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RAS AND SARS-CoV-2 INTERACTION: )
SHORT REVIEW OF THE LATEST EVIDENCE el
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Abstract. Coronavirus SARS-CoV-2 is responsible for the coronavirus disease (COVID-19) cause of the recent global pan-
demic, which is causing thousands of deaths worldwide and represents a health challenge with few precedents in human
history. The angiotensin 2 conversion enzyme (ACE-2) has been identified as the receptor that facilitates access to SARS-
CoV-2 in cells; evidence shows that its concentration varies during the various stages of viral infection. Therapeutic agents
modifying the renin-angiotensin system (RAS) may be able to modulate the concentration of ACE-2 and the various
components of the system. In this article we examine the latest evidence on the association between the use of RAS modi-
fying agents and coronavirus 2019 (COVID-19) disease caused by SARS-CoV-2. Our investigation and critical literature
research does not suggest discontinuation of ACEIs/ARBs treatment in clinical practice as there is a lack of robust evi-
dence. However, we recommend further well-structured epidemiological studies investigating this sensitive issue that may
provide important new suggestions for implementing guidelines.
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BSAUMOAENACTBUE SARS-CoV-2 U PEHUH-AHTMUOTEH3WHOBOW CUCTEMbI: KPATKUA OB30P
NOCNEAHUX AAHHbIX

Butuaio A.l, @appapa D.2
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Pestome. KoponaBupyc SARS-CoV-2 aBisgercsa npuunHoit KopoHaBupycHoli 6onesnu (COVID-19), Bri3BaBIeii He-
JABHIOIO TJI00ABHYIO MTAHIEMUI0, KOTOPasi yHeca ThICSIUM XM3HEH BO BCEM MUPE U TIPEACTaBIsIET CO00H mpodiaeMy
JUTST 3MOPOBbSI, UMEIOIIYTO JTUIITb HECKOJIBKO MPEIEIEHTOB B UICTOPUM YeJIOBEYEeCTBA. AHTMOTEH3WHITPEBPAIIAIONTN A
dbepment 2 (ACE-2) 6b11 ueHTUGUIIMPOBAH KaK PELeTTOpP, KOTOPbIii 00serdaet 1ocTyn K SARS-CoV-2 BkneTky; naH-
HbIE TIOKA3bIBAIOT, YTO €T0 KOHILIEHTPAIIM S BAPUPYETCS HAa Pa3HbBIX CTaMIX BUPYCHOI nHpeknu. TepaneBTuieckne
areHThbl, MOMU(ULIMPYIOIIE PEHUH-aHTUOTeH3UHOBY0 cucTeMy (PAC), MOTYT ObITh CITOCOOHBI MOJYIUPOBATh KOH-
neHTpauuio ACE-2 1 pa3iuyHbIX KOMITIOHEHTOB CUCTEMbI. B 3TOM cTaThe MBI UCClIeAYyeM MOCIENHNE TOKa3aTeIbCTBA
CBSI3U MEXIY UCIOJb30BaHUEM areHToB, Moauduuupyomux RAS, u COVID-19. Haie uccienoBaHue u naHHbIe
JIMTepaTyphl He npeaiaraoT npekpaieHus gedeHuss ACEIs/ARBs B K 1uHUYecKoil mpakTHKe, TOCKOJIbKY AJISI 3TOTO
OTCYTCTBYIOT HaJIeXHbIE IOKAa3aTeJbCTBA. TeM He MEHee Mbl PEKOMEH/1YeM MPOBECTU JajbHEHIIINE XOPOIlO CTPYK-
TypUPOBaHHbIE AMUIEMUOJIOTUYECKHE UCCAEJOBAHMSI ATOM IETMKATHON TeMbl, PE3YJIbTaThl KOTOPHIX MOTYT CITOCO0-
CTBOBATb MOSBJICHUIO HOBBIE MTpUHIMIIOB Tepanuu COVID-19.

