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COVID-19 Cytokine Storm and the
Mechanisms of Immune Injury

COVID-19 Sitokin Firtinasi ve Immiin Hasar Mekanizmalari

© Ali inal, @ Dilaver Tas

Abstract

Oz

The first cases of COVID-19 were identified in China
in 2019, and the disease subsequently spread rapidly
around the world, leading it to be declared a pan-
demic. The disease affects the lungs through the
upper and lower respiratory tracts, and with the de-
velopment of pneumonia, a clinical picture leading to
respiratory failure referred to as cytokine storm occurs
as a result of excessive cytokine production associat-
ed with an excessive inflammatory immune response.
The increase in inflammatory markers is related to
acute respiratory distress syndrome, disseminated
intravascular coagulation and hypercoagulation. We
present here an explanation of cytokine storm and the
associated immune damage mechanisms.

Keywords: Cytokine storm, COVID-19, immunopat-
hogenesis.

COVID-19 olgulan ilk olarak 2019 yilinda Cin'de
ortaya cikmis ve daha sonra hizl bir sekilde yayilarak
dinyada pandemiye yol acmigtir. Hastalk ost solu-
num yollarini tutmakta ve daoha sonra alt solunum
yollarina yayilarak akcigerleri etkilemektedir. Pnémo-
ni gelisimi ile birlikte asin inflamatuar immin yanit
gelisimine bagl agin sitokin Gretimi sonucu sitokin
firtinasi olarak adlandirlan  solunum  yetmezligine
kadar giden klinik tablo ortaya cikmaktadir. inflama-
tuar gostergelerdeki bu arhis; akut solunum sikintisi
sendromu (ARDS), dissemine intravaskiler koagilas-
yon (DIK) ve hiperkoagulasyonla iliskilidir. Bu maka-
lede sitokin firinasi ve COVID-19'da immin hasar
mekanizmalar aciklanmigtir.

Anahtar Kelimeler: Sitokin firtinas;, COVID-19, immu-
nopatogenez.
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The first case of coronavirus disease 2019 (COVID-19)
was reported in the city of Wuhan, China [1], and the
causative virus was identified shortly after, when an in-
creasing number of patients presented with similar symp-
toms of respiratory tract infection. The causative viral
agent was an RNA virus that was named subsequently
“severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2)”, the primary transmission route of which was
identified as direct or indirect contact with the respiratory
droplets of asymptomatic carriers or patients, and the
rapid transmission of the virus from one person to anoth-
er was the primary obstacle to disease control (1). To
date there have been 681,591,554 reported cases of the
disease and 6,812,126 deaths (2). The coronavirus has
four different structural proteins that play an important
role in its lifecycle: the S protein, forming the spikes on
the surface of the virus, which are responsible for binding
the virus to the host cell membrane (3); the M protein,
which is involved in the establishment of the viral shape,
and also plays a role in the formation of viral particles
and budding from the cell membrane through a process
known as scission (4); the E protein, which is involved in
the assembly and budding of the virion, and plays a role
in viral pathogenesis; and the N protein of the virus,
which has multiple functions, and is capable of binding to
viral RNA through two binding domains. The N protein
interacts with viral nonstructural protein 3 (nsp3) to pack-
age the genome and promote virion assembly, and main-
tains viral integrity against intracellular defense systems
(4,5). SARS-CoV-2 has demonstrated an ability to enter
cells through different mechanisms, but mainly by direct
membrane fusion, with the angiotensin-converting en-
zyme 2 (ACE2) receptors being the main binding site and
playing a crucial role in the entry of the virus into the cell
and viral replication (6). The S protein of SARS-CoV-2
binds to ACE2 receptors and fuses with the plasma mem-
brane and is proteolytically processed after binding to the
ACE2 receptor, which is an important stage in the lifecy-
cle of the virion (5). Our understanding of how SARS-
CoV-2 enters cells remains open to further refinement,
although it is known to gain entry through the formation
of viral inclusion bodies upon contact with cellular surface
elements.

