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Abstract: Although some animal studies suggested that the use of ACEIs/ARBs could
contribute for the prevention and treatment of the effects of the COVID-19 infection,
there are also contradictory scenarios indicating that their use may exacerbate the
deleterious conditions of the infection. As a result of the paradoxical issue of using
ACEIs/ARBs during COVID-19, it is still an area requiring extended investigation to
prove. Additionally, a trial evidence of their efficacy and the possible benefit risk analysis
of these conventional drugs during COVID-19 in connection with other comorbidities
like hypertension, heart failure, and renal disease associated with diabetes should also be
addressed.
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Introduction

Coronaviruses (CoVs) of the family Coronaviridae and subfamily Corovirinae are
positive-sense, single-stranded RNA viruses that affect a wide range of hots with diseases
ranging from common cold to severe/fatal illnesses. The novel virus was initially termed
as 2019-nCoV which later changed to “SARS-CoV-2" by the Coronavirus Study Group
(CSG) of International Committee on Taxonomy of Viruses (ICTV) because of the
higher resemblance of the virus with severe acute respiratory syndrome coronavirus
(SARS-CoV)." The continued coronavirus infection that was emerged in China has
rapidly spread to each corner and led a declaration to be considered as a global health
emergency by the World Health Organization (WHO). Although there are many efforts
for the provision of suitable therapeutic approaches, there are no vaccines or direct-acting
antiviral delivers to those infected with the virus.” Right after the first reported case of
death on the first week of January 2020 was confirmed as a result of the 2019 novel
coronavirus (2019-nCoV; later renamed severe acute respiratory syndrome coronavirus 2
[SARSCoV-2]), the end of this month it was declared as an outbreak by WHO and
subsequently named as coronavirus disease (COVID-19). Globally, as of 5 August 2020,
there have been 18,318,928 confirmed cases of COVID-19, including 695,043 deaths,
reported to WHO.>*

Findings revealed that the genome sequence identity of SARS CoV 2 and bat CoV
is about 96.2%, and based on virus genome sequencing results and evolutionary
analysis, bat has been blamed as natural host of the virus SARSCoV-2 to transmit
from bats via unknown intermediate hosts to infect humans. It was identified that
SARS-CoV-2 uses angiotensin-converting enzyme 2 (ACE2), the same receptor as
SARS-CoV to infect humans.® Direct contact with intermediate host animals or

submit your manuscript

Dove n

http:

in 3

Infection and Drug Resistance 2020:13 3217-3224 3217

© 2020 Yehualashet and Belachew. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.

o dovepress.com/terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/).
By accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is
properly attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-8245-967X
mailto:awgshewa@gmail.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Yehualashet and Belachew

Dove

SARS-Cov2

ACE

Inhibitors ARBs

Ang | Ang Il

A0

SARS-Cov

ACE ATIR ACE2 Mas
Adrenal Posterior
medulla pituitary 1
| 4
Antidiuretic
Aldosterone
Hormone Increased hypertrophy Anti-inflammatory
Increased fibrosis Anti-proliferative
L ] L ] Increased inflammation Anti-fibrotic
Increased P : :
MRAS —iw Hi0 heabsiption 0xndat|v<'e stress Anti aPoPtotlc
Apoptosis Vasodilation
|

Increased Na*/Cl reabsorption
K* secretion
H,0 reabsorption

Figure | ACEIs/ARB in RAAS pathway and infectious mechanism of ACE2 receptors for SARS-COV-2. (Reprinted from | Am Coll Cardiol, 75(24), Brojakowska A, Narula J,
Shimonay R, Bander . Clinical implications of SARS-COV2 interaction withrenin angiotensin system. 3085-3095. Copyright (2020), with permission from Elsevier).2>

consumption of wild animals was suspected to be the main
route of SARS-CoV-2 transmission and the sources and
mode of transmission is still open for further investigation.®

