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SAŽETAK

Korona virusnu bolest (COVID-19) uzrokuje RNK virus SARS-CoV-2. Primarni receptor za virus najverovatnije je angiotenzin 
konvertujući enzim 2 (ACE2), a virus ulazi u telo inficiranjem epitelnih ćelija respiratornog trakta. Aktivirane preko TLR (eng. 
Toll Like Receptors) epitelne ćelije počinju da sintetišu različite biološki aktivne molekule. Patofiziologija COVID-19 se pre 
svega pripisuje “preteranoj aktivaciji imunskog sistema” domaćina usled direktnog oštećenja ćelija i oslobađanja proinfla-
matornih supstanci i aktiviranja urođenog imunskog odgovora mobilizacijom alveolarnih makrofaga i dendritskih ćelija. Sna-
žna proinflamatorna reakcija izaziva oštećenje alveolarnih epitelnih ćelija i vaskularnog endotela. Verovatno da su ćelije 
respiratornog epitela, alveolarni makrofagi i dendritske ćelije najznačajnije ćelije uključene u urođeni imunski odgovor na 
prisustvo virusa, a prolongirana i preterana aktivnost ovih ćelija podstaknuta virusom SARS-CoV-2 dovodi do lučenja citokina i 
hemokina koji masovno privlače leukocite i monocite u pluća i uzrokuju oštećenja pluća.

Ključne reči: virus SARS-CoV-2, respiratorni trakt, imunski odgovor, citokinska oluja

SUMMARY

Coronavirus Disease (COVID-19) is caused by the RNA virus SARS-CoV-2. The primary receptor for the virus is most likely 
Angiotensin-converting enzyme 2 (ACE2), and the virus enters the body by infecting epithelial cells of the respiratory tract. 
Through the activation of Toll Like Receptors (TLRs), epithelial cells begin to synthesize various biologically active molecules. 
The pathophysiology of the COVID 19 is primarily attributed to the hyperactivation of host's immune system due to direct 
damage to the cells, with consequent release of proinflammatory substances, but also due to the activation of the innate 
immune response through the activation of alveolar macrophages and dendrite cells (DC). A strong proinflammatory reaction 
causes damage to alveolar epithelial cells and vascular endothelium. Respiratory epithelial cells, alveolar macrophages and 
DC are likely to be the most important cells involved in the innate immune response to the virus, since prolonged and 
excessive SARS-CoV-2-induced activation of these cells leads to the secretion of cytokines and chemokines that massively 
attract leukocytes and monocytes to the lungs and cause lung damage.
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INTRODUCTION

 The novel coronavirus (2019-nCoV) is a new strain of the 
virus, first identified in the human population about a year 
ago. Until December 2019, 6 types of coronavirus that are 
pathogenic to humans were known. These are HCoV-OC43, 
HCoV-229E, HCoV-NL63, HCoV-HKU1, SARS-CoV and MERS-
CoV. At the end of 2019 a pandemic began, caused by the 
newly discovered type of coronavirus SARS-CoV-2, which is, 
according to its genetic structure, very similar to the SARS-
CoV virus. The disease caused by nCoV is called COVID-19 
(Coronavirus Disease of 2019) [1].

 The epidemic potential and pathogenicity of 
coronaviruses to humans were first demonstrated in 2002, 
when the SARS-CoV virus (Severe Acute Respiratory 
Syndrome Coronavirus) caused the SARS epidemic in China, 
and again in 2012, 2013 and 2015, when MERS-CoV (Middle 
East Respiratory Syndrome Coronavirus) caused the MERS 
epidemic in Saudi Arabia and the Republic of Korea [1].