In addition to membrane fusion, both clathrin-mediated
and clathrin-independent endocytosis mechanisms have
been reported. Clathrin is a basic protein that plays a role
in the assembly of extracellular vesicles info a specific
shape. Once the single-stranded positive-sense RNA
genome gains entry to the cell, it is released info the cy-
toplasm, and as a result, the transcription and translation
of viral products take place (7). ACE2 receptors are ex-
pressed in various fissues, including alveolar cells, bron-
chial epithelial cells, and the liver, neurons, glia, pancre-
as, stomach, bowel, heart and kidneys (8). The internali-
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zation and cleavage of ACE2 during the entry of the virus
into the host cell affects also the renin-angiotensin system
(RAS) and results in an increased serum level of angioten-
sin-2. ACE2 receptors are also expressed in endothelial
cells, and viral inclusion bodies can be observed in the
endothelial cells upon contact with the virus. The endo-
thelitis, apoptosis and imbalance in RAS resulting from
endothelial cell infection have been linked to a variety of
conditions, such as ischemia, edema and hypercoagula-
bility (9,10). Antibody-dependent enhancement (ADE) is
another potential route for the entry of SARS-CoV-2 into
cells. In the presence of anti-S antibodies, the virus enters
the host cells that harbor Fc-y-2 (CD32) receptors on
their surfaces in the form of an antibody-virus complex,
and thus exerts cytopathic effects. It is thought that the
entry of SARS-CoV2 into monocytes and macrophages
through ADE could play a role in cytokine and chemokine
release and apoptosis (11,12).

The body’s natural immune response elements are the
first-line defense in the recognition and clearance of viral
infectious agents. The leading factor in the activation of a
natural immune response is the recognition of the patho-
gen-associated molecular pattern (PAMP) of the virus in
the form of lipid, protein and nucleic acid by toll-like
receptors (TLRs). It has been suggested that the S protein
can be recognized from TLR4, that ssSRNA can be recog-
nized from TLR7/8, and that the dsRNA that forms during
replication can be recognized from TLR3. TLR3 and TLR4
induce inferferon regulatory factor 3 (IRF3) over the toll-
interleukin1 receptor (TRIF) domain-containing adaptor-
inducing interferon-B and the TRIF-related adaptor mole-
cule (TRAM), leading IRF3 to accumulate in the nucleus
and initiate interferon (INF) synthesis. Upon recognizing a
foreign or a disrupted molecule, the cell instructs the
neighboring cells to correct the problem, and these path-
ways are crucial elements in the innate immune response
to viruses. Coronaviruses are capable of concealing
pathogen-associated molecular patterns (PAMPs) and can
also prevent intracellular receptors from recognizing them
(13). They have also developed various mechanisms
through which they can evade recognition by host cells,
such as by concealing themselves within double-layered
endosomal structures and disrupting the timing and mag-
nitude of the host's interferon (IFN) response to infection.
Despite being vulnerable to the immune responses medi-
ated by interferon (IFN), SARS-CoV and other corona-
viruses have evolved multiple mechanisms that make
them resistant to type-I IFN-mediated responses, allowing
the virus to evade the host's immune defenses and cause
significant damage to the infected patient (14,15). Stud-
ies investigating the role played by T and B lymphocytes
in mice infected with SARS-CoV have revealed that T cells
play a crucial role in clearing the virus and supporting the
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host’s immune defense, and that the weak virus-specific T
cell response is linked to the development of severe dis-
ease. In cases of SARS-CoV infection, approximately 80%
of the cells that infiltrate the lungs are CD8 cytotoxic T
cells (16). The importance of a robust T cell response for
the successful clearance of viral infections is well under-
stood, and this is the case also in SARS-CoV-2 infections.
The development of lymphopenia in COVID-19 patients
has been well-documented and is of prognostic signifi-
cance (17). The CD4/CD8 cell ratio appears to remain
stable in patients with COVID-19, with no notable
changes identified in CD4 marker expressions to date,
while an upregulation in the intensity of CD8 on the sur-
face of lymphocytes has been observed. Given the crucial
role of the CD8 protein in mediating cytotoxic activity, it
has been suggested that cytotoxic T lymphocytes (CTLs)
increase CD8 expression to facilitate effective antiviral
activity (18). In humans, memory T cells specific to SARS-
CoV have been detected in the blood up to 6 months
after infection, while conversely, there would appear to be
a significant deficiency in the specific memory B cell re-
sponse. During the course of the disease, patients exhibit
decreases in total lymphocyte count, CD4-positive and
CD8-positive T cells (while the CD4/CD8 ratio is pre-
served), as well as B-lymphocytes and natural killer cells
in the peripheral blood (19,20). Furthermore, memory
helper T cell and T-regulator cell counts are remarkably
low, and patients with more severe infections have been
found to exhibit lower total lymphocyte, CD4-positive and
CD8-positive T-cell, and B-lymphocyte counts than those
with milder forms of the disease (6,20,21). Peripheral
blood analyses of patients with severe forms of the dis-
ease have revealed increased expressions of HLA DR in
both CD4- and CD8-positive cells, and increases in
CD4+, CCR4+, CCR6+ and Th17 cell counts have also
been observed (22). Notably, autopsy studies have re-
vealed the destruction of secondary lymphoid organs over
the course of the disease, while examinations of lung
specimens have revealed prominent infiltrations of CD4-
positive cells (23).

