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The effectiveness of COVID-19 vaccines to prevent long
COVID symptoms: staggered cohort study of data from
the UK, Spain, and Estonia
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Summary

Background Although vaccines have proved effective to prevent severe COVID-19, their effect on preventing long-term
symptoms is not yet fully understood. We aimed to evaluate the overall effect of vaccination to prevent long COVID
symptoms and assess comparative effectiveness of the most used vaccines (ChAdOx1 and BNT162b2).

Methods We conducted a staggered cohort study using primary care records from the UK (Clinical Practice Research
Datalink [CPRD] GOLD and AURUM), Catalonia, Spain (Information System for Research in Primary Care [SIDIAP]),
and national health insurance claims from Estonia (CORIVA database). All adults who were registered for at least
180 days as of Jan 4, 2021 (the UK), Feb 20, 2021 (Spain), and Jan 28, 2021 (Estonia) comprised the source population.
Vaccination status was used as a time-varying exposure, staggered by vaccine rollout period. Vaccinated people were
further classified by vaccine brand according to their first dose received. The primary outcome definition of long
COVID was defined as having at least one of 25 WHO-listed symptoms between 90 and 365 days after the date of a
PCR-positive test or clinical diagnosis of COVID-19, with no history of that symptom 180 days before SARS-Cov-2
infection. Propensity score overlap weighting was applied separately for each cohort to minimise confounding. Sub-
distribution hazard ratios (sHRs) were calculated to estimate vaccine effectiveness against long COVID, and
empirically calibrated using negative control outcomes. Random effects meta-analyses across staggered cohorts were
conducted to pool overall effect estimates.

Findings A total of 1618 395 (CPRD GOLD), 5729 800 (CPRD AURUM), 2744821 (SIDIAP), and 77 603 (CORIVA)
vaccinated people and 1640 371 (CPRD GOLD), 5860 564 (CPRD AURUM,), 2588 518 (SIDIAP), and 302 267 (CORIVA)
unvaccinated people were included. Compared with unvaccinated people, overall HRs for long COVID symptoms in
people vaccinated with a first dose of any COVID-19 vaccine were 0-54 (95% CI 0-44-0-67) in CPRD GOLD,
0-48 (0-34-0-68) in CPRD AURUM, 0-71 (0-55-0-91) in SIDIAP, and 0-59 (0-40-0-87) in CORIVA. A slightly
stronger preventative effect was seen for the first dose of BNT162b2 than for ChAdOx1 (sHR 0-85 [0-60-1-20] in
CPRD GOLD and 0-84 [0-74-0-94] in CPRD AURUM).

Interpretation Vaccination against COVID-19 consistently reduced the risk of long COVID symptoms, which
highlights the importance of vaccination to prevent persistent COVID-19 symptoms, particularly in adults.

Funding National Institute for Health and Care Research.
Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction

In March 2020, WHO declared the outbreak of
COVID-19, a disease caused by the novel SARS-CoV-2
virus, to be a global pandemic.! 3 years later, in
March, 2023, more than 760 million COVID-19 cases
were  confirmed worldwide.?  Vaccines  against

highly effective in preventing severe COVID-19,%”
mortality® and community transmission.” However,
persistent symptoms and complications after recovering
from acute COVID-19 disease have been increasingly
reported, shifting the focus of clinical research from the
acute phase of the infection to its long-term
Studies

SARS-CoV-2 were rapidly developed to tackle the
pandemic, with the first approved COVID-19 vaccine
dose being administered in the UK in December, 2020.
Since then, eight COVID-19 vaccines have received
marketing authorisation from the European Medicines
Agency,’, with BNT162b2 (Pfizer—-BioNTech), mRNA-1273
(Moderna), ChAdOx1 (Oxford-AstraZeneca), and Ad26.
COV2.S (Janssen) COVID-19 vaccines being the most
frequently used in Europe.* These vaccines proved to be

complications. suggest that approximately
one in ten people infected with SARS-CoV-2 have
persisting symptoms,*" with increased risk for
developing long COVID associated with age, female
sex, ™ and comorbidities.”"

In October, 2021, WHO characterised the post
COVID-19 condition as probable or confirmed
SARS-CoV-2 infection, with new or persisting symptoms
3 months after infection that cannot be explained by
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Research in context

Evidence before this study

Although previous studies have provided insights on the risk of
long COVID following breakthrough infections, most of them
only included people with COVID-19. As recognised by a
systematic review of the literature led by the UK Health Security
Agency, these studies have probably underestimated the
effectiveness of vaccines to prevent long COVID. As post-acute
COVID-19 complications can only occur in people who were
previously infected with SARS-CoV-2, the effect of vaccines to
prevent SARS-CoV-2 infections is a crucial factor to include
when estimating vaccine effectiveness to prevent long COVID.