Virus—host interactions affect viral entry and replication.
SARS-CoV-2 is an enveloped positive single-stranded RNA
(ssSRNA) coronavirus. About two-thirds of viral RNA,
mainly located in the first open reading frame (ORF 1a/b),
encode 16 non-structure proteins (NSPs). The remaining part
of the virus genome encodes four essential structural pro-
teins, including spike (S) glycoprotein, small envelope (E)
protein, matrix (M) protein, and nucleocapsid (N) protein,
and also several accessory proteins. The S glycoprotein of
SARS-CoV-2 binds to host cell receptors, ACE2 which is
assumed to be a critical step for the entry of the virus.
However, the possible molecules facilitated membrane inva-
ginations for SARS-CoV-2 endocytosis are still unclear and

other virus proteins may contribute to pathogenesis.®

Unproven and Supportive Therapies
of COVID-19

To date, the 2019 novel coronavirus (2019-nCoV) out-
break is being a major concern of the scientific community
to treat with potential medications. Becuase there is lack of
effective and scientifically proven antiviral therapy against
COVID-19, the current treatment approaches mainly
focused on the symptomatic and respiratory support
based up on the Diagnosis and Treatment of Pneumonia
Caused by COVID-19.” Oxygen therapy is almost applied
to all patients with the COVID-19 and WHO also recom-
mended extracorporeal membrane oxygenation (ECMO)
to patients with refractory hypoxemia. To certain critical
case immunoglobulin G and convalescent plasma are used
to save the life of the patients as per their condition.**
According to literature searched on web, few drugs other
than vaccines are enumerated as unproven optional and
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adjuvant drugs for COVID-19 and other coronaviruses.
These include antivirals (opinavir/ritonavir, remdesivir),
chloroquine/hydroxychloroquine, and interferon, tocilizu-
mab, corticosteroids, antibiotic therapy, NSAIDs/
Tbuprofen, and some others.’

Previous studies reported that Chloroquine and
Hydroxychloroquine possess a broad spectrum of antiviral
effects on a variety of viruses as diverse as human immu-
nodeficiency virus (HIV), Marburg virus, Zika virus, den-
gue virus, Ebola virus, and SARS-CoV-1, etc. In addition,
Chloroquine and Hydroxychloroquine

can regulate

immune system by affecting cell signaling and production

of pro-inflammatory cytokines.'®"?

Chloroquine and
Hydroxychloroquine have been shown by several studies
to reduce the SARS-CoV-2 viral load and shorten the
duration of viremia. Although the immunomodulatory
effect of these drugs also plays a role in the treatment of
COVID-19, there is still a huge need for further investiga-
tion. For coronaviruses, the potential therapeutic benefits
of Chloroquine were notably reported for SARS-CoV-1. In
vitro, Chloroquine can prevent SARS-CoV-1 from infect-
ing the glycosylation of a virus cell surface receptor,
ACE2.”"'* Remdesivir has been reported to treat the first
US case of COVID-19 successfully. Results obtained from
the recently conducted in vitro study against COVID-19
are promising since the drugs remdesivir and chloroquine
were found to be highly effective in controlling the infec-
tion. Even though in vitro studies showed that remdesivir
and chloroquine are highly effective in the control of
2019-nCoV infection, these compounds have been used
in human patients with a safety track record and shown

to be effective against various ailments.'*!

Pathogenesis of SARS-CoV-2

The pathophysiology and virulence mechanisms of SARS-
CoV-2 have a linkage with the function of the nsps (non-
structural proteins) and structural proteins. NSP is able to
block the host innate immune response. Among the struc-
tural elements of CoVs, there are the spike glycoproteins
which have two subunits; one subunit, S1, binds to the
receptors on the cell surface; the other subunit, S2, fuses
with the cell membrane. For many CoVs, S is cleaved at
the boundary between the S1 and S2 subunits, which
remain non-covalently bound in the prefusion
conformation.'®!” The S1 subunit comprises the receptor-
binding domain(s) and contributes to stabilization of the
prefusion state of the membrane-anchored S2 subunit that

contains the fusion machinery. For all CoVs, S is further

cleaved by host proteases at the so-called S20 site located
immediately upstream of the fusion peptide.'®'® This clea-
vage proposed to activate the protein for membrane fusion
via extensive irreversible conformational changes.'’

