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ABSTRACT

COVID-19is a new disease caused by the Sars-CoV-2 virus and the vast majority of patients have symptoms similar to a flu-like syndrome.
A small portion of those infected ends up being hospitalized and may develop with the most severe presentation of the disease. Data
from Chinese series report that hypertension appears to be a condition that imposes a greater risk of unfavorable evolution of patients.
Some studies have reported that Sars-CoV-2 uses the angiotensin-converting enzyme to access its target cells. There are theories that
differ about the protective or harmful role that drugs that act in the renin angiotensin aldosterone system in these patients. A British
study suggests that patients using angiotensin-converting enzyme inhibitors had a lower incidence of severe forms of the disease.
Another study carried out a retrospective and multicenter analysis showing that mortality was lower in the group that had used the
drugs when compared to the other group (3,7 vs. 9,8%; p=0,01). The various hypotheses raised through pathophysiology are not yet
able to really predict the best course of action for patients using drugs that act on the renin angiotensin system. Thus, a randomized

study becomes important to try to answer definitively and with a high degree of reliability to this question.
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INTRODUCTION

COVID-19 is a new disease caused by the Sars-CoV-2 virus initially reported in Wuhan province, in China, which
took on worldwide proportions and gained pandemic status in March 2020". High transmissibility rate and low real lethality
rate (approximately 2%)2. The measured lethality may vary according to the region analyzed, mainly due to the number of
diagnostic tests performed.

'The vast majority of patients have symptoms similar to a flu-like syndrome, such as: dry cough, runny nose, fever
and general malaise. A small portion of those infected ends up being hospitalized and may evolve with the most severe
presentation of the disease, with pneumonia and acute respiratory syndrome. To date, several drugs are still being tested to
achieve a better prognosis of severe forms of the disease’.

Data from Chinese series report that hypertension appears to be a condition that imposes a greater risk of unfavorable
evolution of patients. Some hypotheses have already been raised and are being studied to explain this possible correlation.

'The presence of cardiac complications can occur in up to 23% of patients. The presentations can be as distinct as possible
from arrhythmias, myocarditis, pericarditis, Takotsubo’s disease and type 2 infarctions. It is important to note that patients

with previous cardiovascular diseases have a greater chance of unfavorable evolution®.

Infection mechanism

Despite some divergences, some studies have reported that Sars-CoV-2 uses the angiotensin-converting enzyme
(ACE2) to access its target cells*®.

ACE?2 is a carboxypeptidase that preferably removes carboxy-terminal hydrophobic amino acids. Through the
cleavage of a single Angiotensin I residue (Angio I), Ang 1-9 is generated or by the cleavage of the original Ang 1-7
Angiotensin II, whose vasodilation, antiproliferation and anti-fibrosis effects are opposed to the effects of Angiotensin
II generated by ACE2".

A recent study showed that ACE2 is highly expressed in the mouth and tongue, thus facilitating the penetration
of the virus into the host. In healthy human lungs, ACE2 is expressed in the lower portions of type I and type II cells of
the alveolar epithelium. After infection by Sars-CoV-2, its entry into the cell occurs through the connection between the
glycoprotein S, expressed in the virus envelope, and ACE2, present on the alveolar surface. The link between Sars-CoV-2
and ACE2 stimulates clathrin-dependent endocytosis, which promotes the internalization of the entire Sars-CoV-2 and
ACE2 complex through its fusion in the cell membrane®.

Once inside the cell, Sars-CoV-2 exploits the endogenous transcriptional machinery of pneumocytes to replicate and
spreads throughout the lung®. With the infection, most ciliated cells in the alveolus interrupt their airway cleaning activities
leading to the progressive accumulation of debris and fluids causing, in its highest degree, acute respiratory syndrome?.

Since the affinity of ACE2 binding has been shown to be a major determinant of Sars-CoV-2 infectivity, experiments
on the interaction between virus and receptor at atomic levels of spatial resolution have been conducted to identify the
specific domain of Glycoprotein S present in the viral envelope involved in the interaction between Sars-CoV-2 and ACE2°.

A better understanding of this process may provide a unique opportunity to develop specific therapies aimed at blocking

the connection between Sars-CoV-2 and ACE2, minimizing the infectivity mechanism of this virus.

