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Abstract

Aim:  To  study  the prevalence  of  neutralizing  antibodies  in  healthcare  workers  and  healthcare

support  personnel  after  the  administration  of  the  second  dose  of  the  BNT162b2  vaccine  (Pfizer-

BioNTech).

Materials and  Methods:  In  December  2021,  we  undertook  a  study  in the  Health  Department  in

Orihuela, Alicante  (Spain),  which  consists  of  1500  workers.  We  collected  demographic  varia-

bles about  the  study  participants,  and we  performed  a  ‘‘point-of-care’’  immunochromatography

test to  measure  the  presence  of  neutralizing  antibodies  (OJABIO® SARS-CoV-2  Neutralizing  Anti-

body  Detection  Kit,  manufactured  by  Wenzhou  OJA  Biotechnology  Co.,  Ltd.  Wenzhou,  Zhejiang,

China) before  the administration  of  the  third  dose of the  vaccine.
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Results:  We  obtained  complete  information  about  964  (64%)  workers,  which  consisted  of  290

men and  674 women.  The  average  age  was  45,8  years  (min.  18,  max.  68)  and  the average

time since  the  last  dose  of  the  vaccine  was  40,5  weeks  (min.  1,71,  max.  47,71).  A  total  of

131 participants  (13,5%)  had  suffered  infection  by  SARS-CoV-2  confirmed  using  RT-PCR.  The

proportion  of  participants  who  showed  presence  of  neutralizing  antibodies  was  38,5%.  In  the

multivariable  analysis,  the  time  since  the  last  dose of  the  vaccine  (aOR  week:  1,07;  95%CI:  1,04;

1,09) and  previous  infection  by  SARS-CoV-2  (aOR:  3,7;  95CI:  2,39;  5,63)  showed  a  statistically

significant  association  with  the  presence  of  neutralizing  antibodies.

Conclusions:  The  time  since  the  administration  of  the  last  dose  of  the  vaccine  and  the  previous

infection by  SARS-CoV-2  determined  the  presence  of  neutralizing  antibodies  in 38,5%  of  the

healthcare  workers  and  support  workers.

© 2024  The  Author(s).  Published  by  Elsevier  España, S.L.U.  All  rights  reserved.
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Prevalencia  de anticuerpos  neutralizantes  frente  al  SARS-CoV-2  inducidos  tras  2  dosis

de  vacuna  BNT162b2  (Pfizer---BioNTech)  en  trabajadores  sanitarios

Resumen

Fundamento:  Estudiar  la  prevalencia  de anticuerpos  neutralizantes  en  el  personal  sanitario  y

personal  sanitario  de apoyo  tras  la  administración  de la  segunda  dosis  de  vacuna  BNT162b2

(Pfizer---BioNTech).

Methods:  En  diciembre  2021  llevamos  a  cabo  un  estudio  en  el  Departamento  de Salud

de Orihuela,  Alicante  (España),  formado  por  1500  trabajadores.  En  los participantes  del

estudio, recogimos  variables  demográficas  y  realizamos  un  test  ‘‘point-of-care’’  de  inmunocro-

matografía  para  medir  la  presencia  de anticuerpos  neutralizantes  (OJABIO® SARS-CoV-2

Neutralizing  Antibody  Detection  Kit,  fabricado  por  Wenzhou  OJA  Biotechnology  Co., Ltd.-  Wen-

zhou, Zhejiang,  China)  antes  de la  administración  de la  tercera  dosis  de vacuna.

Resultados:  Obtuvimos  información  completa  de 964 (64%) trabajadores,  siendo  290  varones  y

674 mujeres.  La  edad  media  fue de 45,8  años  (mín:  18,  max:  68)  y  el tiempo  desde  la  última

dosis de  vacuna  fue  40,5  semanas  (mín:  1,71;  máx:  47,71).  Un  total  de 131  (13,5%)  habían

padecido  infección  por  SARS-CoV-2  confirmada  mediante  RT-PCR.  La  proporción  de sujetos  con

presencia de  anticuerpos  neutralizantes  fue  38,5%.  En  el  análisis  multivariable  el tiempo  desde

la última  dosis  de  vacuna  (ORa  semana:  1.07;  95%CI:  1,04;  1,09)  y  la  infección  previa  por  SARS-

CoV-2 (ORa:  3.7;  95%CI:  2,39;  5,63)  mostraron  asociación  estadísticamente  significativa  con  la

presencia  de  anticuerpos  neutralizantes.

Conclusiones:  El tiempo  desde  la  administración  de la  última  dosis  de  vacuna  y  la  infección

previa  por  SARS-CoV-2  determinaron  la  presencia  de  anticuerpos  neutralizantes  en  38,5%  del

personal  sanitario  y  personal  de apoyo.

© 2024  El Autor(s).  Publicado  por  Elsevier  España,  S.L.U.  Todos  los derechos  reservados.

