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Check for
Updates.

The clinical manifestations of COVID-
19 are mainly respiratory symptoms, but
some patients present with cardiovascu-
lar system damage such as palpitations
and shortness of breath as the first or
secondary symptoms. In addition, some
people with basic cardiovascular disease
(CVD) may have an increased risk of
death. Therefore, it is important to un-
derstand the potential mechanisms of
SARS-CoV-2 damage to the cardiovascu-
lar system in order to provide timely and
effective treatment and reduce mortality
in these patients.

Virological characteristics of
SARS-CoV-2

Vertebral coronaviruses are widespread
in humans and several other animals,
causing a variety of acute and chronic
diseases. According to the serotype and
genome characteristics, the coronavirus
subfamily is divided into four genera: a,
B, v, and 6 [1]. The crown-like appear-
ance of this virus under the electron mi-
croscope lent it the name “coronavirus’.
Among the seven coronavirus subtypes
that can infect humans, the a genus
coronavirus has low pathogenicity, with
asymptomatic or self-limiting upper res-
piratory tract infection symptoms after
infection, and the P genus coronavirus
causes lower respiratory tract diseases
such as pneumonia or bronchitis. Pa-
tients with cardiopulmonary disease,
immunocompromised individuals, in-
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Effects of SARS-CoV-2 and its
functional receptor ACE2 on the
cardiovascular system

fants, and older people may experience
serious illness and death [2]. SARS-
CoV-2 is a linear single-stranded RNA
enveloped virus belonging to the f-CoV
category, closely related to SARS-CoV
virus, and has the ability of rapid mu-
tation and recombination [3]. The virus
particle is enveloped in a fatty mem-
brane, and the spike protein is on the
surface of the envelope, which, as one of
the major antigenic proteins of the virus,
can bind to the angiotensin-converting
enzyme 2 (ACE2) receptor between the
envelope and the host cell membrane to
help the virus enter the host cell [4].

ACE2, a functional receptor of
SARS-CoV-2

Angiotensin-converting enzyme 2 is
a membrane-bound aminopeptidase
that is highly expressed in alveolar cells
and plays an important role in the car-
diovascular and immune systems. It is
involved in the development of heart
function, hypertension, and diabetes. In
addition, ACE2 has been identified as
a functional receptor for coronaviruses
(including SARS-CoV and SARS-CoV-2;
[5]). SARS-CoV-2 infection is caused
by the viral membrane protein binding
to the ACE2 receptor on the surface
of the host cell and fusing with the
host cell membrane, entering the cell
through receptor-mediated endocytosis
in a manner similar to that of human
immunodeficiency virus (HIV; [6]). It
causes endocytosis of the ligand/receptor
complex, induces fusion of the virus and

the host cell, and subsequently, ACE2 is
degraded within the cell.

Since the outbreak of SARS-CoV in
2002, extensive structural analysis from
the atomic level has revealed that ACE2
can regulate the transmission of SARS-
CoV across species and between people
[7]. Surface plasmon resonance tech-
nology confirmed that the binding force
between membrane protein and ACE2
of SARS-CoV-2 was 10-20 times higher
than that of SARS-CoV, suggesting that
SARS-CoV-2 was more infectious than
SARS-CoV at the geneticlevel [8]. Thisis
also the reason for the spread of SARS-
CoV-2 worldwide, and consistent with
epidemiological results, people of all ages
may be infected. ACE2 is highly ex-
pressed in the heart and lungs, and SARS-
CoV-2 mainly invades alveolar epithelial
cells, leading to respiratory symptoms.
These symptoms are more severe in pa-
tients with CVD, which may be related
to increased ACE2 secretion in these pa-
tients compared with healthy individuals.
Because ACE2 has a lung protective ef-
fect, when healthy people are infected
with SARS-CoV-2, membrane proteins
bind to ACE2 of the alveolar epithelial
cells allowing the virus to disrupt the
ACE2 lung protection pathway, result-
ing in viral pathogenesis [9].