The entry of coronavirus into susceptible cells is some-
thing which is complicated and requires the great effort in
understanding the action of receptor-binding and proteolytic
processing of the S protein to promote virus-cell fusion.
SARS-CoV and several SARS-related coronaviruses
(SARSr-CoV) interact directly with ACE2 via S® to enter
to the target. Studies showed that ACE2 is highly expressed
in the mouth and tongue, facilitating viral entry in the host. In
human lungs, ACE2 is expressed in lower lungs on type I and
IT alveolar epithelial cells. After infection, SARS-CoV-2
entry starts with the attachment of the spike glycoprotein
expressed on the viral envelope to ACE2 on the alveolar
surface. The attachment of SARSCoV-2 to ACE2 modulates
the clathrin-dependent endocytosis of the SARS-CoV-2 and
ACE2 complex, inducing fusion at the cell membrane. Once
enter the cells, SARS-CoV-2 exploits the endogenous tran-
scriptional machinery of alveolar cells to replicate it and
spreads through the entire lung.?* ACE2 could assist SARS-
CoV-2 S-mediated entry into cells, thereby establishing it as
a functional receptor for this newly emerged coronavirus,
COVID-19. The SARS-CoV2 S® engages human ACE2
(hACE2) with higher affinity than to SARS-CoV SB2!-?

Both ACE-1 and ACE-2 cleave angiotensin peptides in
that ACE-1 cleaves angiotensin I and generating angiotensin
(Ang) II, which
constriction, increases vascular permeability, inflammation,

causes vasoconstriction, broncho-
and fibrosis and enhance the development of acute respira-
tory disease syndrome (ARDS) and lung failure in patients
infected with SARS-CoV-2. The effect of ACE1 signaling is
by the GPCRs; AT1 and AT2 receptors. ACEI-generated
AT1 receptors function as the key mediator of Ang II actions
and the opposing actions of ACE2-derived peptides. ACE2 is
a carboxypeptidase (zinc metalloprotease), which is respon-
sible for Ang II degradation to Ang (1-7).%* The conversion
of Ang Il to Ang (1-7) by the enzyme ACE2 produces effects
that oppose the action of Ang Il mediated by AT1. The
SARS-CoV-2 virus infects alveolar pneumocytes by binding
to ACE2 (as in Figure 1), leading to a decrease in Ang II
conversion to ACE2-derived peptides, for example,
a reduction in Ang (1-7) and its actions that counteract
effects of Ang II. Higher imbalance between the action of
ACEl and ACE2 aggravates pathology, making it more
likely that the immune response will be overcome. Blunting
the ACE-1-Ang II-ATIR enhances the action of ACE-1-
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Ang [I-AT2R, the ACE-2—-Ang (1-7)-AT2R or the ACE-2—
Ang (1-7) which likely protects from ARDS triggered by
infectious pathogens, including coronaviruses.***

ACE2 is expressed at apical plasma membranes of
epithelial cells, including those of respiratory origin, the
primary location of SARS-CoV infection.”® During the
infection of SARS-CoV, the cell surface expression of
ACE2 down-regulated through internalization of the
receptor—ligand complex or activation of TACE-mediated
ectodomain shedding of soluble ACE2. After attachment
of viral spike proteins with ACE2, the amount of cell
surface-expressed ACE?2 is reduced. ACE2 receptor down-
regulation provokes a worsening effect of lung failure.”’>®
In addition to the alveolar cells in the lungs, ACE2 is
expressed in other organs, including the kidney, the
heart, and the gut. Whether robust ACE2 expression in
these organs affects SARS-CoV-2 infectivity remains ill-
defined. Acute kidney injury (AKI), cardiac damage, and
abdominal pain are the most common co-morbidities of
COVID-19.%°