Introduction

The  severe  acute  respiratory  syndrome  coronavirus  2  (SARS-
CoV-2)  vaccine  has  been  one of the  main  tools  for  preventing
COVID-19  disease.1 In  Spain,  mass  SARS-CoV-2  vaccination
campaigns  were  conducted  in  December  2020.  Healthcare
professionals  and  healthcare  support  personnel  were con-
sidered  front-line  groups  during  the COVID-19  pandemic  and
were  included  in the priority  risk  group  in vaccination  strate-
gies.  The  main  vaccine  used  in  this group  was  the BNT162b2
(Pfizer-BioNTech)  vaccine.2 The  data  reported  on  this vac-
cine  by  some  clinical  trials  and  real-world  studies3,4 have
shown  high  efficacy  (94%---95%)  against  symptomatic  cases
of  moderate-to-severe  disease  after  administration  of  the
second  dose.3---6

Although  the efficacy  of  the  SARS-CoV-2  vaccine  has  been
widely  demonstrated  by  multiple  studies,  reaching  protec-
tion  rates  of  up  to  95%  after  the second  dose,3,4 it seems
that  the long-term  durability  of the  immunological  protec-
tion  is  limited.  Some  studies  report  a decrease  in vaccine
efficacy  related  to  increased  hospitalization  and  a greater
mortality  rate  at 20  weeks  after  vaccination  with  two  doses
of  the  ChAdOx1-S  or  BNT162b2  vaccine.5---7 In  addition,  time
has  also  been  associated  with  a  decrease  in  neutralizing
antibody  titers  against  SARS-CoV-2.8---10

The  B.1.617.2  (delta)  variant  became  the predominant
variant  as  of  August  2021,  with  PCR  sequencing  frequencies
of  between  50%---100%.11 During  this period,  an increase  in
the  incidence  of  SARS-CoV-2  infection  and  a  decrease  in  vac-
cination  coverage  were  observed.  Both  aspects  together  call
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the  efficacy  of vaccines  marketed  against  emerging  variants
into  question.12,13 Nonetheless,  mRNA vaccines  have  been
shown  to be  safe  and  effective  against  severe  infection,
hospitalization,  and death  caused  by  different  SARS-CoV-
2  variants,  including  the delta  variant.14 Even  so, aspects
related  to  the immunogenicity  associated  with  the neu-
tralizing  activity  of  the  antibodies  generated  must  still  be
clarified15 and  further  studies  are needed to  evaluate  this
activity  in  the  long  term.

A  wide  variety  of diagnostic  tools  have  been  used in order
to  understand  the extent  of  SARS-CoV-2  propagation  and
the  population  immunity  status  as  well  as  to  promote  the
containment  and  mitigation  of  the COVID-19  pandemic.16---18

Regarding  the  techniques  used for  the serological  analysis,
tests  based  on  lateral  flow  immunochromatography  (LFIC)
have  been  shown  to  be  tools  capable  of  detecting  anti-
SARS-CoV-2  antibodies,  such as  anti-S  protein  antibodies,  in
a  rapid,  practical,  and  economically  accessible  manner.17,18

IgG antibodies  against  SARS-CoV-2  S  or  ‘‘spike’’  protein
(receptor  binding  domain  (RBD)  fragment)  have  demon-
strated  a  good  correlation  with  the titer of  neutralizing
antibodies  against  SARS-CoV-2.9,17 The  S  protein  is  the  anti-
genic  target  of most  vaccines  because  it acts  as  a pathway
for  the  virus  to  enter  the cell.  The  mutational  evolution
of  this  protein  in  the  different  emerging  SARS-CoV-2  vari-
ants  compromises  the  neutralizing  capacity  of  the  antibodies
generated  after  vaccination,  making  it  necessary  to  re-
evaluate  and  redesign  the marketed  vaccines.18,19

Therefore,  COVID-19  disease  remains  a challenge  at
present.  Prevention  and  diagnostic  strategies  continue  to  be
necessary  in  order  to  avoid  an  uptick  in SARS-CoV-2  infec-
tion.  In addition  to  being  cheaper  and  faster  (around  15  min)
than  other  routine  serological  assays,  LFIC  tests  have  been
tested  and  validated  as  effective  assays  for  detecting  neu-
tralizing  antibodies  against SARS-CoV-2.17,20---22 They can  also
be  used  in  decentralized  areas  to  estimate  the  prevalence
of  COVID-19  antibodies  in  different  groups.

A  decline  in protective  immunity  against  COVID-19
prompted  a third round  of  vaccination  with  booster  doses
worldwide.  In  Spain,  the  booster  campaign  began  in  Jan-
uary  2022  for  the healthcare  sector  with  a third  dose of  the
BNT162b2  (Pfizer-BioNTech)  vaccine.23

This  study  aims  to  estimate  the prevalence  and  durability
of  neutralizing  antibodies  against  SARS-CoV-2  induced  after
a  second  dose  of the  BNT162b2  vaccine  (Pfizer-BioNTech)
in  healthcare  workers  and healthcare  support  personnel  by
means  of  a rapid  LFIC-based  assay.

