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Summary  Chloroquine  and  hydroxychloroquine  are  drugs  that  have  shown  in  vitro  activity
on the  replication  of  certain  coronaviruses.  In  the  context  of  the  SARS-Cov-2  epidemic,  the
virus responsible  for  the  novel  coronavirus  disease  (COVID-19),  these  two  drugs  have  been
COVID-19;
SARS-Cov-2;
Coronavirus

proposed  as  possible  treatments.  The  results  of  the  first  clinical  studies  evaluating  the  effect
of hydroxychloroquine  do  not  support  any  efficacy  of  this  drug  in  patients  with  COVID-19,  due
to major  methodological  weaknesses.  Yet,  these  preliminary  studies  have  aroused  considerable
media interest,  raising  fears  of  massive  and  uncontrolled  use.  In  the  absence  of  evidence  of
clinical benefits,  the  main  risk  is  of  exposing  patients  unnecessarily  to  the  well-known  adverse
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effects  of  hydroxychloroquine,  with  a  possibly  increased  risk  in  the  specific  setting  of  COVID-19.
In addition,  widespread  use  outside  of  any  recommendation  risks  compromising  the  completion
of good  quality  clinical  trials.  The  chloroquine  hype,  fueled  by  low-quality  studies  and  media
announcements,  has  yielded  to  the  implementation  of  more  than  150  studies  worldwide.  This
represents  a  waste  of  resources  and  a  loss  of  opportunity  for  other  drugs  to  be  properly  evalu-
ated. In  the  context  of  emergency,  rigorous  trials  are  more  than  ever  needed  in  order  to  have,
as soon  as  possible,  reliable  data  on  drugs  that  are  possibly  effective  against  the  disease.  Mean-
while, serious  adverse  drug  reactions  have  been  reported  in  patients  with  COVID-19  receiving
hydroxychloroquine,  justifying  to  limit  its  prescription,  and  to  perform  suitable  cardiac  and
therapeutic  drug  monitoring.

© 2020  Société  française  de  pharmacologie  et  de  thérapeutique.  Published  by  Elsevier  Masson
SAS. All  rights  reserved.
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bbreviations

CE2  angiotensin  converting  enzyme  2
DRs  adverse  drug  reactions
OVID-19  novel  coronavirus  disease  2019
YP  cytochrome  P450
CG  electrocardiogram
CSP  French  High  Council  of  Public  Health
ERS-Cov  Middle  East  respiratory  syndrome  coronavirus
Tc  corrected  QT  interval
ARS-Cov  severe  acute  respiratory  syndrome  coronavirus
DM  therapeutic  drug  monitoring
NF� tumor  necrosis  factor  �

ntroduction

hloroquine  (Nivaquine®)  and  its  hydroxylated  deriva-
ive  hydroxychloroquine  (Plaquenil®)  are  old  drugs  with
ntimalarial  properties,  the  use  of  which  has  become
rogressively  reduced  with  the  appearance  of  chloroquine-
esistant  strains  of  Plasmodium  falciparum.  They  also  have
nti-inflammatory  and  immunomodulatory  activity  by  reg-
lating  the  production  of  tumor  necrosis  factor  (TNF)�,
nterferon  and  certain  cytokines  [1—3].  These  properties
ustify  the  use  of  hydroxychloroquine  in  certain  autoimmune
iseases,  such  as  lupus  or  rheumatoid  arthritis.

In  addition,  since  several  decades,  these  drugs  have
een  shown  to  have  an  inhibitory  activity  on  the  replica-
ion  of  many  viruses  [4].  Although  the  mechanisms  of  these
ntiviral  properties  are  not  fully  understood,  chloroquine
nd  hydroxychloroquine  are  weak  bases,  which  accumulate
n  lysosomes,  modify  their  pH,  and  interfere  with  certain
nzymes.  They  thus  have  the  capacity  to  inhibit  the  pH-
ependent  entry  of  certain  viruses  into  host  cells,  or  even
o  block  the  replication  of  enveloped  viruses  by  inhibiting

he  glycosylation  of  envelope  proteins  [5].  These  in  vitro
ntiviral  effects  have  raised  a  lot  of  hope,  opening-up  con-
ideration  of  the  repositioning  of  these  old  and  inexpensive
rugs  for  the  management  of  many  viral  infections,  against
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hich  there  are  no  or  few  effective  treatments,  or  against
hich  drugs  exist  but  are  not  widely  available,  especially  in
ountries  with  limited  resources  [6].

hloroquine and hydroxychloroquine: are
hey  effective antivirals?

he  demonstration  of  antiviral  activity  in  vitro  is  obvi-
usly  not  synonymous  with  efficacy  on  clinically  relevant
arameters.  Several  studies  have  demonstrated  an  effect
f  chloroquine  and  hydroxychloroquine  on  the  replication  of
IV  in  vitro  [7].  However,  a  double-blind,  randomized,  con-
rolled  trial  comparing  hydroxychloroquine  at  400  mg/day
o  placebo  in  83  HIV  positive  patients  not  treated  with
ntiretrovirals  and  having  a  CD4  level  >  400/�L, showed
fter  48  weeks  of  treatment  a  greater  decrease  in  CD4,  and
n  increased  viral  load,  in  the  group  treated  with  hydrox-
chloroquine  compared  to  controls  [8].  Such  paradoxical
ffect  was  also  observed  in  a  double-blind,  randomized,
ontrolled  trial  comparing  the  efficacy  of  5  days  of  chloro-
uine  to  placebo  in  patients  infected  with  chikungunya.
esides  the  lack  of  effect  of  chloroquine  on  the  viremia,
atients  in  the  chloroquine  group  had  significantly  more
rthralgia  than  those  in  the  placebo  group  [9],  despite  an
nhibitory  effect  of  chloroquine  on  the  replication  of  the
irus  in  vitro  [10].  In  the  case  of  chikungunya,  this  clini-
al  versus  laboratory  discrepancy  might  be  explained  by  the
mmunomodulatory  effects  of  these  drugs,  which  modify  the
ellular  and  humoral  immune  response  to  infection  [10].  In
ther  indications,  such  as  the  treatment  of  dengue  fever  or
he  prevention  of  influenza,  chloroquine  proved  to  be  inef-
ective  despite  in  vitro  activity  [3,11—13].  Finally,  activity
gainst  the  hepatitis  C  virus  (HCV)  has  been  described  [14].