ACEIls and ARBs Use During
COVID-19

Angiotensin-converting enzyme inhibitors (ACEIs) and
angiotensin receptor blockers (ARBs) have a different
mechanism in the pathogenesis of COVID-19. As depicted
in Figure 1 ACEISs in clinical use do not directly affect ACE2
activity” and the intestinal messenger RNA level of ACE2
increased with ACEI but not observed with ARBs. SARS-
CoV-2 down-regulates ACE2 expression that decreases pro-
tective effects of ACE2 on different organs.”’ ACEIs
increased the entrance more than twice the entrance with
ARBs. This cannot definitely conclude risks or benefits of
these therapies with patients confounding variables like age,
hypertension, and impact of yet-unidentified comorbidities
on outcome with the COVID-19 pandemic.>*>" In the other
way, ACEIs or ARBs could prevent COVID-19 viral entry
by stabilizing ACE2—-AT1R interaction and preventing viral
protein ACE2 interaction and internalization. The interaction
between viral protein and ACE2 decreased in the presence of
stabilized ACE2-AT1R complexes.®'

ACEIs, the first drugs targeting the RAAS (Renin
Angiotensin Aldosterone System), are used for the treat-
ment of a wide range of indications related to hyperten-
sion, cardiovascular disease, and renal disease for over 30
years. ACEIs and ARBs not only lower blood pressure but

. . . . 2
also may possess unique cardioprotective properties.’

They improve endothelial function and regress both left
ventricular hypertrophy and arterial mass. They also
reduce rates of death, myocardial infarction, stroke, car-
diac arrest, and revascularization procedures.’> ACEIs
have been shown to protect against oxidative stress and
prevent glycosylation of proteins, which may confer car-
diovascular benefit. ACEI or ARB also used for conditions
associated with insulin resistance, such as metabolic syn-
drome, hypertension, impaired fasting glucose, family his-
tory of diabetes, obesity, congestive heart failure, or other
risks for the development of type 2 diabetes.> > The
renin-angiotensin system (RAS) is a homeostatic regulator
signaling pathway participated in the control of vascular
function. The regulation of blood pressure, natriuresis, and
blood volume recruits this signaling pathway. This system
also has a local role in the regulation of regional blood
flow and controlling our body’s responses to a range of
stimuli.*®

Following a rapid increase in the cases of COVID-19,
different observational studies are undertaken to identify
the possible risk factors for infection and related poor
outcomes. With that Yang et al, 17% diabetes cases were
reported among 52 critically ill patients with COVID-19°7
and 16.2% DM and 23.7% hypertension cases were iden-
tified from 1099 patients by Guan et al.*® Similarly, out of
140 hospitalized patients, it was reported by Yang et al that
12% DM cases and 30% HTN cases were observed in
critically ill patients with COVID-19.%7

The large percentage of patients with hypertension
undertaking ACEIs or ARBs was a remarkable character-
istic among those presenting severe COVID-19 manifesta-
tions. These are classes of anti-hypertensive massively
used as first-line therapy due to their additional kidney
and cardiologic protections that occur regardless of their
use for blood pressure control.>® ACE2 is established as
a functional receptor for the entry of SARS-CoV-2 S- into
cells. Considering the pathophysiologic mechanisms and
possible drug targets the scientific community is inten-
sively striving to develop therapeutics for the current pan-
demic COVID-19. Therefore, the driving force of this
review is to discuss the correlation between ACEIs/
ARBs with COVID-19 considering the existing scientific
evidence.

