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Summary  Severe  acute  respiratory  syndrome  coronavirus  2,  which  is  responsible  for  the
current coronavirus  disease  2019  pandemic,  uses  angiotensin-converting  enzyme  2  as  a  gate-
way into  host  cells.  In  this  review,  we  summarise  the  biology  of  this  enzyme,  which  plays  a
key role  in  cardiovascular  homeostasis.  Blockers  of  the  renin—angiotensin  system  modify  the
expression  and  activity  of  angiotensin-converting  enzyme  2  in  different  ways.  The  effects  of
angiotensin-converting  enzyme  inhibitors  and  angiotensin  receptor  blockers  on  the  expression
and enzyme  activity  of  angiotensin-converting  enzyme  2  are  reviewed,  and  the  consequences
of these  treatments  for  the  severity  of  coronavirus  disease  2019  infection  are  discussed.

© 2020  Elsevier  Masson  SAS.  All  rights  reserved.

Abbreviations: ACE, Angiotensin-converting enzyme; ACE2, Angiotensin-converting enzyme 2; Ang, Angiotensin; ARB, Angiotensin II
eceptor blocker; AT1 receptor, Angiotensin II receptor type 1; COVID-19, Coronavirus disease 2019; RAS, Renin—angiotensin system; SARS-
oV-2, Severe acute respiratory syndrome coronavirus 2.
∗ Corresponding author at: Hôpital Lariboisière, 2, rue Ambroise-Paré, 75010 Paris, France.

E-mail address: bernard.levy@inserm.fr (B.I. Lévy).

https://doi.org/10.1016/j.acvd.2020.07.001
875-2136/© 2020 Elsevier Masson SAS. All rights reserved.

https://doi.org/10.1016/j.acvd.2020.07.001
http://www.sciencedirect.com/science/journal/18752136
http://crossmark.crossref.org/dialog/?doi=10.1016/j.acvd.2020.07.001&domain=pdf
mailto:bernard.levy@inserm.fr
https://doi.org/10.1016/j.acvd.2020.07.001


RAS  blockers  and  SARS-CoV-2  573

MOTS  CLÉS
Inhibiteurs  de
l’enzyme  de
conversion  de
l’angiotensine  ;
Bloqueur  des
récepteurs  de
l’angiotensine  ;
Hypertension
artérielle  ;
Insuffisance
cardiaque

Résumé  Le  coronavirus  2  du  syndrome  respiratoire  aigu  sévère  (SARS-CoV-2),  responsable  de
la pandémie  actuelle  de  COVID-2019,  utilise  l’enzyme  de  conversion  de  l’angiotensine  de  type  2
(ACE2) comme  porte  d’entrée  dans  les  cellules  hôtes.  Dans  cette  revue,  nous  résumons  la  biolo-
gie de  cette  enzyme  qui  joue  un  rôle  clé  dans  l’homéostasie  cardiovasculaire.  Les  différents
bloqueurs du  système  rénine—angiotensine  modifient  différemment  l’expression  et  l’activité
de ACE2.  Les  effets  des  inhibiteurs  de  l’enzyme  de  conversion  de  l’angiotensine  et  des  blo-
queurs des  récepteurs  AT1  de  l’angiotensine  sur  l’expression  et  l’activité  de  ACE2  sont  passés
en revue;  nous  discutons  également  des  conséquences  des  traitements  par  les  bloqueurs  du
système  rénine—angiotensine  sur  la  gravité  de  l’infection  par  le  coronavirus  2019.
© 2020  Elsevier  Masson  SAS.  Tous  droits  réservés.