Methods

Design and selection  criteria

A  descriptive,  cross-sectional  study  was  conducted  in the
Orihuela  Health  Department  (Alicante,  Spain).  The  depart-
ment  comprises  1,500 employees.  In  Spain,  vaccination  is
each  individual’s  choice  and therefore,  participation  in our
study  was  voluntary.  All  healthcare  and  healthcare  support
personnel  were  invited  to  participate  in the  study  prior  to
the  administration  of  the  booster  or  third  dose  of  the  SARS-
CoV-2  vaccine.  The  study  was  conducted  at the  vaccination
center  during  the month  of  December  2021.

The  research  team  provided  all  relevant  information  on
the  study  to  each  subject  and obtained  informed  consent
prior  to  starting  the study  procedure.  Demographic  varia-
bles  were  obtained  by  means  of  an anonymous,  standardized
paper  questionnaire  distributed  prior  to  the LFIC  serological
test  and  prior  to  vaccination  with  the booster  dose.

Serological  test

To evaluate  the  presence  of  neutralizing  antibodies,  the
OJABIO® SARS-CoV-2  Neutralizing  Antibody  Detection  Kit
(Colloidal  109  Gold  Method),  manufactured  by  Wenzhou  OJA
Biotechnology  Co.,  Ltd.  (Wenzhou,  Zhejiang,  China)  was
used.  It  is  a  point-of-care  (POC)  antibody  detection  assay
based  on  the  lateral  flow  immunochromatography  (LFIC)
technique.

The  test  was  performed  according  to  the manufacturer’s
recommendations  and  only using  the  reagents  and materials
provided  in the  kit.  The  results  were  interpreted  by  trained
investigators.

The  neutralizing  antibodies  against SARS-CoV-2  present
in  the  sample  bind  to the SARS-CoV-2  spike  protein  that
is  conjugated  with  a  colloidal  gold  particle.  The  resulting
conjugate  migrates  toward  the reaction  matrix  attracted  by
lateral  flow.  Then,  once  on  the reaction  pad,  it is  captured
by  anti-immunoglobulin  antibodies  (IgG  or  IgM)  fixed  to  the
nitrocellulose  pad.  The  binding  of the conjugate  to  the mem-
brane  is  shown  through  formation  of the test  (T)  line,  which
indicates  the presence  of  SARS-CoV-2  neutralizing  antibod-
ies.  The  adjacent  control  (C)  line  indicates  that the test
technique  was  correctly  performed.  The  presence  of  two
visible  lines----C (control)  and  T  (total  antibodies)----is consid-
ered  positive.  The  presence  of  the C  line  alone  is  interpreted
as  a  negative  result. All  tests  with  missing  C  and  T lines were
invalid.

This  OJABIO® LFIC  test  was  validated  in  a previous
study  conducted  by the University  of  Alicante22 against  an
ELISA  (Enzyme-Linked  ImmunoSorbent  Assay)-based  surro-
gate  viral  neutralization  test  (sVNT)  in 78  cases  and  39
controls,  yielding  a  specificity  for  the  OJABIO® test  of
1.00  (95%  CI:  0.91---1.00)  and  a sensitivity  of  0.99  (95%  CI:
0.93---1.00).

Variables  and statistical  analysis

The  demographic  variables  collected  were  age (in  years)
and  sex.  In  addition,  the following  epidemiological  and
clinical  variables  were  collected:  previous  SARS-CoV-2  infec-
tion  (defined  as  a  positive  PCR  test),  time  since  last  dose
(TLD)  (defined  as  weeks  since  vaccination,  the last  dose
before  the study  test,  or  a positive  PCR  test  for  SARS-CoV-2
before  the  study  test),  having  a chronic  disease,  having  over-
come  a recent  infection  (in  the  last  month),  and  vaccines
administered  with  the dates  and  number  of  previous  doses.
Statistical  analysis  was  performed  by  calculating  the odds
ratio (OR)  for  each  qualitative  variable.  Logistic  regression
was  used to  calculate  the OR  for  quantitative  variables.  For
age,  ten-year  periods  were  used.  To  calculate  the adjusted
ORs  (aOR),  a  multivariate  stepwise  logistic  regression  model
was  performed  using  all  the  variables  mentioned  above.  The
95%  confidence  intervals  were calculated.  Statistical  signifi-
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Table  1  Socio-demographic  characteristics.