Karoueevie caosa: COVID-19, penun-aneuomensunosas cucmema, SARS-CoV-2, nandemus.
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MHdekumns n uMmyHuTeT

The SARS-CoV-2 (COVID-19) virus is responsi-
ble for the current global pandemic, causing thousands
of deaths and responsible for a health challenge with
few precedents for humanity. SARS-CoV-2 is a fam-
ily of RNA viruses capable of infecting humans and
causing respiratory distress syndrome with severe
lung injury in some fatal cases [2]. Studies have shown
that SARS-CoV-2 has about 80% of the SARS-CoV-
like genome responsible for the 2003 outbreak [4, 6].
Evidence shows that viral infection has several stages:
in the first stages an asymptomatic or slightly symp-
tomatic clinical course is described, the subsequent
moderately severe stages characterised by a pulmo-
nary inflammatory state, the last very severe stages
characterised by a generalised inflammatory state
affecting all tissues causing multi-organ dysfunc-
tion and in some cases death [1]. Biochemical inter-
action studies have shown that SARS-CoV-2 virus
enters host cells mainly through the use of the spike
protein (S) [10, 11] through the angiotensin 2 conver-
sion enzyme receptor (ACE-2) on the cell surface [10].
ACE-2 is also a conversion enzyme that is part of the
renin-angiotensin system (RAS). Is there a scientific
debate going on since the beginning of the pandem-
ic, is an increase of ACE-2 responsible for a higher
probability of COVID-19 infection? Lung tissues are
probably an easier entry route for SARS-CoV-2 be-

cause 83% of ACE-2 receptors are present in type I1
pneumocytes that produce surfactants that prevent
to the alveoli to collapse [12]. The RAS modulating
drugs are widely used in the treatment of cardiovascu-
lar diseases, but what is the correlation between these
drugs, RAS and COVID-19? Can they play a protec-
tive role by modulating the expression of RAS compo-
nents? Or, on the contrary, are these drugs considered
risk factors for COVID-19?

To date, it is strongly recommended not to inter-
rupt the treatment with the usual therapy of RAS
modulating drugs, because no clinical or scientific
evidence suggests this [3]. Agents acting on RAS
can be distinguished as inhibitors of the angiotensin
conversion enzyme (ACEI), Angiotensin II receptor
blockers (ARB) and direct renin inhibitors (DRI)
(Bavishi et al., 2020). These agents are currently in-
dicated for the treatment of various cardiovascular
diseases with excellent clinical efficacy. ACEIs are
able to reduce blood pressure by acting with ACE
inhibition which converts Ang I to Ang II. ARBs
are Ang II antagonists on the type 1 receptor (AT-
Ir), finally, DRIs block plasma renin activity and
inhibit the conversion of angiotensinogen to Ang I.
The three different classes described above have
different effects on the regulation and enzymatic
expression of RAS [9]. A retrospective epidemio-
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Figure. SARS-CoV-2 and ACE-2 interaction

Comments. SARS-CoV-2 penetrates cells by binding the peak viral protein (S) to ACE-2. ACE-2 converts Ang Il to Ang 1-7. Ang 1-7
has opposite biological actions to Ang I, antifibrotic, antioxidant and antihypertrophic effects through the stimulation of MasR.
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logical cohort study using database data showed that
the use of ACEI or ARB was not significantly associ-
ated with mortality and diagnosis of COVID-19, re-
spectively [5]. Another study using electronic health
records from the University of New York (NYU)
Langone Health showed no significant correlation
and association between the use of ACEI/ARB and
the development of COVID-19 and COVID-19 se-
vere, respectively [7]. In addition, another retro-
spective and multicentre study conducted on a large
scale in adult hypertensive patients with COVID-19
in Hubei, China 9, showed that the use of ACEI or
ARB was significantly associated with a lower prob-
ability of mortality due to different causes than non-

users of ACEI/ARB, probably for a greater and more
effective management of underlying cardiovascular
disease in the patients considered. Finally, some
studies have not been considered because they show
inconsistent data [13]. In addition, in several stud-
ies, investigations in patients receiving ACEi or ARB
treatment did not have higher plasma concentra-
tions and significant changes in ACE-2, in contrast
to in vitro data [8]. In conclusion, based on currently
available data and taking into account evidence of re-
duced mortality in cardiovascular disease, ACE-I
and ARB therapy should be maintained or initiated
in patients with cardiovascular disease according
to current guidelines of the major scientific societies.
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