Figure 1. Mode of entry of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) into an epithelial cell. Adapted
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Background

The  vector  of  the  coronavirus  disease  2019  (COVID-19)
pandemic  is  a  new  coronavirus,  severe  acute  respiratory
syndrome  coronavirus  2  (SARS-CoV-2),  the  ‘‘little  brother’’
of  SARS-CoV-1,  which  was  responsible  for  the  SARS  out-
break  that  began  in  China  in  2002  and  killed  800  people
worldwide.  The  two  viruses  share  a  common  access  into
human  host  cells:  angiotensin-converting  enzyme  2  (ACE2),
which  is  particularly  abundant  in  the  lungs  [1].  Given  that
the  virus  affects  multiple  organs,  including  the  kidneys  [2],
brain  [3]  and  heart  [4],  dissemination  probably  occurs  as
it  passes  from  the  respiratory  epithelium  to  the  vascu-
lar  endothelium  of  the  circulatory  system  [5].  The  cases
of  Kawasaki-like  disease  reported  in  children  infected  by
SARS-CoV-2  [6]  support  the  view  that  it  causes  systemic  vas-
culitis.

The  remarkable  work  published  in  Cell  on  16  April  2020
[7]  established  the  relationship  between  SARS-CoV-2  and
ACE2,  and  immediately  raised  at  least  three  questions  con-
cerning  the  renin-angiotensin  system  (RAS):
• whether  and  how  pharmacological  RAS  blockers  might

alter  the  expression  of  ACE2  and  affect  susceptibility  to
disease  or  the  severity  of  SARS-CoV-2  infection  in  patients
with  previous  cardiovascular  diseases  and/or  diabetes;

• whether  treatment  with  RAS  blockers  should  be  discon-
tinued  in  patients  with  hypertension  or  heart  failure  to
avoid  exacerbating  the  risk  in  the  event  of  SARS-CoV-2
infection;

• whether  a  RAS  blocker  could  be  useful  in  the  treatment
of  the  ‘‘cytokine  storm’’  that  occurs  in  the  severe  forms
of  COVID-19.

The  fact  that  there  was  no  evidence  to  support  any
aspect  of  this  speculation  mattered  little  as  the  hypothesis

gained  weight,  initially  via  social  media  and  subsequently
via  the  medical  press  [8].  For  a  brief  overview  of
these  questions,  it  is  worthwhile  recalling  a  few  basic
facts.
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rom Clerkin et al. [45]. ACE2: angiotensin-converting enzyme 2;
MPRSS2: transmembrane protease serine 2.

nfection with SARS-CoV-2

n  the  majority  of  cases,  the  SARS-CoV-2  coronavirus  enters
he  body  through  the  respiratory  system,  sometimes  through
he  digestive  tract  and,  in  rare  cases,  through  the  ocular
onjunctiva  (Fig.  1).  Upon  contact  with  epithelial  cells  in  the
ungs,  the  virus  binds  to  transmembrane  ACE2  molecules,
ollowing  activation  of  the  spike  protein  by  transmembrane
rotease  serine  2 (TMPRSS2).  Infection  with  SARS-CoV-2  is
aused  when  the  viral  surface  spike  protein  binds  to  the
uman  ACE2  receptor;  thus  ACE2  appears  to  function  as  a
ateway  into  the  cell  for  SARS-CoV-2.

Binding  between  the  virus  and  ACE2  has  been  shown  to
‘consume’’  ACE2,  and  viral  infection  may  therefore  reduce
ocal  tissue  and  plasma  concentrations  of  ACE2.  Once  inside
he  cell,  the  virus  releases  ribonucleic  acid,  which  uses  the

olecular  machinery  of  the  infected  cell  —  specifically  its
olgi  apparatus  —  to  replicate  and  form  new  viruses  that  exit
he  host  cell  and  spread  throughout  the  body.
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Figure 2. Multiple effector peptides of the renin—angiotensin system. ACE: angiotensin-converting enzyme; ACE2: angiotensin-converting
enzyme 2; ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin II receptor blocker; AT1: angiotensin II receptor type 1; AT2:
a dase;
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ngiotensin II receptor type 2; IRAP: insulin-regulated aminopepti
rolyl endopeptidase.

xpression and enzyme functions of ACE2

CE2  was  identified  in  2000,  and  is  a  transmembrane  zinc
etalloprotease  with  42%  homology  with  ACE.  It  is  an

05-amino  acid-long  carboxypeptidase,  with  a  17-amino
cid  N-terminal  signal  peptide  and  a  C-terminal  membrane
nchor  [9].  ACE2  is  mainly  expressed  in  the  lungs  (alveo-
ar  epithelial  cells  and  pulmonary  circulation),  the  heart
fibroblasts,  cardiomyocytes,  endothelial  cells,  pericytes
nd  fat  cells),  the  blood  vessels  (endothelial  cells  and
mooth  muscle  cells),  the  kidneys  (glomerular  and  tubular
ells  and  podocytes),  the  intestine  (enterocytes),  the  liver
hepatocytes  and  cholangiocytes)  and  the  testes.