N  (964)  Mean  (SD)

(min;  max)

95%  CI

Age  (years)  45.8  (11.5)

(18;  68)

(45.1;  46.5)

TLD (weeks)  40.5  (7.9)

(1.71;  47.71)

(40.0;  41.0)

N (%)  95%  CI

Sex

Male 290 (30.1)  (27.2;  33.0)

Female  674 (69.9) (67.0;  72.8)

Job  title

NA  229 (23.8) (21.1;  26.4)

Nurse  263 (27.3)  (24.5;  30.1)

Physician  222 (23.0)  (20.4;  25.7)

Others  250 (25.9)  (23.2;  28.7)

Department

Hospital  and  central

services

538  (55.8)  (52.7;  58.9)

ICU/Emergency

Department

77  (8.0)  (6.3; 9.7)

Primary care  349 (36.2)  (33.2;  39.2)

SD: Standard Deviation; min: minimum; max: maximum; ICU:

Intensive Care Unit; TLD: Time since last dose; CI:  Confidence

Interval; NA: Nurse aide.

cance  was  defined  as  a  p value  less  than  0.05.  The  data  were
analyzed  using  SPSS  23.0  statistical  software.

Ethical considerations

The  study  was  conducted  in  accordance  with  the  Declara-
tion  of  Helsinki  regarding  clinical  trials  in human  beings.
The  research  proposal  was  approved  by  the  Research  Ethics
Committee  of  the  University  of  Alicante  (Spain)  (file  UA-
2021-05-07  5,  dated  05/24/2021)  and the Clinical  Research
Ethics  Committee  of  the Orihuela  Health  Department  (Spain)
(MC-2021-023,  dated  11/15/2021).

Results

The Orihuela  Health  Department  comprises  1,500 healthcare
and  healthcare  support  personnel.  Of  them,  1,352  partici-
pated  in  the study  and  977  responded  to  the survey.  Among
the  survey  respondents,  13  subjects  were  excluded  because
their  epidemiological  survey  was  incomplete.  The  contact
rate  was  90.1%  (1,352/1,500),  the response  rate  was  72.3%
(977/1,352,  and  the eligibility  rate  was  98.7%  (964/977).24

Of  the  total  sample,  674 (69.9%)  were  women  (the
male:female  ratio  was  0.43)  and  the  mean  age  (± SD)  was
45.8  ± 11.5  years.  A total  of  23.8%  were  nurse  aides  (NA),
27.3%  were  nurses,  and  23.0%  were  physicians.  Over  55%
were  part  of  hospital  ward  units  and central  services.

Table  1 shows  the  distribution  of  the  population  according
to  demographics  and  position.

The  BioNTech/Pfizer® vaccine  was  administered  to  97.5%
(940/964)  of all  subjects.  Two  doses  had  been  administered
in  98.5%  (950/964)  and 86.4%  (833/964)  had  not  been  diag-
nosed  with previous  COVID-19  infection.

In  total,  964  subjects  were  tested  for  SARS-CoV-2  neutral-
izing  antibodies  using  the  OJABIO® SARS-CoV-2  neutralizing
antibody  detection  kit.  Of  them,  593 (61.5%)  were  negative
and  371  (38.5%) were  positive.  On  the multivariate  analysis,
the  time  since  the  last  vaccine  dose  (aOR  week:  1.07;  95%CI:
1.04;  1.09)  and  previous  SARS-CoV-2  infection  (aOR:  3.7;
95%CI:  2.39;  5.63)  were  statistically  significant  in regard  to
a  positive  serological  result  (Table  2).  Specifically,  the  prob-
ability  of a  positive  result  in  subjects  who  had  had  COVID-19
infection  was  approximately  four times  higher  than  in those
who  had  not.

Regarding  age,  there  were  significant  differences  when
it  was  considered  an independent  variable;  it was  found
that  the older  the  age,  the lower  the  positivity  rate  (OR  10
years):  1.15;  95%  CI: 1.05---1.32).  However,  on  the multivari-
ate  analysis,  this variable  was  not found  to  be statistically
significant.

It  was  observed  that  the  time  since  last  dose  (TLD)  vari-
able  was  statistically  significant  and  inversely  correlated  to
the  probability  of  a  positive  serological  test.

The  variables  of  sex,  presence  of  chronic  disease,  recent
infection,  type of  previous  vaccines,  and number  of  doses
showed  no  statistically  significant  differences.

Discussion

In  the  Orihuela  Health  Department,  38.5%  of  healthcare
workers  tested  positive  for  neutralizing  antibodies  against
SARS-CoV-2  prior  to  administration  of  the booster  dose.  Sim-
ilar  studies  have  warned  of  a  decrease  in immunity  against
SARS-CoV-2  infection  in all  age  groups  a  few months  after
receiving  the second  dose of  BNT162b2  vaccine.8---10,12,13

Specifically,  in a prospective  study  on  healthcare  personnel,
the  level of  neutralizing  antibodies  declined  rapidly  dur-
ing  the first  three  months  and  at  a  relatively  slower  pace
thereafter.  The  decline  was  more  prominent  in men,  those
aged  65  years  or  older,  and  immunosuppressed  individuals.8

In  this study,  there  were  no  statistically  significant  differ-
ences  in  a  positive  test  result  according  to  age.  In contrast,
age  seems  to  influence  the probability  of  a  positive  result
for  SARS-CoV-2  neutralizing  antibodies.

