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The three most common comorbidities that are associated with increased mortality in
COVID-19 patients are Hypertension, Diabetes, and Cardiovascular disease, Angiotensin-
converting enzyme (ACE) inhibitors and Angiotensin Il receptor blockers (ARB) are the drugs
most commonly prescribed for the management of these diseases. Recent experimental
study in animals and humans have found that SARS-CoV-2 uses ACE2 as the receptors
for entry. Moreover, in an animal study, the use of ACE inhibitor/ARB increases the level
of ACE2 expression that can lead to increased SARS-CoV-2 infectivity. On the other side,
some evidences suggest that the ACE2 receptor is not necessary for SARS-CoV-2 entry
into the cell and suggested that there is a cofactor that play part. Experimental studies in
humans also showed that there is no association between ACE inhibitor/ARB with SARS-
CoV-2 infectivity and mortality. In conclusion, there is still insufficient data to stop the use
of inhibitor/ARB in SARS-CoV-2 patients. Therefore, we suggested that in line with the
recommendations from ESC and AHA/ACC, the use of these two drugs in SARS-CoV-2
patients with cardiovascular comorbidity should still be continued.
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INTRODUCTION

reported in Wuhan, China in December 2019 with patients
diagnosed with an atypical type of pneumonia.® The rate of
transmission of SARS-COV2 among humans has exceeded
both SARS-CoV and MERS-CoV, affecting more than 200
countries around the world.”

There are three highly pathogenic human coronaviruses
(CoVs) that have been identified so far, including Middle
East respiratory syndrome coronavirus (MERS-CoV),
severe acute respiratory syndrome (SARS) coronavirus

(SARS-CoV), and a 2019 novel coronavirus (2019-nCoV),
more recently known as SARS-CoV-2.! Among them, the
firstly reported was SARS-CoV in Guangdong, China in
2002.> SARS-CoV caused human-to-human transmission
and resulted in the 2003 outbreak with about 10% case
fatality rate (CFR),” while MERS-CoV was reported in
Saudi Arabia in June 2012 * with the limited human-to-
human transmission but showed a higher mortality rate
with CFR of about 37.1%.% The 2019-nCoV was first

The number of COVID-19 cases have reached to more
than 7 million confirmed positive cases with a reported
death toll of more than 4 lakh patients.” According to
the study on 1099 COVID-19 patients in China, the most
common comorbidity was hypertension (15%) followed
by diabetes (7.4%), and cardiovascular disease (2.5%).
These comorbidities were associated with more sevete
clinical presentation and poor outcomes. The prevalence
of these comorbidities was increased to up to three times
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higher in patients with severe diseases as compared to
those with non-severe diseases. Another study from China
that assessed 140 patients with COVID-19 also reported
that hypertension and diabetes were the most common
comorbidities among the patients with the prevalence up
to 30% and 12% respectively.” Notably, the most frequent
comorbidities reported in these two studies are treated
with angiotensin-converting enzyme (ACE) inhibitors or
angiotensin II receptor blockers (ARB) because of efficacy
and wide coverage;. This study aims to review the current
evidence regarding the role of ACE2 inthe pathogenesis
of COVID-19 and the safe usage of ACE inhibitor/ARB
in COVID-19 patients.

MATERIALS AND METHODS

Our literature search strategy involved searching for
articles on PubMed and Google Scholar using the
search terms “COVID-19 and ACE2”, “COVID-19 and
ACE inhibitot”, “COVID-19 and ARB”, “coronavirus
and ACE2”] “coronavirus and ACE inhibitot”, and
“coronavirus and ARB”. Articles analyzing the role of
ACE inhibitor/ARB in SARS-CoV-2 patients published in
the year of 2020 were selected. Additional literature cited
in the selected articles encompassing the topic of interest
was also considered.

