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ARTICLE INFO ABSTRACT
Article history: As far as comorbidity is concerned, cardiovascular diseases (CVD) appear to be accounted for the high-
Received 1 December 2020 est prevalence, severity, and fatality among COVID 19 patients. A wide array of causal links connecting
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CVD and COVID-19 baffle the overall prognosis as well as the efficacy of the given therapeutic interven-
Accepted 29 September 2021

tions. At the centre of this puzzle lies ACE2 that works as a receptor for the SARS-CoV-2, and functional
expression of which is also needed to minimize vasoconstriction otherwise would lead to high blood
pressure. Furthermore, SARS-CoV-2 infection seems to reduce the functional expression of ACE2. Given
CVD and COVID 19 Comorbidity .these circumstances, it might b.e advisable to consider a treatmgnt plan for COVID-1.9 patignts w.ith CVD
High blood pressure in an approach that would neither aggravate the vasodeleterious arm of the renin-angiotensinogen-
Vasoconstriction aldosterone system (RAAS) nor compromise the vasoprotective arm of RAAS but is effective to minimize
SARS-CoV-2 or if possible, inhibit the viral replication. Given the immune modulatory role of Zn in both CVD and
COVID-19 pathogenesis, zinc supplement to the selective treatment plan for CVD and COVID-19 comor-
bid conditions, to be decided by the clinicians depending on the cardiovascular conditions of the patients,
might greatly improve the therapeutic outcome. Notably, ACE2 is a zinc metalloenzyme and zinc is also

known to inhibit viral replication.
© 2021 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
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Introduction

The 2019 Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) responsible for novel coronavirus disease 2019
(COVID -19) has been declared as a pandemic on Mar 11, 2020,
by World Health Organization (WHO) and driven the global health
care system at bay. While the COVID-19 case fatality rate in chil-
dren is nil and very low in adults up to 50 years, it is more than 20%
for patients aged 80 years or more, and this was well evidenced in
Europe [1].

As far as comorbidity is concerned, cardiovascular diseases
(CVD) appear to be accounted for the highest prevalence, sever-
ity, and fatality among COVID 19 patients. Within the spectrum of
CVD, its coexistence has been reported highest for hypertension
(35-57%), followed by coronary artery disease (10-17%), and con-
gestive heart failure (6-7%) [2,3]. Based on other reports, 30-35% of
COVID-19related deaths have underlying CVD, while the comorbid
patients with CVD have an increased risk of severe manifesta-
tions of COVID-19 [4-7]. However, using retrospective analyses of
50 COVID-19 patients (mean age 64.80 &+ 14.51 years) who were
admitted to ICU, Aladag and Atabey demonstrated that pre-existing
CVDis not a significant contributor in mortality with severe COVID-
19[8].

Nevertheless, cardiac injury has been reported in patients with
COVID-19 having no history of cardiovascular issues [7]. National
Health Commission of China reported that around 11.8% of patients
died due to COVID-19-mediated onset of heart dysfunction during
the course of illness [9]. Brit Long et al. evaluated 45 recent reports
regarding COVID-19 and heart complications and confirmed the
fatal outcome of COVID-19 on heart disablement even in patients
with no pre-existing CVD record [ 7]. Notably, a SARS-CoV-2 positive
16-year-old boy developed acute myocarditis without showing any
sign of COVID-19, except fever [10].

All these pieces of evidence prompted the establishment of the
causal link of fatal co-morbidity of CVD and COVID-19, which might
have caused the baffling overall prognosis of COVID-19 patients
with or without CVD. Given this perplexing situation, it isimportant
to analyse two basic assumptions whether: (1) the CVD pathologies
favour SARS-CoV-2 and vice versa, and (2) the therapies meant for
CVD are counterproductive to the treatment for COVID-19 and vice
versa. Currently, the molecular evidence might indicate supporting
both assumptions — hence clinicians and scientists are facing chal-
lenges to offer an effective treatment plan for comorbid patients
with CVD and COVID-19.

However, the current knowledge on the CVD pathologies and
pathogenesis of SARS-CoV-2 might shed a light on how Zinc (Zn)
supplements might offer clinical benefits to this struggle.