Another  factor  that  was  observed  to have  an influence
on  a positive  serological  test  result  was  the  time  since  the
last  dose  was  administered.  Subjects  who  had  not received
a  dose  for  a longer  period  of  time  showed  a  lower  rate
of  positive  results  for  neutralizing  antibodies  against  SARS-
CoV-2.  In  this study,  the time  since  the  last  vaccine  dose
was  quite  long  (40.5  weeks  or  around  ten months).  This
could  have  had  an important  impact  on  the  serological
deterioration  associated  with  the  presence  of  SARS-CoV-2
neutralizing  antibodies.  In addition,  it  may  also  be asso-
ciated  with  a higher  risk  of  infection  since  breakthrough
infections  increase  significantly  as  more  time  passes  since
the  administration  of  the  second  BNT162b2  dose10 as  well  as
with  a  lower  titer  of  neutralizing  antibodies  against  SARS-
CoV-2.25

On the other  hand,  these  results  reflect  a significant
association  between  previous  SARS-CoV-2  infection  and  a
positive  serological  result  for neutralizing  antibodies  against
SARS-CoV-2.  These  data  are  similar  to  those  reported  in a
recently  published  study  conducted  at the  University  of  Ali-
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Table  2  Serological  test  results  with  respect  to  demographic  and epidemiological-clinical  variables.

Negative

N  (%)

Positive

N  (%)

Total n  (%)  593  (61.5)  371  (38.5)  OR  95%CI  aOR  95%CI

Age  (years)  m  (SD)a 46.6  (11.2)  44.5  (11.9)  1,15b (1.05;  1.32)  n.s.

TLD (weeks)  m  (SD)a 42.0  (5.7)  38.0  (10.0)  1.07  (1.05;  1.09)  1.07  (1.04;  1.09)

Sex n  (%)  n  (%)

Male 180  (62.1)  110  (37.9)  Ref.

Female  413  (61.3)  261  (38.7)  1.03  (0.78;  1.37)  n.s.

Previous  SARS-CoV-2  infection

No  555  (66.6) 278  (33.4) Ref.

Yesa 38  (29.0) 93  (71.0) 4.9  (3.26;  7.31)  3.7  (2.39;  5.63)

Chronic disease

No  477  (61.3)  301  (38.7)  Ref.

Yes 108  (61.4)  68  (38.6)  1.0  (0.71;  1.40)  n.s.

Recent infection

No  558  (61.3)  353  (38.7)  Ref.

Yes 27  (64.3)  15  (35.7)  0.9  (0.46;  1.67)  n.s.

Previous  vaccination

Other  12  (50.0)  12  (50.0)  Ref.

BioNTech/Pfizer® 581  (61.8)  359  (38.2)  0.62  (0.28;  1.39)  n.s.

No. of  doses

1  5  (35.7)  9  (64.3)  Ref.

2 588  (61.9)  362  (38.1)  0.3  (0.11;  1.03)  n.s.

a Significance p < 0.05.
b OR (Odds Ratio) calculated for a 10-year period. OR: Odds Ratio; aOR: Adjusted odds ratio; m: mean; n.s.: not  significant, SD: standard

deviation; TLD: Time since last dose.

cante,  which  observed  a strong  association  between  both
variables.26 Furthermore,  this  association  has  been  observed
in  other  studies  in this  setting.  One  such  study  found  that
the  levels  of  SARS-CoV-2  antibodies  against  the S  or  ‘‘spike’’
protein  in  healthcare  workers  with  previous  COVID-19  infec-
tion  six  months  after  vaccination  were  higher  than  in  those
who  were  vaccinated  but  without  a history  of COVID-19,27

with  a  higher  mean  SARS-CoV-2  antibody  titer  and  slower
serological  deterioration.28,29 Furthermore,  it found an 84%
lower  risk  of infection,  with  the  median  protective  effect
observed  seven  months  after  the  primary  infection.30

To  mitigate  this  decrease  in vaccine  protection,  a third
booster  dose  of the BNT162b2  SARS-CoV-2  vaccine  was  eval-
uated  in  clinical  trials.9,25 Results  obtained  from  real-world
studies  have  shown  that a third  dose  of the  BNT162b2
mRNA  vaccine  is effective  for  protecting  individuals  against
severe  cases  of  COVID-19,  concluding  that  although  the vac-
cine  is  not  able  to  prevent  infection,  it is  able  to  reduce
severity.31---33 For this  reason,  the  relevant  health authori-
ties  provided  for  the administration  of  a third  vaccine  dose
in  at-risk  groups,  including  healthcare  personnel,  in  their
vaccination  strategies.23 All  study  participants  received  the
third  vaccine  dose  the day after  the study,  in accordance
with  health  authorities’  instructions.