Patients with severe COVID-19 infections who require
admission to the intensive care unit (ICU) tend to have
increased erythrocyte sedimentation rates (ESR), and C-
reactive protein (CRP), interleukin-6 (IL-6), tumor necrosis
factor-a (TNF-a), and IL-1B, IL-8 and IL-2R levels, and
such observed increases in inflammatory markers have
been linked to the development of acute respiratory dis-
tress syndrome (ARDS), disseminated intravascular coagu-
lation (DIC) and hypercoagulability. Another study report-
ed significant differences in the IL-2, IL-7, IL-10, granulo-
cyte colony-stimulating factor (G-CSF), inducible protein
10 (IP10), monocyte chemoattractant protein-1 (MCP-1),
macrophage inflammatory protein Ta (MIP-Ta) and TNF-
a levels of patients requiring admission to the ICU when
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compared to those who do not require such care. Severe
COVID-19 has been linked to increased inflammatory
cytokine response. ARDS is induced by an exaggerated
inflammatory response rather than the viral load (24).
There are two primary reasons for the development of
immune regulation disorders: one is the overproduction
of proinflammatory cytokines by monocytes, and the other
is related to the acquired immune system disorder that
arises due to the depletion of CD4-positive lymphocytes.
IL-6 is released in excessive amounts upon the hyperacti-
vation of monocytes, leading to a decrease in the expres-
sion of HLA-DR on the antigen-presenting cells, especially
in CD14-positive monocytes, and reduced IFN-y (inter-
feron-y) secretion by CD4-positive cells. The inhibition of
the IFN pathway and excessive viral load, together with
the decreased viral response of the host and the persistent
proinflammatory response can lead to deterioration in the
patient as a result of excessive inflammation. IFN re-
sponse can thus be understood to play a vital role in
limiting SARS-CoV-2 infection and in activating innate
and acquired immune responses. In SARS-CoV-2 infec-
tions, these responses are often delayed and inadequate,
which is believed to be associated with the development
of cytokine storms. While the exact mechanism by which
viruses enter cells is not yet fully understood, studies have
suggested that both previous coronaviruses and the novel
SARS-CoV-2 induce apoptosis by triggering an overpro-
duction of such proinflammatory mediators as IL-6, GM-
CSF, IL-1s and TNF, as well as activating the NLRP3 in-
flammasome in monocytes and macrophages, which can,
in turn, lead to cytokine storm, referred to also as cyto-
kine release syndrome (25). It has been suggested that
elevated serum ferritin, IL-6, IL-1B, IFN-y, IP-10 and
MCP-1 levels play a role in the pathogenesis of severe
COVID-19 (26,27), and point to the activation of Thl
lymphocytes, which are involved in the differentiation of
mature B lymphocytes into plasma cells, the transfor-
mation of growth factor-B (TGF-B)-mediated differentia-
tion of naive CD4-positive T lymphocytes into TH17 lym-
phocytes, and the initiation of the production of acute
phase proteins such as CRP, fibrinogen, serum amyloid A
and hepcidin. IL-6 initiates the maturation of megakaryo-
cytes into platelets and the activation of hematopoietic
stem cells within the bone marrow (28,29), and increased
serum IL-6 levels have been linked to respiratory failure,
ARDS and unfavorable clinical outcomes. It has been
noted that COVID-19 patients with high IP-10, MCP-1
and TNFa levels often require monitoring in the ICU,
while those with lower levels of these markers tend to
have a milder disease course that does not require ICU
admission. Unlike SARS caused by SARS-CoV, there is an