 pilot  clinical  trial  conducted  in  a  dozen  patients  with  HCV
genotype  1)  who  did  not  respond  to  the  combination  of
egylated  interferon  alpha  and  ribavirin,  showed  a  reduction

n  viral  load  and  in  ALT,  but  this  effect  ceased  on  stop-
ing  chloroquine  (Table  1)  [15].  Thus,  to  date,  despite  many
romising  in  vitro  leads,  chloroquine  or  hydroxychloroquine
ave  never  been  shown  to  have  any  real  clinical  efficacy  in
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Table  1  Examples  of  viral  infections  for  which  chloroquine  or  hydroxychloroquine  have  been  tested  in  vitro  and  in
clinical  trials.

Infection  Drug  tested  In  vitro  Activity  Efficacy  in  clinical  trials

HIV  Hydroxychloroquine  Inhibits  the  replication  of  HIV  Decreased  CD4  and  increased  viral
load

Dengue  Chloroquine  Inhibits  the  replication  of  the
virus

No clinical  efficacy  demonstrated

Chikungunya  Chloroquine  Inhibits  the  replication  of  the
virus

No effect  on  viral  load;  increase  in
arthralgia

Influenza  Chloroquine  (prophylactic)  Inhibits  the  replication  of  H1N1
and  H3N2  viruses

No prevention  of  influenza;  more
adverse  events  in  the  chloroquine
group

Hepatitis  C  Chloroquine  Inhibits  the  replication  of  HCV  Decreased  viral  load;  this  effect
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the  treatment  or  prevention  of  viral  infections  [16]. Sev-
eral  reasons  may  explain  the  discrepancy  between  in  vitro
and  clinical  results,  such  as  the  validity  of  the  experimental
model,  or  pharmacokinetic  issues,  i.e.  reaching  sufficient
inhibitory  concentration  at  the  site  of  infection.

Effects on coronaviruses

In  2002-2003,  the  coronavirus  responsible  for  severe  acute
respiratory  syndrome  (SARS-Cov)  quickly  affected  many
countries.  Since  then,  the  hypothesis  of  chloroquine  as  a
therapeutic  option  has  emerged,  based  on  its  antiviral  prop-
erties  and  also  on  its  immunomodulatory  effect  [6].  This
hypothesis  was  confirmed  in  vitro,  chloroquine  inhibiting  the
replication  of  the  SARS-Cov  virus  at  concentrations  close
to  those  used  in  patients  treated  for  malaria  [17].  Sub-
sequent  work,  still  in  vitro,  confirmed  these  results  and
also  suggested  a  possible  prophylactic  effect  [18].  In  2014,
chloroquine  was  described  as  having  in  vitro  activity  on  the
Middle  East  respiratory  syndrome  coronavirus  (MERS-Cov)
[19].  However,  these  results  have  not  been  followed  by  clin-
ical  trials  demonstrating  any  clinical  efficacy.

In  the  context  of  the  current  SARS-CoV-2  pandemic,
responsible  for  the  novel  coronavirus  disease  (COVID-19),
the  chloroquine  question  has  resurfaced.  In  vitro  studies
have  shown  that  chloroquine  [20],  and  also  hydroxychloro-
quine,  exhibits  antiviral  activity  against  SARS-CoV-2,  with  a
lower  EC50  for  hydroxychloroquine  (0.72  �M  vs  5.47  �M  at
48  h)  suggesting  more  potent  activity  [21].  In  this  same  arti-
cle,  the  authors  developed  a  PB/PK  model  for  these  two
drugs,  in  order  to  simulate  their  diffusion  in  pulmonary  tis-
sue  with  several  dosage  regimens  while  taking  into  account
the  safety  profile.  Based  on  simulations,  they  propose  for
hydroxychloroquine  a  loading  dose  of  400  mg  twice  on  day
1,  followed  by  a  maintenance  dose  of  200  mg  twice  a
day  for  the  next  four  days.  At  these  dosages,  simulations
show  apparently  low  plasma  concentrations,  of  the  order
of  0.1  �g/mL,  but  which  could  allow  significant  pulmonary
exposure  with  very  high  tissue-free  inhibitor  quotients,  of

about  85  from  day  5  after  the  start  of  treatment  [21,22].

