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ANTIVIRAL SYSTEM OF INNATE IMMUNITY: COVID-19 PATHOGENESIS AND TREATMENT

Antiviral system of innate immunity includes two main components: the mitochondrial antiviral sensor — the mitochondrial outer membrane protein and peripheral 

blood neutrophils capable of forming neutrophilic extracellular traps. Depending on the activation pathway of the mitochondrial antiviral sensor (MAVS), two possible 

variants of cells death, apoptosis or cellular degeneration with necrotic changes, develop during cell infection with an RNA-containing virus. The development of 

virus-induced apoptosis of infected cells causes the formation of neutrophilic extracellular traps, the secretion of inflammatory cytokines, ROS generation, tissue 

damage, hemocoagulation and the development of an acute inflammatory process with the development of COVID-19 pneumonia. Violation of the prion-like 

reaction of MAVS in response to viral infection of the cell triggers an alternative pathway for activating autophagy. Cells under conditions of prolonged activation 

of autophagy experience necrotic changes and are eliminated from the organism by monocytes/macrophages that secrete anti-inflammatory cytokines. This type of 

reaction of the antiviral system of innate immunity corresponds to the asymptomatic course of the disease. From the most significant aspects of the pathogenesis 

of the coronavirus infection COVID-19 given, recommendations for the prophylactic treatment of this dangerous disease follow. The proposed treatment can 

significantly decrease the severity of COVID-19 disease and reduce mortality.
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А. Н. Казимирский    , Ж. М. Салмаси, Г. В. Порядин

АНТИВИРУСНАЯ СИСТЕМА ВРОЖДЕННОГО ИММУНИТЕТА: ПАТОГЕНЕЗ И ЛЕЧЕНИЕ COVID-19

В обзоре представлена концепция антивирусной системы врожденного иммунитета и описаны главные структурные компоненты этой системы в организме 

человека, действующей против РНК-содержащих вирусов. Антивирусная система врожденного иммунитета включает в себя два главных компонента: 

митохондриальный антивирусный сенсор (MAVS) — белок наружной мембраны митохондрий и нейтрофилы периферической крови, способные 

формировать нейтрофильные экстраклеточные ловушки. В зависимости от пути активации MAVS при инфицировании клетки РНК-содержащим вирусом 

развиваются два возможных варианта ее гибели — апоптоз или дегенерация клеток с некротическими изменениями. Развитие вирус-индуцированного 

апоптоза инфицированных клеток вызывает формирование нейтрофильных экстраклеточных ловушек, секрецию воспалительных цитокинов, генерацию 

АФК, тканевое повреждение, гемокоагуляцию и возникновение острого воспалительного процесса с развитием COVID-19-пневмонии. Нарушение 

прионоподобной реакции MAVS в ответ на вирусное инфицирование клетки запускает альтернативный путь активации аутофагии. Клетки в условиях 

продолжительной активации аутофагии испытывают дегенеративные изменения и элиминируются из организма моноцитами/макрофагами, которые 

секретируют противовоспалительные цитокины. Такой тип реакции антивирусной системы врожденного иммунитета соответствует бессимптомному 

течению заболевания. Из приведенных наиболее существенных сторон патогенеза коронавирусной инфекции COVID-19 вытекают рекомендации по 

профилактическому лечению этого опасного заболевания. Предлагаемое лечение позволит значительно ослабить тяжесть заболевания Covid-19 и 

снизить летальность.
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In the past 20 years, eight new deadly viruses have been 
discovered that threaten humans, which actualized the search 
for components of the organism's antiviral system. Several 
studies have shown that the antiviral system of the human 
organism is associated with innate immunity and it activates 
immediately when the virus enters into the human cells, so it 
can be called the antiviral system of innate immunity.