Added value of this study
To our knowledge, this is the first multinational study to
assess population-level vaccine effectiveness to prevent long

alternative causes.” A list of common symptoms was
established, comprising 25 key symptoms such as
fatigue, shortness of breath, and cognitive dysfunction.*
Unfortunately, neither long COVID or the post COVID-19
condition were included as study outcomes in any of the
pivotal trials that led to the approval of the vaccines
mentioned above.

Although COVID-19 vaccines remain widely used,
according to a recent review by the UK Health Security
Agency (UKHSA), their effect on preventing long
COVID is not yet fully understood.” Most previous
studies assessing the association of pre-infection
vaccination and long-term complications showed a
reduction in risk for long COVID associated with
vaccination.” However, some only reported reductions
for selected symptoms, or no overall risk reduction.
Systematic reviews showed that effect estimates vary
greatly between studies, largely depending on the long
COVID definition used, the study population included,
and the health-care setting studied.”" However, most of
these studies only included people with COVID-19.2*
Therefore, these studies have probably underestimated
the effectiveness of vaccines to prevent long COVID.
Because post-acute COVID-19 complications can only
occur in people who were previously infected with
SARS-CoV-2, the effect of vaccines to prevent
SARS-CoV-2 infections is a crucial factor to include
when estimating vaccine effectiveness to prevent long
COVID.

The aim of this study was to evaluate the overall effect
of vaccination to prevent long COVID and assess
comparative effectiveness of the most used vaccines
(ChAdOx1 and BNT162b2).

Methods

Data sources

We used routinely collected, de-identified health data
from three European countries: primary care electronic

COVID symptoms. Our study of more than 10 million
vaccinated people and 10 million unvaccinated people,
showed that COVID-19 vaccination reduces the risk of
developing long COVID. Our findings were consistent across
three different European countries and four databases,
covering different health-care settings and national health-
care policies. All vaccines reduced the risk of developing long
COVID symptoms, with BNT162b2 showing slightly better
effectiveness than ChAdOx1.

Implications of all the available evidence

Vaccination against COVID-19 consistently reduced the risk of
long COVID symptoms, highlighting yet another benefit of
vaccination, particularly in adults who are less at risk of severe
outcomes.

health records from two large UK data sources (the
Clinical Practice Research Datalink [CPRD] GOLD and
CPRD AURUM), primary care records linked to hospital
admission data from Catalonia, Spain (Information
System for Research in Primary Care [SIDIAP]), and
national health insurance claims from Estonia
(CORIVA).

CPRD GOLD” currently comprises 3-1 million
active participants and CPRD AURUM?* comprises
13-3 million active participants, with CPRD GOLD
predominantly covering practices in Scotland and Wales,
and CPRD AURUM mainly covering practices in
England. SIDIAP® represents around 80% of the
population living in Catalonia and was linked to hospital
admission data for this study, including all hospitals in
the region’s universal health-care system (Conjunt
Minim Basic de Dades d’Alta Hospitalaria). The CORIVA
database covers approximately 440000 people, a random
sample from the Estonian population plus all COVID-19
cases from the first year of the pandemic (Feb 28, 2020 to
Feb 28, 2021).

CPRD (GOLD and AURUM) and SIDIAP include
information on patient demographics, comorbidities,
medicine use, laboratory measurements, clinical
measurements, lifestyle factors, and referrals to
secondary care. Vaccination status was obtained from
linked national or regional registry data, including
vaccines administered in any health-care or public health
setting, and vaccination centres. CORIVA includes
information on patient demographics, diagnoses and
conditions, drug prescriptions, and procedures from
insurance claims, with linked COVID-19 testing and
vaccination status from the national health information
system and information from the causes of death registry
(all causes of death were included).

All databases were mapped to the Observational
Medical Outcomes Partnership (OMOP) common data
model (CDM)** to enable federated analytics.
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Study design and populations

As people became eligible to receive their first vaccine
dose at different times, this study was designed as a
staggered cohort study following the vaccine rollout
guidelines in the UK, Spain, and Estonia. For each
database and country, we created four study cohorts, with
each of them representing a specific stage of the national
vaccination campaign rollout. Details of the country-
specific enrolment periods and priority groups for
vaccination, and the study design are provided in the
appendix (pp 8-10).

