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ABSTRACT
Background

The world has a current total of 6,663,304 confirmed cases
of COVID-19 with a death count of 392,802 deaths
according to the WHO (6 June 2020). Various risk factors
for the acquisition and subsequent development of deadly
complications due to the virus have been established. One
such risk factor is the presence of cardiovascular disease,
particularly hypertension as a comorbidity. It must be noted
that JNC 8 advise the use of angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers as first line drugs
for the management of hypertension. ARDS is caused by
the activation of angiotensin |, angiotensin Il and AT1
receptor pathway, however stimulation of Mas receptor,
MRGPR receptors, AT2 receptor and the ACE-2-
angiotensin (1-7), pathways is found to be defensive. Mas
receptor exerts an inhibitory effect on inflammation and
cellular growth and vascular mechanisms. This research
aims to examine the relationship between ACE inhibitors
and the risk of COVID-19 infections with the goal of
determining whether this relationship is spurious in
association or whether it is causative in nature? More
specifically, in this research article we will determine
whether the SARS-CoV-2 virus has an affinity for ACE 2
receptors in humans. Furthermore, it will be determined
whether ACE inhibitors would inhibit or facilitate an
imminent COVID-19 infection in individuals as well as to
determine whether patients currently using ACE inhibitors
should continue or discontinue the drug therapy in order to
minimize their susceptibility to acquiring COVID-19, and
whether patients should start ACE inhibitor therapy if
required during this pandemic.

Conclusion

It is evident that ACE 2 receptors are the portal of entry for
SARS-CoV-2. It is recommended that the use of RAAS
inhibitors, viz ACE inhibitors and angiotensin receptor
blockers is not stopped or decreased despite the ongoing
pandemic as the results thereof may lead to the worsening of
the patient’s comorbidity and may hasten death.
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Background

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a single-stranded RNA virus which surfaced in
Wuhan, China, in 2019 [1]. In the wake of this virus, the
world has been thrown into turmoil [2]. The 1st of
December 2019 marked the first COVID-19 case [3]. The
viral transmission was not curtailed and spread from
mainland China; [4] with the first foreign case being
confirmed in Thailand on the 13th of January 2020 [5].
The world has a current total of 6,663,304 confirmed
cases of COVID-19 with a death count of 392,802 deaths
according to the WHO (4:43pm CEST, 6 June 2020) [5].
Various risk factors for the acquisition and subsequent
development of deadly complications due to the virus
have been established. One such risk factor is the presence
of cardiovascular disease, particularly hypertension [6] as
a comorbidity [7]. A Global brief on hypertension by the
WHO, indicates that there are more than 1 billion patients
suffering from hypertension worldwide [8]. It must be
noted that JNC 8 advises the use of angiotensin-
converting enzyme inhibitors or angiotensin receptor
blockers (ARB) as first line drugs for the management of
hypertension [9]. The common Angiotensin Converting
Enzyme Inhibitors (ACE I) which are available and used
clinically are Enalapril, Lisinopril, Ramipril, Fosinopril,
Quinapril, Trandolapril, Perindopril.

Angiotensin receptor blockers (ARB) which are available
and used clinically are Losartan, Candesartan, Olmesartan,
Telmisartan, Valsartan, Irbesartan and Irbesartan.
Angiotensin Converting Enzyme Inhibitors (ACEI) have
been a mainstay treatment for diseases such as post
myocardial infarction, hypertension, scleroderma crisis,
left ventricular dysfunction and diabetic nephropathy [10].

Mechanism of action and pharmacological actions

ACEI acts via the inhibition of angiotensin- converting
enzyme, this enzyme thereby is not functional and does
not convert angiotensin | to angiotensin I [11].
Angiotensin Il produces vasoconstriction, increases thirst,
induces aldosterone secretion, renal sodium retention,
ADH release, increases the cardiac contractility and
increases blood pressure. The resultant effect of the
inhibition of the conversion of Angiotensin | to
Angiotensin 1l is a lower blood pressure, prevention of
smooth muscle and cardiac myocyte remodeling. The
ACEI thereby causes a decreased arteriovenous pressure
in combination with reducing the preload and afterload of
the heart [12]. The use of ACEI on prolonged therapy
causes a phenomenon termed as ‘“upregulation”. The
usage of the angiotensin- converting enzyme inhibitor
results in decreased binding of angiotensin 11 to the target
receptor. It is noted that the organs which contain these
ACE 2 receptors are the kidney, stomach, urinary bladder,
lung alveolar epithelium, ileum, nasal mucosa and the
heart. These organs express a large number of these ACE

2 receptors in response to the decreased level of
Angiotensin Il in reciprocation to the use of ACEI [12].

