. a) the localization of iNOS in the infected TBEV macrophages, methods of indirect 
immunofluorescent, X 200. b) the quality of NO metabolites in cells (curve); the activity of 
cytochrome oxidase in the macrophages (columns). Т - an index of stimulation 

The ultrastructural research showed, that localization of NADPH diaphorase in the TBEV 
infected macrophages, it was mainly observed in intracellular vesicles (fig. 11a). BSPT-
formazan, the product of the osmiophilic reaction, was found to be attached to intocellular 
membranes, predominantly the endoplasmic reticulum. Quantitative studies of TBEV 
infected macrophages revealed that the quantity of cells with similar granules was about 25 
% in 10 min after inoculation and 15 % in 2 h and remained in these limits up to the end of 
experiment time. In parallel preparations which incubated in the environment without the 
addition of NADPH, the osmiophilic granules with positive reaction on NADPH diaphorase 
it was not revealed. It is necessary also to note the presence of NADPH diaphorase positive 
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reaction at 7 % of intact cells which have been not infected with TBEV. These data confirm 
the known fact of enzymes of monocytes/macrophages of activation in the response on 
adhesion (Reutov, 2002).  
 

 

Fig. 11. The localization of TBEV in macrophages cytoplasm (a), the osmiophilic granules 
with positive reaction on NADPH diaphorase in the TBEV infected macrophages (b, c). Bar 
represents 100 nm 

Now the monocytes/macrophages at virus infections are considered as the basic 
significance defined by their ability at stimulation to produce of reactivity metabolites 
oxygen and nitric oxide. These metabolites may influence on the synthesis of Ǆ-interferon 
and tumor necrosis factor. In the researche by R. Kreil et al. (1996) it has been shown, that 
the macrophages from TBEV-infected mice, but not from control mice, spontaneously 
produced NO upon culture in vitro. In contrast to the inhibitory effect of NO on replication 
of several poxviruses and herpes simplex virus, high levels of NO production did not 
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display an inhibitory influence on TBEV replication in vitro. And finally, in vivo 
administration of a competitive inhibitor of NO production, aminoguanidine, to TBEV-
infected mice significantly increased their mean survival time. Thus the antiviral activity of 
NO in vitro may be confined to certain viruses, whereas others remain unaffected. Also, 
other researchers at infection of populations of monocytes/macrophages by the viruses of 
the Western Nile, Denge and Japanese encephalitis revealed the increase of NO metabolic 
production by cells in reply to their infection (Chaturvedi et al., 2006). Alongside with the 
increase in vitro a level of NO metabolic, produced by monocytes of the blood of the 
patients infected by virus Dehge, in the same cells it has been established the expression of 
iNOS (Chen et al., 2002) and it is proved, that activation of oxygen depended enzymes 
system is necessary for high-grade anti-virus action of macrophages.  
With the help of different research methods we established the stimulation of NO 

production activity of TBEV infected macrophages. On the background of active production 

cells of NO metabolites during all observable time the activity of NADPH diaphorase and 

iNOS was determined. And the parameters of these enzymes activity in TBEV infected 

phagocytes were not always combined with the dynamics of activity of heme including 

enzymes of mitochondria – cytochrome oxidase. In our opinion, during this moment the 

generation of NO in cells can be carried out on nitrite reductase ways. It was shown the data 

the increase of cytochrome oxidase activity in TBEV infected macrophages. At the same time 

at the initial stage of infection the cells produce the NO metabolites in nitric oxide synthase 

way of the participation as the catalyst of this enzyme. 

The activity of TNF ǂ cytokine and nitric oxide production in TBEV infected macrophages 

depended on strains of virus. The avirulent strain considerably enhanced the production of 

TNF ǂ cytokine and nitric oxide by phagocytes during an early period of infection (Fig. 12). 

On the contrary, the cells infected by highly virulent strain TBEV generated the small 

quantity of these components. Thus, the early increase in the activity of the cell enzymes 

indicates the activation of the macrophages, and the subsequent increase in their activity 

corresponds to the enhanced synthetic activity of the macrophages. 