The  test  used  in  this  study  was  an LFIC  assay,  which
allows  for  obtaining  immediate  results.  This  serological  test
was  validated  for  the  detection  of  neutralizing  antibodies
against  SARS-CoV-2  in mid-2021.22 This  study  was  conducted
in  December  2021,  so the  appearance  of  emerging  variants
in  the  time  between  test  validation  and the study  could  be a
limitation.  However,  the  BNT162b2  vaccine  has  been shown

to be effective  for  all  variants  prior  to  the  omicron  variant,34

which was  not  predominant  in Spain  until January  2022.35

In  the  case  of vaccination  against  COVID-19,  the  proce-
dure  is similar  to  that  of  influenza  vaccination:  the vaccine’s
composition  is  updated  when  a greater  than  four-fold  reduc-
tion  in the  neutralizing  activity  against  new  circulating  virus
strains  compared  to previous  strains  is  observed.36 In fact,
as  of  September  2023,  the latest  version  of  the Comirnaty
BioNtech/Pfizer  vaccine  encodes  the SARS-CoV-2  virus  spike
(S)  protein  from  the Omicron  XBB.1.5  strain instead  of  the
original  Wuhan  strain.37

Conclusion

The  data  suggest  that the duration  of  SARS-CoV-2  neutral-
izing  antibody  protection  is  strongly  influenced  by  the time
elapsed  since  the  administration  of  the last  vaccine  dose
and  by  having  had  COVID-19  infection  prior  to  the booster
dose.

Funding

This  work  was  supported  by  a consultancy  contract  from
the  University  of  Alicante  with  reference  WENZHOU-
OJABIO1-21T,  which  made  the rapid  serological  tests
provided  by  the  OJABIO  company  available.  No authors
received  personal  remuneration  from  the biotechnology
company.

201



A.C.  Montagud,  J.  Llenas-García,  R. Moragues  et  al.

Conflicts  of  interest

The  authors  declare  that  they  do  not  have  any  conflicts  of
interest.  The  funding  entities  had  no  role  in the  study  design;
in data  collection,  analysis,  or  interpretation;  in the  writing
of the  manuscript;  or  in the decision  to  publish  the  results.

Acknowledgments

We  would  like  to  thank  all the health  workers  who  partici-
pated  in  this  study.  In  particular,  we  would  like to  thank  the
director  of  the Orihuela  Health  Department,  Dr. Miguel  Elías
Fayos,  for  his  support.  We  are  also  grateful  to  the  Nursing
Department  Supervisors  at the  Health  Department  for their
excellent  work.

References

1. Kayser V, Ramzan I.  Vaccines and vaccination: his-

tory and emerging issues. Hum Vaccin Immunother.

2021;17(12):5255---68, doi:10.1080/21645515.2021.1977057.

2. Ministerio de Sanidad, Consumo y Bienestar Social (España).

Grupo de Trabajo Técnico de Vacunación COVID-19, de

la Ponencia de Programa y Registro de Vacunaciones.

Actualización 2  - Estrategia de vacunación frente a COVID-

19 en España. 01/21/2021. https://www.sanidad.gob.

es/areas/promocionPrevencion/vacunaciones/covid19/

Actualizaciones Estrategia Vacunacion/docs/COVID-19

Actualizacion2 EstrategiaVacunacion.pdf; 2022 [accessed el 23

noviembre de 2023].

3. Polack FP, Thomas SJ, Kitchin N, Absalon J,  Gurtman A,

Lockhart S, et  al. Safety and efficacy of  the BNT162b2

mRNA Covid-19 vaccine. N  Engl J  Med. 2020;383(27):2603---15,

doi:10.1056/NEJMoa2034577.

4. Dagan N, Barda N, Kepten E, Miron O, Perchik S, Katz MA,

et al. BNT162b2 mRNA Covid-19 vaccine in a nationwide

mass vaccination setting. N  Engl J Med. 2021;384(15):1412---23,

doi:10.1056/NEJMoa2101765.

5. Andrews N, Tessier E, Stowe J, Gower C, Kirsebom F, Simmons

R,  et al. Duration of  protection against mild and severe dis-

ease by Covid-19 vaccines. N Engl J  Med. 2022;386(4):340---50,

doi:10.1056/NEJMoa2115481.

6. Haas EJ, Angulo FJ, McLaughlin JM, Anis E, Singer SR,

Khan F, et  al. Impact and effectiveness of mRNA BNT162b2

vaccine against SARS-CoV-2 infections and COVID-19 cases,

hospitalisations, and deaths following a nationwide vac-

cination campaign in Israel: an  observational study using

national surveillance data. Lancet. 2021;397(10287):1819---29,

doi:10.1016/S0140-6736(21)00947-8.