Here, we describe the study design using CPRD and
the UK vaccine rollout as an illustrative example. All
adults registered in CPRD GOLD or CPRD AURUM for
at least 180 days as of the start of the first staggered
cohort (Jan 4, 2021) comprised the source population.
From this source population, people were included to the
respective study cohorts and eligibility was assessed
separately for each cohort: cohort one (enrolment period
from Jan 4 to Jan 27, 2021, corresponding to priority
groups 2-3 in the UK vaccination plan) included all
people aged 75 years and older who did not receive a
COVID-19 vaccination and had no history of COVID-19
before enrolment. Among this group, people were
included to the vaccinated or unvaccinated group based
on whether they received their first vaccine dose during
the enrolment period. Index date for vaccinated people
was the date of vaccine administration. For unvaccinated
people, index date was randomly assigned during the
enrolment period following the distribution of the index
dates for the vaccinated subpopulation. Cohort two
(enrolment from Jan 28 to Feb 28, 2021, priority
groups 4-6) included all people aged 65 years and older
and clinically extremely vulnerable people, and those
with underlying health conditions aged 18 years and
older.*” Cohort three (enrolment from March 1
to April 13, 2021, priority groups 7-9) included people
aged 50 years and older. Finally, cohort four (enrolment
from April 14 to July 31, 2021, priority group 10) included
people aged 18 years and older. People who were
vaccinated before the start of enrolment were excluded
for each of these four staggered cohorts. In addition, all
people with a positive test or clinical diagnosis of
COVID-19 before their assigned index date were
excluded. Unvaccinated people from a previous cohort
were eligible for inclusion to the subsequent cohort if
they met the respective eligibility criteria. Therefore, the
study design allowed unvaccinated people who were
censored when they received a first vaccine dose to
contribute vaccinated person-time from the time they
change exposure status.

In each cohort, people were followed-up from the index
date until the earliest end of their observation—ie, date
of data extraction (December, 2021 for CPRD GOLD;
January, 2022 for CPRD AURUM,; June, 2022 for SIDIAP;
and December, 2022 for CORIVA), death from any cause,
leaving the general practitioner (GP) practice or the

practice stopping contribution of data to database (for
CPRD), or the next vaccination (date of first vaccination
for the unvaccinated group, second vaccination for the
vaccinated group; appendix pp 11-12). Sensitivity analyses
were conducted without censoring at the second vaccine
dose for vaccinated people.

Records of vaccine doses received in the UK, Spain,
and Estonia were available for all people in all databases,
including the vaccination date and vaccines approved
between January and July, 2021 (ChAdOx1, BNT162b2,
Janssen  (Ad26.COV2.S), and mRNA-1273). All
four vaccine brands were included in the effectiveness
analyses.

This study was approved by the CPRD’s Research Data
Governance Process (21_000557), the Clinical Research
Ethics committee of Fundaci6 Institut Universitari per a
la recerca a 'Atencié Primaria de Salut Jordi Gol i Gurina
(4R22/133), and the Research Ethics Committee of the
University of Tartu (330/1-10).

Long COVID

Our primary outcome definition of long COVID was pre-
defined as the presence of at least one symptom included
in the WHO clinical case definition.* We identified
25 long COVID symptoms based on Systemized
Nomenclature of Medicine (SNOMED) codes, and
defined long COVID as having at least one record of any
of the pre-defined symptoms between 90 and 365 days
after the date of a PCR-positive test or clinical diagnosis
of COVID-19, with no record of that symptom 180 days
before SARS-Cov-2 infection.”® Sensitivity analyses were
conducted using alternative definitions of long COVID,
including symptoms recorded between 28 and 365 days
after COVID-19, and using the SNOMED code for a GP
diagnosis of post-acute COVID-19 in CPRD AURUM and
SIDIAP (recorded alone, without requiring a previous
record of COVID-19 or between 90 and 365 days after a
SARS-CoV-2 infection). The effectiveness of vaccination
against COVID-19 was estimated separately post-hoc.

All the operational definitions for each individual
symptom and for the composite outcomes were evaluated
using Cohort Diagnostics (version 2.2.4), an R package
that provides information on face validity, including
aggregate estimates of affected patient characteristics,
descriptive epidemiology, and clinical presentation.
These definitions were reviewed by at least one senior
clinical epidemiologist and one senior pharma-
coepidemiologist (DP-A and AM] reviewed the
definitions, with input from other clinicians in the team)
and improved in an iterative manner as per standard
procedure to reach the final definition.