Outline of the narrative review

To explain the potential benefits of the Zn supplement, the cur-
rent review will first demonstrate that angiotensinogen converting
enzyme 2 (ACE2) forms the central pathogenic link between CVD
and COVID-19. This will then suggest a selective treatment plan
to minimize the risk of cardiovascular pathology with COVID-19
comorbidity. The review will finally highlight possible beneficial
role of Zn to inhibit SARS-CoV-2 replication as well as its role in the
functional expression of ACE2- the receptor of SARS-CoV-2. Scien-
tific rationale of the arguments established in the current review
is based on the published papers that have described pathogene-
sis of CVD and COVID-19 as well as how these two diseases were
reported during the ongoing pandemic.
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Fig. 1. COVID-19 is tied to create imbalance between vasoprotective and vasodele-
terious arms of RAAS towards high blood pressure. ACE hydrolyzes inactive
decapeptide ANG I to the octapeptide ANG II. ANG II binds to either ANG Il receptor
1a (ANG 1aR) leading to tissue damage and lung edema, or to ANG II receptor 2
(ANG 2R) reducing tissue damage. Binding to ANG 1aR, ANG II causes vasoconstric-
tion that results in hypertension. ACE2 on the other hand, can lower blood pressure
by catalysing the hydrolysis of ANG Il into a vasodilator ANG (1-7) thus counters the
activity of the ACE by reducing the amount of ANG Il and increasing ANG (1-7). While
SARS-CoV-2 enters pulmonary cells by binding to ACE2, therefore, in case of SARS-
CoV-2 infection, the therapeutic advantage to inhibit functional expression of ACE2
would favour vasodeleterious arm of the RAAS. On the other hand, therapeutic inter-
ventions to treat hypertensive patients should favour the vasoprotective arm i.e.,
towards the functional expression of ACE2. Hence, any individual with both SARS-
CoV and hypertension would face a challenge to prioritize the treatment options.
[— = stimulation/activation; —e = inhibition/reduction].

Pathology of CVD and angiotensinogen converting enzyme

Cardiovascular diseases are a group of disorders of the heart and
blood vessels resulting in heart attacks or strokes mainly caused by
a blockage that prevents blood from flowing to the heart or brain.
The cause of heart attacks and strokes is usually the presence of
combined risk factors, including hypertension or high (elevated)
blood pressure, diabetes, and hyperlipidaemia.

Physiological control of blood pressure is primarily a hormone-
mediated system that maintains an equilibrium of fluid and
electrolytes. The system starts with renin that carries out the con-
version of angiotensinogen (ANGen) to angiotensin I (ANG I) [11].
Angiotensinogen converting enzyme (ACE) then hydrolyzes inac-
tive decapeptide ANG I to the octapeptide ANG II by removing
His-Leu residues from the C-terminal end [12]. The binding of
ANG II to the type 1 ANG II receptor (ANG 1aR) results in vaso-
constriction and therefore increased blood pressure. This cascade
of events often is referred to as the vasodeleterious arm of RAAS
(renin-angiotensinogen-aldosterone system) (Fig. 1). Angiotensin-
converting enzyme 2 (ACE2) on the other hand, can lower blood
pressure by catalyzing the hydrolysis of ANG II into vasodilator
angiotensin (1-7). Thus, the activity of the ACE is balanced by
reducing the amount of ANG-II and increasing ANG (1-7) which
subsequently binds to Mas receptor (MAS R) causing vasodilation
[13]. This cascade of events is referred to as the vasoprotective arm
of RAAS (Fig. 1).

All these molecules are constitutively expressed in various
tissues including the heart and lungs. Hence, a balance in the func-
tional expression of those molecules ensures an optimum blood
pressure (Fig. 1).

Pathology of SARS-CoV-2 infection starts with ACE-2

Using spike glycoproteins (S glycoproteins), SARS-CoV-2 par-
ticularly binds to ACE2 expressed in various organs of the body
including lung alveolar and alveolar monocytes and macrophages
[14-16]. It triggers imbalanced T cell activation against the virus
hence a massive inflammatory cascade termed ‘cytokine storm’ is
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ensued eventually [17]. This spurring immune response along with
the viral multiplication leads to pulmonary cell destruction[18,19].
Consequently, the blood oxygen level drops, making the heart work
harder and faster to pump blood throughout the body.