The renin-angiotensin system (RAS)
is a key factor that controls the cardio-
vascular system and the balance of water
and electrolytes, affecting the body’s
organs and functions [10]. Both ACE2
and ACE have a balance effect on the
RAS in the steady-state control of the
cardiovascular and renal systems and in
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regulating the volume of extracellular
fluid. There are two main pathways:
one is the classic RAS pathway, which
is the ACE/AngII/ATIR pathway, and
the second axis is ACE2/angl-7/Mas
and ACE2/angl-9/AT2R, which bal-
ance each other. ACE2 activity leads to
AnglI/AT1R axis activation, and plays an
important role in promoting the devel-
opment of CVD. This strongly suggests
that ACE2 is an important regulator of
cardiac function in vivo [11, 12]. SARS-
CoV-2 uses ACE2 as a functional re-
ceptor to enter human cells. Therefore,
ACE2-related pathways may play a role
in COVID-19 cardiovascular damage.

Effect and mechanism of SARS-
CoV2 on cardiovascular system

In addition to typical respiratory man-
ifestations, a proportion of COVID-
19 patients have clinical manifestations
of cardiac involvement. Among the
confirmed cases of SARS-CoV-2 infec-
tion reported by the National Health
Commission of China (NHC), some
patients were treated first for cardiovas-
cular symptoms. Among those who died
of COVID-19, 11.8% of patients without
basic CVD had significant heart damage,
increased cardiac troponin I levels, or
cardiac arrest during hospitalization, and
the percentage of deaths from COVID-
19 infection with hypertension, diabetes,
and coronary heart disease was much
higher than other populations [13].

Acute myocardial injury due to
SARS-CoV-2 infection

Previous studies in other coronavirus
genera (MERS-CoV) confirmed the signs
of acute myocarditis by cardiac magnetic
resonance imaging [14]. Studies have
confirmed that in 35% (7/20) of autopsy
heart samples from patients who died
of SARS crisis during the SARS out-
breaks, RNA of the SARS-CoV virus
was detected [15] In pathological exam-
inations of SARS patients, it was found
that the heart showed cardiomyocyte de-
generation and atrophy. Nucleic acid in
situ hybridization showed coronavirus-
positive cardiomyocytes in the cardiac
conduction system. In autopsy studies
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Abstract

The clinical manifestations of COVID-19 are
mainly respiratory symptoms, but some
patients present with cardiovascular system
disease such as palpitations and shortness of
breath as the first or secondary symptoms.
In this paper, we describe the characteristics
of SARS-CoV-2 and its functional receptor
angiotensin-converting enzyme 2 (ACE2).
Furthermore, we explore the impact of virus-
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induced myocardial damage, decreased ACE2
activity, immune imbalance, hypoxemia, and
heart damage caused by antiviral drugs.
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auf das Herz-Kreislauf-System

Zusammenfassung

Das klinische Bild einer Infektion mit COVID-
19 zeigt sich hauptsachlich in Atemwegssym-
ptomen, einige Patienten weisen jedoch eine
Beteiligung des kardiovaskularen Systems
auf — mit Palpitationen und Kurzatmigkeit
als Erstsymptomen oder als sekundar auf-
tretenden Symptomen. In der vorliegenden
Arbeit werden die Charakteristika von SARS-
CoV-2 und seinem funktionalen Rezeptor
Angiotensin-Converting-Enzym 2 (ACE2)
dargestellt. Dariiber hinaus wird der Einfluss

Effekte von SARS-CoV-2 und seinem funktionalen Rezeptor ACE2

von virusinduzierten Myokardldsionen,
erniedrigter ACE2-Aktivitat, eines Ungleich-
gewichts im Immunsystem, von Hypoxdmie
und einer durch antivirale Medikamente
verursachten Herzinsuffizienz untersucht.

