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ETTER TO EDITOR

hy the article that led to the
idespread use of
ydroxychloroquine in COVID-19
hould be retracted

eywords  COVID-19;  Hydroxychloroquine;  Retraction;
thics;  Clinical  research

bbreviations

NSM  Agence  nationale  de  sécurité  du  médicament  et  des
produits  de  santé

Z  azithromycin
OVID-19  coronavirus  disease  2019
CQ  hydroxychloroquine

CU  intensive  care  unit
GAS  Inspection  générale  des  affaires  sociales
QR  interquartile  range
MR  measles,  mumps,  and  rubella
D  not  done
PCR  number  of  negative  PCRs
CR  polymerase  chain  reaction

In  July  2020,  a  publication  on  the  coronavirus  disease
019  (COVID-19)  treatment  with  hydroxychloroquine  (HCQ)
nd  azithromycin  (AZ)  by  Gautret  et  al.  concluded  that
‘hydroxychloroquine  treatment  is  significantly  associated
ith  viral  load  reduction/disappearance  in  coronavirus  dis-
ase  2019  (COVID-19)  patients  and  its  effect  is  reinforced  by
zithromycin’’  [1].

The  public  and  political  impacts  of  this  research  and  its
onclusions  were  large,  and  began  as  soon  as  its  preprint
as  put  online  in  March  2020.  Nevertheless,  the  paper  from
autret  et  al.  suffers  from  several  methodological  flaws  that
e  summarize  and  discuss  below.

ain  issues  that  could  be  observed

ethodological  aspect
autret  et  al.  was  a  small,  non-randomized  study,  pub-

ished  in  July  2020.  Although  not  planned  a  priori  in  the
tudy  protocol,  as  shown  in  a  recent  Inspection  générale
es  affaires  sociales  (French  General  Inspectorate  of  Social
ffairs  —  IGAS)  report,  a  control  group  was  set  up  for  this
tudy,  but  it  was  not  appropriate.  Indeed,  the  patients  of  this

roup  came  from  a  different  population  that  was  obtained
n  various  locations  (Marseille,  Nice,  Avignon  and  Briançon
ospitals),  and  also  submitted  to  different  types  of  monitor-
ng  and  evaluation.  Moreover,  the  observed  discrepancy  in
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Please  cite  this  article  as:  D.  Barraud,  L.  Besançon,  E.M.  Bik  e
hydroxychloroquine  in  COVID-19  should  be  retracted,  Therapie
he  groups  repartition  by  age  (control  34,  IQR  14.5—64.3  vs.
reatment  51.5,  IQR  41.5—59.3)  may  also  explain  a  higher
iral  load  in  the  control  group  since  peak  viral  load  is  asso-
iated  with  age.

Furthermore,  in  January  2021,  Gautret  et  al.  published
 re-analysis  of  their  data  in  a  letter  to  the  Editor  [2].
t  this  stage,  some  changes  appeared,  as  the  number  of
nrolled  patients  (26  vs.  24  patients  treated  with  hydrox-
chloroquine),  of  deaths  (1  vs.  2),  of  intensive  care  unit
ICU)  transfers  (3  vs.  5),  negative  polymerase  chain  reac-
ions  (PCRs),  and  of  days  of  patient  exclusion  (all  before
ay  4  vs.  most  on  day  7).  All  these  data  are  inconsistent  with
he  initial  paper  (Table  1).  The  number  of  negative  PCRs  was
lso  inconsistent  at  all  time  points  between  the  two  studies,
nd  remains  impossible  to  reconcile  even  considering  ‘‘Not
one’’  PCRs  as  negative.  Viral  load  at  day  7  was  a  time  point
f  detection  for  the  viral  load  planned  in  the  study  proto-
ol,  but  the  Gautret  et  al.  initial  publication  reported  data
ntil  day  6  instead.  In  this  context,  data  at  day  7  were  not
ignificant  regarding  treatment  efficacy.  The  study  protocol
EudraCT  number  2020-000890-25)  also  planned  a  follow-
p  until  day  14,  but  these  results  were  never  published.
uch  selective  outcome  reporting  is  clearly  inconsistent  with
ood-quality  research  practices  and  is  often  qualified  as
uestionable  research  practices  that  could  lead  studies  to
e  classified  as  ‘‘high  risk  of  bias’’  according  to  Cochrane
ethodology.

linical  aspect

he  reported  data  were  coming  from  semi-quantitative  and
ualitative  PCRs.