Experimental studies

The renin-angiotensin-aldosterone system has already been extensively studied within cardiology, since several drugs
used in clinical practice have a close relationship with this axis'®!.

In 2003, a type of severe acute respiratory syndrome spread rapidly around the world. A new type of coronavirus
(Sars-CoV-2) has been identified as the pathogen responsible for the outbreak, which can cause severe acute pneumonia,
with a high potential for lethality. In this context, ACE2 has been potentially identified as the Sars-CoV receptor. In the

past epidemic, there was a lot of fear about the impacts that this infection could cause for people, within the health system,

as well as economic and social implications.
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Experimental studies have shown that genetically modified mice without the expression of ACE2 had fewer copies of
the viruses, as well as less lung damage, suggesting that ACE2 is actually a crucial SARS receptor iz vivo that is essential
for effective replication'*. From these data it is believed that the renin-angiotensin system plays an important role in the
severity of severe acute lung injury''.

There are theories that diverge about the protective or harmful role that drugs of the class of angiotensin-converting
enzyme (ACE) inhibitors or angiotensin receptor blockers (ARB) can cause. The theory that suggests harm is based on
the possibility that the use of blockers of the renin-angiotensin system would increase ACE2 levels and facilitate the entry
of the virus into cells, promoting an increase in infection in its most severe form. The presence of ACE2 in abundance
in alveolar cells makes the lung the preferred organ for the entry of the virus, associating it with a plausible relationship
between receptors and respiratory manifestations>'®. On the other hand, another theory states that the use of these drugs
can mitigate COVID-19, as it attenuates the acute pulmonary impairment mediated by Angio II. With the use of ACEi
or ARB, less production of Angiotensin II occurs. It is worth remembering that Angio II has a vasoconstriction effect,
inflammation and a prothrombotic effect (possibly increasing PAI-1 levels) through its binding to the angiotensin II
type 1 receptor. Thus, its lower production would minimize these harmful effects. In addition, blocking the renin-angiotensin
system leads to increased production of Ang (1-7) and activation of the Mas receptor. The latter has an anti-inflammatory,
antifibrotic, antioxidant and anti-apoptotic effect, which may protect the severe form of the disease'.

There are still many doubts about the inhibition of the renin-angiotensin aldosterone system in the expression of
ACE2. One of these studies, which evaluated the intravenous infusion of angiotensin-converting enzyme inhibitors in
patients with coronary artery disease, did not influence the production of angiotensin (1-7), which arouses interest if ACE

inhibitors actually have effects on metabolism of ACE2- Angiotensin II'""2,

Human studies

A British study evaluated patients diagnosed with COVID-19 whose primary outcome was defined as death or admission
to the intensive care unit (ICU) within 7 days of symptom onset. In this cohort, 205 patients were analyzed and, of these,
53 patients reached the primary outcome. Among patients who used angiotensin-converting enzyme (ACEI) inhibitors,
14% died or needed an ICU versus 29% of patients who did not use this type of medication. Logistic regression findings
suggest that patients using angiotensin-converting enzyme inhibitors had a lower incidence of severe forms of the disease.
This effect is mitigated when adjustments are made for gender and age. The limitation of the study is due to the small size
of its sample, because it is a single center and the short period of clinical follow-up'.

Another study carried out a retrospective and multicenter analysis (nine centers in Hubei, China) that included 1,128
patients with hypertension diagnosed with COVID-19, including 188 patients using ACE inhibitors / ARB who were
compared to 940 patients without using these drugs. Mortality was lower in the group that had used the drugs when
compared to the other group (3,7 vs. 9,8%; p=0,01)"".

A retrospective analysis of 1,178 patients, with a mean age of 55.5 years, showed that the total hospital mortality was
11%. The prevalence of hypertension was 30.7%. The specific mortality of the hypertensive group was 21.3%. The severity
of the evolution was not influenced, and there was no difference according to the medication used in the treatment'.

'The various hypotheses raised through pathophysiology are not yet able to really predict the best course of action to
be taken in patients using ACEI and ARB. Thus, a randomized study becomes important to try to answer definitively and
with a high degree of reliability to this question®.

CONCLUSIONS

The renin-angiotensin system appears to be closely involved in Sars-CoV-2 processes. To date, the guidance of all
cardiology societies has been unanimous in maintaining the recommendation not to suspend these medications in patients

with COVID-19 until stronger data can definitively clarify this issue.
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