 The clinical manifestations of COVID-19, similar to the 
clinical symptoms that occur in SARS, include: dry cough, 
sore throat, fever, fatigue, poor general condition, muscle 
and chest pain, shortness of breath. Symptoms of patients 
infected with SARS-CoV-2 virus range from minimal to severe 
respiratory failure followed by multiple organ failure. Severe 
Acute Respiratory Syndrome (SARS) can be the most serious 
complication. Chest X-rays of the patients typically show 
signs of bilateral pneumonia or bilateral, multiple lobular or 
segmental areas of lung parenchyma consolidation, while 
computed tomography (CT) scans of the lungs show 
characteristic bilateral ground-glass opacity (GGO), even in 
asymptomatic patients.

 Symptoms and signs of damage to the small intestine 
(diarrhea,  nausea,  vomiting),  l iver  ( increased 
aminotransferases), kidneys (acute renal failure), nervous 
system (headache, loss of sense of smell and taste, 
confusion) and heart (acute heart damage with elevated 
troponin levels) are common. High values of CRP, ferritin, 
elevated D-dimer, severe leukopenia and lymphopenia, 
thrombocytopenia and elevated levels of proinflammatory 
cytokines (interleukins IL-6 and IL-2) may indicate the 
development of an excessive immune response to the virus 
and potential death. [2].

 SARS-CoV-2 VIRUS

 SARS-CoV-2 virus belongs to β coronaviruses, a large 
family of RNA viruses. It consists of a lipid envelope and a 
positively oriented single-stranded ribonucleic acid (ss-
RNA), with a length of about 30 thousand nucleotide pairs 
(kb). The virion measures 50 to 200 nm in diameter and 
contains surface proteins in the lipid bilayer: S-protein 
(spike), E-protein (envelope) and M-protein (membrane). 
The structural protein in the nucleus of the virus is N-protein 
(nucleocapsid), RNA-containing polymeric protein [2,3,4]. In 
addition to structural proteins, the viral genome encodes 16 
non-structural proteins, including RNA-dependent RNA 
polymerase (RdRp), replication enzyme of the virus, 
proteases, proteins that enable folding of the virus, and 
proteins that interfere with the function of interferon (IFN), 
the antiviral molecules of our cells [ 41].

 Through the spike S glycoprotein of the envelope, 
which gives the virus its specific appearance after which it 

got its name (lat. Corona - crown), the SARS-CoV-2 virus 
binds to ACE2 receptors (angiotensin converting enzyme 2) 
on the surface of human cells (Fig. 1).

Figure 1. Structure of SARS-CoV-2 
(Contributed by Rohan Bir Singh, MD; Made with Biorender.com)

 S-glycoprotein is a transmembrane protein with a 
carboxyl terminus directed towards the cytosol, which 
consists of two subunits - S1 and S2. The S1 subunit binds the 
ACE 2 cell receptor via the RBD (receptor-binding domain), 
which leads to a conformational change of the S2 subunit, 
enabling the fusion of the cell membrane and the viral 
envelope [7]. Host's proteolytic enzymes bound to the cell 
membrane - furin and transmembrane serine protease 2 
(TMPRSS2), which perform chemical cleavage of S protein 
subunits (part known as a furin-clevage site) removing the S1 
domain, enable fusion via the S2 domain and SARS-CoV-2 
entry into the cell [8,9].

 Corona viruses enter a cell in two ways. The first 
method is fusion of viral and cell membranes, and the second 
is clathrin-mediated endocytosis (Fig. 2). In both cases, the 
entry of SARS-CoV-2 virus into human cells is a complex 
process involving receptors on the surface of the 
plasmalemma [5,6]. The corona virus uses angiotensin-
converting enzyme 2 as a receptor to enter the cell. ACE2 is a 
type I transmembrane glycoprotein, and its expression is 
tissue-specific and immunohistochemically confirmed in the 
endothelial cells of the coronary arteries, arterioles, and 
myocardial venules [10]. ACE2 has been shown to be 
expressed in the epithelial cells of the renal tubules [11], 
predominantly in the apical regions of the plasmalemma 
[12]. A study examining the expression of ACE2 in human 
tissues found the highest level of expression in the heart, 
kidneys, testicles and all parts of the gastrointestinal tract, 
especially in the ileum. Relatively low levels of ACE2 
expression have been found in the central nervous system 
and lymph tissues [13]. 

