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Original Article

Background:  We assessed the safety and effectiveness of the first- 
and second-dose BNT162b2 COVID-19 vaccination, offered as part 
of the national COVID-19 vaccine roll-out from September 2021, in 
children and adolescents in England.
Methods:  Our observational study using OpenSAFELY-TPP, included 
adolescents aged 12–15 years and children aged 5–11 years. It com-
pared individuals receiving (1) the first vaccination to unvaccinated 
controls and (2) the second vaccination to single-vaccinated controls. 
We matched vaccinated individuals with controls on age, sex, and 
other important characteristics. Outcomes were positive SARS-CoV-2 
test (adolescents only), COVID-19 accident and emergency (A&E) 
attendance, COVID-19 hospitalization, COVID-19 critical care admis-
sion, and COVID-19 death; with safety outcomes, A&E attendance, 
unplanned hospitalization, pericarditis, and myocarditis.
Results:  Among 820,926 previously unvaccinated adolescents, 
20-week incidence rate ratios (IRRs) comparing vaccination with 
no vaccination were 0.74 for positive SARS-CoV-2 test, 0.60 for 
COVID-19 A&E attendance, and 0.58 for COVID-19 hospitalization. 

Among 441,858 adolescents who had received the first vaccination, 
IRRs comparing second dose with single-vaccination were 0.67 for 
positive SARS-CoV-2 test, 1.00 for COVID-19 A&E attendance, 
and 0.60 for COVID-19 hospitalization. In both children groups, 
COVID-19-related outcomes were too rare to allow IRRs to be 
estimated precisely. Across all analyses, there were no COVID-19-
related deaths, and fewer than seven COVID-19-related critical care 
admissions. Myocarditis and pericarditis were documented only in 
the vaccinated groups, with rates of 27 and 10 cases/million after the 
first and second doses, respectively.
Conclusions:  BNT162b2 vaccination in adolescents reduced 
COVID-19 A&E attendance and hospitalization, although these out-
comes were rare. Protection against positive SARS-CoV-2 tests was 
transient.
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The United Kingdom extended its COVID-19 vaccination 
program to adolescents aged 12–15 years on 20 September 

2021, with an adult 30 µg dose of Pfizer-BioNTech (BNT162b2) 
vaccine licensed for use.1 Children aged 5–11 years were eligi-
ble from 4 April 2022, using a 10 µg dose.2 Individuals con-
sidered high-risk, for example, those with immunosuppressive 
conditions or living with a vulnerable adult, were eligible earlier 
(adolescents in August 20213 and children in January 20224).

Authorization in children and adolescents was based 
on phase II/III randomized controlled trials showing high 
immunogenicity and efficacy against infection. However, pro-
tection against severe disease and safety endpoints were not 
assessed in randomized controlled trials.5 Multiple countries 
have reported rare cases of myocarditis and pericarditis fol-
lowing mRNA COVID-19 vaccines6–8: these events are listed 
in BNT162b2 product information.9

We used the OpenSAFELY-TPP database, covering 
40% of English primary care practices and linked to national 
coronavirus surveillance, hospital episodes, and death registry 
data, to emulate a hypothetical target trial to evaluate the effec-
tiveness of childhood COVID-19 vaccination against COVID-
19-related and other outcomes.

METHODS
Data Source

We linked, stored, and analyzed all data securely using the 
OpenSAFELY platform, https://www.opensafely.org/, as part of 

the National Health Service England OpenSAFELY COVID-19 
service. Data include pseudonymized data such as coded diagno-
ses, medications, and physiologic parameters. No free text data 
was included. All code is shared openly for review and re-use 
under the MIT open license (https://github.com/opensafely/vac-
cine-effectiveness-in-kids). Detailed pseudonymized patient data 
is potentially reidentifiable and therefore not shared. Primary care 
records managed by the general practitioner software provider 
TPP were linked to ONS death data through OpenSAFELY.