SARS-CoV-2 binding to ACE2 receptors triggers conformational
changes in the S-glycoprotein. The virus is then endocytosed into
the cytoplasm. Endosomal pH favours the host protease to cleave
the S-glycoprotein resulting in the fusion of the viral envelope.
Subsequently, the positive-strand viral genomic RNA is released
into the cell cytoplasm. SARS-CoV-2 replication starts with RNA-
dependent RNA polymerase (RdRp) which is integrated into a
membrane-associated viral enzyme complex to allow the synthe-
sis of negative-strand RNA. The negative RNA strand is used as a
template for the synthesis of viral mRNA [20,21].

ACE2: the epicentre of CVD and COVID-19 pathogenesis

ACE2 is mostly bound to cell membranes of various organs
of the body including the heart, blood vessels, gut, lung, kidney,
testis, brain while only scarcely present in the circulation in a
soluble form, as well as in alveolar monocytes and macrophages
[14-16,22]. The ACE2 receptor, a transmembrane type I glycopro-
tein, was initially discovered by two independent groups in the
year 2000 and has a 40% structural identity to ACE [23,24]. This
monocarboxypeptidase has 805 amino acids with one extracellu-
lar catalytic domain that catalyses the removal of one amino acid
from the C-terminal end of ANG II and converts it to ANG (1-7).

While ACE2 serves as the receptor for SARS-CoV-2 binding and
subsequently entering host cells [15], in vivo studies revealed that
lung ACE2 expression is markedly decreased upon SARS-CoV infec-
tion [22]. Only a handful of molecular evidence, as mentioned
below, restricts to conclude convincingly - whether SARS-CoV-2,
like its ancestor SARS-CoV, will lead to a decreased expression of
ACE2 upon infecting the host cells. However, SARS-CoV and SARS-
CoV-2 share more than 70% identity in the amino acid sequence
[25], hence is not unlikely to see a reduced expression of ACE2 after
SARS-CoV-2 infection.

In vivo experiment involving a rat model of acute respiratory
distress syndrome has shown increased ACE activity and ANG
Il expression, while ACE2 activity and ANG (1-7) levels were
reduced [26,27]. Furthermore, a negative correlation was shown
between ACE2 expression and COVID-19 fatality at molecular lev-
els [28]. Again, the SARS-CoV-2 genome was found in 7 out of 20
post-mortem autopsy of heart tissues that were characterized by
increased myocardial fibrosis, inflammation, and reduced myocar-
dial ACE2 expression [29].

At the same time, patients with CVDs have increased ACE2 as
compared to healthy controls [7]. It is possible then; CVD patients
might be more susceptible to SARS-CoV-2 attack due to more viral
entry through binding to ACE2. The binding of SARS-CoV-2 to car-
diac ACE2 can be assumed to influence two events concurrently:
(1) hindering the vasoprotective arm of RAAS by retarding the con-
version of ANG II to ANG (1-7) occurring in heart tissues [30], and
(2) aggravating the vasodeleterious arm of the RAAS by allowing
the conversion of ANG II to ANG 1aR culminating to hypertension.
Overall, these lines of evidence place SARS-CoV-2 as adouble-edged
sword involving the ACE2 at the epicentre of the pathogenesis
(Fig. 2).

This might be the reason for higher cardiovascular damage dur-
ing COVID-19 progression [2-7,31]. This can be reasonably argued
based on the observation that ACE2 becomes depleted due to SARS-
CoV-2 infection, which otherwise could convert ANG II into ANG
(1-7), but not ANG 1aR, the vasoconstriction consequently results.
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Fig. 2. ACE2 is at the centre of COVID-19 and CVD. Increased ACE2 expression (a)
would allow more SARS-CoV-2 to enter host cells by binding to ACE2, while SARS-
CoV-2 infection results in the decreased expression of ACE2 (v). Increased ACE2
expression () on the other hand, reduces blood pressure, while the decreased ACE2
expression (v) would result in higher blood pressure [ = stimulation/increase; ~—e
= inhibition/reduction].

Impact of CVD treatment in COVID-19 comorbidity

A range of medications is prescribed for patients with
hypertension to prevent heart attacks and strokes. Among
them, Angiotensinogen-converting enzyme (ACE) inhibitors,
Angiotensin Il receptor blockers (ARB), and other renin-
angiotensin-aldosterone system (RAAS) inhibitors are the drugs
that interrupt different steps in the abnormally activated RAAS
system responsible for elevated blood pressure in the human body.

