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POINT OF VIEW

From  empiricism  to scientific  evidence  in antiviral
treatment in severe  cases  of  coronavirus  infection  in
times of  epidemic�
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These  weeks  of  crisis  are  witnessing  an  unprecedented  phe-
nomenon  in  the  healthcare  setting:  apart  from  the  great
volume  of  scientific  articles  which  the  specialized  journals
are  quick  to  publish,  we  as  professionals  are  continuously
receiving  different  intervention  protocols  from  national  and
international  centers,  video  tutorials  and  expert  opinions
that  have  become  an  invaluable  source  of  information  pro-
vided  we  know  how  to  use  it  adequately.  Sharing  medical
information  has  its  advantages  if  it  is  properly  managed  in
the  present  epidemic.  Medical  decisions  must  be  rational,
profitable  and  respectful.

Rational,  because  such  decisions  must  be  supported  by
the  best  scientific  evidence  as  defined  in  decreasing  order
by  systemic  reviews  and  meta-analyses,  randomized  clinical
trials,  cohort  studies,  registries,  case-control  series  and  case
reports.

The  appearance  of  this  disease  has  led  to  the  launching  of
many  hastily  designed  clinical  trials  that  do  not  always  offer

� Please cite this article as: Estella A and Garnacho-Montero J. Del
empirismo a la evidencia científica en el tratamiento con antivíri-

cos en los casos graves de infección por Coronavirus en tiempos de
epidemia. Med Intensiva. 2020;44:509---512.

∗ Corresponding author.
E-mail address: litoestella@hotmail.com (Á. Estella).

a
i
b
a

2173-5727/© 2020 Elsevier España, S.L.U. and SEMICYUC. All rights reser
he  desired  methodological  soundness,  considering  the  cir-
umstances,  but  which  will  yield  results  that  are  anxiously
nd  urgently  awaited.  By  administering  certain  treatments,
e  have  not  been  fully  capable  of  managing  the  scientific
vidence  out  of  fear  of  establishing  suboptimal  therapeutic
trategies  in  seriously  ill  patients.  It  must  be  remembered
hat  in  Medicine,  a  number  of  experiences  have  shown  that
ver  time,  less  is  actually  more  ---  thanks  to  initiatives  such  as
‘Slow  medicine’’  in  Italy,  ‘‘Smarter  medicine’’  in  Switzer-
and,  ‘‘Choosing  wisely’’  of  the  ABIM  Foundation  in  the
nited  States  and  Canada,  and  ‘‘Do  and  not  do’’  in  Spain.1---3

Current  knowledge  could  be  applied,  caring  for  critical
atients  with  SARS-CoV-2  infection  without  administering
ny  antiviral  therapy  and  providing  respiratory  and  hemo-
ynamic  support,  together  with  the  adoption  of  other
easures,  according  to  the  development  of  patient  organ

ailure  during  admission  to  the  Intensive  Care  Unit  (ICU).
uch  measures  and  the  prevention  of  infectious  diseases
elated  to  healthcare  must  be  priority  concerns  in  the  mana-
ement  of  these  patients,  in  which  prolonged  admission  is
xpected.  Everything  else  can  be  referred  to  as  concomi-
ant  treatment  measures  of  unconfirmed  efficacy  and  with
 risk  of  producing  undesirable  effects  as  a  result  of  drug
nteractions  and  secondary  complications.  This  premise  may
e  extended  to  the  use  of  corticosteroids  and  monoclonal
ntibodies  or  interleukin  receptor  antagonists.

ved.
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Table  1  Reasons  why  antiviral  drug  treatments  in  severe
SARS-CoV-2  infection  in  the  critically  ill  are  not  justified.

Lack  of  rigorous  studies  demonstrating  benefits

High  probability  of  drug  interactions  with  treatments
commonly  used  in  ICU
Extrapolation  of  clinical  results  in  stable  patients  to
critically  ill  patients
Assumption  that  antiviral  action  effective  against  other
viruses  is  also  effective  against  SARS-CoV-2
In  vitro  activity  does  not  necessarily  imply  in  vivo  activity
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Erroneous  assumption  of  equivalence  between  the  different
disease  stages  for  starting  treatment

Table  1  reports  the  reasons  why  antiviral  drug  treatments
n  severe  SARS-CoV-2  infection  in  the  critically  ill  are  not
ustified.