POTENTIAL RISKOF ACE INHIBITOR/ARB
AMONGSARS-COV-2PATIENTS

There are many similarities of SARS-CoV-2 with the
original SARS-CoV. Using computer modeling, Xu
et al."” found that the spike (S) proteins of SARS-CoV-2
and SARS-CoV have almost identical 3-D structures
in the receptor-binding domain that maintains van der
Waals forces. SARS-CoV-2 and SARS-CoV spike (S)
proteins share 76.5% identity in amino acid sequences.
The phylogenetically related coronaviruses’ S protein
anchors the exterior surface of these viruses to ACE2
receptors which serve as their binding sites in the lower
respiratory tract of infected patients to gain entry into the
lungs, resulting into viral pneumonia and potentially fatal
respiratory failure in susceptible persons after 10-14 days."
Another similarity was shown by Hoffman et al.'' that
employed VZV pseudotypes bearing S protein to study cell
entry of SARS and SARS-CoV-2. Both S proteins SARS-
2-S and SARS-S were robustly incorporated into VZV
particles. Moreover, SARS-2-S entered into an spectrum
of cell lines similar to SARS-S, suggesting the similarities
in the entry receptor.'” From the study that was done in
2003 by Li et al,' it was found that SARS-CoV engages
angiotensin-converting enzyme 2 (ACEZ2) as the entry
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receptor. So, there is a possibility that SARS-CoV-2 also
uses ACE2 as an entry receptor to host cells.

Using normal lung tissue from eight adult donors, Zhao
et al.” demonstrated that 83% of ACE2-expressing cells
were alveolar epithelial type II cells, suggesting that these
cells can serve as a reservoir for viral invasion. Sequence
analysis from the experimental study by Hoffman et al."!
that was done in 2020 revealed that SARS-CoV-2 clusters
with SARS-CoV-related viruses from bats (SARSt-CoV),
of which some but not all can use ACE2 for host cell
entry. Analysis of the receptor-binding motif (RBM), a
portion of the receptor-binding domain (RBD) that makes
contact with ACE2, revealed that most amino acid residues
essential for ACE2 binding by SARS-S were conserved in
SARS-2-S."" Moreover, anti-serum raised against human
ACE2 blocked SARS-S and SARS-2-S driven entry. Finally,
authentic SARS-CoV-2 infected BHK-21 cells transfected
to express ACE2 cells but not parental BHK-21 cells with
high efficiency, indicating that SARS-2-S, like SARS-S, uses
ACE2 for cellular entry."! Zhuo et al.'"* also demonstrated that
overexpressing ACE2 from different species in Hel.a cells
with human ACE2, pig ACE2, civet ACE2 allowed SARS-
CoV-2 infection and replication, thereby directly showing
that SARS-CoV-2 uses ACE2 as a cellular entry receptor.'*!

Expression of the ACE2 receptor is also found in
many extrapulmonary tissues including heart, kidney,
endothelium, and intestine.'*'® Importantly, ACE2 is
highly expressed on the luminal surface of intestinal
epithelial cells, functioning as a co-receptor for nutrient
uptake, in particular for amino acid resorption from food,
therefore Hashimoto et al.’? predict that the intestine
might also be a major entry site for SARS-CoV-2 and
that the infection might have been initiated by eating
food from the Wuhan market, the putative site of the
outbreak."” Recent bioinformatics analysis on available
single-cell transcriptomes data of normal human lung
and gastrointestinal system revealed that ACE2 was also
expressed in esophagus upper and stratified epithelial cells
and absorptive enterocytes from ileum and colon.” Patients
with positive COVID-19 infection that come to the hospitals
often have gastrointestinal symptoms like nausea, vomiting,
or diarrhea as one of their major complaints. Report from
1099 patients with laboratory-confirmed COVID-19 in
Wuhan, China found that gastrointestinal complaints
comprise about 8.8% of all signs and symptoms.* A
similar report that assesses clinical characteristics from 140
patients with positive COVID-19 results also found that
up to 39.6% of patients have gastrointestinal symptoms at
hospital admission.” Notably, the first case of 2019-nCoV
infection confirmed in the United States reported a 2-day
history of nausea and vomiting on admission, and then
passed a loose bowel movement on hospital day 2. The viral
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nucleic acids of loose stool and both respiratory specimens
later tested positive.”! All these data and findings suggest
that SARS-CoV-2 may also use ACE2 as their receptor to
entry target host cells.

In the Renin-Angiotensin-Aldosterone System (RAAS),
ACE2 catalyzes the conversion of angiotensin II to
angiotensin 1-7, which acts as a vasodilator and exerts
protective effects in the cardiovascular system. A study
was done by Ferrario et al.” explained that intravenous
infusions of ACEIs and ARBs in experimental animals
increase the numbers of angiotensin-converting enzyme
2 (ACE2) receptors in the cardiopulmonary circulation.
It showed that cardiac ACE2 mRNA increased by 4.7-
fold or 2.8-fold in rats medicated with either lisinopril
or losartan, respectively, so that inhibition of Ang II
increases cardiac ACE2 gene transcription. Twelve-day
administration of agents that either inhibit the synthesis
of circulating Ang II or block the activity of Ang II at the
AT1 receptor-induced an increase in cardiac ACE2 mRNA,
accompanied by significant increases in cardiac membrane
ACE2 activity in rats medicated with either losartan or both
losartan and lisinopril.* This suggested that patients taking
ACEIs or ARBs chronically for cardiovascular diseases are
assumed to have increased numbers of ACE2 receptors
throughout their cardiopulmonary circulations as observed
in experimental animal models.”? Another study was done
by Furuhashi et al.* which showed that urinary ACE2
level was increased in hypertensive patients treated with
olmesartan. Angiotensin-converting enzyme-1 (ACE-1)