The existence of the antiviral system of innate immunity is 
recognized by some researchers, but both the components of 
this system and its functioning are still unclear. At the same 
time, the accumulated experimental material allows us to 
identify the main parts of this system and create a model of its 
functioning. In no case do we claim to fully cover this issue, but 
we suppose that the antiviral system of innate immunity has 

two main components: the mitochondrial antiviral sensor — the 
outer membrane protein of mitochondrion and neutrophils that 
can form neutrophilic extracellular traps.

Mitochondrial antiviral sensor

Mitochondrial antiviral sensor (mitochondrial antiviral signaling 
protein, MAVS) — a surface protein of the outer mitochondrial 
membrane with prion-like activity has the ability to change 
conformation when interacting with viral RNA. Viral infection 
triggers the formation of aggregates of mitochondrial antiviral 
signaling protein (MAVS), which actively stimulates immune 
signaling [1]. The antiviral effect of this protein depends on the 
speed of its renewal. The weakening of the immune response 
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and increased intracellular infection is due to the inhibition of 
ubiquitin ligase, which is responsible for the accelerated renewal 
of MAVS [2]. Mutations in MAVS that disrupt its prion-like activity 
also completely cancel its ability to transmit immune activation 
signals in mammalian cells. The results of some studies show 
that prion-like polymerization is a conservative mechanism 
of signal transmission of activation of innate immunity even 
in the development of inflammation [3, 4]. The importance 
of mitochondrial antiviral signaling protein (MAVS) has been 
demonstrated in the infection of wild-type mice with Ebola 
virus (EBOV). MAVS controlled EBOV replication through IFNα 
expression, impaired inflammatory responses in the spleen, and 
prevented liver cell death. MAVWS (-/-) mice developed severe 
inflammation, viral replication, and decreased IFN-I synthesis 
[5]. The threat, associated with Zika virus epidemics (ZIKV) and 
its association with serious complications, confirms the need 
for a better understanding of ZIKV pathogenic mechanisms. 
Examining RNA sequencing in the blood of patients infected 
with ZIKV, it was found that programs of transcriptional antiviral 
interferon-stimulated genes and innate immune sensors in 
patients infected with ZIKV remained inactive compared to 
those in healthy donors. In infected patients, ZIKV was able to 
suppress the induction of IFN-I, and the viral protein ZIKV NS4A 
bound MAVS and thereby interrupted the interaction of RIG-I/
MAVS reducing the synthesis of INF-I [6]. Some extracellular 
pathogens can activate intracellular defense mechanisms 
against viral infections. Pneumolysin (Ply), the main virulence 
factor of Streptococcus pneumoniae, is able to initiate 
oxidative damage to mitochondria, which causes the release 
of mitochondrial DNA, which mediates the expression of IFNβ 
in macrophages. In response to pneumolysin, macrophages 
express IFNβ using an interferon gene stimulator STING 
(stimulator of interferon genes) [7]. The activation of the main 
intracellular adapter proteins of the antiviral defense MAVS and 
STING consists in their phosphorylation with the participation 
of certain (serine-threonine) protein kinases (IKK and/or TBK1) 
when pathogens enter the cell [8]. An intracellular signal of 
cell infection is an unusual noncanonical cyclic dinucleotide 
2'3'-cGAMP (cGAMP) [9]. The organism of higher mammals 
and humans synthesizes the cyclic guanyl-adenyl dinucleotide 
2'3'-cGAMP capable of activating the main intracellular 
adapter antiviral defense proteins MAVS and STING under the 
influence of the enzyme cGAMP synthase. The formation of 
2'3'-cGAMP is catalyzed by cGAMP synthase (cGAS) when a 
cytosolic double-stranded DNA is detected and functions as 
an endogenous inducer of innate immunity by directly binding 
and activating an adapter protein, an interferon gene stimulator 
(STING). This cyclic 2'3'-cGAMP dinucleotide stimulates the 
secretion of interferon-β (IFNβ), a major defense signaling 
pathway that is independent of activation of innate immunity 
receptors (toll-like receptors, TLRs) [10]. The Vaccinia virus 
in human cells induces the synthesis of specific nucleases 
called poxins capable of catalyzing the cleavage of the 3'-5' 
bond, converting the cyclic 2',3'-cGAMP into a linear Gp[2'-
5']Ap[3'] dinucleotide. Linear guanyl-adenyl dinucleotide 
loses its ability to activate the interferon gene stimulator 
(STING), while the antiviral mechanisms do not work. The 
results demonstrate the mechanism by which viruses avoid 
innate immunity [11].