Schliisselworter
SARS-CoV-2 - Herz-Kreislauf-System - Angio-
tensin-Converting-Enzym 2 - Mechanismen -
Ubersichtsarbeit

of SARS deaths, virus-like particles were
found in the cytoplasm of myocardial
cells. A small number of myocardial
cells were degenerated and atrophied,
suggesting that the virus causes direct
damage to the myocardium [16]. Ho-
mology modeling showed that SARS-
CoV-2 and SARS-CoV have similar re-
ceptor binding domain structures, the
main proteases are highly conserved,
and the overall identity is 96%, but
the pathogenicity and spread of SARS-
CoV-2 are higher than those of SARS-
CoV [17]. Therefore, the myocardial
damage caused by SARS-CoV-2 infec-
tion undoubtedly increases the difficulty
and complexity of treatment for patients.

Activity of ACE2 is decreased by
SARS CoV-2 infection

The mechanism of acute myocardial
injury caused by SARS-CoV-2 infection

may be related to ACE2. ACE2 is widely
expressed in the pulmonary and cardio-
vascular systems, and thus ACE2-related
signaling pathways may also play a role
in heart injury. The expression of ACE2
was significantly reduced in mice with
pulmonary infection of human SARS-
CoV, resulting in ACE2-dependent my-
ocardial infection and confirming that
ACE2 plays a key role in mediating
SARS-CoV infection in the heart [18].
ACE2 has been identified as an impor-
tant RAS regulator that alleviates AnglI-
and ATR-mediated deleterious effects.
With the increase or decrease of ACE2,
the content of Ang(1-7) and Ang(1-9),
which have a protective effect on the
cardiovascular system, will also change,
the balance state between the ACE/
AnglI/ATIR axis and the ACE2/Angl-
7/Mas and ACE2/Angl-9/AT2R axis is
broken, and the AngII/AT1R axis is acti-
vated accordingly [19, 20]. Plasma AngII
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levels in COVID-19 patients are clearly
higher than those of healthy individuals,
and is closely related to the viral load
and the degree of lung injury [21]; ACE
and AngllI are poor prognostic factors of
severe pneumonia. The results of animal
experiments show that RAS inhibitor
can effectively relieve the symptoms of
acute severe pneumonia and respiratory
failure. Novel coronavirus binding with
ACE2 leads to a sharp decrease in ACE2,
inhibition of the ACE2/Ang (1-7)/Mas
receptor pathway, and an imbalance of
the RAS system, which may induce acute
myocardial injury, acute coronary syn-
drome, arrhythmia, heart failure, etc.,
leading to an increased case fatality rate
in COVID-19 patients [22].

Immune imbalance and cytokine
storm

Cytokine storms themselves have been
found to be a major cause of morbidity
and mortality from influenza viruses and
other acute and severe respiratory infec-
tions, rather than being a concomitant
phenomenon [23]. The SARS-CoV virus
was detected in autopsy heart samples
from patients who died of SARS infec-
tion, and macrophage-specific staining
showed a significant increase in cardiac
macrophage infiltration and evidence of
myocardial injury [18]. Wong et al. pro-
posed that the mechanisms of myocar-
dial injury in patients diagnosed with
SARS include cytokine storms triggered
by an unbalanced response of type 1 and
type 2 helper T cells [24]. On the basis of
clinical data, it was found that in 41 pa-
tients with laboratory-confirmed SARS-
CoV-2 infection, plasma interleukin IL-
1B, IL-1RA, IL-7, IL-8, IL-9, IL-10, FGE
G-CSE, GM-CSE, IFN-y, IP-10, MCP-
1, MIP-1A, MIP-1B, PDGE, TNF-a, and
VEGEF are higher than normal. More-
over, serum cytokine concentrations of
patients requiring admission to the in-
tensive care unit are higher than those
of patients on general wards, indicating
that the degree of immune imbalance is
related to the severity of the disease [25].

The autopsy of the first patient who
died of severe SARS-CoV-2 infection
showed that the overactivation of T cells
led to severe immune injury, and there

was a small amount of inflammatory
infiltration of monocytes in the myocar-
dial interstitium [26]. Initially, SARS-
CoV-2 mainly infects the lower respira-
tory tract and binds to ACE2 on alveolar
epithelial cells and on the heart. SARS-
CoV-2 virus is a powerful inducer of
inflammatory cytokines [27]. There-
fore, the immune imbalance caused by
SARS-CoV2 infection and the cytokine
storm may be one of the mechanisms of
myocardial injury. Due to the systemic
inflammatory response and immune
system diseases during disease progres-
sion, the incidence of cardiovascular
symptoms is higher.

