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The coronavirus disease COVID-19 is a public health emergency caused by a novel coronavirus named severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2). SARS-CoV-2 infection uses the angiotensin-converting
enzyme 2 (ACE2) receptor, and typically spreads through the respiratory tract. Invading viruses can elicit an
exaggerated host immune response, frequently leading to a cytokine storm that may be fueling some COVID-19
death. This response contributes to multi-organ dysfunction. Accumulating data points to an increased cardio-
vascular disease morbidity, and mortality in COVID-19 patients. This brief review explores potential available

evidence regarding the association between COVID-19, and cardiovascular complications.

1. Introduction

Epidemic Corona Virus Disease 2019 (COVID-19) is gradually
spreading by human-to-human transmission. The pathogen has been
named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
[1,2]. In COVID-19, particular attention has been given to the role of
angiotensin-(Ang) converting enzyme 2 (ACE2), and the binding site for
SARS-CoV-2 cellular entry [3]. Besides severe lung involvement, inva-
sion of the virus into circulation elicits an exaggerated host immune
response, frequently leading to a cytokine storm that is associated with
in-hospital death [4]. At present, there are very few evidences sup-
porting cardiac involvement during SARS-Cov-2 infection, and they
arose mainly from observational studies. Accumulating data points to
the implication of the cardiovascular (CV) system on multiple levels
linking COVID-19 with increased morbidity, and mortality from car-
diovascular disease (CVD). In this review article, we explore SARS-CoV-
2 associated infection mechanisms with a special focus on CVD and
provide an overview of this topic.

2. Structural properties

Corona viruses are miniature in size (60-140 nm in diameter) and
contain a single positive-stranded ribonucleic acid (RNA), typically
ranging from 26 to 32kbs in length. The SARS-CoV-2 is a novel (-cor-
onavirus category that takes a round or elliptic pleomorphic form
(Fig. 1). Metagenomics analysis from next-generation sequencing con-
vincingly demonstrate this virus consists of six major open-reading
frames (ORFs) that are common to coronaviruses, and a number of
other accessory genes [5]. Further analysis indicates some of the ex-
pressed genes share less than 80% nucleotide sequence identity to
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earlier SARS-CoV [6]. The SARS-CoV-2 RNA genome contains 29,891
nucleotides, encoding for 9860 amino acids [6]. Although its probable
origins are not completely understood, genomic analyses suggest that it
probably evolved from a strain found in bats [7,8]. Similar to most
other coronaviruses, the outer membrane spike glycoprotein of SARS-
Cov-2, is the prime interacting protein with host cell target receptors
(such as ACE2, CD26, Ezrin, cyclophilins) which are important for cell
adhesion, and virulence [9]. Under an electron microscope, the SARS-
CoV-2 surface morphology possesses multiple polyproteins, nucleo-
proteins, and membrane proteins, such as spike glycoproteins S [10].
The latter involves homotrimers protruding far from the viral surface,
giving it a halo like appearance or corona as illustrated in Fig. 1.

3. Mechanisms of COVID-19 infection

COVID-19 patients presented with mild flu-like symptoms, and a
few patients rapidly develop acute respiratory distress syndrome, re-
spiratory failure, multiple organ failure, and even deaths (Table 1). In
the initial step of the infection, studies support a potential interaction
between SARS-CoV-2, and ACE2 receptor as a portal of infection
(Fig. 2) [9,11]. ACE2 is a type 1 transmembrane protein predominantly
expressed by epithelial cells of the lung [12]. When compared to other
viruses that cause SARS, there are some differences in the precise amino
acids belong to spike glycoprotein used to bind SARS-CoV-2 to that
ACE2 receptor. Distinctly, a larger sequence difference (~55% identity)
between SARS-CoV-2, and SARS-CoV was found in the S1 domain of the
spike glycoprotein S (aa01-aa550) [9]. This domain is recognized for
host cell target contact [9]. The receptor-binding domain (RBD) of
SARS-CoV-2, and SARS-CoV interacts with ACE2 receptor [9]. Interface
comparison between the RBD in SARS-CoV-2, and SARS-CoV indicates
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Fig. 1. Schematic structure of virion of COVID-2019, and its major structural proteins. ssRNA; single-stranded ribonucleic acid, ACE2; angiotensin-converting

enzyme 2, RBD; receptor binding domain.