Statistical analysis

A common analytical script was developed, which was
subsequently adapted to mimic the country-specific
vaccination rollouts (eg, dates and priority groups). The
resulting code was then run locally—ie, in a federated
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For the code lists and
algorithms see https://github.
com/oxford-pharmacoepi/
LongcovidVaccineEffectiveness

For the interactive web
application see https://dpa-pde-
oxford.shinyapps.io/
LongcovidVaccineEffectiveness/

manner on locally available OMOP CDM-mapped data.
All results were obtained separately from CPRD GOLD,
CPRD AURUM, SIDIAP, and CORIVA. Comparative
effectiveness analyses were only conducted in the UK
data due to small sample sizes and restrictions for the
use of ChAdOx1 in younger and older age groups in
Estonia and Spain.

Large-scale propensity scores were used to minimise
confounding by indication based on recorded covariates.
Propensity scores represent the probability of vaccination
on the basis of sociodemographic and clinical
characteristics at the time of enrolment in each of the
staggered cohorts. Covariates to be included in the large-
scale propensity scores were selected from comedications
and comorbidities recorded before the cohort-specific
index dates. Covariates with a prevalence of
less than 0-5% in the study population were omitted.
Logistic regression with LASSO regularisation was then
used for variable selection, and the list of selected
covariates was reviewed (by DP-A and AM]) to exclude
instrumental variables. In addition, to the covariates
identified using LASSO, key pre-specified confounders
identified based on previous literature and clinical
knowledge were forced into the propensity scores
equation, namely age (5-year age bands for people aged
18 years and older); location (primary care practice [for
CPRD], health-care region [for SIDIAP], and nation [for
CORIVA)); index date; previous observation years (the
time a person was registered in the database before
index date); number of previous GP visits; number of
previous SARS-CoV-2 PCR tests; and regional
vaccination, testing, and COVID-19 incidence rates (for
CPRD). Previous work comparing methods of vaccine
effectiveness research showed that overlap weighting
adequately accounted for confounding.” Therefore, we
applied overlap weighting based on the estimated
propensity scores to estimate the average treatment
effect in the overlap group. We assessed covariate
balance using absolute standardised mean differences
smaller than 0-1 indicating adequate balance based on
previous literature.”

As previous studies have showed increased mortality
after acute COVID-19, we used Fine-Gray models to
estimate vaccine effectiveness while accounting for
death as a competing risk. Sub-distribution hazard ratios
(sHRs) were calculated separately for each staggered
cohort. 43 prespecified and clinically reviewed negative
control outcomes (NCOs)¥* were used to empirically
calibrate sHR to account for residual confounding
and systematic error.”* Proportionality of hazards was
tested by visual inspection of Kaplan-Meier plots and
log(-log) plots. Cox proportional hazards regression was
used as a cause-specific approach in addition to Fine-
Gray models as sensitivity analyses for the primary
outcome. Random effect meta-analysis was used to
obtain an overall estimate (meta-analytic calibrated sHR)
across all four cohorts for each database.

All analyses were conducted using R (version 4.2.2). All
analytical code, code lists for vaccines, COVID-19 tests
and diagnoses, long COVID symptoms, and NCOs are
publicly available at GitHub.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results
A total of 1618395 (CPRD GOLD), 5729800
(CPRD AURUM), 2744821 (SIDIAP), and 77603

(CORIVA) vaccinated people and 1640371 (CPRD
GOLD), 5860564 (CPRD AURUM), 2588518 (SIDIAP),
and 302267 (CORIVA) unvaccinated people were
included. Among those, the proportion of people
included in cohort one ranged from 6-21% across
databases, 9-33% cohort two, 26-34% in cohort three,
and 31-39% in cohort four (figure 1, appendix pp 13-15).
Among vaccinated people, 957025 (59%) of 1618395
(CPRD GOLD), 3205338 (56%) of 5729915 (CPRD
AURUM), 408486 (15%) of 2744821 (SIDIAP), and 4947
(6%) of 77603 (CORIVA) were vaccinated with ChAdOx1,
and 615269 (38%) of 1618395 (CPRD GOLD), 2316825
(40%) of 5729915 (CPRD AURUM), 1821323 (66%) of
2744821 (SIDIAP), and 58081 (75%) of 77603 (CORIVA)
were vaccinated with BNT162b2. The study inclusion
process is shown for CPRD AURUM (figure 1) and for
CPRD GOLD, SIDIAP, and CORIVA (appendix
pp 13-15).