 Zou et al. point out that a high density of ACE2 
receptors exists in the lungs, heart, esophagus, kidneys, 
bladder and distal part of the small intestine, which also 
explains the tendency of the virus to bind to these organs 
[14]. The expression of angiotensin-converting enzyme 2 is 
particularly evident on the ciliated cells of the respiratory 
epithelium, as well as on type 2 pneumocytes in the alveolar 
epithelium. The presence of this receptor has also been 
confirmed in oral mucosal cells, especially on the tongue 
[15, 16]. ACE2 receptors and transmembrane serine protease 
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2 (TMPRSS2) were also found in supporting cells, and to a 
much lesser extent in olfactory cells of the olfactory 
epithelium of the olfactory mucosa [17]. The expression of 
ACE2 receptors on these cells is significantly more 
pronounced than the expression on the epithelial cells of the 
respiratory epithelium in its upper segments. This may to 
some extent explain the olfactory dysfunction associated 
with SARS-CoV-2 (in about 85% of cases, patients with Covid-
19 present with a loss of sense of smell) [18, 19]. 

 Compared to SARS-CoV, nCoV has 10-20 times higher 
affinity for ACE-2, which allows it to easily replicate in the 
epithelium of the upper respiratory tract, despite the 
relatively low expression of ACE-2 on cells of that region [42, 
43]. The easy entry into the cells probably explains the 
relatively large number of copies of the virus in the upper 
respiratory tract [44], the increased level of virus release 
[45] and significantly easier transmission [46], compared to 
SARS-CoV. Sungak et al. conclude, based on their research, 
that the upper respiratory tract is the initial site of SARS-
CoV-2 virus infection [20].

Figure 2. Entry of SARS-CoV-2 into the cell 
by endocytosis (A) and fusion (B) [98]

 The entry of the corona virus into the host cell results in 
the degradation of the nucleocapsid and the release of viral 
RNA into the cytoplasm of the cell. In the second phase of the 
virus life cycle, the process of replication, transcription, 
translation, and then the synthesis of viral proteins take 
place. Viral proteins and newly synthesized viral RNA 
molecules are transported to the endoplasmic reticulum and 
the Golgi apparatus, and the newly formed virions are 
packed in vesicles and released from the cell. The entire 
replicative cycle of the virus takes place in the cytoplasm of 
the cell, where the virus causes the death of the infected 
cell, i.e. it shows a cytotoxic effect [6]. SARS-CoV-2 initially 
enters and replicates in the epithelial cells of the upper 
respiratory tract, and virus replication can also be observed 
in the epithelial cells of the small intestine, while it is 
significantly less represented in nerve cells [21, 22]. In the 
lower parts of the respiratory tract, SARS-CoV-2 infects type 
2 alveolar epithelial cells, leading to their death by apoptosis 
and pyroptosis [47, 48].

 RESPIRATORY AND IMMUNE SYSTEM RESPONSE 
 TO SARS-CoV-2

 The response of the immune system is crucial for the 
control and protection of the organism from corona virus 

infection, and research has shown that the body's immune 
response to SARS-CoV-2 includes both nonspecific (innate) 
and specific (acquired) immunity. The goals of the innate and 
acquired immune response to viruses are to limit infection 
and remove infected cells [23] and for this purpose viral 
respiratory infections induce an early nonspecific response 
of epithelial, endothelial, phagocytic and mononuclear 
cells, as well as a specific T-cell immune response [24].