Yet,  other  reports  have  shown  about  10-fold  higher  EC50,
or  a  higher  potency  for  chloroquine  than  hydroxychloro-
quine,  highlighting  substantial  variability  between  in  vitro
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ceased  on  stopping  chloroquine

odels  [23,24]. This  stresses  the  difficulty  to  extrapolate
hat  appropriate  drug  concentration  at  the  site  of  infection
ill  be  reached  with  safe  doses  of  chloroquine  or  hydroxy-
hloroquine.

he first clinical data in COVID-19 and
heir limitations

ased  on  these  experimental  data,  around  twenty  clinical
rials  evaluating  the  efficacy  of  chloroquine  or  hydroxy-
hloroquine  on  COVID-19  had  been  started  in  China  by
id-March  2020  [25], while  there  were  almost  150  trials

egistered  worldwide  at  the  end  of  April.  This  frenetic  activ-
ty  originates  from  positive  preliminary  results  obtained  on
ne  hundred  patients,  which  were  announced  without  there
eing  a  formal  interim  analysis  or  a  detailed  report  of  these
esults  published  [26]. They  were  followed  by  different
tudies  of  various  methodological  qualities  from  single-arm,
on-controlled  studies,  to  cohorts  with  propensity  score-
atched  controls,  and  randomized  controlled  trials.
In  France,  a  pilot  study  published  a few  weeks  later  eval-

ated  the  effect  of  hydroxychloroquine  on  patients  with
OVID-19.  This  non-randomized,  open-label  study  had  as  pri-
ary  endpoint  the  presence  of  nasopharyngeal  virus  6  days

fter  inclusion.  The  main  result  was  a  higher  proportion  of
atients  in  whom  the  virus  was  no  longer  detected  in  the
ydroxychloroquine  group  (600  mg/d  for  10  days)  than  in
he  control  group  (70%  vs  12.5%;  P  =  0.001).  In  addition,  six
atients  who  received  a  hydroxychloroquine-azithromycin
ombination  had  negative  samples  from  day  5  (D5)  [27].
hile  they  open  up  interesting  perspectives,  the  results

f  this  work  must  be  considered  with  the  greatest  cau-
ion  due  to  major  methodological  weaknesses.  First,  as  in
ny  non-randomized  study,  imbalances  between  the  groups
xpose  it  to  a  major  bias.  In  this  case,  the  use  of  geo-
raphic  controls  does  not  protect  against  a  possible  selection
ias.  In  addition,  of  the  26  patients  who  received  hydrox-
chloroquine,  six  left  the  trial  prematurely;  among  these,
hree  were  transferred  to  intensive  care,  and  a  fourth

ied.  An  intention-to-treat  analysis  should  not  exclude  these
atients,  but  should  consider  these  cases  as  failures  of
reatment  with  hydroxychloroquine.  In  the  control  group,
he  result  of  the  primary  endpoint  (PCR  on  day  6,  D6)
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as  not  available  for  5  of  the  16  subjects,  nearly  30%,
hom  the  authors  considered  to  be  positive,  i.e.  carry-

ng  the  virus.  Another  point  concerns  PCR  results,  which
ere  not  reported  in  the  same  way  for  10  patients  in  the
ontrol  group  (compared  to  the  6  other  controls  and  20
atients  in  the  group  treated  with  hydroxychloroquine).  The
esults  of  these  PCRs  also  seem  to  be  very  variable:  two
atients  in  the  control  group,  negative  on  D5  were  again
ositive  on  D6,  and  counted  as  such  for  the  main  endpoint.
owever,  in  the  arm  treated  with  hydroxychloroquine,  a
atient  found  negative  on  D5  and  for  whom  the  data  was
issing  on  D6  was  presumed  negative.  By  re-analyzing  the
ata  actually  available  on  D6,  the  difference  between  the
roups  is  no  longer  significant,  suggesting  a  possible  risk
f  p-hacking,  which  consists  of  multiplying  the  comparisons
ntil  obtaining  a  p-value  below  the  significance  threshold.
his  obviously  increases  the  risk  of  a  false  positive.  The
rticle  also  concludes  that  azithromycin  is  effective,  but
hese  results  relate  only  to  a  series  of  6  patients,  with-
ut  randomization.  These  results  were  supplemented  by  the
re-publication,  by  the  same  team,  of  a  cohort  of  1061
atients  receiving  a  combination  of  hydroxychloroquine-
zithromycin  early  after  the  first  symptoms,  and  followed-up
uring  nine  days  or  longer.  The  results  show  a  rate  of
oor  clinical  outcome  (prolonged  hospitalisation,  transfer
o  intensive  care,  or  death)  of  4.3%,  and  0.75%  mortality
28],  i.e.  close  to  that  observed  among  infected  people  in
rance  [29].  However,  in  the  absence  of  a  control  group,  it
s  not  possible  to  conclude  to  the  efficacy  of  this  associa-
ion.