and angiotensin-converting enzyme-2 (ACE-2) both played
a role in the modulation of ARDS in COVID-19 patients.
ACE-1 catalyzes angiotensin I into angiotensin II, which
causes vasoconstrition, bronchoconstriction, increases
vascular permeability, inflammation, fibrosis and thereby
promotes the development of ARDS and lung failure in
patients infected with the SARS-CoV and SARS-CoV-2.74
Figure 1 summarizes the interaction between SARS-CoV-2
and the Renin-Angiotensin-Aldosterone System.*

The study conducted by Guo T et al. in 187 COVID-19
patients showed elevated TnT levels in patients on
angiotensin-converting enzyme inhibitors (ACEIs)/
angiotensin receptor blockers (ARBs) (11/19 [21.1%)] vs
8/19 [5.9%)]). Patients with ACE inhibitor/ARB usage
also had a higher mortality rate when compared to the
patients not on treatment with these drugs (36.8% vs 21.4%
respectively, p = 0.13).”” From this data, it can be concluded
that the use of ACE inhibitors (ACEi) or Angiotensin 11
receptor blockers (ARB) drugs is associated with increased
ACE2 expression and can potentially increase COVID-19
infectivity. Table 1 summarize the evidence that support
the harm of ACE inhibitor/ARB.

EVIDENCE THAT SHOWEDTHE SAFETYOF ACE
INHIBITOR/ARB

Sama IE et al.?® found that the use of neither an ACE
inhibitor nor an ARB is associated with higher plasma

SARS-CoV-2
spike protein
binding to ACE2

y-

N\
& O\

Viral entry, replication,
and ACE2 down-regulation

(‘*ﬂj’:fﬁ

Local or systemic
infection or sepsis

ACE
|nh|b|tors
‘ACE

\ / /
Angiotensin Il
type 1 receptor

“~> -----»

Acute lung injury
Adverse myocardial
remodeling
Vasoconstriction
Vascular permeability

Figure 1: Interaction between SARS-CoV-2 and the Renin-Angiotensin-Aldosterone system?
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Study Results Arguments
Xu et al.”® SARS-CoV-2 and SARS-CoV have almost identical 3-D structures of
spike (S) protein in the receptor-binding domain and share 76.5% identity
in amino acid sequences
Hoffman et al.™ SARS-CoV-2 and SARS-CoV have similarities in the choice of entry receptor
Anti-serum against human ACE2 blocked SARS-S and SARS-2-S driven SARS-CoV-2 also uses ACE2 as their
entry entry receptor
SARS-CoV-2 infected BHK-21 cells transfected to express ACE2 cells,
indicating that SARS-2-S uses ACE2 for cellular entry
Lietal.” SARS-CoV used angiotensin-converting enzyme 2 (ACE2) as their entry
receptor
Zhao et al.™ 83% of ACE2-expressing cells were alveolar epithelial type Il cells
Zhuo et al." Overexpressing ACE2 from different species in HelLa cells with human

ACE2, pig ACE2, civet ACE2 allowed SARS-CoV-2 infection and

replication
Hashimoto et al."®

ACE2 is highly expressed on the luminal surface of intestinal epithelial

cells, therefore intestine might also be a major entry site for SARS-CoV-2

Guan et al.® Gastrointestinal complaints comprise about 8,8% of all signs and
symptoms of COVID-19
Zhang et al.™ Up to 39.6% of patients have gastrointestinal symptoms at hospital

admission
Holshue et al.?'