According  to  a  report  from  IGAS,  different  PCR  positiv-
ty  thresholds  were  applied  to  the  control  and  treatment
roup.  Moreover,  by  cross-checking  the  results  presented  in
he  article  with  the  file  containing  the  source  data  of  the
tudy,  IGAS  has  identified  that  6  patients  from  the  control
roup  were  incorrectly  transcribed  in  the  article:  negative
ccording  to  the  source  data,  but  positive  in  the  publication.

Furthermore,  secondary  endpoints  are  not  reported  in
his  article.  The  authors  also  report  the  exclusion  of  4
atients  from  the  treatment  group  (3  patients  transferred  to
CU  and  1  deceased),  while  these  patients  should  have  been
onsidered  as  treatment  failures  although  average  length  of
ospital  stay  and  mortality  are  secondary  outcomes  of  the
ubmitted  protocol  [3].
tatistical  approaches

f  course,  the  study  was  not  analyzed  according  to  an
ntent-to-treat  principle.  Considering  the  excluded  patients,

t  al.,  Why  the  article  that  led  to  the  widespread  use  of
s,  https://doi.org/10.1016/j.therap.2023.06.001

https://doi.org/10.1016/j.therap.2023.06.001
http://www.sciencedirect.com/science/journal/00405957
https://doi.org/10.1016/j.therap.2023.06.001
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Table  1  Comparison  between  July  2020  [1]  and  January  2021  [2]  excluded  patients  are  counted  separately  in  the  July
2020  paper,  but  are  deduced  from  enrolled  patients  in  the  January  2021  data.

Gautret  et  al.
July  2020  [1]

Gautret  et  al.
January  2021  [2]

Drug  regimen  HCQ  HCQ  +  AZ  Control  HCQ  HCQ  +  AZ  Control
Enrolled  14  6  16  16  8  18
Excluded  6  (three  ICU  transfers  on  day

2,  3  and  4,  two  left  on  day  3,
one  death  on  day  3)

1 (day  7)  2  (day  3  and  day
4)
One  patient
added  (day  7)

4  (all  on  day  7)

Deaths  1  1  1
ICU  transfer  3  2  2  1
NPCR
Day  3

5  (0  ND)  5  1  (7  ND)  5  5  2

NPCR
Day  4

7  (1  ND)  5  4  (3  ND)  7  5  5

NPCR
Day  5

6  (1  ND)  6  3  (7  ND)  7  6  4

NPCR
Day  6

7  (1  ND)  6  2  (0  ND)  8  6  3

NPCR
Day  7

Unpublished  Unpublished  Unpublished  7  6  4

AZ: azithromycin; HCQ: hydroxychloroquine; ICU: intensive care unit; ND: not done; NPCR: number of negative PCRs; PCR: polymerase
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and  effort  trying  to  replicate  its  results  (more  than  250  stud-
ies  worldwide),  while  one  can  also  argue  that  it  might  have
prevented  better  public  health  decisions,  indirectly  caus-
ing  increased  morbidity  and  mortality  [8].  A  lecture  given  in
chain reaction.

 re-analysis  has  been  made  that  showed  that  the  data
ere  no  longer  significant  [3].  Furthermore,  the  changes  in
lanned  time  points  raise  concerns  about  possible  p-hacking,
articularly  regarding  azithromycin  for  which  the  conclu-
ion  is  drawn  based  upon  a  series  of  6  patients,  without
andomization.  Moreover,  according  to  repeated  measures,
tatistical  tools  used  were  not  appropriate.

thical  aspect

uthorization  was  granted  by  Agence  nationale  de  sécu-
ité  du  médicament  et  des  produits  de  santé  (French
ational  Agency  for  the  Safety  of  Medicines  and  Health  Prod-
cts  —  ANSM)  on  March  6th  for  a  study  on  hydroxychloroquine
nly  while  this  study  started  on  March  3rd  2020  using  both
ydroxychloroquine  and  azithromycine.

Furthermore,  children  below  12  years  were  claimed  to
e  excluded,  but  two  10-year-old  children  were  reported  in
his  study.