ACE 2 receptors in COVID-19

According to a study conducted by Kannan et al.,
concluded that SARS-CoV-2 virus targets these very ACE
2 receptors in humans, causing the severe pathological
symptoms which may result in death [13]. Is the
phenomenon of “upregulation” of these ACE 2 receptors,
increasing the targets for the virus and thus is it
facilitating the entry as well as accelerating the disease
process of COVID-19? Hypertension is an established risk
factor for the acquisition of the virus; is this precedent
being further precipitated by the use of ACEI? It is
therefore imperative to determine whether this
relationship is spurious in association or whether it is
causative in nature or whether ACEI’s have any effect on
the viral acquisition and disease progress at all. ARDS is
caused by the activation of angiotensin I, angiotensin Il
and ATL1 receptor pathway, however stimulation of Mas
receptor, MRGPR receptors , AT2 receptor and the ACE-
2-angiotensin (1-7), pathways is found to be defensive as
the [14, 15] Mas receptor exerts an inhibitory effect on
inflammation cellular growth and vascular mechanisms
[16, 17].

Potential harm in the use of ACE inhibitors in
COVID-19

It has been established that the viral receptor of SARS-
CoV-2 is the ACE-2 receptor. Due to this fact, there are
speculations that there is a greater hazard associated to
medicines that act on the renin angiotensin aldosterone
system (RAAS) in patients with COVID-19 [19]. According
to the hypothesis formulated by Watkins J. ACE inhibitors
could be a risk factor for COVID-19 and recommended for
swift epidemiological and preclinical studies take place, as
well as called for the temporarily replacement of ACEI by
other drugs by virtue that the SARS-CoV-2 infection
increased ACE2 expression and could be more harmful for
the patients [20, 21]. According to Diaz JH hypothesis,
patients who received Angiotensin converting enzyme
inhibitors and Angiotensin receptor blockers may be in
jeopardy of severe disease consequences due to SARS-
CoV-2 infections [22]. Verdecchia P and his team from
Italy used this concept, to produce the hypothesis that the
use of Angiotensin converting enzyme inhibitors would
cause an upsurge in appearance of ACE 2 receptors and
would thus allow an increased number of ports of entry for
the access of the SARS-CoV 2 virus. If proven to be true,
the use of ACE inhibitors would be further increasing the
risk in a cohort of the population who have concomitant
comorbidities, thus making them extremely vulnerable to
the infection [23]. In a study conducted by Fang L has
reported diabetes, hypertension, coronary artery disease and
cerebrovascular disease as the most common comorbid
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Figure 1: SARS-CoV-2 and the renin angiotensin
aldosterone system

Source:  Vaduganathan et al.  Renin-Angiotensin-
Aldosterone System Inhibitors in Patients with Covid-19. N
Engl J Med. 2020;382(17):1653-1659 [138].

condition in COVID-19 patients based on three studies
from China. Most of the patients were treated by
angiotensin-converting enzyme inhibitors; however,
treatment was not evaluated in either study [24]. More
severe COVID-19 disease outcomes (such as intensive
care and mechanical ventilation) were reported in patients
with cardio-vascular diseases, such as hypertension,
coronary artery disease and diabetic nephropathy [25]. It
was evident that all these patients met the
recommendations for and were most likely treated by
ACEIs and ARBs. ACEIs / ARBs and COVID-19 were
believed to have a potential association in this study, and
this raised the question of whether patients on ACEI and
ARBSs should change their therapeutic regimen. The study
did however state that future case-control studies were
needed to confirm the use of these drugs as being a risk
factor for facilitating the pathogenicity of SARS-CoV-2
[24, 25]. A study conducted by Liang Cheng et al.,
concluded that cardiac injury was a prevalent and often
fatal complication that precipitated in patients with
COVID-19. The study discovered that the pericytes of the
heart expressed these ACE 2 receptors in high
concentration. The virus thereby using these

receptors as portals to cause vascular dysfunction which
could precipitate in a myocardial infarction and further
complications. The expression of ACE 2 receptors in heart
failure patients and on RAAS inhibitors therapy will be
higher in comparison to that of a normal human. This
increased expression in combination with the comorbidity
could potentiate the likelihood of further complications
and death [26].