Eligibility Criteria, Vaccination Groups, and 
Matching

We included (1) all adolescents aged 12–15 years and 
(2) all children aged 5–11 years on 31 August 2021, when 
age-based vaccine eligibility criteria were defined, who were 
not considered clinically vulnerable, as defined by the Joint 
Committee on Vaccination and Immunisation (clinically 
vulnerable individuals are those with certain chronic condi-
tions—such as chronic respiratory, heart or neurological dis-
ease, or immunosuppressive conditions or medications—who 
were eligible for vaccination before the start of the study entry 
period); had been continuously registered at a general prac-
titioner practice using TPP’s SystmOne clinical information 
system for 42 days; had no evidence of SARS-CoV-2 infection 
or COVID-19 disease within the 30 days before vaccination; 
and had complete information on sex, deprivation, ethnicity, 
and National Health Service region.

All data were linked, stored, and analyzed securely using the OpenSAFELY 
platform, https://www.opensafely.org/, as part of the NHS England 
OpenSAFELY COVID-19 service. Data include pseudonymized data such 
as coded diagnoses, medications, and physiological parameters. No free 
text data was included. All code is shared openly for review and re-use 
under the MIT open license (https://github.com/opensafely/vaccine-ef-
fectiveness-in-kids). Detailed pseudonymized patient data is potentially 
reidentifiable and therefore not shared.

Patient data have been pseudonymized for analysis and linkage using indus-
try standard cryptographic hashing techniques; all pseudonymized 
datasets transmitted for linkage onto OpenSAFELY are encrypted; 
access to the NHS England OpenSAFELY COVID-19 service is via a 
virtual private network (VPN) connection; the researchers hold con-
tracts with NHS England and only access the platform to initiate data-
base queries and statistical models; all database activity is logged; only 
aggregate statistical outputs leave the platform environment following 
best practice for anonymization of results such as statistical disclo-
sure control for low cell counts (ISB1523: Anonymisation Standard 
for Publishing Health and Social Care Data. NHS Digital. Available 
at: https://digital.nhs.uk/data-and-information/information-standards/
information-standards-and-data-collections-including-extractions/pub-
lications-and-notifications/standards-and-collections/isb1523-anonymi-
sation-standard-for-publishing-health-and-social-care-data. Accessed 4 
July 2023).
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The service adheres to the obligations of the UK General Data Protection 
Regulation (UK GDPR) and the Data Protection Act 2018. The service 
previously operated under notices initially issued in February 2020 
by the Secretary of State under Regulation 3(4) of the Health Service 
(Control of Patient Information) Regulations 2002 (COPI Regulations), 

which required organizations to process confidential patient infor-
mation for COVID-19 purposes; this set aside the requirement for 
patient consent ([withdrawn] Coronavirus (COVID-19): Notice Under 
Regulation 3(4) of the Health Service (Control of Patient Information) 
Regulations 2002 General. NHS Digital (Now NHS England). 
Available at: https://www.gov.uk/government/publications/coronavi-
rus-covid-19-notif ication-of-data-controllers-to-share-information/
coronavirus-covid-19-notice-under-regulation-34-of-the-health-ser-
vice-control-of-patient-information-regulations-2002-general--2. 
Accessed 4 July 2023). As of 1 July 2023, the Secretary of State has 
requested that NHS England continue to operate the Service under 
the COVID-19 Directions 2020 (COVID-19 Public Health Directions 
2020. Secretary of State for Health and Social Care notification to NHS 
Digital. Available at: https://digital.nhs.uk/about-nhs-digital/corpo-
rate-information-and-documents/directions-and-data-provision-notices/
secretary-of-state-directions/COVID-19-public-health-directions-2020. 
Accessed 4 July 2023). In some cases of data sharing, the common 
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support from the Health Research Authority Confidentiality Advisory 
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confidentiality-advisory-group/. Accessed 4 July 2023). Taken together, 
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General practitioner practices, which provide access to the primary care 
data, are required to share relevant health information to support the pub-
lic health response to the pandemic, and have been informed of how the 
service operates.