For each cohort in each database comparing vaccinated
with unvaccinated people, covariate balance was
calculated before and after propensity score weighting,
with adequate balance achieved for all covariates after
weighting, except for GP practice in CPRD AURUM and
CPRD GOLD (for cohorts two and three only; results are
accessible in the interactive web application). Propensity
scores and overlap weight distributions for the primary
outcome are included in the appendix (pp 132-133).
Baseline characteristics for cohorts one to four are shown
in table 1 for CPRD AURUM, and in the appendix for
CPRD GOLD, SIDIAP, and CORIVA (pp 16-17,
26-29, 38-41, and 48-51), with all tables showing
comparability of study participants when vaccinated and
unvaccinated groups were compared after weighting.
Negative control outcome analyses suggested some
residual confounding after weighting; therefore, in the
subsequent sections we report empirically calibrated
estimates and uncalibrated estimates were reported only
in the web application.

Figure 1: Study inclusion flowchart for CPRD AURUM

Individual vaccine numbers add to less than the total vaccinated due to other
vaccines being given to a small number of patients. CPRD=Clinical Practice
Research Datalink.
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CPRD AURUM |

9 909529 living in England and in observation at start of cohort 1 |

v

9909529 =18 years and =80 days of previous observation time |

v

9909529 source population |

—P| COHORT1

Cohort-specific inclusion criterion:
« Age =75 years

« No history of SARS-CoV-2 infection or COVID-19
vaccination before index date
« No record of two different vaccine brands at index date

899276 included

219804 ChAdOx1

552602 vaccinated

332790 BNT162b2

346674 unvaccinated

&
<

8857994 in observation at start of enrolment cohort 2 (Jan 28, 2021)

COHORT 2

]

Cohort-specific inclusion criteria:

« Age =65 years

« Clinically extremely vulnerable persons

« People with underlying health conditions

3539295 included

« No history of SARS-CoV-2 infection or COVID-19
vaccination before index date
« No record of two different vaccine brands at index date

969262 ChAdOx1

1563569 vaccinated

594262 BNT162b2

1975726 unvaccinated

<
<

6653090 in observation at start of enrolment cohort 3 (March 1, 2021)

—)| COHORT 3

Cohort-specific inclusion criterion:
« Age =50 years

« No history of SARS-CoV-2 infection or COVID-19
vaccination before index date
« No record of two different vaccine brands at index date

3038432 included

1473602 ChAdOx1

1528031 vaccinated

54102 BNT162b2

1510401 unvaccinated

<
<

4551683 in observation at start of enrolment cohort 4 (April 14, 2021)

—’I COHORT 4

Cohort-specific inclusion criterion:
« Age =18 years

« No history of SARS-CoV-2 infection or COVID-19
vaccination before index date
« No record of two different vaccine brands at index date

4113361 included

542670 ChAdOx1

2085598 vaccinated

1335671 BNT162b2

2027763 unvaccinated
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We summarised the number of people included in
each of the analyses, the number of COVID-19 cases, and
the number of people who developed long COVID across
cohorts and databases stratified by vaccination status
(table 2). Outcome counts from sensitivity analyses,
stratified for vaccine and without censoring at the second
vaccine dose for vaccinated people, are available in the
appendix (pp 64-90).

Vaccination with any COVID-19 first vaccine dose
(ChAdOx1, BNT162b2, Janssen (Ad26.COV2.S), and
mRNA-1273) was associated with a reduced risk of
developing long COVID across all databases (figure 2),
with meta-analytic calibrated sHRs of 0-54 (95% CI
0-44-0-67) in CPRD GOLD, 0-48 (0-34-0-G8) in
CPRD AURUM, 0-71 (0-55-0-91) in SIDIAP, and
0-59 (0-40-0-87) in CORIVA. Kaplan-Meier and log(-log)
plots are shown in the appendix (pp 108-109, 134-135).

Results for sensitivity analyses showed similar findings
to the main results, with meta-analytic calibrated
sHRs of 0-59 (0-50-0-70) in CPRD GOLD,
0-50 (0-35-0-74) in CPRD AURUM, 0-74 (0-57-0-97) in
SIDIAP, and 0-60 (0-43-0-85) in CORIVA when using a
definition of long COVID symptoms recorded from
28 days (instead of from 90 days). Similarly, meta-analytic
calibrated sHRs for the association with post-acute
COVID-19 as coded in SNOMED were 0-30 (0-21-0-44)
for CPRD AURUM and 0-34 (0-22-0-56) for SIDIAP.
Sensitivity analyses without censoring at the second
vaccine dose for vaccinated people are shown in the
appendix (pp 94-100, 108-131).

Follow-up time for vaccinated and unvaccinated people,
censoring proportions and reasons for censoring, and
vaccine effectiveness against COVID-19 are presented in
the appendix (pp 91-92). Estimates from Cox regression
are presented in the appendix (p 93) and were very similar
to Fine-Gray estimates. Estimates of vaccine effectiveness
to prevent each of the individual WHO-listed long COVID
symptoms are provided in the web application.