ACE2  catalyses  the  cleavage  of  angiotensin  II  (Ang  II)  into
ng-(1—7),  which  in  turn  activates  mitochondrial  assem-
ly  (MAS)  receptors.  MAS  activation  exerts  vasodilatory,
ntifibrotic  and  anti-inflammatory  effects,  facilitating  the
ssociated  cardioprotective  actions  of  nitric  oxide  release,
asodilation  and  blunting  of  inflammation  [10].

ACE2  plays  a  key  role  in  the  homeostasis  of  systemic  blood
ressure,  counterbalancing  the  vasoconstrictive  action  of
ng  II,  which  itself  is  generated  by  cleavage  of  Ang  I
atalysed  by  ACE  [11].  It  also  catalyses  the  formation  of  Ang-
1—9)  from  Ang  I,  but  with  400-fold  less  efficacy  than  the  Ang
I  to  Ang-(1—7)  pathway  [9].  Fig.  2  shows  this  often-ignored
art  of  the  RAS,  and  the  levels  at  which  Ang  II  receptor
ype  1  (AT1  receptor)  blockers  (ARBs)  and  ACE  inhibitors
ct.

It  has  been  speculated,  but  not  fully  substantiated,  that
inding  of  SARS-CoV-2  to  ACE2  alters  tissue  concentrations
f  the  latter,  and  that  massive  losses  of  ACE2  may  play
 role  in  the  pathophysiology  of  cardiorespiratory  failure.
n  animal  models,  loss  of  ACE2  resulted  in  increased  pro-
uction  of  reactive  oxygen  species,  and  administration  of
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 MAS: mitochondrial assembly; NEP: neutral endopeptidase; PEP:

ecombinant  ACE2  was  shown  to  inhibit  Ang  II  effects  on
ransforming  growth  factor-beta  1  activation  and  colla-
en  production  [12].  Importantly,  lower  quantities  of  ACE2
annot  counterbalance  the  harmful  effects  of  Ang  II  in
romoting  degradation  of  cardiac  and  lung  structure  and
unction  [13].

In  contrast  to  Ang  II,  which,  via  its  AT1  recep-
ors,  has  vasoconstrictive,  proinflammatory,  profibrotic  and
ypertrophic  effects  on  cardiac  and  vascular  cells,  ACE2
as  a  doubly  protective  effect  on  cardiovascular  target
rgans,  as  it  reduces  the  amount  of  Ang  II  available  and
ynthesises  Ang-(1—7)—an  antifibrotic  anti-inflammatory
asodilator  —  via  its  MAS  receptors.  ACE2  therefore  has  two
arallel  functions  with  additive  effects:  it  reduces  concen-
rations  of  Ang  II  (clearance);  and  it  has  cellular  effects  that
ounteract  those  of  the  AT1  receptors  of  Ang  II  (antago-
ist).

The  activity  of  ACE2  is  generally  considered  to  be
ncreased  in  all  diseases  affecting  the  cardiovascular
ystem,  probably  via  activation  of  compensatory  mecha-
isms  that  counteract  the  effects  of  Ang  II,  and  which
re  elevated  in  these  pathological  conditions.  In  these
atients,  the  increase  in  plasma  and  tissue  concentrations
f  Ang  II  leads  to  overexpression  of  ACE2,  although  in
mounts  that  are  insufficient  to  normalise  Ang  II  concen-
rations  and  restore  a  favourable  balance  between  the  two
athways.