7. Munro APS, Janani L, Cornelius V, Aley PK, Babbage G,

Baxter D, et al. Safety and immunogenicity of  seven

COVID-19 vaccines as a third dose (booster) following

two doses of ChAdOx1 nCov-19 or BNT162b2 in  the UK

(COV-BOOST): a blinded, multicentre, randomised, con-

trolled, phase 2 trial. Lancet. 2021;398(10318):2258---76,

doi:10.1016/S0140-6736(21)02717-3.

8. Levin EG, Lustig Y, Cohen C, Fluss R,  Indenbaum V, Amit S,

et  al. Waning immune humoral response to BNT162b2 Covid-

19 vaccine over 6 months. N  Engl J Med. 2021;385(24):e84,

doi:10.1056/NEJMoa2114583.

9. Alcendor DJ, Matthews-Juarez P, Smoot D, Hildreth JEK, Lamar

K, Tabatabai M, et  al. Breakthrough COVID-19 infections in the

US: implications for prolonging the pandemic. Vaccines (Basel).

2022;10(5):755, doi:10.3390/vaccines10050755.

10. Goldberg Y, Mandel M, Bar-On YM, Bodenheimer O, Freed-

man L, Haas EJ,  et al. Waning immunity after the

BNT162b2 vaccine in Israel. N  Engl J Med. 2021;385(24):e85,

doi:10.1056/NEJMoa2114228.

11. Ministerio de Sanidad, Consumo y Bienestar Social (España).

Centro de Coordinación de Alertas y Emergencias Sanitarias.

Actualización de la situación epidemiológica de las variantes

de SARS-CoV-2 de preocupación (VOC) e interés (VOI) en salud

pública en España. 16 de Agosto de 2021. Available from:

https://www.sanidad.gob.es/profesionales/saludPublica/ccayes

/alertasActual/nCov/documentos/COVID19 Actualizacion

variantes 20210816.pdf [accessed el  23 Noviembre de 2023].

12. Chemaitelly H,  Tang P, Hasan MR, AlMukdad S,  Yassine HM,

Benslimane FM, et  al. Waning of BNT162b2 vaccine protec-

tion against SARS-CoV-2 infection in Qatar. N  Engl J  Med.

2021;385(24):e83, doi:10.1056/NEJMoa2114114.

13. Feikin DR, Higdon MM, Abu-Raddad LJ, Andrews N, Araos

R, Goldberg Y, et al. Duration of effectiveness of  vac-

cines against SARS-CoV-2 infection and COVID-19 disease:

results of a systematic review and meta-regression. Lancet.

2022;399(10328):924---44, doi:10.1016/S0140-6736(22)00152-0.

14. Fiolet T,  Kherabi Y,  MacDonald CJ, Ghosn J, Peiffer-Smadja N.

Comparing COVID-19 vaccines for their characteristics, efficacy

and effectiveness against SARS-CoV-2 and variants of concern:

a narrative review. Clin Microbiol Infect. 2022;28(2):202---21,

doi:10.1016/j.cmi.2021.10.005.

15. Hadj Hassine I.  Covid-19 vaccines and variants of

concern: a review. Rev Med Virol. 2022;32(4):e2313,

doi:10.1002/rmv.2313.

16. Safiabadi Tali SH, LeBlanc JJ, Sadiq Z,  Oyewunmi OD,

Camargo C, Nikpour B, et al.  Tools and techniques for severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2)/COVID-

19 detection. Clin Microbiol Rev. 2021;34(3):e00228---20,

doi:10.1128/CMR.00228-20.

17. Li X, Yin  Y, Pang L, Xu S,  Lu F, Xu D,  et  al. Colloidal

gold immunochromatographic assay (GICA) is an effective

screening method for identifying detectable anti-SARS-CoV-

2 neutralizing antibodies. Int  J Infect Dis. 2021;108:483---6,

doi:10.1016/j.ijid.2021.05.080.

18. Magazine N,  Zhang T, Wu  Y,  McGee MC, Veggiani G, Huang W.

Mutations and evolution of  the SARS-CoV-2 spike protein [pub-

lished correction appears in viruses. Viruses. 2022;14(3):640,

doi:10.3390/v14030640.

19. Cao Y,  Jian F,  Wang J, Yu Y, Song W, Yisimayi A, et  al.

Imprinted SARS-CoV-2 humoral immunity induces conver-

gent Omicron RBD evolution. Nature. 2023;614(7948):521---9,

doi:10.1038/s41586-022-05644-7.

20. Tuells J, Egoavil CM, Pena Pardo MA, Montagud AC, Montagud

E, Caballero P, et  al. Seroprevalence study and cross-sectional

survey on  COVID-19 for a plan to reopen the  university of  Ali-

cante (Spain). Int J Environ Res Public Health. 2021;18(4):1908,

doi:10.3390/ijerph18041908.

21. Liu Z, Liang J, Hu H, Wu M, Ma J,  Ma Z, et al. Devel-

opment of an effective neutralizing antibody assay for

SARS-CoV-2 diagnosis. Int J  Nanomedicine. 2023;18:3125---39,

doi:10.2147/IJN.S408921.