Several  studies  based  on  data  collected  from  routine
are  compared  outcomes  of  patients  with  confirmed  SARS-
oV-2  infection  treated  with  hydroxychloroquine  to  those
ntreated,  and  used  propensity  score-based  methods  to
ccount  for  between-group  differences  inherent  to  non-
andomized  studies.  The  first  study,  conducted  in  four
ospitals  in  France,  compared  84  patients  with  pneumo-
ia  requiring  oxygen,  and  who  received  hydroxychloroquine,
o  89  controls.  The  results  show  no  difference  between
he  two  groups  regarding  the  risk  of  transfer  to  intensive
are  or  death  [30].  A  second  study  reports  data  from  the
epartment  of  Veterans  Affairs,  in  the  USA.  Among  368
atients,  97  received  hydroxychloroquine  alone,  113  had
ydroxychloroquine  and  azithromycin,  and  158  were  unex-
osed  to  hydroxychloroquine.  The  results  suggest  a  higher
isk  of  death  in  patients  treated  with  hydroxychloroquine
lone,  without  any  difference  between  the  three  groups
egarding  the  risk  of  ventilation  [31].  These  two  studies
ere  later  completed  by  two  larger  cohorts  of  patients
dmitted  to  the  hospital  in  New  York,  USA.  The  first  one
n  =  1376)  did  not  show  any  significant  association  between
ydroxychloroquine  use  and  the  primary  end  point  of  res-
iratory  failure  (HR  =  1.04;  95%  CI:  0.82  to  1.32)  [32].
f  note,  almost  60%  of  patients  receiving  hydroxychloro-
uine  in  that  cohort  also  received  azithromycin,  while  this
roportion  was  37.2%  in  propensity-matched  patients  not
eceiving  hydroxychloroquine.  In  the  second  large  cohort
n  =  1438),  hydroxychloroquine  used  was  not  associated  with
 decrease  in  in-hospital  hospital  mortality,  whether  asso-
iated  with  azithromycin  or  used  alone  [33].  However,  the
on-randomized  nature  of  these  studies  exposes  to  bias  and
revents  from  drawing  clear  conclusions.
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Few  randomized  clinical  trials  have  been  conducted,
nd  properly  reported  so  far.  The  summary  of  a  small,
andomized  trial  conducted  in  China  (NCT04261517)  on  30
atients,  was  published  at  the  end  of  March  2020.  The
esults  do  not  show  any  difference  between  the  groups
reated  with  hydroxychloroquine  (5  days  at  400  mg/d)  and
he  control  group,  neither  virologically  nor  based  on  clini-
al  criteria  [34]. Another  Chinese  study  (ChiCTR2000029559)
oncluded  to  the  superiority  of  hydroxychloroquine  (5  days
t  400  mg/day)  over  standard  treatment  in  treating  fever,
ough,  and  associated  pneumonia  [35].  Yet,  we  cannot
xclude  significant  reporting  bias,  since  the  outcomes,  the
umber  of  patients,  and  the  dose  regimens  reported  in  this
tudy  differed  from  those  initially  declared  in  the  registry.
he  largest  randomized  trial  was  an  open-label,  multicenter
tudy  including  75  patients  treated  with  hydroxychloroquine
ompared  with  75  patients  receiving  standard  of  care.  The
ose  was  higher  than  on  the  previous  trials  (loading  dose
f  1200  mg/day  for  three  days  followed  by  800  mg/day  for

 or  3  weeks,  according  to  the  severity  of  the  disease).
he  results  do  not  show  any  difference  in  viral  clearance
t  day  28  (primary  outcome).  Symptoms  were  also  compa-
able  between  the  two  groups  [36],  while  some  differences
ere  observed  in  post-hoc  subgroup  analyses.  Altogether,
vailable  evidence  is  limited  and  most  studies  are  biased.
o  date,  the  results  of  a  live  meta-analysis  do  not  suggest
ny  efficacy  of  hydroxychloroquine  in  patients  with  COVID-
9  [37].  Nonetheless,  the  media  and  societal  excitement
enerated  by  very  early  announcements,  based  on  in  vitro
ata  and  uncontrolled  case  studies,  are  at  the  origin  of  a
uge  demand  for  and  significant  use  of  this  drug.

he safety of hydroxychloroquine use in
OVID-19 and its monitoring

n  the  absence  of  evidence  of  efficacy,  the  first  risk  is
o  unnecessarily  expose  patients  to  adverse  effects  [38].
hile  it  is  relatively  safe  at  the  doses  used  to  prevent
alaria  (100  mg/day),  chloroquine  has  well-known  dose-
ependent  adverse  drug  reactions  (ADRs).  The  most  common
re  abdominal  pain  or  diarrhea,  described  in  almost  10%  of
sers,  as  well  as  pruritus  and  rashes.  Headache,  ringing  in
he  ears,  dizziness  and  tinnitus  are  also  possible  (signs  of
‘cinchonism’’  described  with  quinine).  Psychiatric  ADRs  are
lso  reported,  ranging  from  anxiety  disorders  and  insomnia
o  psychotic  decompensations.  Psychotic  effects  (hallucina-
ions,  delusions)  seem  more  frequent  than  thymic  disorders
depression).  Regarding  hydroxychloroquine,  serious  psychi-
tric  effects  are  relatively  rare  within  the  framework  of  the
sual  prescription.  However,  in  the  current  context,  with
he  anxiety-provoking  nature  of  the  epidemic  and  the  confi-
ement  of  the  population,  these  ADRs  are  potentially  more
ikely  to  appear.

Chloroquine  and  hydroxychloroquine  also  have  well-
nown  cardiac  ADRs  linked  to  their  inhibitory  effect  on  hERG
otassium  channels,  which  repolarize  the  action  poten-

ials  of  cardiomyocytes  by  potassium  efflux  in  phase  3  of
he  action  potential  (IKr  potassium  current).  This  property
ncreases  the  risk  of  prolonging  the  corrected  QT  interval
QTc)  of  the  electrocardiogram  (ECG)  [39].  Although  this  ADR
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Chloroquine  and  hydroxychloroquine  in  COVID-19  

is  dose-dependent  and  therefore  more  frequent  in  the  event
of  an  overdose,  serious  arrhythmias  have  been  reported  at
therapeutic  doses.  Among  the  risk  factors  for  QT  prolon-
gation  that  can  facilitate  or  precipitate  such  arrhythmias
are  a  slow  heart  rate  (<  55  bpm),  being  female  [40], and
especially  hypokalemia  and  combination  with  other  QTc-
prolonging  drugs,  such  as  macrolides  [41,42].  Besides  this
effect  on  IKr  current,  hydroxychloroquine  may  reduce  heart
rate  by  inhibiting  If-current  in  phase  4  of  the  action  potential
[43].