Table 1

Most reported signs and symptoms of COVID-19. The severity of COVID-19 symptoms can range from very mild to severe. Some people may have only a few

symptoms, and some people may have no symptoms at all.

Level of severity COVID-19 symptoms

The most common first symptoms among those who died: Systemic disorders:

Fever, dry cough, and fatigue [58]. Sneezing, and myalgia.

Respiratory disorders:

Pneumonia, and breathing difficulties (dyspnoea)

Less common symptoms
and diarrhea.
Severe symptoms

Systemic disorders: Headache, haemoptysis, dyspnoea lymphopenia and sputum production, rash, nausea, vomiting

Difficulty breathing or shortness of breath

Persistent chest pain or pressure
Myocardial necrosis [59]
Edema, and necrosis can lead to contractile dysfunction, and clinical symptom [59]
Loss of speech or movement

that the most prominent alteration is the substitution of Val404 in the
SARS-CoV-RBD with Lys417 in the SARS-CoV-2-RBD [11]. The high
infectivity of the SARS-CoV-2 virus is in part related to new mutations
in the RBD, and acquisition of a furin cleavage site. The latter mutation
is inserted at the boundary of the S1/52 subunits of the spike S-protein
[13]. Moreover, the furin binding site can enhance the virus ability to
internalize into cells [12]. Initially, membrane bound ACE2 proteins are
cleaved by A Disintegrin And Metalloproteases 17 (ADAM17) that is
upregulated by endocytosed SARS-CoV-2 spike S proteins (Fig. 2).
Moreover, ACE2 contains an enzymatic domain located on the cell
surface where it converts Ang II (1-9) to Ang 1-7 [14]. At this phase
negative regulation of the renin-Ang system, with down regulation of
ACE2 by SARS-CoV-2 may magnify the cytokine storm, resulting in an
overwhelming inflammatory response (Fig. 2) [12]. In order to be ac-
tive, the ACE2 complex is assembled as a stable dimer of heterodimers
through interactions of the collectrin-like domain of ACE2 [11]. The
resultant homodimer is able to bind two SARS-CoV-2 S protein trimers
simultaneously. In this interaction, the cleavage of S protein into sub-
units, S1 and S2 facilitates target cell internalization following activa-
tion of the spike protein by transmembrane protease serine 2
(TMPRSS2) [12]. The S1 subunit of S protein contains the RBD which
allows coronaviruses to directly bind to the peptidase domain (PD) of

312

ACE2 [11]. S2 likely plays a role in membrane fusion where S1 domain
potentially interacts with the human CD26 that is involved in the T-cell
immune response [15]. It is speculated that increased expression of
ACE2 could potentially facilitate SARS-CoV-2 infection [16]. The SARS-
CoV-2 binding site shows that it has improved binding stability, and
potentially enhanced ACE2 receptor binding affinity [11]. Lastly,
structure-based rational affinity interaction to either ACE2 or the S
protein of SARS-CoV-2 provides invaluable insights into the molecular
basis for coronavirus recognition, and infection. These mechanisms may
uncover a potential target of novel neutralizing antibodies to suppress
infection by new viruses.