In patients  with  a  high  cardiovascular  risk,  there  is  an
mbalance  between  the  ACE  and  ACE2  pathways.  ACE2
nzyme  activity  has  been  measured  in  patients  with  various
ardiovascular  diseases  [14], and  is  significantly  increased
n  patients  with  hypertension  (+53%)  and  in  patients  with

eart  failure  with  reduced  ejection  fraction  (+261%),  but
ot  in  patients  with  heart  failure  with  preserved  ejection
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Figure 3. The imbalance between the synthesis of angiotensin
(Ang) II by angiotensin-converting enzyme (ACE) and that of Ang-
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(1—7) by angiotensin-converting enzyme 2 (ACE2) in heart failure.
Adapted from Patel et al. [13]. AT1: angiotensin II receptor type 1;
MAS: mitochondrial assembly.

fraction.  Plasma  ACE2  activity  is  also  increased  in  patients
with  diabetes,  especially  those  with  albuminuria  [15].

Hisatake  et  al.  [16]  reported  that  patients  with  acute
heart  failure  had  lower  serum  ACE  activity  and  plasma  aldos-
terone  concentrations  than  healthy  volunteers,  whereas
there  were  no  differences  between  the  two  groups  in  terms
of  plasma  renin  activity  or  plasma  Ang  II  concentrations.
Patients  with  acute  heart  failure  had  higher  serum  ACE2
concentrations  than  healthy  volunteers  (+64%;  P  =  0.002),
but  their  serum  Ang-(1—7)  concentrations  were  significan-
tly  lower  (—23%;  P  =  0.005).  However,  these  results  should
be  interpreted  with  caution  because,  in  this  study,  patients
with  acute  heart  failure  were  significantly  older  than  the
healthy  volunteers  (62  vs.  47  years);  moreover,  the  sex
ratio  was  not  the  same  in  both  groups  (male/female  ratio:
36/13  in  the  acute  heart  failure  group  and  35/3  in  the  con-
trol  group).  Interestingly,  in  two  larger  independent  cohorts
of  patients  with  heart  failure,  Sama  et  al.  [17]  recently
reported  that  plasma  concentrations  of  ACE2  were  higher
in  men  than  in  women.  This  study  found  no  correlation
between  higher  plasma  ACE2  concentrations  and  use  of
either  ACE  inhibitors  or  ARBs.

Fig.  3  summarises  the  imbalance  between  the  synthesis
of  Ang  II  by  ACE  and  that  of  Ang-(1—7)  by  ACE2  in  heart
failure.

How ACE inhibitors and ARBs change the

expression of ACE2

This  is  a  key  point  that  generated  questions  —  and  some-
times  panic  —  in  the  medical  and  patient  communities  after
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ord  came  out  that  ACE2  is  the  receptor  for  SARS-CoV-2.
art  of  the  misunderstanding  stems  from  the  fact  that  ACE
nhibitors  are  mistaken  for  ACE2  inhibitors.  Any  possible
ffect  of  ACE  inhibitors  on  ACE2  expression  or  activity  must
e  indirect,  via  their  respective  substrates.  Another  source
f  confusion  in  understanding  the  effects  of  RAS  blockers  on
CE2  is  that  the  effects  on  transcription  and  on  ACE2  activ-

ty  can  be  different;  messenger  ribonucleic  acid  and  protein
evels  in  experimental  data  are  often  found  to  change  in
pposite  directions.  The  European  Society  of  Hypertension
ask  Force  [18]  produced  an  excellent  review  summarising
irtually  all  the  experimental  and  clinical  results  available
o  date.

ACE  inhibitors  and  ARBs  can  have  different  consequences
n  the  components  of  the  RAS,  in  particular  ACE2,  either
irectly  or  by  downregulation.  Once  again,  there  is  no  direct
iochemical  effect  of  ACE  inhibitors  on  ACE2,  characterised
uring  its  identification  as  captopril  insensitive  [11]. Most
harmacological  studies  have  been  conducted  in  animal
odels  and,  while  they  are  highly  convergent  with  regard

o  the  effects  of  ARBs,  they  are  far  less  so  for  those  of  ACE
nhibitors.