It  should  also  be  noted  that  this  article  was  submitted,
eviewed  and  accepted  in  one  single  day  by  a  journal  whose
ditor-in-chief  is  a  member  of  the  same  institute  as  the
uthors.  While  this  information  was  previously  available  in
he  meta-data  of  the  article,  it  has  now  been  removed  from
he  publisher’s  website  for  no  apparent  reason,  but  the
xtracted  metadata  is  still  available  on  public  repositories
https://github.com/lonnibesancon/OpenSciencePandemic)
f  a  published  manuscript  that  analyzed  the  publishing  time
f  COVID  manuscript  [3].  All  these  concerns  are  summarized
n  Table  2.
2

iscussion

ll  taken  together,  these  methodological,  biological,  sta-
istical  and  ethical  concerns  directly  hinder  the  validity,
rustworthiness  and  robustness  of  the  final  findings.  Most
f  these  shortcomings  are  usually  detected  during  the  peer
eview  process,  which  suggests  that  it  was  not  carried  out
ith  rigor  and  objectivity.

The  consequences  of  this  article,  with  results  quickly
pread  all  around  the  world  by  influencers  and  several
oliticians  including  presidents,  were  countless.  Hydroxy-
hloroquine  was  rapidly  promoted  as  an  easy  fix,  allowing
overnment  leaders  to  downplay  the  seriousness  of  the
OVID-19  pandemic  and  ignore  advices  formulated  by
umerous  medical  experts  [4].  Despite  many  attempts  to
eplicate  the  results  of  the  Gautret  et  al.  paper,  later
ystematic  reviews  and  meta-analyses  found  no  evidence
hat  HCQ  prophylaxis  or  treatment  (associated  or  not
ith  azithromycin)  reduced  COVID-19  related  mortality,
ut  rather  could  be  associated  with  increased  mortality  in
OVID-19  patients  [5—7].  The  sharp  demand  for  HCQ  also

ed  to  shortage  of  the  drug  for  patients  with  diseases  for
hich  HCQ  use  has  proven  to  be  effective,  such  as  lupus
nd  inflammatory  arthritis.  In  addition,  the  Gautret  et  al.
tudy  resulted  in  a  tremendous  waste  of  research  money

https://github.com/lonnibesancon/OpenSciencePandemic
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Table  2  Summary  of  the  differences  between  authorized  clinical  protocol  and  Gautret  et  al.’s  data.

Authorized  protocol
EudraCT  2020-000890-25

Gautret  et  al.’s  data  [1]

Drug  HCQ  HCQ  + AZ
Exclusion  criteria  Children  <  12  years  excluded  Two  10-year-old  children  were

included
Control  group Not  included  Control  group  from  other  centers

(Marseille,  Nice,  Avignon  and
Briançon)

Timepoints  Days  1,  4,  7  and  14  Days  1,  2,  3,  4,  5  and  6
Treatment  group 5 12—17  years  0  12—17  years

10  18—65  years  17  18—65  years
10  ≥  65  years  3  ≥  65  years

Authorization  March  5th  Trial  started  on  March  3rd
Secondary  endpoints  Apyrexia,  normalization  of

respiratory  rate,  and  average
length  of  hospital  stay  and
mortality

No  data  on  apyrexia,  normalization
of  respiratory  rate  or  average
length  of  hospital  stay.  Mortality  is
not  discussed

AZ: azithromycin; HCQ: hydroxychloroquine.
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une  2022  evaluated  that  in  8  countries,  ‘‘HCQ  was  associ-
ted  with  at  least  9,564  deaths  during  first  wave  of  COVID-19
andemic’’  after  taking  into  account  the  mortality  increase
nd  the  prescription  rates  (submitted).

The  flawed  conclusions  from  Gautret  et  al.  have  quickly
isseminated  globally.  The  scientific  community  identified
he  methodological,  biomedical  and  ethical  concerns  days
fter  its  publication.  Nevertheless,  three  years  and  more
han  6,000  citations  later,  the  paper  has  not  been  retracted.
f  its  influence  on  medical  professionals  and  policymakers
eems  to  be  declining  with  time,  it  remains  still  prominent
mong  conspiracist  groups,  with  potentially  devastating
ffects,  leading  to  increased  mortality  directly  associated
ith  hydroxychloroquine’s  adverse  side  effects,  or  indirectly
y  strengthening  anti-isolation  and  antivaccination  opinions.
inally,  with  more  than  6,000  citations,  this  paper  still  alters
ournal  and  researchers  bibliometric  indexes  unreasonably
nd  immorally.  We  find  this  lack  of  retraction  particularly
larming,  especially  about  the  message  it  sends,  almost
5  years  after  the  Wakefield  et  al.  paper  which  suggested
hat  the  measles,  mumps,  and  rubella  (MMR)  vaccine  was
ssociated  with  intestinal  morbidity  and  autism.  Despite
ts  small  sample  size  and  non-randomized  design,  lack  of
eproducibility,  and  findings  of  ethical  violations  and  scien-
ific  fraud,  it  took  12  years  to  retract  the  Wakefield  study,
eanwhile  receiving  broad  publicity  and  causing  a  notice-

