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ABSTRACT

The new coronavirus infection, COVID-19, led to a global pandemic in 2019-2023. The infection affects not only
the lung tissue, but also other organs and systems, including the heart. This causes the frequent development of
myocarditis, arrhythmia, and acute coronary syndrome in these patients, as well as worsening of coronary heart
disease and chronic heart failure. One of the important mechanisms of heart damage in COVID-19 is the excessive
activation of mast cells, which produce cytokines and chemokines with pro-inflammatory activity, thus causing a
so-called “cytokine storm” — a special severe form of systemic inflammatory response that can be fatal.

The aim of the literature review was to analyze and summarize published data on cardiovascular complications in
COVID-19, including the effect of mast cell proteases on myocardial damage.
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PE3IOME

Hogast koponasupycuas nadekius COVID-19, Be3BaBinas macmtaduyio nanaemuto B 2019-2023 rr., nopaxaer
HE TOJILKO JIETOUHYIO TKaHb, HO U JIDYT'M€ OpPTraHbl U CUCTEMbI, B TOM UHCJIE CEPALE, YTO 00YCIOBIMBACT 4aCcTOEC
pa3BUTHE Y JAHHBIX MAIMEHTOB MHOKapJAWTA, apUTMUNA, OCTPOrO KOPOHAPHOI'O CHHJPOMA, a TAKXKE YXY/IICHUE
TCUCHMS WIIEMUYECKOH OO0JIe3HH cepilia U XPOHHUECKOH ceplieuHOr HeaocTaToyHOCTH. OJHUM M3 BaXKHBIX
MexaHu3MoB moBpexkacHust cepana npu COVID-19 siBisieTcss M30bITOUHAS AKTHBALUS TYYHBIX KJICTOK, KOTO-
pbIe BBIPAOATHIBAIOT IIUTOKMHBI U XEMOKHHBI, 0018 1af0I1e MTPOBOCIATUTEILHON aKTHBHOCTBIO, BBI3bIBAs, TAKUM
00pa3oM, «IUTOKUHOBBII HITOPM» — 0COOYIO TSDKENYI0 (POpPMY CHCTEMHOW BOCIANUTENBHOM peakiyu, KOTopas
MOJKET 3aKaHYMBATHCS JICTAIIBHBIM UCXOJIOM.

Heas imTepatypHOro 0030pa 3aKi0Yanach B MPOBEJACHUH aHAIH3a U 000OIICHUH OIyOJIMKOBAHHBIX JAHHBIX O
CeplIeYHO-COCYUCTHIX ocaoxkHeHusx npu COVID-19, Bxirodas BIUsIHEE POTea3 TYUYHbIX KJIETOK Ha MOPaKEHHE
MHUOKap/a.

Karouessle ciioBa: COVID-19, TyuHble KI€TKH, TPOTea3bl, IUTOKUHOBBIN IITOPM, CEpIIe

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOHMOINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HACTOSIIECH CTaThH.

HcTrounuk (I)HHaHCI/IpOBaHHSI. ABTOpLI 3asIBJISIOT 00 OTCYTCTBUU (l)I/IHaHCI/IpOBaHI/ISI py MPOBCJACHUUN UCCIIEN0-

BaHUA.

Jast uurtupoBanusi: bynuesckuii A.B., ABneeB C.H., OscaunukoB E.C., Toxmaues P.E., ®eiirensman C.H.,
[Mumkuna B.B., Ilepseesa .M., Uepnuk T.A., Apxunosa E./l., bynnesckas C.A. OcTpoe NOBpEKICHUE MU-

oKapzia IpH HOBOW KOPOHABUPYCHOW MH(EKLMM: BKJIAJ TYYHBIX KIETOK. broinemenb cubUpckoll meouyumbl.
2025;24(3):116-126. https://doi.org/10.20538/1682-0363-2025-3-116-126.