ACE2 is a type 1 integral membrane glycoprotein
which is expressed and identified to be active in most
tissues. The highest expression of ACE2 is observed in
the kidney, the endothelium, the lungs, and in the heart.>¢
The probable rational proposed for the possible relation
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between the use of ACEIs/ARBs, and progression to
ARDS in COVID-19 is the increased availability of
ACE-2 attached to surface in the lung endothelium, an
inherent effect of these two classes, leading to enhanced
coupling of SARS-CoV2 to ACE-2 and its consequent cell
entry. Indeed, the receptor-binding domain (RBD) of the
SARS-CoV2 has a stronger interaction with ACE-2, com-
pared to other viruses from the same family, and any
increase of ACE-2 expression may potentially amplify
the virus capacity to entry the cells.***! In the case of
ACET’s, the reduced angiotensin II levels increase the
proportion of ACE-2 uncoupled to this molecule, which
would act transforming angiotensin II into angiotensin
1-7. The overcompensation of the ACE-2 action of trans-
forming angiotensin I into angiotensin 1-9, which may be
enhanced under the use of ACEI’s, since angiotensin I is
increased, does not fully compensate the lack of coupling
of the attached ACE-2. Distinctly, ARBs increase angio-
tensin II availability since this class blocks its coupling
with AT?2 receptor, leading to compensatory up-regulation
of ACE-2 in the membrane. Studies differentiating the risk
of ARDS and related pulmonary complications between
ACEDI’'s and ARBs lack, precluding from a comparative
analysis of the clinical outcomes between these two
classes.***

While expression and availability of attached ACE-2 is
directly correlated with COVID-19 severity, the free cir-
culating form of ACE-2 may inactivate SARS-CoV2, and
preclude from its entry in the pulmonary endothelium, and
has been proposed that recombinant human soluble ACE-2
could act as a potential molecule to protect from the
development of severe manifestations, ARDS, and death
in COVID-19. Hence, a speculative ratio between attached
ACE-2 availability and expression, and freely circulating

ACE-2 could predict the lung pathogenicity of COVID-
19.43:44

Controversial Issues of ACE2
Modulation in the Outcome of

COVID-19
According to Yang et al (2020), higher prevalence of

hypertension was observed in patients with severe
COVID-19; however, a concluding remark has not been
made in that the severity of the infection has a link with
hypertension. Similarly, no data were reported with respect
to the use of ACEIs and ARBs for the infection. Guo et al

(2020), in evaluating cardiovascular implications of

COVID-19 infection, the use of ACEIs/ARBs did not
show any association with mortality.*”*> But previous
animal studies showed that ACEIs and ARB increase
ACE2 activity. Based on prior animal studies, it was
suggested that proposed ACEIs and ARBs can enhance
ACE2 activity and thereby increase infectivity of COVID-
19 virus. Other studies in mice and humans showed in
contrary to the above animal studies. ACE2 mRNA
expression in rat heart cells treated with an ACEI 7 and
ACE2 activity in the presence of either ACEI or ARBs in
humans, in both scenarios the level of ACE2 does not
show any change.*®

As per Fang et al (2020), it was hypothesized that the
use of ACE2 receptor increasing drugs is at higher risk for
severe COVID-19 infection. ACEI initially inhibits ACE
leading to decreased angiotensin I levels, causing
a possible negative feedback loop that ultimately up-
regulates more ACE2 receptor to be able to interact with
the decreased angiotensin I substrate available. This ACE2
receptor up-regulation results in increased binding sites for
SARS-CoV-2, leading to preferential COVID-19 infection.
This is particularly observed in patients with diabetes and/
or hypertension since they are usually taking ACEIs/ARB.
It was, therefore, suggested that patients with cardiac dis-
eases, hypertension, or diabetes, who are treated with
ACE2-increasing drugs, are at higher risk for severe
COVID-19 infection and, therefore, should be monitored
for ACE2-modulating medications, such as ACEIs/
ARBs."