 Innate immunity is the body's first line of defense. In 
this defense, the respiratory epithelium acts together with 
innate immune cells (monocytes / macrophages, 
neutrophils, NK cells (Natural Killer Cells)). Due to the 
narrow intercellular spaces and strength of intercellular 
connections, mucociliary transport (respiratory mucus and 
ciliary cells) as well as the production of antimicrobial 
substances (nitrogen monoxide - NO, enzymes, protease 
inhibitors and antimicrobial peptides β-defensin and 
cathelicidin), the respiratory epithelium represents a 
significant barrier to virus entry [100]. Namely, antiviral 
mechanisms of antimicrobial substances include action on 
almost all phases of the virus life cycle: binding of the virus 
to the cell, fusion of the virus with the cell membrane, entry 
of the virus into the cell, multiplication of the viral nucleic 
acid and synthesis of viral proteins. Airway epithelial cells 
secrete beta-defensins, but antimicrobial substances are 
also found in alveolar macrophages, as well as lymphocytes 
in the lamina propria of the large airways and in the alveoli 
[49, 50].

 The main mechanisms of innate immunity against the 
virus involves the action of interferon type I and NK cells 
[23]. Natural killer cells (NK cells), with the morphology of 
large granular lymphocytes and the ability to cause lysis of 
the target cells without prior sensitization and restriction 
from MHC molecules (Major Histocompatibility Complex), 
make up 10-15% of the peripheral blood lymphocyte 
population. NK cells selectively cause lysis of the virus-
infected target cells, thereby interfering with viral 
dissemination during the early stages of infection. They may 
do so through a direct cytotoxic effect, antibody-dependent 
cytotoxicity and cytokine secretion: interferon gamma (IFN-
γ), tumor necrosis factor α (TNF-α) and Granulocyte-
macrophage colony-stimulating factor (GM-CSF) [51]. 
Surface receptors of NK cells enable the recognition of target 
cells, which is a basic step in the process of cytotoxicity [52-
55]. Toll-like receptors belong to pattern recognition 
receptors (PRRs) and recognize pathogen-associated 
molecular patterns (PAMP) derived from microorganisms and 
molecular patterns of damage (DAMP-damage-associated 
molecular patterns), that originate from damaged tissue. 
PAMP and DAMP trigger signaling pathways that lead to the 
activation of transcription factors: nuclear factor kappa B - 
NF-κB, activation protein AP-1 and interferon regulation 
factor 3 (IRF3) and consequent transcription of genes 
dependent on them, such as genes for proinflammatory 
cytokines interleukin-1 (IL-1), interleukin-6 (IL-6), 
interleukin-8 (IL-8), TNF -α and interferon. TLR receptors 
initiate a primary immune response that provides immediate 
protection against various pathogens and induce the 
acquired immune system through induction of dendritic cell 
mobilization and maturation [56, 57]. Induction of dendritic 
cell maturation by TLR represents an important functional 
link between innate and acquired immune response, which 
allows efficient interaction of dendritic and T-cells. Also, NK 
cells contribute to the effector status of monocytes and 
dendritic cells through direct or indirect mechanisms [57].
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 SARS-CoV-2 inhibits the production of interferon (IFN) 
type I, II and III more efficiently than SARS-CoV and MERS-
CoV [58,59], which further explains the high levels of the 
virus in the upper respiratory tract, as well as the high rate of 
transmission in the pre-symptomatic stage and by 
asymptomatic people [60]. Given the partial matching of the 
genome sequence, it is assumed that SARS-CoV-2 modulates 
host immune responses in a similar manner as the other 
mentioned types of coronavirus [25].

 On the other hand, the death of alveolar and 
endothelial cells due to viral infection leads to the release of 
molecular patterns of damage (DAMP) [61-63]. DAMPs 
released by dead cells are ligands for the receptors of the 
innate immune cell, such as macrophages. Alveolar 
macrophages are large, wandering cells that reside in 
pulmonary alveoli and the inter-alveolar septum in close 
proximity with pneumocytes. They have a high phagocytic 
and microbicidal potential and represent the first line of 
defense against inhaled substances. In addition to acting as 
phagocytes, they also participate in the presentation of 
antigens to immunocompetent lymphocytes [40]. Alveolar 
macrophages can recognize antigens (Ag) via TLR [100]. 
Macrophages possess numerous membrane receptors, with 
Fc receptors, complement receptors and lectin receptors 
being the most important for phagocytosis. Receptors for 
macrophage-activating cytokines such as interleukin 1 (IL-1) 
and tumor necrosis factor (TNF), IFN-γ, interleukins IL-2, IL-
4, IL-10, growth factors CSF-1 (colony stimulating factor), 
GM-CSF and transforming growth factor beta (TGF-β) are 
also important. In addition to receptors, surface markers on 
macrophages, such as the transferrin receptor CD71, a 
membrane glycoprotein of the integrin-β family, also play an 
important role. Morphologically, alveolar macrophages are 
large, mature cells, similar to tissue macrophages [40]. 