An uncontrolled RAAS activation results in continuous vasocon-
striction and hypertension. As a method of restoration, medications
like ACE inhibitors are used to relax blood vessels by blocking the
formation of ANG Il that narrows blood vessels [32] while ARB helps
relax blood vessels by blocking the action of ANG Il on its receptors
[33]. Both ACE inhibitors and ARBs can reduce angiotensin II lev-
els [33]. In general, ACE inhibitors reduce the substrate of ANG II
generation, and the ARBs arrest ANG 1aR activity to counter vaso-
constriction. RAAS inhibitors on the other hand, slow down the
production of renin hormone from the kidney that starts the RAAS
[34].

The antihypertensive agent used to treat high blood-pressure
patients including ARBs, ACE inhibitors, and RAAS inhibitors can
upregulate ACE2 expression in rodent studies, hence is suspected
to potentially increase viral entry sites for coronaviruses worsening
the outcome in patients with COVID-19 [35].

However, different RAAS inhibitors have different effects on
ACE2 levels- the key for SARS-CoV-2 to enter cells for its replica-
tion. ACE inhibitor (captopril) caused a significant increase in ACE2
protein expression in rats with acute lung injury [36]. While ACE2
has been reported to have protective effects in acute lung injury
[37]. Contrarily, other ACE inhibitors (lisinopril) and ARB (losartan)
alone or in combination did not increase cardiac ACE2 activity but
caused a significant increase in ACE2 mRNA expression. However,
lisinopril caused a 1.8-fold increase in rat plasma ANG-(1-7) and
decreased plasma ANG II. Losartan, on the other hand, increased
plasma levels of both ANG-(1-7) and ANG II, with increased cardiac
ACE2 mRNA and concomitant cardiac ACE2 activity [38]. Therapeu-
tic intervention with the cyclic form of ANG-(1-7) attenuated the
inflammatory mediator response, markedly decreased lung injury
scores, and increased oxygenation [26].

The above-mentioned evidence demonstrates that therapeu-
tic interventions for CVD involving certain ACE inhibitors would
increase the functional expression of ACE2. Continuation of CVD
treatment using such inhibitors with COVID-19 comorbidity might
have two possible outcomes of opposing spectrum: (1) favouring
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Fig. 3. Potential sites of drug target and Zn action to favour both CVD and COVID-
19 treatments. Zn supplement might aid to activate or upregulate functional ACE2
expression countering SARS-CoV-2 mediated ACE2 downregulation (indicated with
a). Zn can also inhibit SARS-CoV-2 replication by inhibiting RdRp. The second pos-
sible target might aid to increase the conversion of ANGII to ANG (1-7) to favour
vasodilatory impact (indicated with b). The third possible therapeutic target might
focus on the antagonist to ANG II to bind ANG 1aR (indicated with c). [ = stimula-
tion/activation; = = inhibition or reduction].
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SARS-CoV-2 to enter host cells resulting in fatal consequences for
COVID-19 patients, or (2) improving cardiovascular conditions by
prompting functional expression of ACE2 that was reduced as a
result of SARS-CoV-2 infection.

The latter outcome could be beneficial based on the observa-
tion of a reduced ACE2 expression in the lungs in experimental
SARS-CoV infections of wild-type mice. That in turn suggests that a
reduced ACE2 expression might have a role in SARS-CoV-mediated
severe acute lung pathologies. At the same time, SARS-CoV Spike
protein binding to ACE2 in cell lines or SARS-CoV infections in vivo
results in reduced ACE2 protein expression [22]. A deficiency of
ACE2 in mice results in a dramatic decrease in viral replication and
much less severe pathologic alterations in lungs as compared to
wild-type mice [22,37].

On the other hand, ACE inhibitors that have no impact on the
functional expression of ACE2 which could favour the vasoprotec-
tive arm of RAAS to reduce high blood pressure might be futile for
the patients with COVID-19, since SARS-CoV-2 infection reduces
ACE2 expression.

Notably, ACE2 is greatly expressed in epithelial cells of alveoli,
trachea, bronchi, bronchial serous glands [16], and alveolar mono-
cytes and macrophages, as well as in coronary vessels along with
cardiac myocytes and fibroblasts [39].

Alternative treatment plans for CVD and COVID-19
comorbidity

Given the above discussion, it might be advisable to consider a
treatment plan for COVID-19 patients with CVD in an approach that
would neither aggravate the vasodeleterious arm of RAAS nor com-
promise the vasoprotective arm of RAAS which at the same time
would minimize or if possible inhibit viral (SARS-CoV-2) replica-
tion.