Hypoxemia, imbalance of
acid-base balance, and electrolyte
disorder

The main clinical manifestation of
COVID-19 is acute respiratory dis-
ease, which may cause acute respiratory
distress syndrome (ARDS), presenting as
ground-glass shadow and hypoxemia on
chest imaging [28]. Chronic and severe
intermittent hypoxia can lead to persis-
tent and maladaptive chemical-mediated
activation of the sympathetic nervous
system [29], and also lead to persistent
hypertension [29], RAS activation [30],
increased oxidative stress [31], systemic
inflammation, activation of NF-B-medi-
ated inflammatory pathways [32], and an
increase in the inflammatory cytokines
TNF-a and IL-6 as well as increased
expression of C-reactive protein (CRP;
[33]). Inflammation may cause endothe-
lial dysfunction and injury and promote
the formation of atherosclerosis [34].
Anoxia can also lead to inactivation of
nitric oxide, acidosis, electrolyte dis-
turbance, and the generation of oxygen
free radicals, which all aggravate my-
ocardial injury and combine to cause
further damage to the cardiovascular
system [35]. Half of the patients with
COVID-19 infection developed dyspnea
after a week, and in severe cases, they
developed ARDS, septic shock, refrac-
tory metabolic acidosis, and coagulation
dysfunction [28].

Heart damage caused by antiviral
drugs

Antiviral drugs are the most important
drugs for the treatment of COVID-
19. However, many antiviral drugs can
cause cardiac dysfunction, arrhythmias,
or other CVD. Lopinavir and ritonavir
are recommended as first-line antiviral
drugs in the “National protocol for the
diagnosis and treatment of COVID-
19”. These two drugs inhibit the repli-
cation of SARS-CoV-2 virus RNA, may
lead to prolonged QT and PR intervals,
and may accelerate the progression of
coronary heart disease [36]. When com-
bined with anticoagulant drugs such as
ribavirin and warfarin, the dose-effect
of warfarin was clinically significantly
reduced leading to a risk of bleeding
[37]. Remdesivir has been approved by
the FDA for emergency use in patients
with suspected or laboratory-confirmed
COVID-19 [38]. A previous evaluation
of the drug during the Ebola outbreak
found that one patient (out of a total
of 175) experienced hypotension and
subsequent cardiac arrest after receiving
the loaded dose [39]. As an antimalar-
ial drug, chloroquine has been proved
to inhibit the activity of SARS-CoV-2
in vitro and has been widely used in
clinical practice. However, chloroquine
can cause cardiac arrhythmia, and the
most serious adverse reaction of chloro-
quine phosphate is cardiac arrest [40].
Abidor is a non-nucleoside broad-spec-
trum antiviral drug, which has an anti-
SARS coronavirus effect in vitro but
has potential side effects on the heart.
Some healthy subjects developed brady-
cardia 3h after taking the drug [41].
Methylprednisolone, a steroid currently
used to treat severe cases of COVID-
19 with ARDS, is known to cause fluid
retention, electrolyte disturbances, and
hypertension [42]. Therefore, the risk
of cardiotoxicity must be closely moni-
tored during the treatment of COVID-
19, especially with antiviral drugs.

Conclusion

Novel coronavirus (2019-nCoV) mainly
affects alveolar epithelial cells through
the angiotensin-converting enzyme 2
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(ACE2) receptor and causes pulmonary
inflammation resulting in respiratory
symptoms. However, novel coronavirus
also invades the myocardium directly
through ACE2 and causes a series of
pathophysiological changes. Therefore,
patients with pre-existing cardiovascular
diseases should be given high priority
in clinical practice to avoid the devel-
opment of severe or critical coronavirus
disease.
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