 Activated alveolar macrophages play a major role in 
maintaining immune homeostasis in the lungs, following 
pathogen invasion and tissue damage due to inflammation. 
The main mechanisms include phagocytosis of dying cells, 
secretion of anti-inflammatory mediators - TGF-β, 
prostaglandin E2 (PGE2) and polyenoic fatty acids, and 
inhibition of T-cell activation in the circulation [64, 65]. 
Following activation by coronaviral infection, macrophages 
secrete a significant amount of proinflammatory cytokines 
and chemokines such as interleukins IL-1, IL-6, IL-8, IL-10, 
tumor necrosis factor-α (TNF-α), and synthesize platelet 
activating factor (PAF), prostaglandin E2, thromboxane B2 
(TxB2), as well as reactive oxygen species (ROS) [25-27]. TNF 
and IL-1 induce endothelial cell activation [66, 67], leading to 
a significant increase in pulmonary vascular endothelial 
permeability [68]. Endothelial cell activation also stimulates 
the recruitment of circulating neutrophils through the 
regulation of surface membrane chemokines, most notably 
CCL5 and CXCL1, monocyte chemotactic protein-1 (MCP-1) 
and IL-8, the surface adhesion protein P-selectin, Vascular Cell 
Adhesion Molecule -1 (VCAM-1), Intracellular Adhesion 
Molecule-1  ( ICAM-1),  as  well  as  a  number  of 
glycosaminoglycans, which play an important role in 
neutrophil binding and migration [72]. Although they play an 
important role in nonspecific defense mechanisms against the 
virus, strong recruitment of alveolar macrophages in the lungs 
and production of large amounts of proinflammatory cytokines 
can also elicit an enhanced immune response. In viral 
infection, they support the function of dendritic cells [28]. 

 Other resident immune cells can be found in the 
respiratory epithelium: dendritic cells, cytotoxic CD8 + T 

lymphocytes, as well as other types of T lymphocytes 
(Invariant Natural Killer T Cells; iNKT cells, gamma-delta T 
cells; γδ T cells) which together with innate immune cells 
participate in the defense against the virus. The respiratory 
epithelium represents the link between innate and acquired 
immunity to viral infection through the production of 
cytokines and chemokines that lead to the attraction, 
differentiation, maturation and activation of T and B 
lymphocytes [100]. 

 Dendritic cells (DC) play a key role in "linking" innate 
and acquired immunity after viral infection. Functionally, 
they are antigen-presenting cells and are probably primarily 
responsible for the presentation of the coronavirus antigen 
and the consequent induction of the cellular response. After 
endocytosis and proteolytic degradation of antigen (Ag), DC 
drain into local lymph nodes and presents Ag through the 
MHC class II molecules to naive helper T-lymphocytes (CD4 + 
T-lymphocytes; Th) thus mediating the development of Th1 
response, which is crucial in defense against the virus (Fig. 
3). The development of the Th1 immune response is also 
stimulated by IL-12, IL-18, IFN-α and IFN-β. These cytokines 
are released by activated macrophages and DC after 
activation by intracellular pathogens [97]. Type I interferons 
(IFN-α and β) also promote the Th1 response [70]. IFN-α 
leads to up-regulation of the β-chain of the IL-12 receptor 
[71]. INF type II (INF-γ) further initiates differentiation 
towards the Th1 response. Th1 cells, for its part, secrete the 
cytokines TNF-α and IL-2. Cytotoxic CD8 + T-lymphocytes 
recognize the viral antigen of the infected cell within the 
MHC class I molecules, which is present on most cells, 
leading to (1) the release of the antiviral cytokines TNF-α 
and INF type I (INF-α), (2) release of cytotoxic granules with 
proteases leading to the apoptosis of the virus-infected cell 
and (3) activation of the caspase cascade and death of the 
target cell via Fas/FasL interaction of signaling molecules on 
the surface of activated CD8 + T-lymphocytes [29, 30, 100]. 