In the recognition of intracellular pathogens and the 
production of interferons I, (IFN-I), the most important role 
belongs to dendritic cells and macrophages [12]. When mice 
were infected with respiratory syncytial virus (RSV), which is 
the most common cause of respiratory infections in infants 
and young children, alveolar macrophages were identified as 

the main source of IFN-I [13]. Infection of genetically modified 
Myd88/Trif/Mavs (-/-) mice in which signaling was impaired by 
all TLR, RLR (RIG-I, MDA5, LGP2) and IL-1R, as well as other 
cytokine receptors, such as IL18 receptor showed that in such 
RSV-infected animals, the early production of pro-inflammatory 
mediators was completely absent. However, RSV-specific 
CD8+ T-lymphocytes were observed in lung tissue and airways. 
RSV-infected Myd88/Trif/Mavs (-/-) mice with disabled innate 
immunity overcame the infection, but showed higher viral load, 
severe and prolonged inflammation, and weight loss. These 
data demonstrate both a certain level of redundancy in the 
organism's immune defense and the fact that the involvement 
of cytotoxic T-lymphocytes in the response is provided by 
cells of the infected tissue itself producing IFNγ [14]. In the 
experimental model of Toxoplasmosis (Toxoplasma gondii), the 
presence of a non-lymphoid source of IFNγ was determined 
in genetically modified mice with the absence of all lymphoid 
cells due to deficiencies of recombinant activating genes 2 and 
IL-2Rγc, which also produced IFNγ in response to a simple 
parasite. Flow cytometry and morphological studies showed 
that in this experimental model, the sources of IFNγ are 
neutrophils, not NK cells and not CD8+ T lymphocytes [15, 16]. 
Intracellular pathogens also induce accelerated formation of 
IFNγ. Moreover, viral infection does not increase the expression 
of innate immunity receptors (TLRs) in plasmacytoid dendritic 
cells. Mice infected with the lymphocytic choriomeningitis virus 
developed strong TLR-independent production of interferon 
I (IFN-I) using RNA helicase and with the participation of 
mitochondrial antiviral signaling protein (MAVS) [17].

MAVS induces apoptosis

MAVS (IPS-1, VISA or Cardif) is important for protecting the 
host organism against viral infection not only by inducing 
interferons-I (IFN-I), but it also causes apoptosis of infected 
cells regardless of its function in initiating production IFN-I. 
Moreover, MAVS (-/-) fibroblasts are resistant to apoptosis 
caused by the Sendai virus. Functional screening shows that 
severe acute respiratory syndrome coronavirus (SARS-CoV) 
protein (NSP15) inhibits MAVS-induced apoptosis and this 
is a method of coronavirus immune evasion [18]. In MAVS-
deficient cells, caspase-8 and -3 activation are reduced. After 
infection with the RNA virus, MAVS induces type I antiviral 
response and recruits caspase-8 in mitochondria to ensure 
activation of caspase-3 and apoptosis of infected cells [19]. 
African swine fever virus increases MAVS expression in alveolar 
macrophages. MAVS expression was enhanced by intracellular 
reactive oxygen species (ROS). In addition, MAVS increased 
the induction of antiviral and proinflammatory cytokines and 
apoptosis of infected cells and inhibited virus replication [20].