On the contrary, some studies indicated that ACEIs/
ARB use may be beneficial in COVID-19 infection pre-
vention. Because of a proposed mechanism that ACEI
inhibition of ACE may stimulate a negative feedback
(given the lack of angiotensin II, up-regulating ACE2
receptors and decreasing overall inflammation).** In
severe lung injury animal models, preclinical studies
have showed that ACE2 is significantly downregulated
and it has been shown that the inhibition of the angiotensin
type 1 receptor by ARB like losartan reduces severe acute
lung injury in mice administered with the spike glycopro-
tein of SARS-CoV.*
approach reflects that ACE2 is protective in lung injury

The above complementary

during infection of coronavirus. Based on this, there are
ongoing trials studying the effect of Losartan (an ARB) in
patients with COVID-19 in outpatient and inpatient
settings.’'?

In order to determine the influence of the RAS system

and active treatments on SARS-CoV-2 infection and on
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submit your manuscript

3221

Dove


http://www.dovepress.com
http://www.dovepress.com

Yehualashet and Belachew

Dove

the development of COVID-19 disease, provided the fact
that in many cardiovascular diseases increased levels of
ACE2 play a protective role, so that its down-regulation by
SARSCoV- 2 would be highly detrimental per se in this
critical subset of patients due to an increase in angiotensin
I,>* not only case series but also autoptic exams should
investigate the expression and activation of RAS compo-
nents in different organs during COVID-19 infection in
patients treated or not with an ACEI/ARB, also investigat-
ing ACE2 polymorphisms which could impact the affinity
for the spike protein of SARSCoV-2. Knock-in or knock-
out models for RAS molecules could also be useful to
understand how COVID-19 might develop interactions
with the RAS. Moreover, randomized controlled trials
should be initiated to show whether the modulation of
RAS inhibition (starting, stopping, or continuing) would
lead to better or worse outcomes in COVID-19. Lastly,
experimental studies might show possible effective RAS-
related therapies. In this regard, there are three active, but
not yet recruiting trials [https://clinicaltrials.gov/ct2/show/
NTC04332666, https://clinicaltrials.gov/ct2/show/
NCTO04312009, https://clinicaltrials.gov/ct2/show/
NCT04322786] investigating the role of angiotensin
(1-7) infusion, ACEIs, and losartan in patients affected
by COVID-19. One randomized trial [https://clinicaltrials.
gov/ct2/show/NCT04330300]
assess whether a shift to a non-ARB/ACEI regimen

is already recruiting to

would be beneficial or detrimental for hypertensive
patients affected by COVID-19.

Based on the present scientific evidence, patients who
are taking ACEIs/ARBs during continual therapy of
chronic diseases have generally been advised to continue
taking their medicines. The Council on Hypertension of
the European Society of Cardiology has reflected that there
is insufficient data available to support the deleterious
effect of ACEIs/ARBs in the current pandemic COVID-
19. Because lack of evidence does not support that the
medication’s benefit can potentially outweigh the risk,
individualized treatment decision should be made taking
into account of the patients hemodynamic status and clin-
ical presentations.>*

Conclusion and Future Perspectives
Depending on the current evidence available in the web, it is
difficult to confirm the co-relation of ACEIs/ARB and their
use during COVID-19 either to be beneficial or harmful.
Therefore, much more research is highly in need to better
elaborate the correlation of the RAAS with SARS-CoV2

infection. It is also very challenging to suggest on the con-
sequences of using ACEIs/ARBs in patients infected with
COVID-19 because of the complexity of the RAS system
and lack of evidence in human to support the hypothesis.>*
So that whether the benefits of ACE-1 inhibitors or ARBs
during an episode of infection with SARS-CoV-2 outweigh
the potential risk or not, require further investigation.

Although some animal studies suggested that their use
could have value in preventing and treating the effects of the
COVID-19, there are also contradictory scenarios suggesting
that the use of ACEIs/ARBs may exacerbate the deleterious
conditions of the infection. As a result of the paradoxical
issue of using ACEIs/ARBs during COVID-19, it is still an
area requiring investigation to prove. Additionally, a trial
evidence of their efficacy and the possible benefit-risk ana-
lysis of these conventional drugs during COVID-19 in con-
nection with other comorbidities like hypertension, heart
failure, and renal disease associated with diabetes mellitus
should also be addressed.
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