Among  patients  receiving  hydroxychloroquine  for  COVID-
19,  about  10%  had  to  discontinue  due  to  ECG  modifications
[44].  In  the  largest  randomized  trial,  adverse  events  were
observed  in  about  30%  of  patients  who  received  hydroxy-
chlorquine,  vs  9%  of  patients  who  did  not  [36].  QTc  >  500  ms
was  observed  in  11%  to  20%  of  patients  receiving  a  com-
bination  of  hydroxychloroquine  and  azithromycin  [45,46].
This  proportion  reached  25%  with  the  highest  dose  of
hydroxychloroquine  (1200  mg/day  for  10  days)  in  a  double-
blinded,  randomized  trial  comparing  two  dose  regimens,
in  combination  with  azithromycin  [47].  Among  40  patients
with  severe  infection  (admitted  to  intensive  care  units)
who  received  either  hydroxychloroquine  or  hydroxychloro-
quine  +  azithromycin,  there  was  an  increase  in  QTc  in  37  of
40  patients  (93%)  after  drug  administration.  QTc  prolonga-
tion,  defined  as.  �QTc  >  60  ms  or  QTc  ≥  500  ms,  was  observed
in  14  patients  (36%)  [48].  The  risk  was  significantly  lower,
yet  significant,  when  hydroxychloroquine  was  used  alone
[46,48].  This  is  consistent  with  observational  data  collected
from  patients  with  rheumatoid  arthritis,  in  whom  the  com-
bination  hydroxychloroquine  +  azithromycin  was  associated
with  an  increased  risk  of  30-day  cardiac  mortality,  while
hydroxychloroquine  alone  was  not  [49].  Details  about  the
cardiac  effects  of  hydroxychloroquine  and  other  drugs  used
in  COVID-19  have  been  reviewed  recently  [50].

In  the  light  of  what  was  known  about  the  cardiac  ADRs  of
hydroxychloroquine  before  the  pandemic,  all  these  results
suggest  an  increased  cardiac  risk  in  patients  with  COVID-19.
This  could  be  explained  by  frequent  hypokalemia  in  these
patients,  possibly  due  to  a  particular  tropism  of  SARS-CoV-2
towards  the  ACE2  angiotensin-converting  enzyme  [51]. Also,
diarrhea  and  vomiting  can  be  associated  with  the  infec-
tion.  It  is  therefore  essential  to  monitor  potassium  level  and
to  correct  any  hypokalemia  before  administering  hydroxy-
chloroquine,  which  itself  can  cause  diarrhea.  Similarly,  the
combination  of  azithromycin  with  hydroxychloroquine  justi-
fies  reinforced  monitoring,  with  an  ECG  if  possible  before  the
start  of  treatment,  and  within  3—4  h  after  the  first  adminis-
tration.  And  then  twice  a  week  for  the  duration  of  treatment
or  in  the  event  of  symptoms  suggestive  of  a  heart  rhythm
disorder.

Another  dose-limiting  ADR  of  hydroxychloroquine  is  the
risk  of  retinopathy,  which  could  affect  up  to  8%  of  treated
patients,  especially  when  the  dose  is  high  (>  5  mg/kg)  or
when  treatment  is  prolonged  (>  5  years)  [52].

Finally,  since  hydroxychloroquine  is  metabolized  by  sev-
eral  isoforms  of  cytochrome  P450  (CYP),  in  particular  3A4/5,
2D6  and  2C8,  there  is  an  increased  risk  of  ADRs  with  drugs

that  inhibit  these  CYP.  In  the  context  of  COVID-19,  special
care  must  be  taken  with  other  anti-infectives,  such  as  the
combination  lopinavir/ritonavir,  the  latter  being  a  powerful
inhibitor  of  CYP3A.
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In  addition  to  the  clinical  surveillance  mentioned  above,
ydroxychloroquine  use  justifies  therapeutic  drug  monitor-
ng  (TDM),  which  is  also  recommended  in  the  context  of
utoimmune  diseases  [53]. In  the  framework  of  prescrip-
ion  for  the  management  of  a  SARS-CoV-2  infection,  high
ariability  in  concentrations  tested  is  expected  in  view  of
he  populations  to  be  treated  (the  elderly,  resuscitation  or
ialysis  patients)  [54],  with  the  possibilities  of  therapeu-
ic  ineffectiveness  or  ADRs.  In  addition,  given  the  proposed
hort  duration  of  treatment,  a  state  of  equilibrium  is  unlikely
o  be  reached,  which  increases  the  pharmacokinetic  vari-
bility.

The  Pharmacology  group  -  AC43  of  the  National  Agency
or  Research  on  AIDS  and  Viral  Hepatitis  and  the  Therapeutic
rug  Monitoring  Group  of  the  French  Society  of  Pharmacol-
gy  and  Therapeutics  proposed  at  the  end  of  March  2020
hat  a  TDM  evaluation  should  be  performed  48  hours  after
he  start  of  treatment,  to  check  the  early  attainment  of
n  adequate  residual  concentration.  Based  on  the  data  cur-
ently  available,  the  minimum  threshold  to  be  reached  is
stimated  at  0.1  �g/mL  for  a plasma  assay  and  0.3  �g/mL
or  a  whole  blood  assay.  TDM  assays  could  then  be  pro-
osed  throughout  the  course  of  treatment  to  ensure  that
he  threshold  concentration  considered  as  toxic  (1  �g/mL  in
lasma  or  2 �g/mL  in  whole  blood)  is  not  exceeded  (Recom-
endations  for  Therapeutic  Drug  Monitoring  of  Lopinavir/r

nd  Hydroxychloroquine  in  Patients  Treated  for  SARS-CoV-2
COVID-19)  Infection,  available  on  the  website)  [55].

he impact of massive use of
ydroxychloroquine on the conduct of
igh-quality clinical trials

he  available  efficacy  and  safety  results  mentioned  above
re  at  high  risk  of  bias,  which  leaves  a  degree  of  uncer-
ainty  regarding  the  relevance  of  hydroxychloroquine  use  in
OVID-19.  In  addition,  the  pandemic  emergency  has  justi-
ed  early  publication  of  most  of  these  results  as  pre-prints.
ince  these  reports  are  not  peer-reviewed,  they  cannot  be
onsidered  as  validated  information,  and  thus  should  not
uide  clinical  practice  [56].  In  parallel,  we  have  recorded  a
rowing  request  for  reliable  information  on  the  efficacy  and
afety  of  hydroxychloroquine  from  the  population  [57].