Profitable  refers  to  the  classical  cost/benefit  ratio.  Cost
s  understood  here  in  the  broad  sense  of  the  word,  referred
ore  to  a  scarcity  of  resources  in  this  crisis  and  to  a  more
roportionate  distribution  of  treatments  than  to  a  merely
onetary  concept.  We  are  witnessing  market  competitiv-

ty  that  is  generating  inequalities  among  territories  and  also
n  patient  selection  practices.  The  still  unanswered  ques-
ion  is:  ‘‘What  patients  stand  to  benefit  most  from  antiviral
herapies,  and  in  what  stages  of  the  disease  would  they  be
ost  effective?’’.  Dealing  with  uncertainty  while  protecting

hose  most  vulnerable  and  those  that  may  derive  most  ben-
fit  includes  the  selected  and  rationed  distribution  of  these
esources.

Respectful,  because  scientific  bases  require  reliability
nd  validation.  The  latter  factor  cannot  be  established  in  the
urrent  healthcare  crisis  due  to  the  pandemic;  as  a  result,
he  recommendations  on  antiviral  treatments  are  referred
o  compassionate  use.  Hence,  patients  must  be  informed,
nd  this  must  be  duly  reflected  in  the  case  history.  In  this
andemic,  most  informed  consents  are  being  obtained  on  an
xtraordinary  basis  by  telephone,  due  to  the  visiting  restric-
ion  policies  of  the  hospitals.  As  soon  as  the  patients  recover
heir  ability  to  decide,  it  is  advisable  to  inform  them  of  the
ecisions  made,  involve  them  in  the  process,  and  take  their
pinion  into  account  ---  particularly  in  a  situation  of  uncer-
ainty  regarding  the  potential  benefits  of  the  treatment.

ntiviral therapy in severe pneumonia due to
ARS-CoV-2

ifferent  antiviral  drugs  have  been  postulated  for  the  treat-
ent  of  viral  pneumonia  due  to  SARS-CoV-2.  The  positioning

f  these  drugs  has  been  based  on  their  activity  against  other
nfections  produced  by  other  different  viruses,  and  on  the
linical  experience  drawn  from  observational  studies.

The  clinical  experiences  with  viruses  such  as  influenza,
bola,  MERS,  SARS  and  others,  have  led  to  the  use  of  such
ntivirals  in  COVID-19  disease  in  both  critical  patients  and  in
ndividuals  not  admitted  to  the  ICU,  with  prescription  rates

f  over  90%.4

The  retrospective  series  comparing  mortality-related
actors  have  shown  no  differences  associated  to  the  use  of
ntivirals.5
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These  drugs  are  being  administered  with  the  laudable  aim
f  reducing  the  viral  load,  and  it  seems  prudent  to  assume
hat  the  potential  benefits  would  be  obtained  in  the  early
tages  of  the  disease,  which  is  when  viral  replication  is  at
ts  maximum.  This  implies  that  patients  admitted  to  the  ICU
rom  the  hospital  ward  after  an  average  stay  of  one  week
re  worsening  more  due  to  the  body  response  to  aggression
han  to  the  increase  in  viral  load.  This  raises  doubts  as  to
he  benefits  of  providing  treatment  in  this  stage.  In  these
ases,  managing  scientific  evidence  instead  of  resorting  to
mpiricism  may  be  a  prudent  clinical  strategy  ---  particularly
n  view  of  the  known  interactions  and  side  effects  of  these
reatments,  and  not  so  much  because  of  their  hypotheti-
al  lack  of  activity  against  the  virus.  Fig.  1  shows  different
reatment  strategies  in  the  face  of  a  lack  of  evidence.

cientific evidence

 search  of  the  website  of  the  World  Health  Organization
WHO)  regarding  ongoing  clinical  trials  shows  that  over  400
re  currently  registered  --- most  of  them  in  the  recruitment
hase  or  pending  the  start  of  recruitment.  The  most  recent
tudies  published  in  high  impact  factor  journals  report
nconclusive  results,  generating  uncertainty  regarding  treat-
ent.6 An  analysis  critical  of  the  possibilities  of  therapy,
ithout  taking  into  account  the  particularities  of  each  indi-
idual  patient  may  lead  to  error,  since  treatment  response
s  variable,  and  many  confounding  factors  can  influence  the
rognosis  of  the  critical  patient,  such  as  prior  immune  sta-
us,  comorbidities,  early  intubation,  mechanical  ventilation
ode,  bacterial  coinfection,  healthcare-related  infections,

nd  concomitant  treatments.