4. Implication of ACE2 activity in cardiovascular complications

SARS-CoV-2 infection and its possible implication to myocarditis is
still not well documented despite some case report [17]. Early data
indicated that 25% of hospitalized, and treated patients in Wuhan had
CVD [18]. Independent studies recognized a primary role of ACE2 in
COVID-19 infection [19]. Of interest, ACE2 is localized in cardiomyo-
cytes, cardiac fibroblasts, pericytes, vascular endothelium, and vascular
smooth cells [16,20]. Whether SARS-CoV-2 can directly proliferate in
the heart is unidentified. COVID-19 patients with pre-existing CVD,
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Fig. 2. The life cycle of SARS-CoV-2 in host cells, and cardiovascular complications of virus infection. 1) ACE2 binds to the viral S protein, which is cleaved into two
subunits, S1 and S2, by an extracellular protease. While S1 binds to ACE2, S2 is further cleaved, and activated by serine protease TMPRSS2. Together these actions
result in host-viral membrane fusion, and the release of the RNA genome into the host cell cytoplasm, 2) Translation of structural, and non-structural proteins as
follows: ORF1a, and ORF1ab proteins are translated to yield ppla, and pplab polyproteins. These are cleaved by proteases that are encoded by ORF1a to produce 16
non-structural proteins. The polyproteins (ppla, and pplab) are cleaved into 16 non-structural effector proteins by 3CLpro, and PLpro, 3) allowing them to form the
replication complex together with the RNA polymerase, which synthesizes a full-length negative RNA strand template, 4) This template is used to replicate the
complete RNA genome, and generate the individual sub-genomic mRNA needed for the translation of the viral structural, and accessory proteins, 5) The newly
synthesized structural, and accessory proteins are then trafficked from the ER through the Golgi apparatus, after which new virions assemble in bourgeoning Golgi
vesicles, 6) Finally, the mature SARS-CoV-2 virions are exocytosed, and released from the host cell. Also shown, schematic representation of the RAS-pathway in
which ACE/Ang-II, and ACE/Ang 1-7/Mas-axis. Surface ACE2 is further down-regulated, resulting in unopposed angiotensin II accumulation describing the reg-
ulatory role of ACE2-Ang 1-7 axis in the cardiovascular homeostasis. Local activation of the RAAS by SARS-CoV-2 spike may mediate lung injury, and responses to
viral insults such as CV complications. ACE enzyme inhibitors and angiotensin receptor blockers (ARBs) possibly rise the risk of severe COVID-19 outcomes. On the
right of the panel, local complications of virus infection on cardiovascular system is presented.

hypertension, and related conditions experience disproportionately
worse outcomes [21]. There are a very few pathological studies con-
ducted on the COVID-19 patients. One of the clinical features of pa-
tients infected with SARS-CoV-2 included abnormal features such as
acute cardiac injury (12%) [22]. Available clinical data revealed that
15% to 30% of the COVID-19 patients present with hypertension, and
2.5% to 15% with coronary heart disease [18,23]. Viral involvement of
cardiomyocytes, and the effect of systemic inflammation seem to be the
most common mechanisms responsible for cardiac injury [20] (Fig. 2).
Thus, suggesting that inflammation may be a potential mechanism for
myocardial injury. Various diseases including heart failure, hyperten-
sion, and diabetes are characterized by a relative ACE2-deficient state
[24]. Genetic data shows that ACE2 is an essential regulator of heart
function in vivo [25]. Activation of renin-Ang system, and the down-
regulation of ACE2 expression play a key role in several diseases in-
cluding CV pathologies (Fig. 2) [16]. Accordingly, ACE2 blockade de-
layed CV damage in diabetic patients [16,26]. Experimental evidence
suggested a beneficial role of ACE2 in CV function [14]. Genetic ma-
nipulation of ACE2 expression points to the possible significance of this
enzyme in cardiac function, and vulnerability to heart failure [14,19].
In the established heart failure, expression of ACE2 on the cell surface is
downregulated; however, there is an increase in circulating ACE2 le-
vels, and activity when compared to healthy individuals [14,27]. It is
assumed that shedding of the membrane-bound ACE2 may be re-
sponsible for the increased circulating endogenous ACE2 activity in
COVID-19 patients [3]. Circulating levels of soluble ACE2 are usually
low to nondetectable. Soluble ACE2 would therefore not sufficiently

313

sequester SARS-CoV-2 in the circulation to prevent viral dissemination
[19]. However, the extent to which soluble ACE2 would compete for
SARS-CoV-2 binding to reduce viremia infection and alleviate tissue
injury is unknown.