On  March  23,  2020,  in  this  context  of  public  pressure,  the
rench  High  Council  of  Public  Health  (HCSP)  recommended
ot  to  use  hydroxychloroquine,  except  in  severe  hospital-
zed  cases  with  the  collegial  decision  of  physicians  and  under
trict  medical  supervision.  The  HCSP  insists  that  the  pres-
ription  of  hydroxychloroquine  in  the  general  population,  or
or  non-severe  forms,  should  be  excluded.  This  advice  was
ollowed  a  few  days  later  by  a  decree  restricting  the  use  of
ydroxychloroquine  for  COVID-19  to  health  facilities.

Nonetheless,  a  majority  of  the  French  population  favored
he  large  use  of  hydroxychloroquine,  sometimes  encour-
ged  by  healthcare  professionals.  This  has  likely  impacted
igorous  clinical  research,  penalizing  the  recruitment  in

andomized  controlled  trials.  Indeed,  taking  hydroxychloro-
uine  (or  any  other  drug  with  antiviral  properties)  over  the
ays  or  weeks  preceding  randomization  is  usually  a  criterion
or  non-inclusion  in  such  trials.
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In  addition,  some  patients  refused  to  participate  in
andomized  trials  fearing  to  receive  placebo  instead  of
ydroxychloroquine,  which  would  have  been  perceived  as
ot  being  given  the  best  possible  treatment  [58].  Inter-
stingly,  alternative  designs  have  been  proposed,  such  as
pen-label  randomized  trials  nested  in  a  cohort,  with  ran-
omization  derived  from  Zelen’s  method  [59]. Although  this
pproach  prevents  from  the  above-mentioned  issue,  it  raises
everal  concerns  [60].

Not  being  able  to  quickly  conclude  as  to  the  efficacy
f  treatments  is  extremely  detrimental  in  terms  of  public
ealth.  In  the  context  of  an  epidemic  it  is  indeed  difficult
o  correctly  carry  out  and  complete  randomized  controlled
rials.  For  example,  the  only  therapeutic  trial  of  this  type
onducted  during  the  Ebola  virus  epidemic  of  2014-2016  in
est  Africa  could  not  be  completed,  leaving  unanswered

he  question  as  to  the  potential  efficacy  of  the  humanized
onoclonal  antibodies  ZMapp® [61].

onclusion and perspectives

hloroquine  and  hydroxychloroquine  have  been  shown  to
ave  activity  on  the  SARS-Cov-2  coronavirus  in  vitro,  with
ossibly  superior  effect  for  hydroxychloroquine,  which  is
urrently  at  the  center  of  attention.  However,  mid-May
020,  available  clinical  data  do  not  support  any  efficacy  of
hese  drugs  in  patients  with  COVID-19.  Good  quality  random-
zed,  controlled  trials  are  still  underway.  It  is  essential  to  be
ble  to  include  patients  in  these  trials  rapidly,  in  order  to
ave  reliable  data  on  whether  these  drugs  are  truly  effec-
ive  against  COVID-19.  Yet,  the  chloroquine  hype,  fueled  by
ow-quality  studies  and  media  announcements,  has  yielded
o  the  implementation  of  more  than  a  hundred  studies,  with
he  risk  of  wasting  resources  and  delaying  rigorous  trials.
ending  their  results,  the  lack  of  evidence  of  a  possible
enefit  must  be  weighed  against  the  known  ADRs  of  hydrox-
chloroquine,  which  may  be  magnified  in  COVID-19  patients.
lthough  relatively  safe  at  a  therapeutic  dose  and  for  a
hort  period  of  time,  this  drug  has  a  narrow  therapeutic
ndex,  which  requires  regular  cardiac  and  therapeutic  drug
onitoring.  Serious  adverse  reactions  of  hydroxychloroquine

ave  already  been  reported  in  patients  with  COVID-19,  espe-
ially  when  it  is  combined  with  azithromycin.

isclosure of interest

he  authors  declare  that  they  have  no  competing  interest.

eferences

[1] Weber SM, Levitz SM. Chloroquine interferes with
lipopolysaccharide-induced TNF-alpha gene expres-
sion by a nonlysosomotropic mechanism. J Immunol
2000;165(3):1534—40.

[2] Müller-Calleja N, Manukyan D, Canisius A, Strand D, Lackner KJ.
Hydroxychloroquine inhibits proinflammatory signalling path-

ways by targeting endosomal NADPH oxidase. Ann Rheum Dis
2017;76(5):891—7.

[3] Wang LF, Lin YS, Huang NC, Yu CY, Tsai WL, Chen
JJ, et al. Hydroxychloroquine-inhibited dengue virus is

[

M.  Roustit  et  al.

associated with host defense machinery. J Interferon Cytokine
Res 2015;35(3):143—56.

[4] Miller DK, Lenard J. Antihistaminics, local anesthetics, and
other amines as antiviral agents. Proc Natl Acad Sci USA
1981;78(6):3605—9.