 In homeostatic conditions, the presentation of antigen 
by immature DC leads to the establishment of antigen 
tolerance, which includes the expression of inhibitory 
molecules PD-L1 (Programmed death-ligand 1), ILT3 
(Immunoglobulin like transcript 3), ILT4 (Immunoglobulin 
like transcript 4) on DC and induction of regulatory T 
lymphocyte activity (Treg). On the other hand, activation of 
DC, through PAMP and proinflammatory cytokines, leads to 
maturation of DC, which is reflected in the expression of co-
stimulatory molecules and the presentation of antigens in 
the immunogenic form. Dendritic cells also produce TNF-α, 
which facilitates phagocytosis by macrophages, and are an 
important link in activating NK cells [33]. NK cells can also 
directly (without the mediation of DC) kill a cell infected 
with the virus. Also, NK lymphocytes produce TNF-α and 
interferon type II (INF-γ) which have a feedback effect on DC 
and macrophages and enhance the immune response. 
Cytokines that produce DC have the most important role in 
the regulation of Th lymphocyte differentiation into 
different subpopulations - Th1, Th17, Th2 or Treg. 

 The resulting effector T cells further regulate the 
cellular and humoral immune response.

 Th1 cells play a role in macrophage activation, 
production of opsonizing and complement-binding 
antibodies, cellular cytotoxicity reactions, and initiation of 
cellular immune responses, which are all important for 
defense against intracellular infectious agents [69]. 

 The cytokine secretion profile of Th17 cells is very 
pleomorphic. The basic cytokine is IL-17, which acts through 
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its own IL-17 receptors, which are ubiquitously distributed, 
since they are located on the surface of fibroblasts, B and T 
lymphocytes, mononuclear cells and vascular endothelial 
cells [31]. Stimulation of the IL-17 receptor activates the 
transcription factor NF-κB and the MAPK (Mitogen-Activated 
Protein Kinase) signaling pathway, which induce the 
production of different types of chemokines (CCL2, CCL7, 
CCL20 and CXCL1), i.e. signaling molecules with chemotactic 
effect, interleukins (IL-6, IL-8), as well as matrix 
metalloproteinases 3 and 13 (MMP3, MMP13). In summary, all 
the mediators produced by the action of IL-17 induce 
neutrophil infiltration and inflammation, making IL-17 a very 
potent proinflammatory cytokine [32].

 Treg cells play an important role in the prevention and 
resolution of acute respiratory distress syndrome (ARDS). 
Namely, they inhibit the effects of IL-6 and stimulate the 
differentiation of alveolar macrophages to an anti-
inflammatory M2 phenotype, which predominates in 
physiological conditions [74]. Treg also alleviate 
uncontrolled inflammation through the secretion of anti-
inflammatory cytokines IL-10 and TGF-β, which reduce the 
production of TNF and IL-1β by resident and infiltrating 
macrophages [73, 74].

 Acquired immunity to viral infections includes the 
action of antibodies that block the binding and entry of the 
virus into the host cell, as well as cytotoxic T lymphocytes 
that kill infected cells. In addition to killing infected cells, 
cytotoxic T lymphocytes activate nucleases that degrade the 
viral genome, and secrete interleukins, chemokines, 
transforming growth factor (TGF), and hematopoietic colony 
stimulating factors (CSF) [28]. 