increased immune-focused release of IL-4 and IL-10 from
the TH2 lymphocyte in COVID-19 caused by SARS-CoV-
2 that suppresses inflammation. The excessive release of
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pro-inflammatory cytokines (IFN-a, IFN-y, IL-1B, IL-6, IL-
12, IL-18, IL-33, TNF-a and TGF-B) and chemokines
(CXCL10, CXCL8, CXCL9, CCL2, CCL3 and CCL5) is
associated with accelerated and persistent abnormal
systemic inflammatory response. The cytokine storm ob-
served in severe COVID-19 patients is a significant risk
factor for increased mortality, multi-organ failure, acute
respiratory distress syndrome (ARDS) and disseminated
intravascular coagulation (DIC). In particular, IL-6, which
is released from macrophages, has been reported to
contribute to the development of macrophage activation
syndrome (MAS) (28). Studies have reported that plasma
levels of IL-6, which is considered a critical cytokine for
the development of MAS, are increased in both mild and
severe COVID-19 cases, while significantly higher IL-6
levels have been observed in those with a severe form of
the disease. IL-6 is a pleiotropic cytokine that is produced
by a variety of immune cells, mesenchymal cells, endo-
thelial cells and fibroblasts in response to infections and
tissue injury. Monocytes, macrophages and dendritic cells
become activated upon infection with beta coronavirus,
and this leads to a release of IL-6 and other inflammatory
cytokines that can trigger a cytokine storm. IL-6 is capa-
ble of signaling through various pathways, however, in
the classic (cis) signaling pathway, IL-6 binds to the IL-6
receptor expressed on the surface of lymphocytes that
form a complex with glycoprotein 130 (gp130), activating
the Janus kinase (JAK) signal transducer and the activator
of the transcription (JAK/STAT) pathway. The secondary
message affects the B and T cells, suppressing the devel-
opment of T-regulator cells by increasing the differentia-
tion of T helper 17 (Th17), T follicular helper (Tfh) and
CD8-positive cytotoxic T cells, as well as activated B cells.
Such decreases in T-regulator cells complicate the control
of immune response, and IL-6 may exert different effects
on the acquired and innate immune systems via this
pathway. In the trans-signaling pathway, IL-6 binds to
soluble IL-6 receptors and triggers the JAK/STAT pathway
over the gp130 complex in cells that do not express IL-6R
(mIL-6R) on their membranes, such as endothelial cells.
This pathway affects endothelial cells in the blood vessels
with vascular endothelial growth factor (VEGF), increasing
the release of MCP-1, IL-8 and IL-6, and decreasing E-
cadherin synthesis, leading to increased vascular perme-
ability and vessel leakage. These effects contribute to the
development of hypotension and ARDS, and lead to a
further deterioration in the patient’s clinical condition. IL-
6 has also direct effects on the synthesis function of the
liver, increasing the release of CRP, serum amyloid A,
hepcidin, fibrinogen, thyroid peroxidase (TPO), C3 and
ferritin from the organ. Both the classic (cis signaling) and
trans-signaling pathways contribute to the development of
cytokine storm, leading to pulmonary dysfunction and the
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emergence of SARS symptoms, while cytokine storm leads
also to the depletion of T lymphocytes (CD3, CD4, CD8),
apoptosis and the development of lymphopenia. Studies
examining the pulmonary infilirates of COVID-19 patients
who develop ARDS have suggested a link between exten-
sive lung domage and increased IL-6 levels, and a de-
crease in CD4, CD8, natural killer (NK) and NKT counts
in peripheral blood samples (30,31).