In mice with MAVS deficiency, hepatitis A virus causes 
histological signs of liver damage, leukocyte infiltration, and the 
release of liver enzymes into the blood [21]. The miR-33/33* 
miRNA was found to be able to increase viral replication and 
mortality, while at the same time weakening the synthesis of 
interferon-I in vitro and in vivo. Further studies showed that 
this miRNA prevents the formation of activated aggregates of 
mitochondrial antiviral signal protein (MAVS) and is a negative 
regulator of the antiviral system of innate immunity [22]. These 
and several other studies show the critical role of mitochondrial 
antiviral signaling protein (MAVS) in virus-induced apoptosis. 
Viral infection triggers the organism's defense mechanisms, the 
main of which is the mitochondrial antiviral sensor. The antiviral 
defense strategy of the organism is to initiate apoptosis of cells 
infected with RNA-containing viruses. The described protection 
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strategy can only be implemented with a functionally complete 
MAVS.

Inhibition of inflammation by reducing the number 
of apoptotic cells

After synthesis in the cell and its transport into the outer 
mitochondrial membrane, the mitochondrial antiviral sensor 
undergoes modification over time. The essence of the 
modification of this viral RNA sensor is its geranylation (addition of 
two residues of geranyl diphosphate) followed by palmitoylation 
(addition of two residues of palmitic acid). Such a modified 
mitochondrial antiviral sensor is not capable of aggregation 
under the influence of viral RNA and is not capable of activation 
and aggregation with the subsequent development of apoptosis 
of the virus of the infected cell [23]. Geranyl diphosphate is a 
linear ten-carbon molecule consisting of two isoprene residues 
formed in the organism in the way of cholesterol synthesis, 
therefore, preventive treatment of coronavirus infection 
may consist in pharmacological inhibition of the cholesterol 
synthesis pathway using statins. The timely use of preventive 
therapy against coronavirus infection (COVID-19) will help to 
avoid the severe course of the disease and the development 
of complications. The inflammatory process, with a functionally 
complete mitochondrial antiviral sensor, as we assume, will 
be localized in the upper respiratory tract and will not be 
spread in the organism. An important and relevant question 
about predicting the severity, complications and outcome of 
a coronavirus infection can be resolved after developing a test 
for the presence of a geranylated mitochondrial antiviral sensor. 
Uninfected people with a high level of modified (geranylated) 
MAVS may be at risk for coronavirus infection (SARS-CoV-2) 
and need in isolation and prescribing prophylactic therapy.

Neutrophilic extracellular traps

Neutrophilic extracellular traps are a form of response of pre-
activated neutrophils to contact interactions with cells in a state 
of apoptosis. Neutrophils are pre-activated by receiving activation 
signals through various innate immunity receptors (TLRs). At the 
activation stage, neutrophils interact with various molecules of 
pathogens or modified molecules in our organism that recognize 
innate immunity receptors (TLRs) as pathogens. During the 
activation of neutrophils, occurs the expression of the genome, 
the synthesis of cytokines and enzymes, the generation of reactive 
oxygen (ROS) and nitrogen (NOS) species. However, this is not 
enough for the formation of neutrophilic extracellular traps.

Disclosure of neutrophilic extracellular traps occurs after 
interaction with apoptotic cells or their residues. A network 
of neutrophilic DNA fibers captures and holds apoptotic 
cells, and then other intact neutrophils and monocytes 
phagocytose this structure, hydrolyzing its components and 
presenting antigens. Interestingly, after phagocytosis, cells 
are no longer capable of opening neutrophilic extracellular 
traps [24–27]. A signal molecule that causes activated 
neutrophils to form neutrophilic extracellular traps is a 
membrane lipid phosphatidylserine located on the surface 
of apoptotic cells. The development of cell apoptosis is 
associated with the inversion of the membrane lipid — 
phosphatidylserine — normally located on the inner surface 
of the cell membrane. Phosphatidylserine is transferred 
from the inner cell membrane to the outer surface using 
phospholipid scramblase-1 (PLSCR1) and is an apoptotic 
signal for neutrophil activation with the opening of neutrophilic 
extracellular traps [26].