Figure 3. Presumed immune response 
to SARS-CoV-2 virus [101]

 When the virus crosses the first barrier (mucociliary 
transport and antiviral factors such as defensin and 
cathelicidin), it reaches the epithelial cells. Intracellular 
viral RNA is recognized by TLR, leading to activation of 
nuclear factor kappa B (NF-κB) and transcription of genes of 
IL-18 and IL-1β pro-forms (pro-IL-1β, pro-IL-18), procaspase 
1 and pro-INF I as well as pro-INF III [100]. Activation of the 
NLRP3 receptor (NOD-like receptor pyrin 3) is another signal 
for the activation of the inflammasome, which is responsible 
for caspase-mediated cleavage of pro-forms into active IL-
1β, IL-18, INF I and INF III. Inflammasomes are multimeric 
complexes formed in cells in response to various 
physiological and pathological stimuli. They are one of the 
basic mechanisms of innate immunity and are needed to 
remove pathogens or damaged cells. They consist of the 
receptor and caspase-1. NLRP3 receptor might be the most 

thoroughly studied. Toll-like Receptors are located inside 
and on the surface of epithelial cells, which makes them able 
to recognize viral RNA not only within the cell, but also on 
the outside. The key consequence of receptor activation by 
the virus is interferon production. IFN type I (IFNα and IFNβ) 
and type III (INFδ) rapidly induce antiviral activity by 
stimulating the expression of hundreds of genes, grouped as 
IFN-stimulated genes (ISGs). These genes suppress the 
transcription of viral genes, thus limiting the replication and 
spread of the virus and further aiding the immune response 
in neighboring cells [30, 100]. Nuclear factor-kB leads to 
increased gene expression for proinflammatory cytokines 
(IL-1, IL-2, IL-6, IL-11, GM-CSF, TNF-α), inflammatory 
enzymes (inducible form of nitric oxide synthetase - iNOS, 
inducible form of cyclooxygenase - COX 2, 5-lipoxygenase 
and phospholipase A2 (PLA2)), adhesive molecules (ICAM-1, 
VCAM-1 and E selectin) and receptors for IL-2 - IL2R (i3 chain 
of T cell receptor). The action of secretory products of these 
genes results in a prolongation of the inflammatory process 
[34, 28]. By acting on epithelial cells, TNF-α stimulates the 
secretion of IL-6, IL-8 and GM-CSF, as well as the expression 
of adhesive molecules ICAM-1 and VCAM-1 on the surface of 
epithelial and endothelial cells, resulting in an increased 
migration of inflammatory cells into the airways. IL-6 is a 
potent stimulator of T cell activation and proliferation [35, 
28]. The respiratory epithelium also produces GM-CSF, which 
acts via JAK-2 / STAT 5 (JAK - Janus kinase, STAT - signal 
transducer and activator of transcription) signaling, 
stimulating myeloid hematopoietic cells (including 
macrophages and DC) proliferation, differentiation, survival 
and function [29, 30, 100].

 High levels of proinflammatory cytokines and reactive 
oxygen species secreted by alveolar macrophages and 
activated epithelial cells activate platelets in the pulmonary 
circulation [75]. Activated platelets themselves become a 
significant source of proinflammatory cytokines and reactive 
oxygen species [76-78]. Neutrophils and platelets form 
complexes that move more slowly through the circulation, 
which in combination with increased endothelial adhesion 
leads to increased sequestration of neutrophils and platelets 
in small blood vessels of the lungs [79-81]. Activated 
platelets and neutrophils mutually enhance the production 
of proinflammatory cytokines and reactive oxygen species 
[82-86]. This facilitates the activation of neutrophils, 
enhancing their capacity for phagocytosis and the release of 
ROS, as well as other cytotoxic molecules such as 
myeloperoxidase [87-88]. Platelets also stimulate the 
release of neutrophilic extracellular traps (NETs) [89-90], 
DNA fibers of neutrophils that play a role in phagocytosis, 
leading to the death of pathogens [91-93]. In turn, NETs 
stimulate platelet activation, aggregation, and tissue factor-
mediated thrombin activation, resulting in enhanced 
intravascular coagulation [94-96].