First, this would require activation of ACE2. Because ACE2 can
convert ANG II to ANG (1-7) and eventually can cause vasodila-
tion. However, SARS-CoV-2 infection results in the downregulation
of ACE2, hence an additional Zn supplement might aid to activate
or upregulate functional ACE2 expression. This can be reasonably
argued based on the fact that ACE2 is a zinc-containing metalloen-
zyme [40] (Fig. 3, indicated with the letter ‘a’).

The second possible target might aid to increase the conversion
of ANGII to ANG (1-7) as this has vasodilatory impact hence would
reduce the blood pressure (Fig. 3, indicated with the letter ‘b’). In
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the same line of direction, RAAS inhibitors were suggested to be
beneficial in COVID-19 treatment [41].

The third possible therapeutic target might focus on the reduc-
tion of the binding of the ANGII with angiotensin II receptor 1a
(ANG1aR) as this binding aggravates the tissue damage. This could
be achieved by designing any antagonist to ANG II to bind ANG
1aR. (Fig. 3, indicated with the letter ‘c’). In favour of this notion, it
can be highlighted that COVID-19 patients once given angiotensin-
converting enzyme inhibitors (ACEIs) and angiotensin II type 1
receptor blockers (ARBs) showed reduced severity and a lower level
of IL-6 in peripheral blood which in turn also increased CD3 and CD8
T cell counts in peripheral blood and decreased the peak viral load
compared to other antihypertensive drugs [42].

How Zn2* supplement would offer a beneficial role in CVD
and COVID-19 comorbidity?

In biological fluids, zinc ion (Zn%*) works as a Lewis acid hence
acts as a stable cofactor in redox reactions occurring in cellular
and extracellular environment [43]. Zinc is directly involved in cell-
mediated immunity against infectious bacteria and viruses [44-47].
For example, cell specific impact of Zn deficiency may result in a
decreased activation of NF-kB that in turn cause reduced IL-2 and
IL-2 receptor-a in T helper cell line. Thus, a potential therapeutic
roles of Zn was suggested in acute infantile diarrhea, acrodermati-
tis enteropathica, blindness in patients with age-related macular
degeneration, and the treatment of common cold [44]. In addition,
in vivo, zinc deficiency negatively impact immunological functions
of granulocytes, monocytes, NK-, T-, and B-cells. Regulatory role
of free Zn?* in signal transduction in cells of the immune system
involves several molecular targets, such as phosphatases, phospho-
diesterases, caspases, and kinases [45].

Again, increased Zn at the site of infection causing upregulated
expression of Zn importing proteins (i.e., ZIP) by the circulating
leukocytes or infiltrated inflammatory cells, induces expression of
metallothionein (MT) which not only protect leukocytes from the
increased influx of Zn at the site of infections but also helps those
cells to fight against the infection [47].

Furthermore, Zn is involved in the proliferation of neutrophils,
NK cells, macrophages, and T and B lymphocytes as well as their
immune functions such as cytokine production. Zn also mediates
protection against reactive oxygen species (ROS) that are generally
produced during inflammatory processes. Free intracellular Zn2* is
essential in extravasation to the site of the infection and uptake and
killing of microorganisms by neutrophils [48].

Activation of immune responses such as NF-kB signalling
requires Zn2*. Notably, NF-kB regulates the expression of
pro-inflammatory cytokines such as IL-6, IL-8, and TNF-q,
chemokines, acute phase proteins, matrix metalloproteinases,
adhesion molecules, growth factors, and other factors involved in
the inflammatory response, such as COX-2 and iNOS [49,50]. Zinc
administration in mixed lymphocyte cultures induces and stabi-
lizes subsets of CD4" T cells [51], while CD4* T-cells, commonly
known as helper T-cells, play critical roles in antiviral immunity
[52,53]. Zn?* also serves as an intracellular second messenger and
triggers apoptosis or a decrease in protein synthesis at elevated
concentrations [54-56].