Excessive formation of neutrophilic extracellular traps causes 
hemocoagulation

The effect of phosphatidylserine on activated neutrophils is a key 
event in the pathogenesis of microvascular dysfunction. Studies 
have revealed a previously unrecognized relationship between 
hypercoagulation and the presence of phosphatidylserine 
in the blood, which causes a risk of thrombosis [28, 29]. 
Thrombotic complications are a serious danger in many 
diseases. Since the discovery of neutrophilic extracellular traps, 
the view on the pathophysiology of thrombosis has changed 
significantly. Networks generated by neutrophils, which consist 
of decondensed chromatin in the form of fibers, contribute 
to the formation of a blood clot, serving as a framework that 
activates platelets and coagulation. Thrombogenic vascular 
damage caused by excessive formation of neutrophilic 
extracellular traps has been described under various conditions 
of thrombosis, including stroke, myocardial infarction, and 
deep vein thrombosis [30]. To overcome thrombogenic 
vascular damage, it was proposed to use DNase I, which 
will limit the excessive formation of decondensed chromatin 
fibers and accelerate their hydrolysis [31]. The mechanisms 
underlying the development of systemic coagulopathy and 
acquired thrombophilia, characterized in most cases by a 
tendency to venous, arterial and microvascular thrombosis in 
COVID-19 pandemics, are unclear. Doctors and researchers 
are at the stage of collecting and analyzing information about 
this dangerous infection [32].

In the pathogenesis of coronavirus infection (COVID-19), 
there is a clear connection between the development of 
systemic coagulopathy and the formation of neutrophilic 
extracellular traps. Moreover, the most clinically severe patients 
are those who develop virus-induced apoptosis, only in some 
infected cells. These cells express phosphatidylserine on 
the surface and induce the neutrophilic extracellular traps 
formation that traps apoptotic cells and their residues. Another 
part of infected cells does not enter apoptosis due to functional 
deficiency of the mitochondrial antiviral sensor. These cells 
are involved in viral replication and support the spread of the 
virus throughout the human organism. The spread of the virus 
throughout the organism increases the number of apoptotic 
cells and, accordingly, the number of revealing neutrophilic 
extracellular traps. During the formation of extracellular traps, 
neutrophils secrete proinflammatory cytokines, enzymes, 
ROS, and peptides with pore-forming activity. Parts of the 
secreted products — ROS, peptides with pore-forming activity 
(such as LL-37), TNFα are designed to damage and destroy 
microorganisms. But in the absence of a bacterial infection, 
their own tissues and blood cells are damaged. Endothelial 
cells of capillaries of the pulmonary circulation become porous, 
which leads to interstitial pulmonary edema, the development 
of viral pneumonia, and an increase in the permeability of 
erythrocyte and platelet membranes causes hemoglobin loss 
and hemocoagulation. Our concept is supported by studies 
of patients with COVID-19 pneumonia, in which neutrophilic 
extracellular traps were found in microvessels of the pulmonary 
circulation together with damaged endothelial cells and fibrin 
deposits [33].

Development of immunodeficiency in patients 
with coronavirus infection

The study of blood cells in patients with severe coronavirus 
infection (COVID-19) showed that they have a reduced number 
of lymphocytes and an increased number of leukocytes. The 
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total number of T-lymphocytes was significantly reduced 
due to both CD4+ and CD8+ cells compared with the level 
of healthy donors [34]. Moreover, the degree of developing 
immunodeficiency depends on the severity and duration of the 
disease. Prolonged infectious inflammation causes significant 
changes in the population and subpopulation of T-lymphocytes, 
and causes the development of T-cell immunodeficiency. 
The decrease in the content of T-lymphocytes, as well as a 
subpopulation of peripheral blood CD4+ and CD8+ cells, is 
based on an insufficient expression of lymphocyte activation 
antigens (CD25, CD71, HLA-DR) and increased expression of 
activation apoptosis trigger receptor CD95 [35–37]. The action 
of these factors cause accelerated elimination of T-lymphocytes 
and cause the development of immunodeficiency. These 
observations indicate that the treatment strategy for patients 
should be aimed at reducing the time of inflammation.