 CYTOKINE STORM

 Prolonged and excessive activity of respiratory 
epithelial cells, residential macrophages and DC, stimulated 
by the SARS-CoV-2 virus, leads to the secretion of cytokines 
and chemokines that massively attract leukocytes and 
monocytes into the lungs and cause lung damage. The main 
cytokines of the innate immune response are: TNF-α, IL-1, 
IL-2, IL-6, IL-8, IL-12, IL-18, INF-γ, GM-CSF. Thereafter, with 
the presentation of the antigen, through the action of 
cytokines, T-lymphocytes are activated. All of the above 
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leads to the emergence of so-called cytokine storm (Fig. 4). 
The severe clinical picture of COVID-19, in which acute 
respiratory distress syndrome (ARDS) develops, is thought to 
be caused by a cytokine storm, suggesting that the fatal 
outcome is caused by an excessive inflammatory response 
triggered by the virus. Elevated levels of cytokines and 
chemokines are recorded in the serum of patients with ARDS: 
IL-1ß, IL-7, IL-8, IL-9, IL-10, IL-17, G-CSF (Granulocyte 
Colony-Stimulating Factor), GM-CSF, IFNα, TNF-α, IP10 
(Inducible Protein 10), MCP1 (Monocyte Chemoattractant 
Protein 1), MIP1α (Macrophage Inflammatory Protein 1-α) 
and VEGF [36]. Chemokines (IL-18, IP10, MCP1, MIP1α) 
attract immune cells (polymorphonuclear leukocytes, 
macrophages, T-lymphocytes) and increase the 
inflammatory infiltrate. G-CSF is responsible for 
granulocytopoiesis and the recruitment of neutrophils and 
macrophages. IL-1ß, IL-6 and TNF-α cause inflammation and 
general symptoms, such as fever. The Th1 and Th17 
responses are thought to be important in the cytokine storm, 
and TNF-α, IL-6, IL-17A, G-CSF, and GM-CSF are responsible 
for the excessive inflammatory response [37, 100]. The 
cytokines IL-6, TNF-α, IL-17 and GM-CSF are part of the Th17 
response. There are currently no data that other cytokines 
(IL-21, IL-22, IL-23 and TGF-ß) of Th17 response are elevated 
in COVID-19 [38, 39].

Figure 4. Pathophysiological mechanism of lung damage caused 
by SARS-COV-2 virus [99]

 CONCLUSION

 Coronavirus disease (COVID-19) is a new pandemic 
disease caused by the RNA virus of severe acute respiratory 
syndrome (SARS-CoV-2). The primary receptor for the virus 
in humans is most likely angiotensin converting enzyme 2 
(ACE2). The pathophysiology of severe COVID-19 is 
attributed to hyperactivation of the host immune response 
due to direct damage to the cells and release of 
proinflammatory substances, as well as activation of the 
innate response by mobilization of alveolar macrophages and 
dendritic cells. A strong proinflammatory reaction causes 
damage to alveolar epithelial cells and vascular 
endothelium, as well as microvascular microthromboses, 
which lead to the development of ARDS. It may be proposed 
that respiratory epithelial cells, alveolar macrophages and 
DC are the most important cells involved in the innate 
immune response to the virus, and prolonged and excessive 
activity of these cells stimulated by SARS-CoV-2 virus leads 
to the secretion of cytokines and chemokines that attract 
leukocytes and monocytes to the lungs and cause lung 
damage. The major cytokines of the innate immune response 
include TNF-α, IL-1, IL-2, IL-6, IL-8, IL-12, IL-18, INF-γ and 
GM-CSF. Many unanswered questions about the biological, 
epidemiological, and clinical characteristics of COVID 19 
make it virtually impossible to predict the further course of 
the current pandemic.
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