 

 

Fig. 12. The quality of NO metabolites in infected by high-virulence strain 73 (1), avirulence 
strain 69 (2) and 202 (3) of TBEV macrophages 
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4. Conclusion 

So, for understanding the mechanisms of immunity reactions of an organism and their role 
in pathology of TBE infections it is necessary to estimate the role of phagocytoses, 
interferon, antibodies and local factors of immunity where the key cellular elements are 
neutrophils and monocytes/macrophages. As the data cited above specify, the functional 
expressiveness of these cells in TBE infections is various. So, alongside with that neutrophils 
and macrophages can carry out positive anti-viruses effect by absorption, neutralization and 
elimination of viruses and the cells infected by them, thus, becoming more active and 
producing in foci inflammation cytokines. As well, these cells can possess the negative 
influence during in the primary immune response in reproduction of ingesting viruses and 
them dissemination in various peripheral bodies. In that case, the given phagocytes act as 
the so-called "Troian horse", mediating a new formation of the foci inflammation. Thus, both 
depression of functional activity cells, and the display of undesirable consequences of 
similar change, namely, that they can destroy healthy cells in the place of an inflammation, 
excessively producing reactive radicals of oxygen and NO, arise. These metabolites are 
capable besides anti-virus to initiate actions process of apoptosis cells and to increase the 
permeability of capillaries. Thus, neutrophils and monocytes/macrophages in TBEV 
infection of an organism does not always prove as a protective barrier. At the same time, the 
activation of these cells at a reproduction in them of a virus allows them to carry out the 
antigen representing function for stimulation В-and Т-lymphocytes and activation of 
cytotoxic T lymphocytes for destruction of the infected cells at the development of the 
specific immune response. 
It was established by us that in TBEV infection of neutrophils the activity of plasmalemma 
enzymes and degidrogenese increased. The increase of succinate dehydrogenases activity is 
the display of adaptive reaction of neutrophils on TBEV infection. In its turn, the increase of 
LDG activity is connected with the changes of glycolyses intensity which consists of the  
formation of phosphoric connections rich with energy that testifies the an intensification of 
power supply neutrophils due to the inclusion of anaerobic glycolys (Koolman & Rohm, 
1998). This way of oxidation can be regarded as a compensating mechanism of adaptive 
reaction neutrophils in TBEV infection. Finally it brings to killing neutrophils mainly by 
apoptoses as it is known, that necroses is accompanied by acid bioenergy hypoxia of cells at 
full inhibition of enzymes activity of a respiratory circuit.  
We have demonstrated that TBEV is able to adhere from the virus containing liquid to the 
surface of the neutrophils and resident macrophages, penetrate into the cells, and reproduce 
in these cells. Similar data on selective adsorption to monocytes/macrophages were 
obtained while studying the interaction of these cells with TBEV (Ahantarig et al., 2009). 
Morphological examination of the cell culture infected by virulent strains TBEV revealed the 
features of the cytopathic action of this virus on the macrophages in contrast with the cells 
infected by avirulent strains. The virulent strains infected cells exhibited a granular 
cytoplasm, enhanced eosinophilicity of the cytoplasm, which characterizes the increase of 
the RNA and protein content, and karyopyknosis in some cells. Apoptotic neutrophils and 
macrophages were also observed.  
It is established by us that the activation of oxygen metabolism in the cells depended from 
virulence strains of TBEV. Under physiological conditions, in contrast to other cells of the 
organism, superoxide anion is not produced in phagocytes or produced in small amounts. 
NADPH oxidases and oxidases of D-amino acids on the internal surface of the membranes 
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also virtually do not function. After the infection of cells by TBEV, the activity of the 
primary NADPH oxidase complex (plasma membranes) increased according to the results 
of the NBT test. The activities of the mitochondrial enzymes of the third level (LDH, SDH, 
and cytochrome oxidase) also increased. These data indicate the stimulating effect of TBEV 
on the neutrophils and macrophages. It is known that redox molecules, active metabolites of 
oxygen, take part in the transmission of external signals arising on the plasma membrane. 
Further intracellular transfer of the signal can also be connected with the activation of the 
redox molecules of certain cytoplasm elements and transcriptional factors (Kliubin & 
Gamalei, 1998). Our results have revealed an instant reaction of the phagocytes in response 
to the infection by TBEV, since within the first 15-30 min of incubation a sharp increase of 
the activity of the enzymes involved in the generation of superoxide radicals was detected. 
In our opinion, the observed recurrence in the dynamics of the activity of the investigated 
enzymes in the neutrophils and macrophages infected by TBEV reflect the cell reaction to 
the penetration of the virus into the cell in the first period (within 3 h), and the replication 
and emission of the virus particles in extracellular space in the second period (18-48 h). The 
subsequent (after 48 h) decrease in the activity of the indicated enzymes of oxygen 
metabolism can be accounted by the beginning of degradation of the cell culture under the 
influence of TBEV. 
It is necessary to mention the enzymes defending the macrophages from the excess of 
peroxide products. Although the cell culture infected with TBEV exhibited characteristic 
features of cell degradation in the late period of the observation (1-4 days), the activity of 
SOD (the enzyme scavenging excessive amounts of reactive oxygen species) Thus, complex 
evaluation of enzymatic changes in macrophages is a highly sensitive method of the 
indication of the virus reproductive activity in the cell cytoplasm allowing differentiation of 
the types of its cytopathogenic action.  
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