echanism of action of antiviral drugs

he  physiopathological  explanation  of  how  SARS-CoV-2  uses
ts  glycoprotein  spicules  to  bind  to  the  ACE  receptors  of
he  cell  membrane7 and  penetrate  the  cells  to  multiply  and
xpand  viral  replication  accounts  for  the  different  drugs  that
ave  been  recommended  for  treatment.  An  advantage  of
hese  different  treatment  alternatives  is  that  they  are  not
utually  excluding,  since  they  act  on  different  targets,  and

heir  combined  use  is  justified  on  the  assumption  that  they
ay  act  synergically.  Different  antivirals  have  been  used  in

he  first  recorded  cases,  though  the  published  case  series
ave  not  found  one  option  to  be  superior  to  any  other.  A
rief  account  is  provided  below  of  the  drugs  being  used  in
pain.

Chloroquine  and  hydroxychloroquine  are  not  really
ntivirals,  but  are  mentioned  here  because  they  have  been
mong  the  most  widely  used  drugs  in  Spain  during  the  pan-
emic.  Both  are  4-aminoquinolines  used  for  the  prevention
f  malaria,  and  they  act  upon  viral  particle  endocytosis  and
xocytosis.  They  consequently  may  inhibit  penetration  of
he  virus  into  the  cells.  The  benefits  of  hydroxychloroquine
re  based  on  the  fact  that  it  is  more  effective,  and  the  drug
s  moreover  considered  to  have  antiinflammatory  proper-

ies;  in  this  regard,  severe  respiratory  distress  is  known  to
e  associated  to  an  increased  inflammatory  state.  In  vitro
tudies  have  showed  the  effects  of  hydroxychloroquine  to
e  more  potent.8,9
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s  in  severe  infection  due  to  SARS-CoV-2.

Table  2  Advantages  and  limitations  of  remdesivir  in  the
treatment  of  severe  pneumonia  due  to  SARS-CoV-2.

Effective  in  vitro  reduction  of  viral  load

Intravenous  administration  in  patients  subjected  to
mechanical  ventilation,  avoiding  administration  through
nasogastric  tube
Adequate  concentration  in  lung  tissues
Few  interactions
Restricted  use  in  ICU  during  the  SARS-CoV-2  pandemic
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Fig.  1  Antiviral  treatment  strategie

Another  option  is  lopinavir/ritonavir.  As  protease
inhibitors,  these  drugs  prevent  protein  fragmentation.
Studies  in  animal  models  and  in  vitro  research  have  demon-
strated  their  efficacy  against  viruses  belonging  to  the  same
family,  such  as  SARS  and  MERS.10 However,  some  investi-
gators  question  their  capacity  to  reduce  the  viral  load  in
the  lungs  in  the  presence  of  an  increased  inflammatory
response.  This  has  caused  the  efficacy  of  such  treatment  to
be  questioned  in  critical  patients  subjected  to  mechanical
ventilation.11 Administration  is  being  made  in  combination
with  interferon:  the  MIRACLE  trial  has  evidenced  synergy
when  joint  administration  is  carried  out.12 The  main  weak-
ness  is  the  limited  clinical  experience  available,  and  the  fact
that  many  interactions  and  side  effects  have  been  reported.

Unfortunately,  the  drug  which  in  our  opinion  a priori
appears  most  attractive  for  use  in  the  critically  ill  ---  remde-
sivir  ---  has  been  the  least  available  option  in  Spanish  ICUs.
Remdesivir  is  a  reverse  transcriptase  inhibitor  that  inhibits
RNA-dependent  RNA  polymerase,  and  exhibits  activity  in
both  human  coronavirus  infection  and  in  animal  models.
Different  clinical  trials  are  currently  ongoing  that  will  help
clarify  its  efficacy  against  the  virus  in  the  more  serious  cases.
The  fact  that  the  drug  can  be  administered  via  the  intra-
venous  route  implies  that  plasma  levels  can  be  reached
without  depending  upon  digestive  tract  absorption,  which
may  prove  erratic  in  formulations  for  administration  through
the  nasogastric  tube,  as  in  critically  ill  patients  subjected  to
mechanical  ventilation.