Violations of IgG synthesis in patients 
with coronavirus infection

The formation of immunity in coronavirus infection (COVID-19) 
is an almost insoluble problem for doctors and researchers. 
Without a detailed analysis of the results of screening for 
antibodies in patients after a coronavirus infection, the main 
features of the deficiency in the formation of immunoglobulins 
can be identified. This is, first of all, the absence of virus-specific 
IgG in some patients, a low titer of virus-specific IgG, and in 
some patients, an extremely weakened immune response, 
which nevertheless causes the formation of a virus-specific 
IgG, but in some cases this occurs only after 4–5 or more 
weeks after admission to the hospital. Thus, it was reported 
that five of the six examined patients had a high titer of virus 
neutralizing antibody [38]. Examination of 208 plasma samples 
14 days after the onset of the disease revealed the presence 
of virus-specific IgM and IgG in 85.4% and 77.9% of patients, 
respectively [39]. Being unable to analyze the obtained data, 
the authors cite a set of separate observations, from which it 
follows that virus-specific IgM and IgG antibodies in individual 
patients were recorded 6, 11, 18, 23, 24, 35, and 43 days after 
admission to the intensive care unit. As can be seen from the 
data provided, the late period for the appearance of specific 
IgG coincides with a higher viral load of patients [40]. The 
results of the studies showed that coronavirus infection (SARS-
CoV-2) is accompanied by obvious violations of the production 
of specific immunoglobulins and this is the main mechanism of 
immunopathogenesis. The cause for the observed violations 
may be related to the excessive formation of neutrophilic 
extracellular traps during coronavirus infection. The formation 
of a network of DNA fibers is accompanied by the secretion of a 
number of compounds, including the secretion of enzymes. The 
main secreted enzymes are NADPH oxidase, myeloperoxidase, 
arginase. The physiological significance of NADPH oxidase, 
myeloperoxidase has been established and consists in the 
generation of reactive oxygen and nitrogen species that 
damage and inactivate various pathogens. The role of arginase 
is to disrupt antigenic presentation by antigen-presenting 
cells and inhibit T cells with helper induction function (CD4+ 
cells) in the initial period of inflammation. The role of arginase 
in inhibiting adaptive immunity has been described previously 
[41]. Investigating the early stages of inflammation, found 
pronounced reciprocity in relation to the activation of innate and 
adaptive immunity. The physiological role of arginase secreted by 
neutrophils is to organize the correct and consistent activation of 
two parts of the immune system [42, 43]. However, prolonged 
inflammation is dangerous not only by damage to one's own 

tissues, but also by the development of hemocoagulation. As 
can be seen, there is a pronounced prolonged suppression of 
adaptive immunity, the result of which is the insufficient formation 
of virus-specific immunoglobulin in some patients.

A feature of coronavirus infection (COVID-19) is that 
damaged endothelial cells of the capillaries of the pulmonary 
circulation also contain arginase. Therefore, with inflammation 
accompanying a coronavirus infection, arginase enters the 
blood from two sources — neutrophils and endothelial cells. 
The suppression of adaptive immunity in this infection is 
especially pronounced. Overcoming the inhibition of adaptive 
immunity in patients in order to activate immunogenesis can be 
achieved, in our opinion, by the use of arginase inhibitors (like 
valine) in the acute period of the disease.