At this current point in time, there is not enough research
and evidence to prove that RAAS inhibitors are harmful to
patients who suffer from COVID-19, nor is there enough
evidence to prove that the use of these drugs aids and
abets the virus in its virulence or infectivity to a human
undergoing this therapy.

Potential advantage for the use ACE Inhibitors in
COVID-19

i. Risks of ACE | Compared to Other Antihypertensive
Drugs in Covid-19

A study conducted by Reynolds et al., in New York
University, compared hypertensive patients on ACE
inhibitors vs other 5 common anti-hypertensives drug
classes. Out of 12,594 patients who were confirmed
COVID-19 positive cases (34.6%) had a history of
hypertension, among which (59.1%) tested positive,
(24.6%) being patients with severe COVID related illness
[19]. They examined the patients’ clinical and drug
treatment profiles and found no association between
positive COVID-19 tests and any of the various
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antihypertensive medication classes, including ACEI. It
was thus concluded that no drug class, not even ACEIs or
ARBs were associated with a substantial increase in
pathogenicity of SARS-CoV-2 [19].

In a study conducted by Mancia et al. in Italy, 6272
positive cases of COVID-19, as well as the patients’
clinical profiles and information on their use of selected
drugs was gathered. Compared to the control group, the
case patients had higher rates of antihypertensive drugs,
including ACEI and ARBs, but no causal association
between ARBs or ACEI and COVID-19 was evident.
Usage of Angiotensin receptor blockers and Angiotensin
converting enzyme inhibitors was not found to be linked
with COVID-19. The study concluded by identifying that
case patients did make use of ACEI and ARBs more
frequently than the control group but this was purely due
to greater prevalence of cardiovascular disease. No
evidence was suggestive to prove that these drugs affected
the clinical course or risk of COVID-19 [27].

ii. ACE | may be protective against the respiratory
complications of SARS-CoV-2

a. The respiratory complications of SARS-CoV2 due to
ACE 2 downregulation:

The SARS-CoV-2 virus, after gaining entry through ACE
2 receptors, downregulates ACE 2 expression to a point
where the enzyme cannot exert its protective effect on the
lungs, and other organs [18, 28].

An experimental study done by Imai et al, 2005 to
demonstrate how a decrease in ACE 2 receptors causes
acute lung injury in animal models which mimic those
seen in SARS-CoV-2 and Acute Respiratory Distress
Syndrome. Namely: acid aspiration, sepsis, and
pneumonia [29]. This was done via the examination of
effects of ACE 2 gene deficiency in genetically modified
mouse animal models with a control group of wild-type
mice. When acid aspiration was induced, the ACE 2
deficient mice showed edema, bleeding, inflammatory cell
infiltration, increase in the alveolar wall thickness and
increased lung elastance as well as lower oxygenation
[29]. This is a perfect demonstration of how decreased
ACE 2 (and its subsequent increase in ACE1 activity)
caused by corona virus leads to acute lung injury.

b. Evidence that increasing ACE 2 levels helps reverse
acute lung injury:

As a solution to the problem of acute lung injury caused
by decreased ACE 2, would be to increase the level of
ACE 2 in the lungs [29]. One way to do this would be via
administering recombinant human angiotensin converting
enzyme 2 (rhuACE 2).

In a study by Imai et al, 2005 performed a rescue
experiment using the administration of rhuACE to those
mice with acute lung injury, and they found that the lung
injury process was reversed. The lung elastance and
pulmonary edema decreased drastically in the Ace 2

deficient mice and it decreased the control group mice as
well. This shows that ACE 2 activity can be directly
protective from acute lung injury [29].