Innate lymphoid cells (ILCs) are effector cells that respond
to environmental cytokines and regulate immune re-
sponse, and that do not express the antigen receptors
found on the surface of T and B cells. Tissue-resident ILCs
are categorized as cytotoxic and non-cytotoxic, among
which the cytotoxic cell group comprises conventional
natural killer cells, whereas the non-cytotoxic cell group,
the main function of which is cytokine release, is made up
of three subgroups. Similar to T-helper cells, the ILC1 cell
group is composed of IFN-y-producing cells, the ILC2
cell group is composed of cells that produce IL-4, IL-5
and IL-13, and the ILC3 cell group is composed of those
producing IL-17/IL-22 (32). There are limited data on the
roles played by cytotoxic natural killer cells and ILCs in
COVID-19, although it has been demonstrated that ILC1
and ILC3 express such ligands as CD26, CD147 and
cyclophilins that interact with SARS-CoV-2. Studies of
COVID-19 have produced different data on the number
of natural killer cells in patients. While there are several
studies reporting no significant difference in the number
of NK cells in COVID-19 patients when compared to
healthy controls, only a single study has reported a re-
markable increase in NK cell counts, and the authors
suggest that this may have triggered a cytokine storm (33-
34). There are many other studies, however, that have
reported low or significantly decreased NK cell counts in
patients with severe SARS-CoV-2 (35,36), and the func-
tional depletion of NK and cytotoxic CD8-positive T cells
has been linked to severe SARS-CoV-2 infection. Alt-
hough the production of CD107a, IFN-y, IL-2, granzyme
B and TNF-a was decreased in the depleted NL and
CD8-positive T cells, an overexpression of CD94/NK
group 2 member A (NKG2A), acting as an inhibitory
receptor, was reported in these cells (20). HLA-E is an
NKG2A ligand expressed by epithelial cells, and NKG2A
is known to inhibit cytotoxicity and prevent the control of
infection by binding to the non-classic HLA-E molecule
(37).