[5] Savarino A, Di Trani L, Donatelli I, Cauda R, Cassone A. New
insights into the antiviral effects of chloroquine. Lancet Infect
Dis 2006;6(2):67—9.

[6] Savarino A, Boelaert JR, Cassone A, Majori G, Cauda R. Effects
of chloroquine on viral infections: an old drug against today’s
diseases. Lancet Infect Dis 2003;3(11):722—7.

[7] Romanelli F, Smith KM, Hoven AD. Chloroquine and hydrox-
ychloroquine as inhibitors of human immunodeficiency virus
(HIV-1) activity. Curr Pharm Des 2004;10(21):2643—8.

[8] Paton NI, Goodall RL, Dunn DT, Franzen S, Collaco-Moraes Y,
Gazzard BG, et al. Effects of hydroxychloroquine on immune
activation and disease progression among HIV-infected patients
not receiving antiretroviral therapy: a randomized controlled
trial. JAMA 2012;308(4):353—61.

[9] De Lamballerie X, Boisson V, Reynier JC, Enault S, Charrel
RN, Flahault A, et al. On chikungunya acute infection and
chloroquine treatment. Vector Borne Zoonotic Dis 2008;8(6):
837—9.

10] Roques P, Thiberville SD, Dupuis-Maguiraga L, Lum FM, Labadie
K, Martinon F, et al. Paradoxical effect of chloroquine
treatment in enhancing chikungunya virus infection. Viruses
2018;10(5):268.

11] Tricou V, Minh NN, Van TP, Lee SJ, Farrar J, Wills B, et al.
A randomized controlled trial of chloroquine for the treat-
ment of dengue in Vietnamese adults. PLOS Neglected Trop
Dis 2010;4(8):e785.

12] Ooi EE, Chew JSW, Loh JP, Chua RCS. In vitro inhibition of
human influenza A virus replication by chloroquine. Virol J
2006;3:39.

13] Paton NI, Lee L, Xu Y, Ooi EE, Cheung YB, Archuleta S,
et al. Chloroquine for influenza prevention: a randomised,
double-blind, placebo controlled trial. Lancet Infect Dis
2011;11(9):677—83.

14] Mizui T, Yamashina S, Tanida I, Takei Y, Ueno T, Sakamoto
N, et al. Inhibition of hepatitis C virus replication by chloro-
quine targeting virus-associated autophagy. J Gastroenterol
2010;45(2):195—203.

15] Peymani P, Yeganeh B, Sabour S, Geramizadeh B, Fattahi MR,
Keyvani H, et al. New use of an old drug: chloroquine reduces
viral and ALT levels in HCV non-responders (a randomized,
triple-blind, placebo-controlled pilot trial). Can J Physiol Phar-
macol 2016;94(6):613—9.

16] Touret F, de Lamballerie X. Of chloroquine and COVID-19.
Antivir Res 2020;177:104762.

17] Keyaerts E, Vijgen L, Maes P, Neyts J, Van Ranst M.
In vitro inhibition of severe acute respiratory syndrome
coronavirus by chloroquine. Biochem Biophys Res Commun
2004;323(1):264—8.

18] Vincent MJ, Bergeron E, Benjannet S, Erickson BR, Rollin PE,
Ksiazek TG, et al. Chloroquine is a potent inhibitor of SARS
coronavirus infection and spread. Virol J 2005;2:69.

19] de Wilde AH, Jochmans D, Posthuma CC, Zevenhoven-Dobbe
JC, van Nieuwkoop S, Bestebroer TM, et al. Screening of an
FDA-approved compound library identifies four small-molecule
inhibitors of Middle East Respiratory Syndrome Coronavirus
replication in cell culture. Antimicrob Agents Chemother
2014;58(8):4875—84.

20] Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al. Remdesivir
and chloroquine effectively inhibit the recently emerged novel
coronavirus (2019-nCoV) in vitro. Cell Res 2020;30(3):269—71.
21] Yao X, Ye F, Zhang M, Cui C, Huang B, Niu P, et al. In vitro
antiviral activity and projection of optimized dosing design
of hydroxychloroquine for the treatment of severe acute

http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0310
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0315
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0320
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0325
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0330
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0335
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0340
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0345
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0350
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0355
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0360
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0365
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0370
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0375
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0380
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0385
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0390
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0395
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0400
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405
http://refhub.elsevier.com/S0040-5957(20)30100-1/sbref0405


[

[

[

[

[

[

[

[

[

[

[

[

[

Chloroquine  and  hydroxychloroquine  in  COVID-19  

respiratory syndrome coronavirus 2 (SARS-CoV-2). Clin Infect
Dis 2020, http://dx.doi.org/10.1093/cid/ciaa237.

[22] Al-Kofahi M, Jacobson P, Boulware DR, Matas A, Kan-
daswamy R, Jaber MM, et al. Finding the dose for
hydroxychloroquine prophylaxis for COVID-19; the desper-
ate search for effectiveness. Clin Pharmacol Ther 2020,
http://dx.doi.org/10.1002/cpt.1874.

[23] Liu J, Cao R, Xu M, Wang X, Zhang H, Hu H, et al. Hydroxychloro-
quine, a less toxic derivative of chloroquine, is effective in
inhibiting SARS-CoV-2 infection in vitro. Cell Discov 2020;6:16.

[24] Weston S, Coleman CM, Haupt R, Logue J, Matthews K,
Frieman MB. Broad anti-coronaviral activity of FDA approved
drugs against SARS-CoV-2 in vitro and SARS-CoV in vivo; 2020
http://biorxiv.org/lookup/doi/10.1101/2020.03.25.008482
[Accessed May 15, 2020].