The occurrence of fulminant myocarditis, and cardiogenic shock
seems low in patients with COVID-19 [28,29]. Despite this, a predis-
position to acute cardiac complications related to underlying athero-
sclerotic CVD may significantly increase the severity of COVID-19 in
vulnerable individuals [29]. The exact mechanism of cardiac involve-
ment in COVID-19 is still under investigation. As presented above, one
potential mechanism directing myocardial involvement is mediated by
ACE2. Other mechanisms of COVID-19 morbidity related to cardiac
complications are discussed below.

5. Potential therapeutic approaches based on
renin-angiotensin-aldosterone system inhibition

Renin-angiotensin-aldosterone system (RAAS) inhibitors are pre-
dominantly including angiotensin-converting enzyme (ACE) inhibitors,
and angiotensin II-receptor blockers (ARBs) (Fig. 2). RAAS inhibitors
are often prescribed to treat patients with hypertension, or diabetes
who are infected with SARS-CoV-2 [30]. Data from experimental mouse
models, revealed that injection of SARS-CoV-1 induced acute lung in-
jury, which is limited by blocking the RA pathway [27]. Intravenous
recombinant human ACE2 (thACE2; APNO1, GSK2586881) was given
to healthy subjects in a randomized clinical trial phase 2 (Clinical-
Trials.gov number NCT01597635) safely reduced angiotensin II levels,
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is evaluated in humans with acute respiratory distress syndrome. In this
trial, the observed restoration of ACE2 through the administration of
(GSK2586881), appeared to attenuate acute lung injury [31]. However,
this study was not adequately powered to determine changes in acute
physiology or clinical outcomes [32]. Furthermore, in COVID-19 as
with SARS-CoV, higher ACE2 expression might lead to a higher risk of
SARS-CoV-2 infection [3,33]. Therefore, targeted disruption of ACE2 in
mice caused the development of abnormal heart function [25]. Yet,
increasing the expression of ACE2 may prevent, and reverse heart
failure. Consequently, a therapeutic approach that will amplify the
ACE2-Ang (1-7) axis could provide further protection against the pro-
gression of CVD [34]. Basing on these data, some authors have pro-
posed an association between the use of RAAS inhibitors and COVID-
19. Nevertheless, this association has been rejected due to the lack of
evidence on the efficacy of this approach in reducing adverse outcomes
in Covid-19 patients [35,36]. Even if RAAS inhibitors modify ACE2
levels or activity (or both) in target tissue, there are not enough clinical
reports to indicate whether this would in turn facilitate greater entry of
SARS-CoV-2 proteins. Further mechanistic studies are required to better
define the unique interplay between SARS-CoV-2 and the RAAS net-
work [37].

6. COVID-19 pathogenesis in relation to the cardiovascular system

SARS-CoV-2 seems to damage the heart's muscle tissue and can
cause myocarditis [38]. Accordingly, after SARS-CoV-2 infection var-
ious cases of severe myocarditis with reduced systolic function have
been reported [17]. Although the mechanisms of myocardial involve-
ment in COVID-19 are still under investigation, they probably include
direct viral infection, hypoxia-induced apoptosis, and cytokine storm-
related cell damage in the body [4]. Excessive inflammation (IL6,
TNFa, and IL-1) can further modulate the function of several cardio-
myocyte ion channels, specifically K + and Ca+ + channels, leading to
inflammatory cardiac channelopathies [39]. Excessive intracellular
calcium promotes cardiomyocyte apoptosis [40]. Moreover, myocardial
injury might represent a main driver of enhanced arrhythmic risk in
these patients [41]. With the constantly evolving recognition of the
interplay between COVID-19 and the CV system, available clinical data
have shown that between 8 and 28% of patients with COVID-19 in-
fections will manifest acute cardiac injury. This condition is assessed by
increase in cardiac biomarkers release such as elevated troponin I
(TnT), N-terminal pro-brain natriuretic peptide (NT-proBNP) or B-type
natriuretic peptide (BNP) (Table 2) [22,42,43]. Evidence of myocardial
injury was recommended on the basis that TnT elevation in patients
with COVID-19 is significantly associated with fatal outcomes [44].
Numerous mechanisms may elucidate this phenomenon mostly viral
myocarditis, cytokine-driven myocardial injury, and microangiopathy
(Table 2). Yet, none of these mechanisms have been recognised to be
the key driver of troponin rise and/or myocardial injury. Moreover,