Zn also plays a critical role in autophagy under basal condi-
tions - a natural, controlled mechanism to remove unnecessary or
dysfunctional components from within the cells [57]. This notion
was supported by an in vitro experiment using human hepatoma
cells, VL-17A where Zn depletion caused a significant suppres-
sion of autophagy; on the contrary, an addition of the element to
the culture enhanced autophagy [57]. Notably, in autophagy, the
intracellular components such as protein aggregates and damaged
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organelles are degraded by lysosomal enzymes [58,59] including
proteases, peptidases, phosphatases, nucleases, glycosidases, sul-
fatases, and lipases [60] — while structural and functional integrity
of many of these enzymes depends on Zn [61]. In fact, during viral
infections, autophagy provides protection as a defence mechanism
by auto-degradation of the infected cells [62-64].

As a Zn-metalloenzyme, the functional expression of ACE2 [40]
is expected to be increased by Zn?* supplement. At the same time,
Zn%* is expected to inhibit SARS-CoV-2 replication as Zn%* was
reported to inhibit the in vitro RNA-dependent RNA polymerase
(RdRp) activity by inhibiting the SARS-CoV RdRp elongation and
template binding [65].

Earlier it was also shown that Zn2* inhibited the proteolytic pro-
cessing of replicase polyproteins [66]. To allow Zn%* to exert its
inhibitory effect on SARS-CoV-2 viral replication, Zn%* entry inside
the cell might be enhanced by ionophores such as dithiocarbamates
[67], pyrithione [65,68], zincophorin [69], and hydroxychloro-
quine [65,70,71]. It can be noted that a meta-analysis involving 19
reported studies suggested that chloroquine/hydroxychloroquine
was associated with a reduced risk of CVD in patients with
rheumatic diseases [72].

The ability of Zn?* to inhibit the replication of various RNA
viruses has been demonstrated in a good number of in vitro studies.
For example, in the presence of its cellular import stimulatory com-
pounds such as hinokitol (HK), pyrrolidine dithiocarbamate (PDTC),
and pyrithione (PT), the added Zn2* inhibited the replication of
influenza virus [73], respiratory syncytial virus [74], and several
picornaviruses [71,75,76]. Their interference with polyprotein pro-
cessing in cells infected with human rhinovirus and coxsackievirus
B3 is well evidenced [71].

The other modes of action that Zn salts exhibit to inhibit SARS-
CoV-2 as well as other viruses, viz. HIV, HSV, and vaccinia virus
are inhibition of the viral entry, blocking of polyprotein processing,
and inhibition of viral RdRp activity [65,77,78]. Zn salts namely Zn-
sulfate and Zn-acetate were also shown to inhibit viral sense and
antisense RNA levels by approximately 50%, thus inhibiting viral
replication [79].

A retrospective case series study confirmed that triple therapy
involving Zn, low-dose HCQ, and azithromycin as early as possible
after symptom onset results in significantly fewer hospitalisations
[80]. In the same line of direction, a multi-centre cohort study
revealed an association between Zn supplement with an ionophore,
and both increased rates of discharge home and a 24% reduced
risk of in-hospital mortality among COVID-19 patients [81]. Again,
adequate intake of Zn, vitamins C, and D was earlier suggested to
combat the SARS-CoV-2 infection [82]. However, in a randomized
clinical trial involving 214 adult COVID-19 patients, a high-dose of
Zn with vitamin C (ascorbic acid) supplement was found ineffective
to alleviate symptoms of the disease [83].

In addition to those direct effects on the virus as well as to
improve the clinical outcome of CVD treatment, several immunome
pathways such as the NF-kB signalling pathway are activated by
Zn%* [84]. This might control cytokine storm in COVID-19 patients
by regulating the expression of pro-inflammatory cytokines
namely IL-1b, IL-6, IL-8, TNF-a, and MCP-1; chemokines, acute
phase proteins, matrix metalloproteinases, adhesion molecules,
growth factors, as well as COX-2 and iNOS [49,50].

Conclusion

COVID positive patients’ cardiac health, with or without res-
piratory symptoms could be evaluated for resolving primary
complications of COVID-19 and to reduce mortality from poten-
tial cardiovascular conditions. Based on the patients’ condition,
a selective treatment plan might be required to ensure minimal
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lung injury or cardiovascular pathologies. Special attention might
be required to influence the functional expression of ACE2. Given
the above discussion on the involvement of Zn?*, its use as a
supplement with an appropriate ionophore would offer multiple
benefits to CVD and COVID-19 comorbid patients: (1) prevent-
ing viral replication by inhibiting the RdRP of the SARS-CoV-2, (2)
enhance protective immune responses, and (3) restoring the func-
tional balance of ACE2.
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