Comparative  therapeutic  efficacy  of  remdesivir  and
combination  lopinavir,  ritonavir,  and  interferon  beta
against  MERS-CoV.  Nat  Commun.  2020  Jan  10;11:222.

13
http://dx.doi.org/10.1038/s41467-019-13940-6. The  doc-
umented  clinical  experiences  involving  the  use  of  remdesivir
on  a  compassionate  basis  are  promising,  though  it  must  be
mentioned  that  in  the  study  of  Grein  et  al.  there  was  no
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Lack of  well  designed  studies  in  critical  patients

ontrol  group;  patients  receiving  vasoactive  drugs  or  with
enal  failure  were  excluded;  and  severity  based  on  the  SOFA
r  APACHE  score  was  not  reflected  ---  thereby  preventing
s  from  knowing  what  kind  of  patients  were  treated.  Fur-
hermore,  treatment  was  started  9---15  days  after  symptoms
nset,  and  as  we  know,  those  patients  who  are  able  to
ass  this  phase  without  respiratory  failure  usually  evolve
avorably.14 Table  2  describes  the  potential  advantages  and
imitations  of  remdesivir  use  in  critical  patients.

inal considerations

ost  studies  on  the  efficacy  of  antiviral  drugs  are  referred
o  infections  caused  by  viruses  other  than  SARS-CoV-2,
nd  involve  treatment  in  early  stages  that  differ  from  the
tage  at  the  time  of  critical  patient  admission  to  the  ICU.
oreover,  the  studies  on  efficacy  are  more  related  to  the
eduction  of  viral  load  than  to  factors  related  to  the  real
rognosis  in  terms  of  clinical  course,  mortality  and  improve-
ent  of  organ  failure.
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The  lack  of  selection  of  those  patients  that  may  bene-
t  from  the  available  treatments  has  caused  the  access  to
ertain  antivirals  to  be  limited,  and  we  must  insist  on  the
mportance  of  the  interactions  which  these  drugs  can  have  in
he  critically  ill,  where  the  foremost  concern  is  the  support
f  failing  organs  ---  fundamentally  the  lungs.

The  possibility  of  acting  upon  different  targets  supports
he  recommendation  to  combine  several  treatments  and
hus  seek  to  establish  a  synergic  effect.  In  the  event  of
reatment,  it  seems  reasonable  to  start  the  latter  in  the
arly  stages  of  the  disease,  which  is  when  it  makes  sense  to
educe  the  viral  load.  However,  it  does  not  seem  justified  to
rolong  the  duration  of  treatment.  On  the  other  hand,  it  is
trongly  advisable  to  ensure  close  monitoring  of  the  inter-
ctions  and  side  effects,  and  to  suspend  treatment  if  such
roblems  are  detected,  in  view  of  the  uncertainty  of  the
otential  benefits.

The  current  challenge  is  not  only  to  determine  which
gents  are  effective  against  SARS-CoV-2,  but  also  to  define
t  which  timepoint  of  the  disease  each  proposed  treatment
easure  may  be  most  effective.
The  formal  limitations  of  the  regulatory  agencies  in  rela-

ion  to  pivotal  clinical  trials  have  classically  implied  that
ritical  patients  are  excluded  from  such  studies.  It  is  there-
ore  risky  to  extrapolate  the  data  obtained  from  other  types
f  patients.  Correct  and  therefore  ethical  clinical  practice
nly  acquires  social  legitimation  if  it  has  been  previously
arranted  by  clinical  research.  Maximization  of  the  poten-

ial  clinical  benefits  must  be  sought  while  minimizing  the
ossible  negative  effects  of  untested  treatments.
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1. Hernández-Tejedor A, Peñuelas O, Sirgo Rodríguez G, Llompart-
Pou JA, Palencia Herrejón E, Estella A, et al. Recommendations
of the Working Groups from the Spanish Society of Intensive

and Critical Care Medicine and Coronary Units (SEMICYUC) for
the management of adult critically ill patients. Med Intensiva.
2017;41(5):285---305, doi: 10.1016/j.medin.2017.03.004. Epub
2017 May 2.