Table 2
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given the presence of abundant distribution of ACE2 in cardiomyocytes
[20], some have suggested that myocarditis might elucidate rise of TnT
in some cases, mainly as acute left ventricular failure in some cases
[44,45]. Notably, a rise of cardiac TnT should not be considered evi-
dence for an acute MI [46]. This should be based on clinical assessment,
and ECG, where cardiac troponin elevations of cardiac TnT can inform
the diagnosis of a number of cardiac conditions related to COVID-19
[45].

Elevated TnT is likely to be multifactorial, and less likely to be at-
tributable to atherothrombotic coronary occlusion [46]. Indeed, 16% of
patients with underlying CVD but with normal TnT levels had a rela-
tively favorable outcome [42]. Available data on the role of cardiac
biomarkers, supported the role of assessing TnT and natriuretic pep-
tides (NT-proBNP and BNP) for cardiac risk stratification and prog-
nostication of patients with severe COVID-19 [47], Based on the evi-
dence of myocardial injury and the presence of CV complications, this
might improve CV care among COVID-19 patients, as well as decrease
the risk of infection, but there could be some limitations [48]. Never-
theless, additional novel biomarkers are needed for CV disease diag-
nosis, risk stratification, and management in COVID-19

7. Inflammation and CV complications in COVID-19

Rise in inflammation in the myocardium can result in CV compli-
cations, such as myocarditis, heart failure, cardiac arrhythmias, and
acute coronary syndrome (ACS) (Fig. 2) [17]. However, elevated high
sensitivity TnT with other inflammatory vascular biomarkers (d-dimer,
ferritin, IL-6, and lactate dehydrogenase) may rise the possibility that
these changes are specific effects of the virus, reflects a cytokine storm,
or is merely an isolated myocardial injury (Table 2). As an example of
this statement, one case reported a man presenting with chest pain, and
ST-segment elevation without coronary obstruction as well as elevated
cardiac biomarkers (TnT serum levels > 10 ng/mLl, NT-
proBNP > 21,000 pg/mL) [40]. Another study found IL-6 over 4.3 pg/
mL, and d-dimer (a fibrin degradation product) over 0.28 pg/L, and
had a possible predictive value for the severity of SARS-COV-2 infection
[49]. The finding of increased d-dimer levels in patients with severe
COVID-19 has prompted questions regarding the existence of dis-
seminated intravascular coagulation which may predispose patients to
thrombosis risk [4]. These abnormalities may then lead to ACS [50].
Patients with COVID-19 are also at an increased risk of venous
thromboembolic event (Fig. 2). The most consistent hemostatic ab-
normalities with COVID-19 include mild thrombocytopenia, and in-
creased d-dimer levels [51]. Thus, demonstrating a promise to hold
prognostic value of d-dimers in COVID-19 patients [52]. However, the
reason behind elevated d-dimer levels whether is thrombosis/hy-
percoagulability or proinflammatory response remains unclear until
now.

More recently, inflammatory response, hypoxic abnormalities, and

Biomarkers for the detection and diagnosis of myocardial injury in patients with COVID-19.