Analyses stratified by vaccine brand were conducted for
BNT162b2 and ChAdOxl. No analyses were done
for mRNA-1273 and Ad26.COV2.S, or for ChAdOx1
in cohorts one and four (SIDIAP) and
cohorts two, three, and four (CORIVA), as pre-specified
study diagnostics showed insufficient sample size and
strong evidence of unresolved confounding despite
propensity score weighting. Baseline characteristics before
and after weighting are included in the appendix
(pp 18-25, 30-37, 4247, and 52-55).

The effectiveness of each of the studied COVID-19
vaccines (BNT162b2 and ChAdOxl) against the risk of
developing long COVID is shown in figure 2. Meta-analytic
calibrated sHRs for ChAdOx1 were 0-59 (0-37-0-93) in
CPRD GOLD, 0-56 (0-38-0-83) in CPRD AURUM, and
0-76 (0-43-1-35) in SIDIAP. For BNT162b2, the sHRs
were 0-53 (0-39-0-72) in CPRD GOLD, 0-42 (0-29-0-62)
in CPRD AURUM, 0-65 (0-51-0-83) in SIDIAP, and
0-65 (0-44-0-96) in CORIVA.

Practice Research Datalink. SIDIAP=Information System for Research in Primary Care.

Vaccinated Unvaccinated

Numberof ~ With With long Numberof ~ With With long COVID

individuals ~ COVID-19 COVID individuals  COVID-19
CPRD AURUM
Cohort1 552602 3620 904 (25:0%) 346674 4064 734 (18-1%)
Cohort 2 1563569 8803 1435 (16-3%) 1975726 68744 4949 (7-2%)
Cohort 3 1528031 8011 923 (11-5%) 1510401 72127 3509 (4-9%)
Cohort 4 2085598 79203 3899 (4-9%) 2027763 153898 4762 (3-1%)
CORIVA
Cohort1 25780 453 140 (30-9%) 22390 3529 881 (25-0%)
Cohort 2 4208 39 11(282%) 31574 4937 1236 (25-0%)
Cohort3 20800 472 101 (21-4%) 87466 15529 3545 (22-8%)
Cohort 4 18233 1555 293 (18-8%) 132693 27493 5742 (21-0%)
CPRD GOLD
Cohort1 118507 392 86 (21-9%) 169100 617 82 (13:3%)
Cohort 2 486619 1071 178 (16:6%) 583399 10751 578 (5-4%)
Cohort 3 462832 1414 103 (7-3%) 417996 9968 314 (3-2%)
Cohort 4 550437 12067 289 (2:4%) 469876 20316 343 (1.7%)
SIDIAP
Cohort 1 89941 416 114 (27-4%) 223947 7288 997 (13-7%)
Cohort 2 819590 6199 1593 (25-7%) 433161 30694 3766 (12:3%)
Cohort 3 954232 9609 1625 (16-9%) 869456 89301 9454 (10-6%)
Cohort 4 880950 46574 6624 (14-2%) 1061913 182965 20795 (11-4%)

Data are N or n (%). Number of vaccinated and unvaccinated participants, individuals with COVID-19, and individuals
with at least one long COVID symptom between 90 and 365 days after SARS-CoV-2 infection across cohorts and
databases, stratified by exposure status (any COVID-19 vaccination) and before overlap weighting was applied.
Unvaccinated people can be included in different cohorts and contribute to event counts multiple times. CPRD=Clinical

Table 2: Primary study outcomes

Baseline characteristics for recipients of BNT162b2 and
ChAdOx1 before and after propensity score weighting are
reported in the appendix (pp 56-63), and confirm the
comparability (ie, they are similar enough for a
comparison) of the included participants for comparative
effectiveness analyses. Across all cohorts, a slightly
stronger preventative effect was seen for the first dose of
BNT162b2 than for ChAdOx1, with meta-analytic calibrated
sHR of 0-84 (0-74-0-94) in CPRD AURUM (this was non-
significant in CPRD GOLD at 0-85 [0-60-1-20] figure 3).
Results for sensitivity analyses were consistent with these
findings and are detailed in the appendix (pp 101-107).