Confirmed COVID-19 case passed a loose bowel movement on hospital

day 2 and viral nucleic acids of loose stool tested positive

Ferrario et al.??
with either lisinopril or losartan, respectively
Furuhashi et al.?®
Olmesartan
Guo et al.”

these two drugs

Cardiac ACE2 mRNA increased by 4.7-fold or 2.8-fold in rats medicated

In 187 patients with confirmed COVID-19, patients with ACE inhibitor/
ARB usage had a higher mortality rate when compared without the use of

The use of ACE inhibitor/ARB increases
the level of ACE2 expression

ACE2 level was increased in hypertensive patients treated with

The use of ACE inhibitor/ARB will
increase the level of ACE2 expression,
therefore facilitating SARS-CoV-2
entry into a host cell and causing an
increased risk of mortality

ACE2 concentrations. In a study performed by Campbell
DJ etal.,”” the intravenous administration of ACE inhibitors
in patients with coronary artery disease did not influence
angiotensin-(1-7) production, a finding that calls into
question whether ACE inhibitors have any direct effects
on ACE2-directed angiotensin II metabolism. Similarly,
in another study, among patients with hypertension,
angiotensin-(1-7) levels appeared to be unaffected after
initial treatment with the ACE inhibitor captopril; however,
with exposure to captopril monotherapy over a petiod of 6
months, angiotensin-(1-7) levels increased.” These findings
contradict the previous belief in which ACE inhibitors and
ARB drugs were labeled as probable ‘ACE-2-increasing

> 31

drugs’.

Moreover, currently, no data proves the direct causal
relationship between ACE2 activity and the mortality
caused by SARS-CoV-2. Hamming et al.'"® in his study
found that the abundant expression of ACE2 in
endothelial cells and smooth muscle cells of several
visceral organs is discordant with the absence of the
virus in these organs. In addition, only one of seven
ACE2-expressing intestinal cell lines seemed to be
susceptible to SARS-CoV infection in vitro.”> At the
same time, however, the lack of ACE2 expression in
immune cells, colonic epithelial cells, and in neuronal
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cells of the brain contrasts with the confirmed infection
of such cells. These contradictions suggest that other
receptors, co-receptors, or mechanisms may be involved
in the interaction between the virus and its target cells."”'*
The experimental study that was done by Imai et al.”
in 2005 showed that ACE2 and AT2-receptors play
protective roles in severe acute lung injury, whereas
ACE, angiotensin II, and AT1-receptors probably induce
lung failure. It also showed by another similar study that
SARS-CoV or its spike protein down-regulates ACE2
expression resulting in a diminished protective role
of ACE2 and more severe lung injury in mice could
be attenuated by administration of ARB. Therefore,
the protective role of ARB is suggested in SARS-CoV
associated lung injury and gives rise to the hypothesis
that rather than its inhibition, the primary activation of
RAAS in cardiovascular patients is the reason they are
morte prone to a deleterious outcome.* In his study that
showed increased mortality among COVID-19 positive
patients with comorbidity hypertension, diabetes, or
cardiovascular disease, Guan et al.® do not report the
number of patients taking ACE inhibitors or ARB.

A research conducted by de Abajo FJ et al.’® upon
1139 cases and 11390 population controls found
that compared with users of other antihypertensive
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drugs, users of RAAS inhibitors had no increased
risk for COVID-19 requiring admission to hospital.
(OR 0-94; 95% CI 0-77-1-15). No increased risk
was observed with either angiotensin-converting
enzyme inhibitors (adjusted OR 0-80, 0-64-1-00)
or angiotensin-receptor blockers (1-10, 0-88-1-37).
Sex, age, and background cardiovascular risk did not
modify the adjusted OR between the use of RAAS
inhibitors and COVID-19 requiring admission to the
hospital.** Another study conducted by Mehta et al.”’
also found no association between ACEI or ARB use
and COVID-19 test positivity. The overlap propensity
score weighting showed no significant association of
ACEI and/or ARB use with COVID-19 test positivity
(overlap propensity score—weighted odds ratio, 0.97;
95% CI, 0.81-1.15). In terms of mortality, the use of
ACE inhibitors/ARB may even decrease the mortality
rate. In a retrospect, a multicentered study of 1128
with hypertension diagnosed with COVID-19, found
that inpatient use of ACEI/ARB was associated with a
lower risk of all-cause mortality compared with ACEI/
ARB nonusers.” For that reason, based on currently
available data and statistics, the hypothesis of a causal
relationship between ACE inhibitors or ARB intake
and severe outcome of SARS-CoV-2 is not legitimate.”
Table 2 summarize the evidence supporting the safety
of ACE inhibitor/ARB.