LITERATURE REVIEW METHODS

A systematic literature review was conducted
including original articles on myocardial damage
associated with the novel coronavirus infection,
COVID-19, as well as the role of mast cell proteases
in the development of cardiovascular complications
among patients with this disease. PubMed and
eLIBRARY were used as electronic search engines.
The primary search was performed using the keywords
“COVID-19”, “mast cells”, and “heart”. Based on
these criteria, we found and reviewed 436 articles
published between 1996 and 2024.

When reviewing the summaries of the selected
articles, we excluded 134 publications from the
PubMed electronic database and 32 publications from
eLIBRARY as they were not relevant to the topic
of our systematic literature review. After a detailed
analysis of full-text publications, we excluded 207
articles. For example, we excluded 12 studies that

examined the effect of mast cells on coronary heart
disease, chronic heart failure, and acute coronary
syndrome in patients without COVID-19. In two
clinical trials, the sample size was too small (less than
30 individuals), and in three publications, full access
to the results was blocked. Finally, we included 41
studies in our review.

BRIEF EPIDEMIOLOGY OF COVID-19

During the period of sanitary and epidemiological
monitoring in the 21st century, there were three
significant episodes of mass coronavirus infection. A
common feature of these epidemics was that humans
were primarily infected from animals, forming a
natural source of anthropozoonotic infection [1].

The severe acute respiratory syndrome (SARS)
epidemic was first reported in 2002 in China. Cases
were recorded in 37 other countries, and in 2003, the
causative agent SARS-CoV was identified [2]. During
this time, 8,096 cases of the disease were confirmed,
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of which 774 were fatal. Since 2004, no new cases of
SARS-CoV have been reported [3].

The second epidemic caused by a coronavirus
occurred in 2012 in Saudi Arabia. It was caused by the
Middle East respiratory syndrome-related coronavirus
(MERS-CoV) [4]. According to the World Health
Organization (WHO), the epidemic had a high
mortality rate of 36% among those infected. Due to
the spread of the virus from infected dromedaries to
humans, high-risk groups included shepherds and
workers at slaughterhouses [1]. In addition, people
with chronic lung diseases, chronic kidney diseases,
obesity, diabetes, and immunodeficiency conditions
were also at an increased risk of infection [5, 6]. The
epidemic spread to 27 countries, mostly in the Arabian
Peninsula and surrounding areas, and cases of MERS-
CoV continue to be identified at present [6].

The third wave of the coronavirus infection in
December 2019 was identified as the most widespread,
soon receiving the status of a pandemic. On January
13, the first case of the infection was recorded outside
of China, and on January 30, person-to-person spread
of the virus was confirmed [7]. A coronavirus called
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was identified as the etiological factor
of COVID-19 [8]. Bats, minks, and some members
of the felidae family are thought to be the natural
reservoirs of SARS-CoV-2, as well as a number of
other potential intermediate hosts, including pangolins,
ferrets, and snakes [9]. Humans are susceptible to this
virus due to its affinity for the human angiotensin-
converting enzyme 2 (ACE2) receptor [10]. At the
same time, the contagiousness, virulence, replication
rate, and other characteristics of different genetic
variants of the SARS-CoV-2 virus vary [11]. A sick
person or an asymptomatic carrier can transmit SARS-
CoV-2. Airborne transmission is the most significant
way of spreading the virus, followed by transmission
through airborne dust particles and household contact.
Fecal-oral transmission is considered less likely [12].

In the Russian Federation during the pandemic
caused by the novel coronavirus infection, five
significant increases in morbidity and mortality,
known as waves, were recorded. The average
incidence rate for all recorded waves was 248 cases
per 10,000 people, with an overall average mortality
rate of 2.4%. The highest incidence occurred in the
fifth wave, and the highest mortality was in the fourth
one [13]. When studying global patterns of morbidity
fluctuations during the pandemic, it was found that
waves subside after an average of 48 days, regardless

of the initial conditions [14]. Due to the improved
epidemic situation, the World Health Organization
declared an end to COVID-19 as a public health
emergency on May 5, 2023. As of now, COVID-19
can be considered a seasonal disease [12].