Discussion

Our analyses of more than 20 million vaccinated and
unvaccinated people show the clinical effectiveness of
COVID-19 vaccines to prevent the development of long
COVID in three European countries (the UK, Estonia,
and Spain), with overall vaccine effectiveness ranging
from 29% to 52%. These findings were robust to multiple
sensitivity analyses and various definitions of long
COVID, including different duration of symptoms and
clinically diagnosed long COVID in a secondary analysis.
A slightly stronger preventive effect was seen for
BNT162b2 than ChAdOx1in CPRD AURUM.
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Figure 2: Forest plots of vaccine effectiveness against long COVID
Calibrated subdistribution hazard ratios from CPRD GOLD, CPRD AURUM, SIDIAP, and CORIVA for cohorts one to four and meta-analyses. Comparative effectiveness analyses for ChAdOx1 in SIDIAP
and CORIVA were not fully conducted due to small sample sizes and restrictions for the use of ChAdOx1 in Estonia and Spain. CPRD=Clinical Practice Research Datalink. SIDIAP=Information System for

Research in Primary Care.

To our knowledge, this is the first multinational study
assessing population-level vaccine effectiveness to
prevent long COVID symptoms. Most previous studies
assessed pre-infection vaccination and long COVID only
among people with COVID-19,** thus overlooking the
effect of vaccines to prevent SARS-CoV-2 infection as
part of the pathway to developing post-COVID-19
complications. Our results showed vaccination to protect
against COVID-19 and long COVID. However, previous
studies that included people with and without
SARS-CoV-2 infection** did not aim to estimate
population-level vaccine effectiveness to prevent long
COVID. Therefore, our work addresses this gap in the
current literature.

In line with our results, a recent meta-analysis showed
lower risk of developing the post-COVID-19 condition for
vaccinated versus unvaccinated people. Only small
differences in vaccine effectiveness were reported with
one dose (0-60 [0-43-0-83]) or two doses (0-64

[0-45-0-92])." Two large-scale studies from the USA
based on the Veteran Affairs national health-care
database and the National COVID Cohort Collaborative
showed reduced risk for post-acute COVID-19
complications (HR 0-85 [0-82—-0-89])*and reduced risk?”
associated with pre-COVID-19 vaccination in people with
COVID-19 (HR 0-67 [0-56-0-79]). Similarly, the
ZOE app study® reported lower odds (OR 0-51
[0-32-0-82]) of persistent symptoms (=28 days) after full
vaccination (with two doses) in 2370 vaccinated case and
control participants. However, these studies were not
representative of the general population, and only
included people with COVID-19 infection, not those
without.

Our study also compared different vaccines, with a
slightly higher vaccine effectiveness to prevent persisting
COVID-19 symptoms seen for BNT162b2 compared with
ChAdOx1. Higher efficacy for preventing COVID-19
infection has been shown with BNT162b2 (95% [95 % CI

www.thelancet.com/respiratory Published online January 11,2024 https://doi.org/10.1016/52213-2600(23)00414-9
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90-3-97-6%)])* versus ChAdOx1 (70-4% [54-8-80-6%]) in
interim analyses of randomised controlled trials, with
similar findings in routinely collected data.** This
difference in vaccine efficacy could possibly explain our
observation of slightly stronger protective effects for
BNT162b2, given that people might have been less likely
to be infected with SARS-CoV-2 in the first place.

Although previous studies highlighted several risk
factors for developing long COVID, many of those are
not modifiable (eg, age and sex). A recent meta-analysis
showed that people with severe COVID-19, including
previous hospitalisation or intensive care admission,
were at higher risk of developing post-COVID-19
complications.”® Although our study did not take the
severity of COVID-19 into account, effectiveness of
vaccines to prevent severe COVID-19 could have
contributed to reduced long COVID risk in vaccinated
people. The effectiveness of vaccines varied throughout
the pandemic, with waning immunity over time and
reduced effectiveness against new variants being
reported.” Persistent COVID-19 symptoms were more
common in people infected with pre-delta® and delta™
variants compared with omicron. However, a recent
study showed that these differences were no longer
significant after accounting for vaccination status.” Our
study period covered the alpha and delta waves and the
beginning of the omicron wave, with only SIDIAP and
CORIVA including the full omicron wave. This difference
in included waves of predominant variants could
contribute to a higher number of people with COVID-19
infections due to omicron,” and larger proportions of
people with long COVID symptoms in SIDIAP and
CORIVA compared with CPRD, particularly for cohorts
three and four, probably due to longer follow-up available
to assess persisting symptoms.