In  the  majority  of  experimental  studies,  RAS  blockade  by
RBs  increased  ACE2  transcription,  expression  and  activity
19—21]. Ang  II  acutely  induced  ACE2  internalisation  via  its
T1  receptor  in  ACE2-transfected  cultured  cells  [22];  thus,
f  ARBs  as  a  drug  class  upregulate  membrane-bound  ACE2,  it
s  reasonable  to  assume  that  this  is  because  of  AT1  receptor
lockade.

The  effects  of  ACE  inhibitors  on  ACE2  are  not  so  clear.
n  animal  models,  ACE  inhibitors  exert  different  effects
n  ACE2  concentrations;  a  review  of  the  literature  would
ppear  to  be  in  favour  of  the  absence  of  any  clear  effect  of
CE  inhibitors  on  ACE2  [19]. There  are  very  few  published
esults  of  human  studies  showing  changes  in  the  expres-
ion  and  activity  of  ACE2  during  ACE  inhibition.  Esler  et  al.
23]  suggested  that  the  difference  arises  from  an  increase  in
ng  II  levels  after  ARB  treatment  (but  not  after  ACE  inhibi-
ion):  high  Ang  II  levels  would  appear  to  impose  an  increased
ubstrate  load  on  the  enzyme,  thus  requiring  it  to  be  upreg-
lated.  We  proposed  this  hypothesis  in  a  letter  to  Nature
eviews  Cardiology  [24], and  it  was  confirmed  a  few  weeks
ater  in  the  same  journal  by  Ferrario  et  al.  —  Carlos  Fer-
ario  being  one  of  the  few  research  scientists  who  has  been
orking  on  the  biology  of  ACE2  for  20  years  [25]. Ferrario
oncluded  his  letter  by  saying  that  ACE  inhibitors  and  ARBs
ave  different  effects  on  ACE2  because  of  their  opposing
ffects  on  the  concentration  of  Ang  II.

In  line  with  the  hypothesis  that  Ang  II  levels  counter-
egulate  ACE2,  the  effects  of  RAS  blockers  on  ACE2
oncentrations  could  be  explained  as  follows:  ACE  inhibitors
lightly  lower  the  production  of  Ang  II  and  increase  the  for-
ation  of  Ang-(1—7)  by  increasing  the  level  of  Ang  I,  but

lso  by  inhibiting  the  metabolism  of  Ang-(1—7)  by  ACE  —  the
nzyme  activity  of  ACE2  is  therefore  not  altered  by  ACE
nhibitors;  blockade  of  Ang  II  AT1  receptors  results  in  a  sus-
ained  increase  in  plasma  and  tissue  concentrations  of  Ang
I  and  Ang  I  —  increased  levels  of  Ang  II  could  thus  increase

CE2  activity.

Logically,  mineralocorticoid  receptor  blockers  reduce  the
xpression  of  ACE2  in  animals  [26]  and  in  patients  with  heart
ailure  [27]. Furthermore,  preliminary  —  but  sometimes
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onflicting  —  data  suggest  that  aliskiren  (a  direct  renin
nhibitor)  may  alter  the  expression  and  activity  of  ACE2
28,29].

In severe  forms  of  COVID-19,  ARBs  could  exert  a
otentially  beneficial  pulmonary  effect,  thus  limiting  the
onsequences  of  the  cytokine  storm.  Decreased  alveolar
oncentrations  of  ACE2  during  acute  lung  injury  result  in
ecreased  Ang  II  metabolism,  leading  to  higher  local  levels
f  the  peptide,  which  increase  alveolar  permeability  and
orsen  lung  injury.  Thus,  ARBs  could  potentially  exert  a
rotective  action  in  the  late  phases  of  COVID-19  by  counter-
cting  the  negative  effects  of  Ang  II.  Several  clinical  trials
re  currently  underway  to  test  this  hypothesis.

ow do RAS blockers affect COVID-19?

n  the  early  days  of  the  COVID-19  epidemic,  it  was  ques-
ioned  whether  patients  with  increased  ACE2  expression  and
levated  enzyme  activity  were  at  higher  risk  of  infection  [5].
ndeed,  concurrent  cerebrovascular  disease,  diabetes,  high
lood  pressure  or  coronary  heart  disease  were  frequently
eported  early  in  the  epidemic  [30,31].  Rapidly,  the  link
etween  the  increase  in  ACE2  in  these  diseases  and  the
enetration  of  SARS-CoV-2  led  to  the  question  of  whether
hronic  treatment  with  renin—angiotensin  antagonists  was
ikely  to  increase  the  risk  or  severity  of  COVID-19.