ble  decrease  in  vaccination  rates  and  increase  in  measles
utbreaks.  Many  scientists  have  raised  concerns  about  the
low  correction  of  scientific  literature,  in  particular  in  the
edical  field  [9].  The  overwhelming  evidence  of  issues  with

he  study  by  Gautret  et  al.  undeniably  calls  for  editorial  and
ublisher  actions;  promoting  scientific  rigor  and  integrity
ometimes  requires  retracting  manuscripts  [10].
onclusion

s  researchers,  we  worry  that  the  lack  of  retraction  of
autret  et  al.  could  become  a  dangerous  precedent.  We,

3

herefore,  urge  the  scientific  community  to  join  us  in  asking
hat  the  International  Society  of  Antimicrobial  Chemother-
py  and  the  publisher  of  the  International  Journal  of
ntimicrobial  Agents  to  reverse  the  editorial  board’s  deci-
ion  and  retract  the  article  by  publicly  sharing  the  reasons
or  such  a  decision.

uthors  contributions

ll  authors  contributed  equally  to  this  manuscript.  All
uthors  took  equal  parts  in  discussions  that  led  to  this  arti-
le,  to  the  interpretation  of  the  data  it  contains,  revised  the
anuscript  according  to  their  views  and  approved  the  final

ersion.  All  authors  participated  equally  to  the  proofread-
ng  of  the  manuscript  and  its  finalization.  Damien  Barraud
s  the  guarantor  for  this  article  but  all  authors  support  this
nalysis.
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ovartis  employee.  Views  are  his  own.

The  other  authors  declare  that  they  have  no  competing
nterest.

eferences

[1] 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;56:105949.

[2] Gautret P, Hoang VT, Chaudet H, Lagier JC, Raoult D. Response

to uncertain effect of hydroxychloroquine and azithromycin on
SARS-CoV-2 viral load. Int J Antimicrob Agents 2021;57:106244.

[3] Roustit M, Guilhaumou R, Molimard M, Drici MD, Laporte S, Mon-
tastruc JL, et al. Chloroquine and hydroxychloroquine in the

http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0055
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0060
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065
http://refhub.elsevier.com/S0040-5957(23)00081-1/sbref0065


 IN+Model
T

anço

[

h
0040-5957/© 2023 Société française de pharmacologie et de
thérapeutique. Published by Elsevier Masson SAS. All rights
reserved.
ARTICLEHERAP-797; No. of Pages 4

D.  Barraud,  L.  Bes

management of COVID-19: much kerfuffle but little evidence.
Therapie 2020;75:363—70.

[4] Saag MS. Misguided use of hydroxychloroquine for COVID-19:
the infusion of politics into science. JAMA 2020;324:2161—2.

[5] Perez J, Roustit M, Lepelley M, Revol B, Cracowski JL, Khouri
C. Reported adverse drug reactions associated with the use
of hydroxychloroquine and chloroquine during the COVID-19
pandemic. Ann Intern Med 2021;174:878—80.

[6] Fiolet T, Guihur A, Rebeaud ME, Mulot M, Peiffer-Smadja N,
Mahamat-Saleh Y. Effect of hydroxychloroquine with or with-
out azithromycin on the mortality of coronavirus disease 2019
(COVID-19) patients: a systematic review and meta-analysis.
Clin Microbiol Infect 2021;27:19—27.

[7] Axfors C, Schmitt AM, Janiaud P, Van’t Hooft J, Abd-Elsalam
S, Abdo EF, et al. Mortality outcomes with hydroxychloro-
quine and chloroquine in COVID-19 from an international
collaborative meta-analysis of randomized trials. Nat Commun
2021;12:2349.
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