Etiology and Pathogenesis of Coronavirus
Infections, Including Novel Coronavirus Infection
(COVID-19)

Phylogenetic analysis of the SARS-CoV-2 virus
genome allowed it to be assigned to the genus
Betacoronavirus, the family Coronaviridae. This
RNA-containing enveloped pleomorphic virus
has round particles ranging from 60 to 140 nm in
diameter. The SARS-CoV-2 genome is 50% identical
to that of SARS-CoV and 75% identical to that of
MERS-CoV [15].

SARS-CoV and SARS-CoV-2 viruses, as
well as pathogens of mild respiratory infections —
alphacoronaviruses HCoV-NL63 and HCoV-229E and
betacoronaviruses HCoV-OC43 and HCoV-HKU1,
use the ACE2 receptor to enter cells, which was first
identified in 2003 [16, 17]. ACE2 is an 805-amino-acid
carboxypeptidase that cleaves one amino acid from
the C-terminus of its substrates. Being a part of the
renin-angiotensin-aldosterone system, ACE2 converts
angiotensin | and angiotensin Il into angiotensin-(1-9)
and angiotensin-(1-7), respectively [18].

The coronavirus virion consists of nucleocapsid
(N), membrane (M), envelope (E), and spike (S)
proteins. The penetration of viral particles into the
cell is mediated by S-glycoprotein, which embedding
into the membrane of the virion in several copies of
the homotrimer gives it a crown-shaped appearance.
Glycoproteins of many viruses, including HIV-1,
Ebola, and avian influenza viruses, are cleaved into
two subunits in infected cells — extracellular and
transmembrane (this cleavage occurs prior to the
virus release from the producing cell). Similarly, the
S-protein of some coronaviruses is cleaved into S1 and
S2 subunits during their biosynthesis in infected cells,
but the S-protein of other coronaviruses is cleaved
only when the next target cell is reached. SARS-
CoV-2, like MERS-CoV, belongs to the first category:
its S-protein is cleaved by protein convertases in virus
production cells [17].

Thus, the S-protein of a mature virion consists of
two non-covalently bound subunits: the S1 subunit
binds to ACE2, and the S2 subunit attaches the
S-protein to the membrane [19]. The interaction of
receptors with viral glycoproteins in the presence of
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specific triggers causes significant conformational
changes in both subunits, which bring the viral and
cell membranes closer together, eventually creating
a fusion pore through which the viral genome enters
the cytoplasm of the cell. For SARS-CoV-2, one of
these triggers is the cleavage of an additional region
within the S2 subunit, called the “S2’ region”, which
is exposed after interaction with ACE2. The cleavage
of the S2’ region by transmembrane protease, serine
2 (TMPRSS2) on the cell surface or by cathepsin
L in the endosomal vesicle after ACE2-mediated
endocytosis releases the merging peptide, initiating
the formation of a pore that ensures the penetration of
the viral genome into the cell [20-22].

Analysisofanimal modelsand humantranscriptome
databases demonstrates that the expression of ACE2
in the lower parts of the lungs is represented only by
type Il alveolar cells, however, it is much higher in
the epithelium of the bronchi and nose, especially in
ciliated cells. The difference in ACE2 levels across
the respiratory tract may explain the variable infection
gradient of SARS-CoV-2, while the ciliated cells of
the nasal cavity are the main target for virus replication
in the early stages of the disease [23].

Despite the fact that the airborne transmission of
SARS-CoV-2 infection is the dominant route, the
highest level of ACE2 expression is observed in the
intestine, testicles, kidneys, myocardium, and thyroid
gland [24]. Cardiac infection with SARS-CoV-2 was
often detected at autopsy, and the presence of ACE2
in colon and kidney cells has been proposed as an
explanation for gastrointestinal and renal complications
caused by SARS-CoV-2 [25, 26]. The expression of
ACE?2 in the gastrointestinal tract is consistent with
the fact that many coronaviruses are transmitted not
only using the airborne route but also by the fecal-oral
route [26]. Inflammatory cytokines released during
the “cytokine storm” in severe COVID-19, such as
IL-1P and type I and III interferons, can increase the
expression of ACE2, potentially creating a positive
feedback loop for viral replication [27].