The  hypothesis  was  that  SARS-CoV-2  not  only  uses  ACE2
o  enter  cells,  but  also  reduces  ACE2  concentrations,  thus
educing  the  protective  effects  of  ACE2  [32].  In  addition,
t  was  suggested  that  high  concentrations  of  Ang  II  during
ARS-CoV-2  infection  may  be  partly  responsible  for  inflam-
atory  complications  [33].  In  one  study  involving  only  a  few
atients,  high  plasma  concentrations  of  Ang  II  were  corre-
ated  with  viral  load  and  severe  lung  damage  [34].

As  RAS  blockers  may  have  a  potentially  harmful  effect  in
OVID-19,  it  was  initially  recommended  that  these  agents
hould  be  replaced  by  calcium  channel  blockers,  which  have
o  known  effect  on  ACE2  [20].  However,  learned  societies  in
he  USA,  Europe  and  France  all  rightly  recommended  that
reatment  with  an  ACE  inhibitor  or  an  ARB  should  not  be
iscontinued.  Although  the  risks  associated  with  stopping
hese  treatments  are  very  well  known,  their  effect  on  viral
iseases  was  only  assumed.

We  now  have  observational  studies  that  have  provided
imple  coherent  answers  to  the  questions.  The  results  of
hese  clinical  studies  were  published  in  record  time,  are
onsistent,  and  were  the  subject  of  an  editorial  in  the  New
ngland  Journal  of  Medicine  in  early  May  [35].

Mancia  et  al.  [36]  conducted  a  case-control  study,  match-
ng  6272  patients  with  COVID-19  to  30,759  controls  based  on
ge,  sex  and  place  of  residence.  Neither  ACE  inhibitors  nor
RBs  were  associated  with  an  increased  likelihood  of  infec-
ion  by  SARS-CoV-2.  The  conclusion  that  RAS  blockers  do
ot  modify  susceptibility  to  COVID-19  applies  to  both  sexes,
nd  is  irrespective  of  age.  Reassuringly,  additional  analyses
howed  that  RAS  blockers  were  not  associated  with  adverse
isease  progression  in  patients  with  COVID-19.
Reynold  et  al.  [37]  studied  computerised  medical  records
rom  New  York  University.  Of  the  12,594  patients  tested  for
uspected  COVID-19,  5894  were  positive,  1002  of  whom  pre-
ented  with  severe  forms,  defined  by  admission  to  intensive
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are  or  the  need  for  mechanical  ventilation  or  death  of  the
atient.  The  relationship  between  previous  pharmacological
reatments  and  the  likelihood  and  severity  of  infection  were
ested  in  the  entire  population  and  then  in  those  with  hyper-
ension.  After  propensity  score  analysis,  no  association  was
ound  between  treatment  with  ACE  inhibitors,  ARBs  or  any
ther  antihypertensive  class.

An  European  review  [16]  has  shown  that  there  is  no  clear
vidence  that  hypertension  per  se  is  a  risk  factor  for  infec-
ion  with  SARS-CoV-2  or  for  severity  of  COVID-19.  The  study
ven  appears  to  suggest  that  ACE  inhibitors  and  ARBs  could
e  associated  with  a relative  protective  effect  against  SARS-
oV-2  infection  and,  in  affected  patients,  with  a  better
rognosis.  A  recent  clinical  study  [38]  suggested  that  among
atients  with  COVID-19  who  had  hypertension,  those  receiv-
ng  a  RAS  blocker  had  significantly  lower  concentrations  of
-reactive  protein  (P  =  0.049)  and  procalcitonin  (P  =  0.008)
ompared  with  patients  receiving  another  class  of  antihy-
ertensive  drugs.  Of  note,  the  two  groups  of  patients  had
imilar  blood  pressure  measurements.  Furthermore,  a  lower
roportion  of  critical  patients  (9.3%  vs.  22.9%;  P  =  0.061)  and

 lower  death  rate  (4.7%  vs.  13.3%;  P  =  0.216)  were  observed
n  the  RAS  blocker  group,  although  these  differences  failed
o  reach  statistical  significance.