1

Á.  Estella,  J.  Garnacho-Montero

2. Gaspoz JM. Smarter medicine: do physicians need political
pressure to eliminate useless interventions? Swiss Med Wkly.
2015;145:w14125, doi: 10.4414/smw.2015.14125. eCollection
2015.

3. Choosing wisely: an initiative of the ABIM Foundation. 2013
http://www.choosingwisely.org.

4. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al.
Clinical features of patients infected with 2019 novel coro-
navirus in Wuhan, China. Lancet. 2020;395(10223):497---506,
http://dx.doi.org/10.1016/S0140-6736(20)30566-3.

5. Zhou Fei, Yu Ting, Du Ronghui, Fan Guohui, Liu Ying, Liu
Zhibo, et al. Clinical course and risk factors for mortal-
ity of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet. 2020;395(10229):1054---62,
http://dx.doi.org/10.1016/S0140-6736(20)30566-3.

6. Cao B, Wang Y, Wen D, Liu W,  Wang Jingli, Fan G, et al. A
Trial of Lopinavir---Ritonavir in Adults Hospitalized with Severe
Covid-19. N Engl J Med. 2020, doi: 10.1056/NEJMoa2001282.
DOI 10.1056/NEJMoa2001282.

7. Hasan A, Paray BA, Hussain A, Qadir FA, Attar F, Aziz FM, et al.
A review on the cleavage priming of the spike protein on coron-
avirus by angiotensin-converting enzyme-2 and furin. J Biomol
Struct Dyn. 2020:1---13, oi:10.1080/07391102.2020.1754293.

8. Yao X, Ye F, Zhang M, Cui C, Huang B, Niu P. In Vitro Antiviral
Activity and Projection of Optimized Dosing Design of Hydrox-
ychloroquine for the Treatment of Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2). Clin Infect Dis. 2020, pii:
ciaa237. doi: 10.1093/cid/ciaa237.

9. Liu J, Cao R, Xu M, et al. Hydroxychloroquine, a less
toxic derivative of chloroquine, is effective in inhibit-
ing SARS-CoV-2 infection in vitro. Cell Discov. 2020;6:16,
http://dx.doi.org/10.1038/s41421-020-0156-0.

0. Chu CM, Cheng VC, Hung IF, Wong MM, Chan KH, Chan KHS,
et al. Role of lopinavir/ritonavir in the treatment of SARS: initial
virological and clinical findings. Thorax. 2004;59(3):252---6.

1. Sheahan TP, Sims AC, Leist SR, Schäfer A, Won J, Brown
AJ, et al. Comparative therapeutic efficacy of remde-
sivir and combination lopinavir, ritonavir, and interferon
beta against MERS-CoV. Nat Commun. 2020;11(1):222,
http://dx.doi.org/10.1038/s41467-019-13940-6.

2. Arabi YM, Alothman A, Balkhy HH, Al-Dawood A, AlJohani S, Al
Harbi S. Treatment of Middle East Respiratory Syndrome with a
combination of lopinavir-ritonavir and interferon-�1b (MIRACLE
trial): study protocol for a randomized controlled trial. Trials.
2018;19(1):81, http://dx.doi.org/10.1186/s13063-017-2427-0.

3. Sheahan TP, Sims AC, Leist SR, Schäfer A, Won J, Brown
AJ, et al. Comparative therapeutic efficacy of remde-
sivir and combination lopinavir, ritonavir, and interferon
beta against MERS-CoV. Nat Commun. 2020;11(1):222,
http://dx.doi.org/10.1038/s41467-019-13940-6.
4. Grein J, Ohmagari N, Shin D, Diaz G, Asperges E,
Castagna A, et al. Compassionate Use of Remdesivir
for Patients with Severe Covid-19. N Engl J Med. 2020,
http://dx.doi.org/10.1056/NEJMoa2007016.

http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0005
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0010
dx.doi.org/10.1016/S0140-6736(20)30566-3
dx.doi.org/10.1016/S0140-6736(20)30566-3
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0025
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0030
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0035
dx.doi.org/10.1038/s41421-020-0156-0
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
http://refhub.elsevier.com/S2173-5727(20)30153-3/sbref0045
dx.doi.org/10.1038/s41467-019-13940-6
dx.doi.org/10.1186/s13063-017-2427-0
dx.doi.org/10.1038/s41467-019-13940-6
dx.doi.org/10.1056/NEJMoa2007016