Concomitant  diseases, including  arterial
hypertension, hyperlipidemia, diabetes mellitus,
chronic lung diseases, old age, and smoking, are risk
factors for COVID-19 infection, and some of them may
affect ACE2 expression. Widespread epidemiological
data suggest that smoking increases the risk of severe
disease, but it is not fully known whether smoking
causes an increase in ACE2 expression and whether
it is associated with worsening of the infection [12].
Many biochemical studies have demonstrated that

the expression of ACE2 is increased in lung tissue
samples from smokers and patients with chronic
obstructive pulmonary disease, as well as in the lungs
of mice exposed to cigarette smoke [28, 29].

THE ROLE OF MAST CELLS IN THE
PATHOGENESIS OF COVID-19

Mast cells (MCs) are cells of innate immunity of
myeloid origin, which also participate in the reactions
of acquired immunity. They are present everywhere
in the body, but are mainly concentrated in the lungs,
respiratory tract, heart, gastrointestinal tract, skin, nasal
cavity, and meninges. MCs differ in their ultrastructure,
morphology, mediator content, receptor expression,
and response to stimuli, and they play an important
role in the first line of defense against viruses and
bacteria entering the body. Recent data indicate that
after entering the body, coronaviruses activate cells of
the innate immune system — monocytes/macrophages,
neutrophils, T-cells, natural killers (NK-cells), MCs,
and epithelial and endothelial cells. Activation of MCs
in response to a viral infection performs a protective
function, directly countering infection and influencing
the immune system [30-32].

The immune response to COVID-19 can be divided
into physiological and pathological — excessively
active, contributing to damage to the lungs, heart,
and other organs, which can significantly aggravate
the course of the disease. Initially, SARS-CoV-2
infection causes a local immune response, including
the attraction of MCs, macrophages, and monocytes
to the infection site, their production of interferons
and cytokines, as well as activation of the adaptive
immune response of T and B cells.

In most cases, this process eliminates the infection,
but in some cases, immune system dysfunction occurs,
which leads to severe damage to internal organs.
When the immune response is disrupted, immune cells
hyperactivate with excessive infiltration of monocytes,
macrophages, and T-cells in the lungs, which causes
excessive production of pro-inflammatory cytokines,
the so-called “cytokine storm” or “cytokine release
syndrome,” which can eventually lead to acute
respiratory distress syndrome, pulmonary edema, and
other multiple injuries to internal organs, including
the heart [33-35].

A “cytokine storm” is a potentially dangerous
exaggerated inflammatory response that involves
the activation of macrophages, leukocytes, MCs,
and endothelial cells as a result of an autocrine
and paracrine effect associated with the release of
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large amounts of pro-inflammatory cytokines and
chemokines (for example, IL-6, IL-8, IL-1pB, tumor
necrosis factor a (TNFa), CCL2 (chemokine (C-C
motif) ligand), CCL5, IL-17, IL-18, IL-33, CXCL-10
(C-X-C motif chemokine ligand), IFNy, IL-12, and
granulocyte-macrophage colony-stimulating factor)
[36]. Lymphopenia caused by a “cytokine storm”
prevents the immune system from producing antiviral
antibodies, which are necessary for the destruction of
viruses [37]. Elevated IL-6 levels correlate with the
need for mechanical ventilation and mortality, and
leukotrienes and reactive oxygen species released
by neutrophils cause lung damage by destroying
endothelial cells and pneumocytes [38].

Damage to the cardiovascular system as a result
of the “cytokine storm” is probably caused by
endothelial dysfunction, instability or rupture of
atherosclerotic plaques, apoptosis of cardiomyocytes,
and myocarditis. The mechanisms of endothelial
dysfunction in patients with COVID-19 are
not limited to increased concentrations of pro-
inflammatory cytokines and include direct infection
with viral particles of endothelial cells, angiotensin
Il hyperactivity, complement activation, and other
variants of immune regulation disorders, such as the
formation neutrophil extracellular traps (NETS) [39].