Asymptomatic coronavirus infection

A number of patients with coronavirus infection have an 
asymptomatic course. The danger is that asymptomatic 
virus carriers can infect other people. They can also be re-
infected. So, 38 out of 112 COVID-19 positive patients have 
an asymptomatic course of the disease, while IgM antibodies 
were detected in 22 patients, 7 patients in this group had IgG 
antibodies, and 9 patients did not have virus-specific antibodies 
[44]. A group of 24 asymptomatic carriers of the SARS-CoV-2 
virus was described. After hospitalization, in five cases (20.8%) 
symptoms appeared (fever, cough, fatigue), in twelve cases 
(50.0%) typical frosted glass images were found on CT scans, 
and in 5 (20.8%) observed bands of dimming in the lungs. 
No severe pneumonia was detected. None of the 24 cases 
revealed severe pneumonia. But in some family members of 
these asymptomatic carriers, severe coronavirus pneumonia 
was subsequently detected [45]. A study of the spread of 
coronavirus infection among recruits of the Swiss Armed 
Forces in the canton of Ticino (southern canton of Switzerland 
on the border with Italy) shows that young healthy people often 
show a moderate course of COVID-19 with a rapid alleviation of 
symptoms, but they were constant carriers of SARS-CoV-2 [46]. 

Asymptomatic course of the disease — activation of an 
alternative way to remove the virus from the organism

The asymptomatic course of COVID-19 disease is associated 
with activation of autophagy. Autophagy consists in the 
renewal of many cellular structures and is activated when the 
cell enters stressful conditions. At the same time, it is also a 
way to overcome viral infection due to accelerated hydrolysis of 
cellular proteins and other components with their subsequent 
synthesis. Autophagy is one of the first lines of cellular defense 
against the invasion of microorganisms, including viruses [47]. 
Many viruses have evolved to the point that they use autophagy 
for their own development. They acquired the ability to either 
inhibit autophagy in the cell, escaping the cellular hydrolysis 
of their components or, which is more common, to use 
autophagosomes for replication and assembly of viral particles. 
Moreover, some viruses can even cause additional activation 
of autophagy in an infected cell for their own development. 
Thus, Picornaviruses use the cell apparatus for reproduction, 
and then inhibit the fusion of autophagosomes with lysosomes, 
which leads to an increase in the formation of viral particles 
[48]. Enterovirus A71 (EV-A71) activates autophagy both in vitro 
and in vivo. EV-A71 triggers the formation of autolysosomes 
during infection in human rhabdomyosarcoma cells, which 
facilitates its replication [49]. Zika virus (ZIKV), upon infection of 
human umbilical vein endothelial cells, triggers cell autophagy 
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and enhances replication using autophagosomes. The use of 
inhibitors of autophagosome formation significantly reduces 
the formation of viral particles [50, 51]. Uzutu virus (USUV) is 
an African mosquito-borne flavivirus that is closely associated 
with West Nile fever virus and Japanese encephalitis virus, 
the carriers of which are mainly mosquitoes and birds. The 
presence of USUV in Africa was discovered more than 50 
years ago, but in the last decade it has appeared in Europe, 
causing episodes of bird mortality and some cases of serious 
illness among people. USUV infection also stimulates autophagy. 
Pharmacological modulation of the autophagy pathway using the 
autophagy inducer Rapamycin led to an increase in the output of 
the virus. On the other hand, treatment with 3-methyladenine or 
Wortmannin, two different phosphatidylinositol-3-kinase inhibitors 
involved in autophagy, reduced the output of viral particles [52].

RIG-I (retinoic acid-inducible gene 1), which detects viral 
infections by recognition of viral RNA, MAVS and TRAF6 (TNF 
receptor-associated factor 6), a cytosolic adapter protein 
belonging to the family of factors related with TNF alpha 
receptor, takes part in virus-induced autophagy. Deficiency 
in the cells of any of these proteins disrupts the initiation of 
autophagy [53]. These and many other studies have shown 
that viruses circulating among the human population for a long 
time, use autophagy mechanisms for their own development. 
SARS-CoV-2 apparently does not yet have such mechanisms. 
Despite the fact that direct data on the interaction of SARS-
CoV-2 with autophagy proteins or autophagosomes have 
not been obtained, however, the nature of the asymptomatic 
course of COVID-19 indicates that autophagy in this disease 
nevertheless fulfills its deterrent role and prevents the spread of 
the virus in the human organism.