WHAT SHOULD PHYSICIANS DO

Given the conflicting evidence regarding the use of ACE
inhibitot/ARB in SARS-CoV-2, many physicians have
been confused about whether to continue or to defer the
use of these two drugs in COVID-19 patients. But, if

we look closely into the evidence that stated the harms
of ACE inhibitor/ARB in SARS-CoV-2 patients, most of
the arguments were just based on the hypothesis. Most of
the evidence was also conducted in animals that can have
different results when it is applied to humans. Besides, there
is abundant and solid evidence of the mortality-lowering
effects of RAAS inhibitors in cardiovascular disease. ACE
inhibitors and ARB are the cornerstone of a prognostically
beneficial heart failure therapy with the highest level of
evidence with regard to mortality reduction.”’ Similatly,
ACE inhibitor, Angiotensin II-Receptor Blocker, and
Mineralocorticoid Receptor Antagonist are part of the
standard therapy in hypertension* and post myocardial
infarction.* A significant reduction of post-infarct
mortality was observed with the administration of either of
these three drugs classes.”* Therefore, based on all this data,
European Society of Cardiology (ESC)** and American
College of Cardiology/American Heart Association
(AHA)* does not recommend the discontinuation of
ACE inhibitors or ARB therapy in patients with heart
failure, hypertension, or myocardial infarction who are also
suffering from SARS-CoV-2 infection. Moreover, ACE2
whose expression is enhanced with an ACE inhibitor or
ARB therapy has the ability to suppress inflammation
and has been suggested as a potential new therapy
for inflammatory lung diseases, cancer, diabetes, and
hypertension.”” Given the fact that no current evidence that
proves a direct causal relationship between the use of ACE
inhibitor/ARB and COVID-19 infectivity or mortality and
the facts that ACE inhibitors/ARB have many benefits
in cardiovascular disease, we suggest following the
recommendation from ESC and ACC/AHA to continue
the use of ACE inhibitor/ARB in SARS-CoV-2 patients
that have cardiovascular comorbidities.

Study Results

Arguments

Sama et al.®
concentrations
Campbell et al.?®

Neither ACE inhibitor nor ARB was associated with higher plasma ACE2

Intravenous administration of ACE inhibitors in patients with coronary artery

The use of ACE inhibitor/ARB was
not associated with higher ACE2
levels

disease did not influence angiotensin-(1-7) production

Luqueet al.®®
after initial treatment with ACE inhibitor captopril
Hamming et al.®

Abundant expression of ACE2 in endothelial cells and smooth muscle cells of
several visceral organs but the absence of virus in these organs

Among patients with hypertension, angiotensin-(1-7) levels were unaffected

Other receptors or co-receptors or
mechanisms may be involved in the
interaction between SARS-CoV-2
and its target cells

ACE2 may play a protective role

Chan et al.®2 Only one of seven ACE2-expressing intestinal cell lines were susceptible to
SARS-CoV infection in vitro

Imai et al.® ACE2 and AT2-receptors play protective roles in severe acute lung injury

Kuba et al.** Downregulation of ACE2 expression by SARS-CoV resulted in more severe

lung injury in mice
de Abajo et al.*®

Mehta et al.¥
(OR 0.97; 95% CI1 0.81 — 1.15)
Zhang et al.®®

Users of RAAS inhibitors had no increased risk for COVID-19 requiring
hospital admission (OR 0.94; 95% CI1 0.77 0 1.15)
No association between ACE inhibitor/ARB use and COVID-19 test positivity

Inpatient use of ACE inhibitor/ARB was associated with a lower risk of all-

The use of ACE inhibitor/ARB was
not associated with the increased
risk of COVID-19 infections, and
even was associated with a lower
risk of mortality

cause mortality from COVID-19 compared with ACE inhibitor/ARB nonusers.
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CONCLUSION

Finally, a more comprehensive or randomized clinical trial
study is needed to prove the direct causal relationship
between the use of ACE inhibitors or ARB and SARS-
CoV-2 infectivity or mortality. Until then, the use of ACE
inhibitor/ARB in SARS-CoV-2 patients with cardiovascular
comorbidity should still be continued.
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ABBREVIATIONS

SARS-CoV-2: Severe Acute Respiratory Syndrome
Coronavitrus 2

ACE: Angiotensin-Converting Enzyme

ARB: Angiotensin II Receptor Blocker

MERS-CoV: Middle East Respiratory Syndrome
Coronavitus

RBM: Receptor Binding Motif

RBD: Receptor Binding Domain

AT-II: Angiotensin 11

RAAS: Renin-Angiotensin-Aldosterone System

ACC: American College of Cardiology

ESC: European Society of Cardiology
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