Our study had limitations. First, although health-care
workers and carers were prioritised for vaccination, we
could not include them for analyses in cohorts one and
two as participants’ professions were not accurately
recorded in the databases. We do not expect this
limitation to affect our overall results, as no consistent
evidence of heterogeneity in effectiveness was noted
across the four proposed study periods. Secondly, we
expect some degree of outcome misclassification due to
changes in the definition of long COVID over time.
Although our main definition of long COVID requiring
one recorded symptom is considered very broad and
probably overestimates cases, under-reporting of some
symptoms in health-care records might lead to
underestimated long COVID rates. Moreover, under-
reporting of COVID-19 due to missed tests or diagnoses
in asymptomatic cases is expected, although the rise in
self-administered screening tests might possibly mitigate
this issue as asymptomatic cases might have been picked
up during routine testing for contact people in
workplaces, schools, and for travel. We addressed
possible outcome misclassification by adding secondary

CPRD AURUM BNT162b2 (vs ChAdOx1)

Cohort 1+

Cohort 2 +

Cohort34 —_—

Cohort 4 —
Meta-analysis — ——

T T t T
CPRD GOLD

Cohort1 4 .

Cohort 2 - 4*%

Cohort 3 .

Cohort 4
Meta-analysis —| %f

0-10 0~I25 0~I50 1-(‘)0 2»(!)0
Hazard ratio

Figure 3: Forest plots of comparative effectiveness against long COVID
Empirically calibrated subdistribution hazard ratios obtained from CPRD AURUM
and CPRD GOLD. CPRD=Clinical Practice Research Datalink.

outcome  definitions, including the reportedly
underused® but very specific diagnosis code for post-
acute COVID-19. Reassuringly, results were very similar
to our main findings using the symptom-based
definition. Given the observational nature of our data, we
cannot guarantee the absence of confounding, which
could partly account for our findings. Lastly, vaccine
waning probably leads to lesser effects over time, and
research on the protective effects of vaccination against
long COVID in the long term remains necessary.

Our study also has several strengths. Although previous
studies were conducted among people with COVID-19,
we estimated the effectiveness of COVID-19 vaccination
to prevent long COVID at the population level. This
approach allowed us to assess vaccine effectiveness for
long COVID prevention, including the vaccines effect on
preventing SARS-CoV-2 infections, which is a crucial
part of the pathway to prevent post-COVID-19
complications. Vaccination records were directly
retrieved via linkage, allowing for completeness of
records for vaccination received in all four databases.
Therefore, misclassification of unvaccinated people is
minimal in all contributing data sources. We used state-
of-the art methods and diagnostics to identify and
minimise residual confounding. Similar approaches
were not previously used in the literature on this topic:
propensity score weighting successfully minimised
measured confounding, including balancing key
confounders, such as age, comorbidities, calendar time
(represented by index date), and location. We used
empirical calibration based on NCO analyses to account
for residual confounding. NCOs capture unmeasured
confounding, similar to the types of confounding in the
vaccination—outcome pathway. Although most of our
NCOs were proxies for health-care seeking behaviour
and thus, cover the predominant source of unmeasured
confounding relevant to our study, remaining residual
confounding cannot be ruled out. All diagnostics are
available in the interactive web application. For
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For more on SIDIAP see https://
www.sidiap.org/index.php/en/
solicituds-en

For more on GitHub see https://
github.com/oxford-
pharmacoepi/
LongcovidVaccineEffectiveness.
Additionally, we have reported
all study diagnostics and results
in full in an interactive web
application (https://dpa-pde-
oxford.shinyapps.io/
LongcovidVaccineEffectiveness/)

10

comparisons where confounding could not adequately
be accounted for, effect estimation studies were not done.

The proposed staggered cohort design after the national
vaccine rollouts is an additional strength of this study as
it minimises time-varying confounding by indication.
Our main results were consistent across three European
countries, with different national health-care policies and
vaccination strategies, highlighting the robustness of our
findings.

Our study adds important information to the risk—
benefit assessment of COVID-19 vaccines. Although the
safety profile is now better understood, safety concerns
and the lower risk of severe COVID-19 among young
people trumped vaccination efforts in many parts of the
world. Conversely, long COVID is known to affect young
people at least as much as older populations. We hope
that this study suggesting protection against long COVID
in adults from cohort four (median age 3440 years) will
encourage a higher uptake of COVID-19 vaccines among
previously hesitant adults. Future studies should further
expand this work to assess the effect of SARS-CoV-2
variants, booster doses, and vaccine effectiveness among
other subpopulations.

In conclusion, our study shows the clinical effectiveness
of COVID-19 vaccines to prevent long COVID,
highlighting yet another benefit of vaccination,
particularly for adults. These findings were consistent
across three FEuropean countries and different
populations, and were robust to multiple definitions of
long COVID and sensitivity analyses.
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