Potential mechanism of myocardial injury in COVID-19

Biomarkers of diagnosis

Acute coronary syndrome; Myocardial infarction condition

Trajectory of TnT concentration, and ECG changes (defined as ST segment elevation/ST-T0); coronary angiography

Haemodynamic stress, quantified by BNP, and NT-proBNP concentrations
Raised serum CK-MB levels are correlated with injury size, but are predictors of poor prognosis in COVID-19 patient

[52]
Heart failure [43]
Cytokine storm: myocardial dysfunction

Elevated d-dimer, TnT, LDH, and IL plasma levels
Inflammatory, and cardiac biomarker testing (often need to exclude coexisting cardiac diagnoses)

TnT, NT-pro BNP tests (for the analysis of potential myocardial injury, myocarditis, and cardiac dysfunction).

Myocarditis

Triple elevation in cardiac TnT (over 0.12 ng/mL) plus abnormalities on echocardiography, and/or ECG [60].

Cardiac MRI for tissue characterisation (Lake Louise criteria); endomyocardial biopsy in selected cases [61]

Stress cardiomyopathy

Cardiac imaging patterns; diagnosis of exclusion (typically after excluding coronary artery disease)

POCUS: assessment of the left ventricle in a case of cardiomyopathy [62].

TnT, troponin; ECG, electrocardiogram; BNP, B-type natriuretic peptide; NT-proBNP, N-terminal B type natriuretic peptide; CK-MB, creatine Kinase-MB; COVID-19,
corona virus disease 2019; LDH, lactate dehydrogenase; IL, interleukin; MRI, magnetic resonance imaging; Point-of-care ultrasound, POCUS.
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electrolytic disturbance are found to be one of the physiologic sequelae
of COVID-19 leading to arrhythmic risk. Notably, heart palpitation was
reported as one of the most common initial symptoms in 137 patients
presenting with COVID-19 (7.3%) [41]. In addition, the elevation of
serum Ang exhibits a direct correlation to the viral load, and lung injury
[53]. At this point, plasma levels of angiotensin II may offer a novel
method of predicting disease severity [52]. Indeed, activation of
ADAM-17 by Ang II, and SARS-CoV-2 binding leads to a loss of mem-
brane-bound ACE2, and its release into the circulation (Fig. 2). How-
ever, intracellular ACE levels are not depleted [54]. These conditions
limit the effects of Ang II diverse in tissues, culminating in CV, renal,
and lung diseases. Higher plasma ACE2 levels were associated with a
history of atrial fibrillation, and coronary artery bypass graft, and ele-
vated heart rate specially in man [14]. Moreover, reduced ACE2 levels
in plasma was associated with higher left ventricular ejection fraction,
and systolic blood pressure [55].

In summary, there is a mounting evidence implicating an excessive
cytokine storm with the pathophysiology of severe COVID-19, where
systemic inflammation potentiates/complicates the coexisting CVD in
these patients [56]. Such complications included hypertension, heart
failure, myocardial injury, and atherosclerosis [57]. In these patients,
the pathogenic mechanism that produces CV complications seem to be
remarkably complex.

8. Conclusion

Significance of the SARS-CoV-2 infection in the CV system is re-
flected through incidences of acute myocardial injury, arrhythmias,
ACS, sepsis, septic shock, viral myocarditis, and heart failure.
Myocardial injury underscore significant association with fatal out-
comes, whereas the prognosis of patients with underlying CVD but
without myocardial injury seems quite favorable. We speculate that
while COVID-19 disease begins with respiratory condition, it hastily
involves the CV system through an imbalance of the renin-Ang system
mediated by ACE2 depletion. This mechanism possibly complicates the
clinical course through the inflammatory response, endothelial dys-
function, and microvascular damage where inflammation may be as-
sociated with myocardial injury. However, additional study of these
mechanisms is clearly needed and may influence the search for ways to
prevent myocardial complications. More evidence from laboratories,
and clinical research is needed to learn more about the impact of
COVID-19 on the CV system.
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