22. Tuells J, Parra-Grande M,  Santos-Calle FJ, Montagud AC, Egoavil

CM, García-Rivera C, et al.  Detection of neutralizing anti-

bodies  against SARS-CoV-2 post-vaccination in health care

workers of a large tertiary hospital in Spain by using a rapid

test LFIC and sVNT-ELISA. Vaccines (Basel). 2022;10(4):510,

doi:10.3390/vaccines10040510.

23. Ministerio de Sanidad, Consumo y Bienestar Social (España).

Grupo de Trabajo Técnico de Vacunación COVID-19, de

la Ponenecia de Programa y Registro de Vacunaciones.

Actualización 10 - Estrategia de vacunación frente a COVID-

19 en España.  27 de diciembre 2021. Available from:

https://www.sanidad.gob.es/areas/promocionPrevencion/

202

http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
dx.doi.org/10.1080/21645515.2021.1977057
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0005
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/covid19/Actualizaciones_Estrategia_Vacunacion/docs/COVID-19_Actualizacion2_EstrategiaVacunacion.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/covid19/Actualizaciones_Estrategia_Vacunacion/docs/COVID-19_Actualizacion2_EstrategiaVacunacion.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/covid19/Actualizaciones_Estrategia_Vacunacion/docs/COVID-19_Actualizacion2_EstrategiaVacunacion.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/covid19/Actualizaciones_Estrategia_Vacunacion/docs/COVID-19_Actualizacion2_EstrategiaVacunacion.pdf
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
dx.doi.org/10.1056/NEJMoa2034577
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0010
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
dx.doi.org/10.1056/NEJMoa2101765
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0015
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
dx.doi.org/10.1056/NEJMoa2115481
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0020
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
dx.doi.org/10.1016/S0140-6736(21)00947-8
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0025
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
dx.doi.org/10.1016/S0140-6736(21)02717-3
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0030
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
dx.doi.org/10.1056/NEJMoa2114583
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0035
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
dx.doi.org/10.3390/vaccines10050755
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0040
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
dx.doi.org/10.1056/NEJMoa2114228
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0045
https://www.sanidad.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/COVID19_Actualizacion_variantes_20210816.pdf
https://www.sanidad.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/COVID19_Actualizacion_variantes_20210816.pdf
https://www.sanidad.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/COVID19_Actualizacion_variantes_20210816.pdf
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
dx.doi.org/10.1056/NEJMoa2114114
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0050
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
dx.doi.org/10.1016/S0140-6736(22)00152-0
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0055
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
dx.doi.org/10.1016/j.cmi.2021.10.005
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0060
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
dx.doi.org/10.1002/rmv.2313
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0065
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
dx.doi.org/10.1128/CMR.00228-20
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0070
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
dx.doi.org/10.1016/j.ijid.2021.05.080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0075
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
dx.doi.org/10.3390/v14030640
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0080
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
dx.doi.org/10.1038/s41586-022-05644-7
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0085
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
dx.doi.org/10.3390/ijerph18041908
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0090
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
dx.doi.org/10.2147/IJN.S408921
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0095
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
dx.doi.org/10.3390/vaccines10040510
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
http://refhub.elsevier.com/S2254-8874(24)00036-5/sbref0100
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/covid19/Actualizaciones_Estrategia_Vacunacion/docs/COVID-19_Actualizacion10_EstrategiaVacunacion.pdf


Revista  Clínica  Española  224  (2024)  197---203

vacunaciones/covid19/Actualizaciones Estrategia Vacunacion

/docs/COVID-19 Actualizacion10 EstrategiaVacunacion.pdf

[accessed el 23 Noviembre de 2023].

24. The American Association for Public Opinion Research.

Standard Definitions - Final Dispositions of Case Codes and

Outcome Rates for Surveys. 10th edition.; 2023. Available from:

https://aapor.org/wp-content/uploads/2023/05/Standards-

Definitions-10th-edition.pdf (accessed: 23 de Noviembre de

2023).

25. Bergwerk M,  Gonen T,  Lustig Y,  Amit S, Lipsitch M, Cohen

C, et al. Covid-19 breakthrough infections in vaccinated

health care workers. N  Engl J Med. 2021;385(16):1474---84,

doi:10.1056/NEJMoa2109072.

26. Montagud AC, Vicente-Alcalde N, Gabaldón-Bravo EM, Hurtado-

Sánchez JA, Montagud E, Egoavil CM, et al. COVID-19

vaccination at the University of Alicante (Spain): detection

of neutralizing antibodies against SARS-CoV-2 by rapid sero-

logical test, a cross-sectional study. Rev Esp Salud Publica.

2023;18(97):e202312111.

27. Flisiak R, Pawłowska M, Rogalska-Płońska  M, Bociaga-
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