SARS-CoV-2 viruses have been detected in
endothelial cells of various tissues, which may
contribute to an imbalance between ACE2 and
angiotensin Il. It was found that complement activation
was directly correlated with microthrombosis in
a small number of COVID-19 patients, and NET
formation was associated with acute respiratory
distress syndrome caused by COVID-19. The
complement system recognizes viral pathogens,
thereby activating the innate immune response to viral
infections, while NET cells stimulate the secretion
of IL-1B by macrophages and are involved in the
development of atherosclerosis, causing endothelial
damage and dysfunction.

Moreover, endothelial cells undergoing apoptosis
have been shown to activate the complement system,
which can further enhance cytokine secretion,
contributing to microthrombosis. Thus, direct
infection of endothelial cells with SARS-CoV-2 virus
particles, subsequent angiotensin Il hyperactivity, and
the pro-inflammatory effects of complement activation
and NET formation cause both direct and indirect
disruptions to the cardiovascular system, exacerbating
the “cytokine storm” [33].

An increase in the level of cytoplasmic Ca?* within

endothelial cells is a critical factor in disrupting
interendothelial connections and, consequently,
increasing vascular permeability. The reason for the
increased influx of Ca?* is the activation of channels
with a temporary receptor potential, which is induced
by TNFa, causing destabilization of microtubules [33].
J.H. Tinsley et al. demonstrated the role of cytokines
(TNFa, IL-1B, and IL-6) in increasing vascular
permeability through the signaling pathways of protein
kinase C and myosin light chain kinase (MLCK) in
cultured endothelial cells of rat heart microvessels.
The results obtained have been reproduced in vivo
in a model of heart failure in rodents with ischemia/
reperfusion [40].

Thus, the influx of Ca?* into endothelial cells caused
by the “cytokine storm” may be one of the mechanisms
underlying the disruption of interendothelial
connections and increased vascular permeability. In
addition, cytokine-induced stimulation of protein
kinase C and MLCK leads to direct damage to heart
tissue and can exacerbate existing cardiovascular
diseases, which is quite common in patients with
severe COVID-19 [33].

The Relationship between the Number of Mast
Cells and Laboratory Blood Values in COVID-19
Patients

Positive correlations were found between the
content of tryptase-positive MCs and the level of band
neutrophils in the complete blood count in COVID-19
patients, which can be explained both by the local
effect of MCs on the chemotaxis of neutrophils in
the focus of inflammation and by the systemic effect
of MCs on the number of neutrophils in peripheral
blood [41].

The positive correlation between the content of
tryptase-positive MCs and the level of eosinophils in
the blood of COVID-19 patients is due to the effect
of tryptase on the activation status of eosinophils
due to the release of eosinophil peroxidase and beta-
hexosaminidase. In addition, MCs are involved in the
pathogenesis of other diseases accompanied by blood
eosinophilia: eosinophilic esophagitis, bronchial
asthma, chronic rhinosinusitis, etc. [41].

The positive correlation between the content of
tryptase-positive MCs and the level of blood basophils
in COVID-19 patients may hypothetically be due to
activating signals common to MCs and basophils:
through Fc epsilon RI receptors, fragments of
complement C3a, C4a, and C5a; mediators of activated
neutrophils, and some neurotransmitters [41].
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Negative correlations were found between the
absolute content of single carboxypeptidase A3
(CPA3)-positive MCs in the autopsy material of
lungs of patients with COVID-19 and the content of
monocytes in the blood. It is known that monocytes,
macrophages, and MCs infected with SARS-CoV-2
produce pro-inflammatory cytokines and chemokines
that contribute to the development of local tissue
inflammation and a systemic reaction in the form
of a “cytokine storm.” Low expression of ACE2 by
monocytes/macrophages in patients with COVID-19
may also contribute to the development of pathological
reactions due to the pro-inflammatory properties of
angiotensin Il and dysfunction of the renin-angiotensin
system [41].

No statistically significant correlations were found
between the number of MCs and total leukocyte count
[41].