In a 2017 pilot trial by Khan et al. in 10 intensive care
units in the United States, increasing the ACE 2 activity
through the administration of Recombinant Human
Angiotensin-converting Enzyme 2 (rhACE-2) was also
proven to reverse the lung injury process [30]. The ARDS
Patients were administered rhACE-2 and this increased
the levels of Angiotensin (1-7) which has anti-
inflammatory properties and alveolar surfactant protein D
levels, which is inclined to decrease interleukin-6 which
has pro-inflammatory properties which may cause acute
lung injury [30].

c. ACEL1 inhibitors can be used to increase ACE 2
levels and thus reverse acute lung injury

A study was conducted by Huang et al. to determine if
ACE inhibitors could upregulate ACE-2 expression. This
was done on rats to determine whether the admission of
ACE inhibitors would upregulate the ACE 2 receptors in
those rats after inducing liver injury. There was marked
upregulations of expression of ACE 2 in tetrachloride-
injured rate liver and Angiotensin Il preserved hepatic
stellate cells after ACEls were administered. This
confirmed his hypothesis that Angiotensin converting
enzyme inhibitors are able to upregulate ACE 2
expression [31].

ACE-2 in cardiac myocytes was found to be amplified
when ACE inhibitors where administered over 1-2 weeks.
[32]. Thus, ACE inhibitors could be used to increase
ACE levels and thus reverse acute lung injury. However,
this is a hypothesis, and still needs to be proven with
clinical trials.

A study conducted by Sun et al, suggested that elevated
levels of ACE and Angiotensin Il paint a dire prognostic
picture for the progression of pneumonia. Research
conducted on animals shows that ACEI’s and ARB’s
(RAAS blockers) alleviate the severe symptoms
associated with respiratory infections and even respiratory
failure. The use of ACEI may prove beneficial in the drug
therapy for patients with COVID-19 according to these
results based on pneumonia [33].

iii. Discontinuing Existing ACEI and ARB therapy may
prove harmful for COVID-19

Since ACEI blunt the deleterious effects of Angiotensin II,
enhance the ACE-2 and reduce harmful effects on the lungs
of COVID-19[30], discontinuing the ACEI may not only
deprive the patients of their beneficial properties but it
could also increase the severity of their cardiovascular co-
morbidity making their body less equipped to deal with the
SARS-CoV-2 infection, ultimately precipitating in severe
conditions or death [30].

Evidence from a Systematic Review and Meta-analysis by
Zhang X on 19,000 COVID-19 patients on ACEI or ARB,
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showed that there was no evidence suggestive of increase
incidence of COVID-19 infection in the patients.
Furthermore, it was reported that Angiotensin Converting
Enzyme Inhibitors and Angiotensin receptor blockers were
allied to a lower hazard of mortality compared to other
antihypertensive drugs [34].

iv. Refuting the “Harmful Effects” of ACEI in COVID-
19

The 2020 descriptive analysis of 1099 patients in China
uses the fact that many COVID-19 infections occur in
hypertensives that meet the requirement for ACEI as an
indicator that ACEI may be worsening the clinical course of

COVID-19 infections. This could be a spurious association.
As the various complications associated with hypertension
itself may be the reason why the patients are not able to

administering thact-2 COpe  With the disease. Secondly, not all hypertensive
- napuressrscov2inpsma PAtieNts are taking ACE inhibitors as drugs - according to a
- mrebaanceace/acezatio. DOPUlation-based study in China, only 30 to 40% of

hypertensives are treated with any antihypertensives, and of
those only 25-30% of patients are put on RAAS inhibitors

A : & .t,'_;m__!l [ITIT[18]. Many hypertensive patients are older, and advancing

age is the strongest predictor of COVID-19 related death.
[13] It therefore likely that there is no substantial evidence
supporting the claim that ACEI worsen the clinical course
of COVID-19 [35].

Conclusion

It is evident that ACE 2 receptors are the portal of entry
for SARS-CoV-2. Various clinical trials across the globe
are underway to further assess the safety margin and the
likelihood of the use of Angiotensin Converting Enzyme
Inhibitors, Angiotensin receptor blockers and recombinant
human ACE2 in the treatment of the COVID-19 disease.
It is recommended that the use of renin angiotensin
aldosterone system inhibitors, viz ACE inhibitors and
angiotensin receptor blockers is not stopped or decreased
despite the ongoing pandemic as the results thereof may
lead to the worsening of the patient’s comorbidity and
may hasten death.
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