The complement system is a component of the innate
immune response that plays a critical role in host defense,
although an uncontrolled and exaggerated response of
the complement system can lead to acute lung injury.
C5a activates phagocytic cells, stimulating cytokine re-
lease from the activated cells and can lead to a cytokine
storm. Cha exerts its effects through C5aR in antigen-
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presenting cells, which affects the proliferation and differ-
entiation of CD4-positive T-helper cells and is also in-
volved in the activation of cytotoxic CD8-positive T cells.
Considering all these aspects, C5a can be said to con-
tribute to the development of cytokine storm and ARDS by
increasing the release of proinflammatory cytokines into
both the innate and acquired immune systems, and it is
believed that an excessive release of C5a may play a role
in the development of severe respiratory failure, resulting
in the release of such proinflammatory cytokines as IL-12,
TNF-a and MIP-1a by inducing the mast cells, neutrophils,
monocytes and macrophages. It has also been reported
to induce the release of such cytokines as TNF-a, IL-1B,
IL-6 and IL-8 by stimulating B and T cells (38,39).

The immune response mediated by cytotoxic CD8-
positive T cells in COVID-19 neutralizes all cells infected
by the virus, while CD4-positive T-helper cells help B cells
initiate humoral responses. SARS-CoV-2 infects T lym-
phocytes through the binding of the spike protein (S1) to
the CD147 ligands found on the surface of T lymphocytes.
CD147 is expressed in a diverse range of tissues and cell
types, and is involved in cell proliferation, apoptosis and
tumor cell migration, metastasis and differentiation, espe-
cially under hypoxic conditions. The spike protein of
SARS-CoV-2 has been reported to interact directly with
CD26 in host cells (40). CD26 is a surface glycoprotein
that contributes to T-cell activation and proliferation by
interacting with the T cell receptor, and is expressed in
high levels in CD4-positive and CD8-positive T cells,
while displaying lower expression levels in dendritic and
NK cells. The binding of the S protein of SARS-CoV-2 to
the CD26 and CD147 molecules that play a role in T-cell
activation suggests that the depletion of T cells by the
infection can lead to cell death. It would seem plausible
to suggest that the development of lymphopenia in pa-
tients with SARS, MERS (Middle East respiratory syndrome)
and COVID-19 could be associated with the depletion of
T cells (41,42). Following the infection of respiratory tract
epithelial cells by SARS-CoV-2, viral peptides are present-
ed to cytotoxic CD8-positive T cells via class | major his-
tocompatibility complex (MHC) molecules. CD8-positive
T cells become activated and begin to proliferate, devel-
oping virus-specific effector and memory T cells through
clonal expansion. Cytotoxic CD8-positive T cells eliminate
virus-infected cells through various cytotoxic mechanisms,
including perforins and granzymes (43). CD8-positive T
cells are of critical importance in mediating clearance
following various acute viral infections in the lungs, while
memory CD8-positive cells protect against secondary
infections. There have been studies reporting, however,
that total CD8 T and NK cell counts are diminished in
COVID-19 due to lymphopenia, and cytotoxic lympho-
cytes are functionally depleted in SARS-CoV-2 infections
in association with lymphopenia. The upregulation of
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NKG2A is believed to be responsible for the loss of NK
and CD8-positive T-cell functionality, and it has been
reported that NK and CD8-positive T-cell levels normalize
in parallel with the downregulation of NKG2A in COVID-
19 patients whose clinical status improves following
treatment. These findings suggest that compromised anti-
viral response may contribute to the severity and patho-
genesis of COVID-19. An immune response that is insuf-
ficient in suppressing viral replication and eliminating
virus-infected cells can have systemic implications, includ-
ing the development of clinically severe ARDS and dis-
seminated intravascular coagulation, which can lead also
to severe inflammatory response and may culminate in a
cytokine storm (44).

Regulatory T cells (Tregs) play an important role in the
suppression of excessive immune responses to pathogens,
cancer cells and transplanted tissues, while also prevent-
ing the development, and controlling the progression of
autoimmune and allergic diseases. The role of molecular
mechanisms underlying the regulation of fork head box
P3 (FOXP3) expressions and the antigen-specific response
of Treg cells in COVID-19 remains ambiguous, and so
further investigations are required to establish their clini-
cal significance in this sense. On the other hand, a de-
crease in circulatory Treg cells (CD3+, CD4+, CD25+,
CD127) has been observed aside from lymphopenia in
COVID-19 patients (43-45). B and T lymphocytes are
activated in response to SARS-CoV-2 infections, leading
to the production of neutralizing antibodies. Initially, mac-
rophages, acting as professional antigen-presenting cells,
present the virus and its peptides to CD4-positive T helper
cells via MHC class Il molecules, while B cells can also
become activated through the direct recognition of the
SARS-CoV-2 nucleocapsid protein. The detection of pri-
mary virus-specific IgM antibodies is possible within the
first week (4-8 days) of the onset of symptoms, and this
initial IgM response is followed by the production of IgA
and then IgG antibodies (10-18 days). The production of
mucosal IgA antibodies plays a role in the prevention of
re-infection with SARS-CoV-2, whereas IgA in the circula-
tion may be effective in suppressing infection by contrib-
uting to the systemic neutralization of SARS-CoV-2
(46,47). The quality and extent of the IgG antibody re-
sponse play a critical role in the neutralization of SARS-
CoV-2. Given the limited time since the COVID-19 out-
break, the effective duration of the protective levels of
virus-blocking antibodies is currently unknown. A study
examining the data of previous SARS-CoV infections re-
ported that the neutralizing IgG antibodies may be specif-
ic to the S protein of SARS-CoV-2, and that levels should
be detectable in serum 2-3 weeks after infection (47).
Neutralizing antibodies interact with various components
of the immune system, including the complement cascade,
phagocytes and NK' cells. IgM antibodies are linked
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mainly to complement activation and the release of pro-
inflammatory cytokines, whereas IgG antibodies stimulate
an immune response through FcR-expressing cells (48). A
study examining the IgG and IgM antibodies that are
generated to counter the SARS-CoV-2 proteins found an
early and robust antibody response, characterized by high
titers, to be associated with the development of severe
disease, while o weak IgG response was found to be
associated with higher viral clearance. These findings
indicate an unforeseen relationship between robust anti-
body response and disease severity, and a relationship

between weak antibody response and viral clearance (49).