[25] Cortegiani A, Ingoglia G, Ippolito M, Giarratano A, Einav
S. A systematic review on the efficacy and safety of
chloroquine for the treatment of COVID-19. J Crit Care
2020, http://dx.doi.org/10.1016/j.jcrc.2020.03.005
[pii: S0883-9441(20)30390-7]. http://www.sciencedirect
.com/science/article/pii/S0883944120303907 [Accessed May
15, 2020].

[26] Gao J, Tian Z, Yang X. Breakthrough: chloroquine phos-
phate has shown apparent efficacy in treatment of COVID-19
associated pneumonia in clinical studies. BioScience Trends
2020;14(1):72—3.

[27] Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L,
Mailhe M, et al. Hydroxychloroquine and azithromycin as
a treatment of COVID-19: results of an open-label non-
randomized clinical trial. Int J Antimicrob Agents 2020;105949,
http://dx.doi.org/10.1016/j.ijantimicag.2020.105949.

[28] Million M, Lagier JC, Gautret P, Colson P, Fournier PE,
Amrane S, et al. Early treatment of 1061 COVID-19 patients
with hydroxychloroquine and azithromycin, Marseille, France;
2020. https://www.mediterranee-infection.com/wp-content/
uploads/2020/04/MS.pdf [Accessed May 15, 2020 (26 pp.)].

[29] Salje H, Kiem CT, Lefrancq N, Courtejoie N, Bosetti P,
Paireau J, et al. Estimating the burden of SARS-CoV-2 in
France. medRxiv 2020 [2020.04.20.20072413] https://www.
medrxiv.org/content/10.1101/2020.04.20.20072413v2
[Accessed May 15, 2020].

[30] Mahévas M, Tran VT, Roumier M, Chabrol A, Paule R, Guil-
laud C, et al. Clinical efficacy of hydroxychloroquine in
patients with covid-19 pneumonia who require oxygen:
observational comparative study using routine care data. BMJ
2020;369 https://www.bmj.com/content/369/bmj.m1844,
http://dx.doi.org/10.1136/bmj.m1844 [Accessed May 15,
2020].

[31] Magagnoli J, Narendran S, Pereira F, Cummings T, Hardin
JW, Sutton SS, et al. Outcomes of hydroxychloroquine
usage in United States veterans hospitalized with Covid-
19. medRxiv 2020 [2020.04.16.20065920] https://www.
medrxiv.org/content/10.1101/2020.04.16.20065920v2
[Accessed May 15, 2020].

[32] Geleris J, Sun Y, Platt J, Zucker J, Baldwin M, Hripcsak G,
et al. Observational study of hydroxychloroquine in hospi-
talized patients with Covid-19. N Engl J Med 2020, http://
dx.doi.org/10.1056/NEJMoa2012410.

[33] Rosenberg ES, Dufort EM, Udo T, Wilberschied LA, Kumar J,
Tesoriero J, et al. Association of treatment with hydroxychloro-
quine or azithromycin with in-hospital mortality in patients
with COVID-19 in New York State. JAMA 2020 https://
jamanetwork.com/journals/jama/fullarticle/2766117
[Accessed May 15, 2020].
[34] Chen J, Liu D, Liu L, Liu P, Xu Q, Xia L, et al. A pilot study
of hydroxychloroquine in treatment of patients with common
coronavirus disease-19 (COVID-19). J Zhejiang Univ 2020
http://subject.med.wanfangdata.com.cn/UpLoad/Files/
369

202003/43f8625d4dc74e42bbcf24795de1c77c.pdf [Accessed
May 15,2020 (6 pp.)].

35] Chen Z, Hu J, Zhang Z, Jiang S, Han S, Yan D, et al. Efficacy of
hydroxychloroquine in patients with COVID-19: results of a ran-
domized clinical trial. medRxiv 2020 [2020.03.22.20040758]
https://www.medrxiv.org/content/10.1101/2020.03.22.
20040758v3 [Accessed May 15, 2020].

36] Tang W,  Cao Z, Han M, Wang Z, Chen J, Sun W, et al.
Hydroxychloroquine in patients with mainly mild to moderate
coronavirus disease 2019: open label, randomised controlled
trial. BMJ 2020;369, http://dx.doi.org/10.1136/bmj.m1849
https://www.bmj.com/content/369/bmj.m1849 [Accessed
May 15, 2020].

37] Meta evidence COVID-19; 2020
http://www.metaevidence.org/COVID19.aspx [Accessed
May 15, 2020].

38] Grandvuillemin A, Fresse A, Cholle C, Yamani S, Dautriche
A. French network of regional pharmacovigilance centres.
Adverse drug reactions of hydroxychloroquine: analysis of
French pre-pandemic SARS-CoV2 pharmacovigilance data.
Therapies 2020 [pii: S0040-5957(20)30089-5] https://www.
em-consulte.com/article/1364916/adverse-drug-reactions-of-
hydroxychloroquine-analy [Accessed May 15, 2020].

39] Borsini F, Crumb W,  Pace S, Ubben D, Wible B, Yan GX, et al.
In vitro cardiovascular effects of dihydroartemisin-piperaquine
combination compared with other antimalarials. Antimicrob
Agents Chemother 2012;56(6):3261—70.

40] Drici MD, Clément N. Is gender a risk factor for adverse drug
reactions? The example of drug-induced long QT syndrome.
Drug Saf 2001;24(8):575—85.

41] Drici MD, Barhanin J. Cardiac K+ channels and drug-acquired
long QT syndrome. Therapie 2000;55(1):185—93.
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