This study was approved by the Health Research Authority (REC refer-
ence 20/LO/0651) and by the London School of Hygeine and Tropical 
Medicine Ethics Board (reference 21863).

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc. 
This is an open access article distributed under the Creative Commons 
Attribution License 4.0 (CCBY), which permits unrestricted use, distri-
bution, and reproduction in any medium, provided the original work is 
properly cited.

https://www.opensafely.org/
https://github.com/opensafely/vaccine-effectiveness-in-kids
https://github.com/opensafely/vaccine-effectiveness-in-kids
https://www.opensafely.org/
https://github.com/opensafely/vaccine-effectiveness-in-kids
https://github.com/opensafely/vaccine-effectiveness-in-kids
https://digital.nhs.uk/data-and-information/information-standards/information-standards-and-data-collections-including-extractions/publications-and-notifications/standards-and-collections/isb1523-anonymisation-standard-for-publishing-health-and-social-care-data
https://digital.nhs.uk/data-and-information/information-standards/information-standards-and-data-collections-including-extractions/publications-and-notifications/standards-and-collections/isb1523-anonymisation-standard-for-publishing-health-and-social-care-data
https://digital.nhs.uk/data-and-information/information-standards/information-standards-and-data-collections-including-extractions/publications-and-notifications/standards-and-collections/isb1523-anonymisation-standard-for-publishing-health-and-social-care-data
https://digital.nhs.uk/data-and-information/information-standards/information-standards-and-data-collections-including-extractions/publications-and-notifications/standards-and-collections/isb1523-anonymisation-standard-for-publishing-health-and-social-care-data
www.epidem.com
www.epidem.com
mailto:colm.andrews@phc.ox.ac.uk
mailto:colm.andrews@phc.ox.ac.uk
https://www.gov.uk/government/publications/coronavirus-covid-19-notification-of-data-controllers-to-share-information/coronavirus-covid-19-notice-under-regulation-34-of-the-health-service-control-of-patient-information-regulations-2002-general--2
https://www.gov.uk/government/publications/coronavirus-covid-19-notification-of-data-controllers-to-share-information/coronavirus-covid-19-notice-under-regulation-34-of-the-health-service-control-of-patient-information-regulations-2002-general--2
https://www.gov.uk/government/publications/coronavirus-covid-19-notification-of-data-controllers-to-share-information/coronavirus-covid-19-notice-under-regulation-34-of-the-health-service-control-of-patient-information-regulations-2002-general--2
https://www.gov.uk/government/publications/coronavirus-covid-19-notification-of-data-controllers-to-share-information/coronavirus-covid-19-notice-under-regulation-34-of-the-health-service-control-of-patient-information-regulations-2002-general--2
https://digital.nhs.uk/about-nhs-digital/corporate-information-and-documents/directions-and-data-provision-notices/secretary-of-state-directions/COVID-19-public-health-directions-2020
https://digital.nhs.uk/about-nhs-digital/corporate-information-and-documents/directions-and-data-provision-notices/secretary-of-state-directions/COVID-19-public-health-directions-2020
https://digital.nhs.uk/about-nhs-digital/corporate-information-and-documents/directions-and-data-provision-notices/secretary-of-state-directions/COVID-19-public-health-directions-2020
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Epidemiology  •  Volume 37, Number 1, January 2026	

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.	 www.epidem.com  |  143

Effectiveness of COVID-19 Vaccination in Children

Using a matched sequential trials design, we estimated 
the effectiveness and safety of: (1) the first vaccine dose versus 
no vaccination and (2) a second dose versus a single dose only. 
For the first vaccine dose, on each day of the study period, we 
emulated a trial such that each eligible individual vaccinated 
with their first dose was matched 1:1 without replacement 
with an eligible individual who had not yet been vaccinated. 
If multiple matches were available, the match was selected 
at random. We matched unvaccinated individuals to at most 
one vaccinated individual, but were eligible for inclusion in 
the vaccination group later on if they were subsequently vac-
cinated. We excluded from the analysis unvaccinated people 
who were not matched at any point. Follow-up of the vacci-
nated group included the time after the second vaccination. 
We pooled vaccinated and unvaccinated groups from each 
trial, respectively, for analysis. We used the same approach to 
assess the effectiveness and safety of a second vaccine dose, 
among individuals who had received a first vaccine dose.