ACE2, which is suppressed and sheds to the environment
during the entry of the virus into the cells, affects pulmo-
nary permeability via RAS, leading to the development of
pulmonary edema, and can play a role in immune dys-
function through the promotion of excessive T-cell activa-
tion. Anti-S-IlgG can increase systemic inflammatory re-
sponses by stimulating a variety of cell types via the ADE
phenomenon, leading to the development of viral sepsis
and multiorgan failure. The effects of COVID-19 on ves-
sels, however, is a component of the disease that has yet
to be fully understood, although existing data suggest that
COVID-19 may cause microangiopathy, independent of
thrombosis, and is not limited to the pulmonary system.
Immune dysfunction, systemic inflammatory response and
RAS dysfunction can all contribute to the development of
a cytokine storm, and COVID-19 can lead to death due
to ARDS and respiratory failure unless cytokine storm,
pulmonary edema and organ injuries can be well con-
trolled (50). A hypercoagulable state has been demon-
strated in many cases of severe pneumonia associated
with SARS-CoV-2 infection, and the increased mortality
associated with COVID-19 patients with coagulopathy
suggests that the coagulation cascade may play a signifi-
cant role in the pathogenesis of the disease (51). These
observations are supported by clinical findings indicating
that patients with D-dimer levels exceeding 3 pug/ml ben-
efit from heparin therapy, and that anticoagulant thera-
pies have been successful in reducing mortalities. A hy-
percoagulable state may have serious consequences,
including cerebrovascular events such as stroke and car-
diovascular events such as pulmonary thromboembolism,
as well as miscarriage, arterial and venous thrombosis
and osteonecrosis. Hypoxia resulting from respiratory
failure can trigger a signaling pathway related to the
hypoxia-inducible transcription factor (HIF) or may directly
increase blood viscosity, while pulmonary hyperinflamma-
tion can cause elevated TPO levels, leading to a predis-
position to thrombocytosis and thrombosis (52,53).

A cytokine storm can cause the overactivation of the co-
agulation cascade. Previous studies have suggested that
such viral infections as hepatitis C virus, human immuno-
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deficiency virus (HIV), cytomegalovirus (CMV), varicella-
zoster virus, Epstein-Barr virus, adenovirus and parvovirus
B have the potential to increase the production of an-
tiphospholipid antibodies. Antiphospholipid syndrome
stimulated by the virus has also attracted attention in
COVID-19 patients, with studies conducted in this direc-
tion detecting anti-cardiolipin IgA, anti-B2-glycoprotein 1
IgA and IgG antibodies in the older patient group with
such underlying comorbidities as hypertension and diabe-
tes and a history of multiple cerebral infarctions, as well
as findings consistent with antiphospholipid syndrome.
That said, whether SARS-CoV-2 contributes significantly
to the production of such antibodies requires further study
(54). It has also been suggested that systemic and local
increases in angiotensin 2 levels observed after the inter-
nalization and destruction of ACE2 upon the entry of the
virus into the cell may facilitate the development of
thrombosis (10). The activation of a coagulation cascade,
triggered by the destruction of the endothelium, would
appear to be one of the primary factors contributing to
the development of a hypercoagulable state (9).

In conclusion, COVID-19 can stimulate the production of
severe pathologies in many tissues, aside from the de-
struction it causes in the respiratory tract and can result in
widespread systemic complications that may culminate in
multiorgan failure. While SARS-CoV-2 infection can be
asymptomatic, it can also lead to such serious conditions
as ARDS, respiratory failure, MAS, DIC, widespread
thromboembolism and even death. Although there are
still several unknown factors related to the virus that re-
quire further research for elucidation, studies to date have
done much to clarify the immunopathogenesis underlying
the emergence of this severe disease in humans. The
long-term consequences of the disease can be a point of
particular interest in future studies.
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