Knowledge  of  the  pathophysiology  of  SARS-CoV-2  is
rowing  rapidly,  and  a number  of  potential  therapeutic
pproaches  are  being  considered.  Injection  of  recombinant
CE2  is  one  therapeutic  strategy  currently  being  tested
39]. This  would  enable  SARS-CoV-2  to  be  captured  in  the
lood,  thus  reducing  its  dispersal  to  the  organs  expressing
CE2  (heart,  kidney,  liver  and  vessels),  and  thereby  limit-

ng  the  consequences  of  the  sepsis  that  occurs  in  severe
orms  of  COVID-19.  Another  therapeutic  approach  is  based
n  the  major  role  played  by  Ang  II  in  the  immune  storm
anifestations  of  severe  stages  of  COVID-19  in  addition  to

nflammatory  cytokines  [40,41].  ACE  inhibitors  are  being
sed  to  reduce  Ang  II  production,  whereas  ARBs  are  being
sed  to  curb  its  effects  in  an  interesting  attempt  to  limit  the
dverse  course  of  COVID-19.  Thus  losartan,  the  first  drug  in
he  ARB  class,  is  currently  being  tested  in  both  outpatients
42]  and  hospitalised  patients  [43]. Lastly,  Italian  teams  are
onducting  a  new  multicentre  study  (NCT04318418)  [44]  that
ill  include  3000  hospitalised  patients  with  COVID-19  with
ulmonary  symptoms.  Patients  will  be  classed  according  to
he  degree  of  severity  of  lung  disease,  and  compared  with
ontrol  patients  who  have  been  infected  by  SARS-CoV-2,  but
ave  no  pulmonary  symptoms  or  a minor  form  of  pulmonary
mpairment.  The  relationship  between  ACE  inhibitor  or  ARB
herapy  and  the  severity  of  COVID-19  will  be  assessed  by
ultivariable  analysis.

onclusions

CE  is  often  confused  with  ACE2,  whereas  these  two  dif-
erent  enzymes  have  different  sites  of  activity,  different
ubstrates  and  different  biological  effects.  This  has  caused  a
ertain  amount  of  confusion  and  concern  among  the  public,

nd  even  among  physicians.  Many  patients  have  felt  the  need
o  call  their  physicians  to  enquire  about  the  risk  related  to
ypertension,  and  whether  they  should  discontinue  treat-
ent  with  RAS  blockers.  Faced  with  uncertainty,  many
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physicians  in  both  general  practice  surgeries  and  emergency
and  infectious  disease  departments  have  stopped  or  modi-
fied  RAS  blocker  therapy.  The  effects  of  ACE  inhibitors  on
ACE2  activity  are  indirect,  and  there  is  very  little  clinical
evidence  of  positive  regulation  of  ACE2  by  ACE  inhibitors
or  ARBs  in  humans.  In  addition,  there  is  no  clear  clinical
evidence  that  RAS  blockers  (ACE  inhibitors  or  ARBs)  are
associated  with  an  increased  risk  of  SARS-CoV-2  infection
or  an  increased  risk  of  adverse  COVID-19  progression.  Thus,
learned  societies  in  the  USA,  Europe  and  France  all  unan-
imously  and  strongly  recommend  that  patients  taking  ACE
inhibitors  or  ARBs  for  hypertension,  heart  failure  or  other
medical  indications  should  continue  their  current  therapy
unless  specifically  advised  otherwise  by  their  physician  or
healthcare  provider.  Currently  available  data  on  COVID-19
do  not  support  the  differential  use  of  ACE  inhibitors  or  ARBs
in  these  patients.
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