Positivecorrelationswere found betweenthe content
of CPA3-positive MCs and the level of hemoglobin in
the blood. Increased levels of glycolysis intermediates
were observed in the red blood cells of patients with
COVID-19, which is accompanied by oxidation and
fragmentation of membrane proteins. Laboratory tests
in patients with COVID-19 demonstrate a decrease
in hemoglobin concentration and a pathologically
increased concentration of ferritin. The level of ESR
negatively correlated with the content of tryptase-
positive and chymase-positive MCs [41].

No statistically significant correlations were
found between the number of MCs and the level of
CRP [41].

FEATURES OF DAMAGE TO THE
CARDIOVASCULAR SYSTEM IN COVID-19

Although macrophages are the predominant cells
of the innate immune system in the heart, MCs also
play an important role in the development of a large
number of cardiometabolic diseases. Mast cells
are present in the endocardium, myocardium, and
epicardium, in the left and right ventricles and atria,
as well as around coronary and microcirculatory
vessels, in atherosclerotic plagues, and near sensory
neurons [42]. For example, in the left ventricle of
the human heart, the density of MCs is usually about
5.3 MCs/mm?3, and the number of macrophages is
about 10 times greater. The density of MCs in heart
tissues in patients with dilated cardiomyopathy and
ischemic cardiomyopathy is approximately 18 MCs/
mm? [43].

Cardiovascular complications, which often develop
in COVID-19, include arrhythmias, worsening
of coronary heart disease (CHD), heart failure,
cardiogenic shock, myocarditis, or myopericarditis,
which can occur both during the acute phase of
COVID-19 and in the post-COVID period [44,
45]. Patients with pre-existing heart diseases and
risk factors are more susceptible to cardiovascular
complications of COVID-19, more severe course
of the disease, and death [46, 47]. Nevertheless,
these conditions can occur even in patients without
concomitant diseases [47]. Regardless of the clinical
pattern, acute myocardial injury, defined as an increase
in serum troponin levels above the 99th percentile of
the upper limit of normal, was associated with a more
severe course of COVID-19 and an increased risk of
death [48, 49].

The high prevalence of co-occurring acute
myocardial injury and clinically pronounced heart
failure in patients with severe COVID-19 strongly
supports the diagnosis of acute myocarditis, which
was initially confirmed by two series of autopsies
of patients with COVID-19 at the beginning of the
pandemic [50, 51]. However, as subsequent series of
autopsies were published, it became clear that these
studies represent only isolated cases. Of 277 autopsies
of COVID-19 deaths reported in 22 articles in the first
year of the pandemic, less than 8% showed histological
signs of myocarditis [52]. Moreover, only a small
part of the described cases would meet the Dallas or
Marburg criteria of the World Health Organization,
which makes acute lymphocytic myocarditis in
COVID-19 patients a rare disease (<1.4%) [53,
54]. In contrast to these signs of myocarditis,
other acute histopathological changes in the heart
including macro- and microvascular thrombosis,
damage to endothelial cells, focal necrosis, injury to
cardiomyocytes distributed across the heart muscle,
and infiltrates of immune cells without damage to
adjacent cardiomyocytes are much more common in
COVID-19 [55, 56].

Thus, an increase in the number of macrophage
infiltrates was observed in the interstitial myocardium
of deceased COVID-19 patients, which, according
to the Dallas criteria, does not correspond to the
diagnosis of myocarditis [53, 57]. Nevertheless, the
density of interstitial CD68+ macrophages in the
myocardium was significantly higher in those who
died from COVID-19 with myocarditis than in those
who died from COVID-19 without myocarditis. In
rare cases of lymphocytic myocarditis caused by
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COVID-19, the density of CD3+ T-cells and CD4+
T helper cells in the myocardium, but not CD8+
cytotoxic T-cells, was also increased compared with
those who died from COVID-19 without myocarditis
[58, 59]. It is assumed that infiltrating macrophages in
the myocardium of patients with COVID-19 probably
originate from circulating monocytes [60].