Activation of autophagy causes cellular degeneration of virus 
infected cells

Short-term activation of autophagy promotes cell survival with 
insufficient intake of the necessary metabolites. Activation of 
virus-induced autophagy continues for a long time and leads 
to cellular degeneration and necrotic cell death [54–57]. Such 
cells do not exhibit phosphatidylserine on their surface and 
therefore are not able to cause the neutrophilic extracellular 
traps formation. 

Therefore, secretion of inflammatory cytokines does 
not occur. Removal of such infected cells develops through 
phagocytosis by monocytes/macrophages secreting anti-
inflammatory cytokines. The asymptomatic course of the 
disease is due to the reaction of the antiviral system of innate 
immunity in an alternative way. The results of the study are 
presented in the table.

The polarization of M0 macrophages into M2 phenotype 
producing anti-inflammatory cytokines develops with IFNγ 
deficiency, and in the presence of IFNγ, the differentiation of 
macrophages in M2 phenotype is weakened [58, 59], which 
explains the presence of anti-inflammatory cytokines in case of 
formation of neutrophilic extracellular traps.

The treatment strategy for asymptomatic COVID-19 
patients may be directed to the activation of apoptosis in cells 
infected with the virus. For this, Resveratrol can be used, which 
is able to induce apoptosis, while inhibiting the anti-apoptotic 
protein Bcl2, and enhancing the expression of p53 in normal 
and tumor human cells [60–62].

We call on doctors and researchers to experimentally verify 
the theoretical basis of our concept and the treatment methods 
of COVID-19 resulting from our proposed antiviral system of 
innate immunity.

CONCLUSION

The data presented in this article allow us to describe the 
components and functioning of the antiviral system of innate 
immunity in the human organism. We suggest that the antiviral 
system of innate immunity has two main components: the 
mitochondrial antiviral sensor — the mitochondrial outer 
membrane protein and peripheral blood neutrophils capable 
of forming neutrophilic extracellular traps. Depending on the 
activation pathway of the mitochondrial antiviral sensor (MAVS), 
when a cell is infected with an RNA-containing virus (SARS-
CoV-2), two possible variants of its death, apoptosis or cellular 
degeneration with necrotic changes develop. These variants 
of the predominant cell death determine the type of inflammation 
and the course of the disease. The development of virus-induced 
apoptosis of infected cells causes the formation of neutrophilic 
extracellular traps, the secretion of inflammatory cytokines, 
ROS generation, tissue damage, hemocoagulation and the 
development of an acute inflammatory process in the form 
of COVID-19 pneumonia. Violation of the prion-like reaction 
of MAVS in response to viral infection of the cell triggers an 
alternative pathway for the activation of autophagy. Cells under 
conditions of prolonged activation of autophagy experience 
necrotic changes and are eliminated from the organism by 
monocytes/macrophages that secrete anti-inflammatory 
cytokines. This type of reaction of the antiviral system of innate 
immunity corresponds to the asymptomatic course of the 
disease.

The given main stages of the pathogenesis of coronavirus 
infection make it possible to propose pathogenetically 
substantiated therapy that can significantly reduce the severity 
of the disease, activate immunity and reduce mortality. 

Table. The reaction of the antiviral system of innate immunity and the organism's inflammatory response

Cell response to infection 
with an RNA-containing virus

MAVS reaction Mononuclear blood cells Cytokines
Characterization of the 
inflammatory process

Apoptosis
MAVS induces prion-like 

polymerization
Activated neutrophils form 

neutrophilic extracellular traps
Pro-inflammatory Acute inflammatory process

Cellular degeneration with 
necrotic changes

MAVS does not induce 
prion-like polymerization

Activated neutrophils do not form 
neutrophilic extracellular traps

Anti-inflammatory
No signs of inflammation, 

asymptomatic course of the 
disease
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