It is worth noting that myocarditis occurs 10-15
days after the onset of COVID-19 symptoms. The
degree of myocardial damage is mainly due to the
activity of viral replication, immune, and other
mechanisms. Acquired T-cell immunity plays a key
role in the development of this disease. Most scientists
believe that delayed myocardial inflammation may be
associated with at least two pathogenetic mechanisms.
Firstly, the “cytokine storm” contributes to the
occurrence of subclinical autoimmune myocarditis.
Secondly, myocardial damage and/or molecular
mimicry can cause autoimmune reaction [61].

During the first wave of the pandemic, a single-
center study using both hematoxylin and eosin
staining and immunohistochemical staining assessed
hearts of 69 COVID-19 patients regarding six acute
histopathological changes, which were observed in
97% of the deceased. Microthrombi were found in 70%
of the deceased, which makes them the most frequently
detected acute histopathology of the heart. Damage
to microvascular endothelial cells was observed in
36%, scattered necrosis of individual cardiomyocytes
in 36%, focal myocardial necrosis without any
adjacent inflammatory infiltrate in 20%, focal
inflammatory infiltrates without concomitant damage
to cardiomyocytes in 17%, and focal myocarditis
in only 4.6% of the deceased. SARS-CoV-2 virus
particles were detected in the cardiomyocytes of 62%
of the deceased [62].

The effects of COVID-19 on the heart can
largely be characterized as apoptosis of cells
(pericytes, endothelial cells, and cardiomyocytes),
severe disorders of the innate immune response,
and coagulopathy in the form of hypercoagulation.
Coronary microvascular pericytes are the most likely
primary target for SARS-CoV-2 infection, although
some experimental data confirm the primary infection
of cardiomyocytes. Infection of pericytes leads to
their dysfunction and death, which further leads
to a loss of functional support for endothelial cells.
It is believed that the death of endothelial cells and
cardiomyocytes is largely due to the inflammatory
reaction caused by SARS-CoV-2, which also activates
fibroblasts, which play an important role in immune-

mediated thrombosis in COVID-19. Dysregulation
of the kallikrein-kinin system, the complement
system, and the coagulation cascade all contribute
to the occurrence of cardiovascular complications in
COVID-19. Many details of the described pathological
mechanisms, including the sequence of events, are not
fully understood [55].

According to O. Dmytrenko et al., SARS-
CoV-2 affects the cardiovascular system through
direct infection of myocardial cells and systemic
inflammation. Infection of cardiomyocytes through
ACE?2 leads to disruption of the sarcomere structure,
decreased contractility, and release of cytokines and
chemokines, which can lead to the death of infected
cells. Replication contributes to the further spread
of the virus. Moreover, severe injury in COVID-19
causes a systemic inflammatory reaction that
promotes the attraction of immune cells and increases
prothrombotic activity [63].

CONCLUSION

In patients with COVID-19, researchers tend
to pay more attention to the study of damage to the
cardiovascular system, the most common manifesta-
tions of which include arrhythmias, myocardial
damage, and thromboembolic complications. The main
clinical symptoms include exercise intolerance, chest
pain, and fatigue. Recent studies conducted by several
groups of scientists have demonstrated the presence of
SARS-CoV-2 RNA and proteins in the myocardium
of patients with COVID-19. Cardiomyocytes and
pericytes of the heart were found to be the most
susceptible to infection, which promotes the release
of immune mediators, changes in basic cell functions,
and ultimately the death of infected cells. The noted
virus-mediated effect on MC activation is in the form
of increased degranulation, while increased release
of mediators also contributes its pathogenetic effects
to the mechanism of development of myocardial
damage. However, most of the literature data are still
contradictory.

It should be noted that different studies have
analyzed different pathologies, often focusing on
specific heart damage (for example, myocardial
necrosis, endothelial damage, or inflammatory
infiltration). In some studies, only conventional
hematoxylin and eosin staining was used, while others
used immunohistochemical staining. In addition,
there were no standardized methods and criteria.
Moreover, studies conducted using autopsy material
cover several waves of the COVID-19 pandemic, and
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different strains of SARS-CoV-2 can affect the heart

in

different ways.
Thus, it can be assumed that even systematic

reviews are limited by biased data selection and
presentation [57]. Further research is needed to
better understand the mechanisms of heart damage in
COVID-19.
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