Matching criteria were: age within year on 31 August 
2021 (i.e., in the same school-year), sex (male/female), region, 
deprivation (as defined by Index of Multiple Deprivation quin-
tile), evidence of prior infection (yes/no), prior tests in the pre-
ceding 26 weeks (0, 1–2, 3+), prior non-COVID childhood 
vaccination (measles/mumps/rubella: yes/no), and all other 
childhood vaccines10 (yes/no) and, for the second dose com-
parison, first vaccination date within 7 days.

Outcomes
We considered five effectiveness outcomes: positive 

SARS-CoV-2 test, COVID-19 accident and emergency (A&E) 
attendance, COVID-19 hospitalization, COVID-19 critical care 
admission, and COVID-19 death. Freely-available commu-
nity testing for COVID-19 ended on 31 March 2022, and as 
non-high-risk children became eligible for vaccination in April 
2022, the positive SARS-CoV-2 test was not considered for 
children (age 5–11 years). Non-COVID-19 death, fractures, and 
effectiveness in the first week after vaccination were considered 
as negative control outcomes (eBox 2; https://links.lww.com/
EDE/C271).11 We also considered A&E attendance, unplanned 
hospitalization, pericarditis, and myocarditis as safety end-
points (eBox 1; https://links.lww.com/EDE/C271). Outcomes 
are described in eBoxes 1 and 2; https://links.lww.com/EDE/
C271.

Follow-up
Each individual was followed from assignment to a 

comparison group (“time zero”) until the earliest of: end of 
freely-available community testing (positive SARS-CoV-2 
test only), outcome, death, practice deregistration, or 20 
weeks. Additionally, both members of the matched pair were 
censored if the matched control was vaccinated (i.e., first dose 
vaccination of the unvaccinated control in the first dose analy-
sis, or second dose vaccination of the single-dose-only control 
in the second dose analysis), to ensure follow-up is not sys-
tematically longer in the vaccinated group.

Statistical Analysis
We estimated the cumulative incidence of events using 

the Kaplan–Meier estimator. We derived confidence intervals 
(CIs) using complementary log–log standard errors.

We also estimated period-specific incidence rates in each 
treatment group (number of events divided by person-time at 
risk), derived incidence rate ratios (IRRs), and their 95% CIs 
using Greenwood’s formula on the log-IRR scale. We also present 
vaccine effectiveness as a percentage, defined as 100 * (1 − IRR). 
We also derived 20-week risk differences and corresponding 95% 
CIs from the sum of squares of Greenwood standard errors.

We estimated effectiveness separately according to 
whether there was evidence of prior SARS-CoV-2 infection 
(eTables 1–4; https://links.lww.com/EDE/C271).

Software, Code, and Reproducibility
Data management and analyses were conducted in 

Python version 3.8.10 (CreateSpace, Scotts Valley, CA) and 
R version 4.0.5 (R Foundation for Statistical Computing, 
Vienna, Austria). Code for data management and analysis, 
as well as codelists, is archived online https://github.com/
opensafely/vaccine-effectiveness-in-kids.

Disclosure Control
We redacted any reported figures based on counts below 

8. Cumulative incidence plots are not reported for outcomes 
with fewer than 30 outcomes. To reduce reidentification risk, 
counts are reported to the nearest n * 6 − 3 (3, 9, 15, 21, …). 
All derived statistics are based on these rounded counts, 
including cumulative incidence curves, which are based on 
rounded numbers-at-risk and event counts.

RESULTS

Adolescents
Of 513,192 eligible adolescents who were registered at a 

TPP practice and received a BNT162b2 vaccination during the 
study period, 410,463 (80%) were matched with unvaccinated 
controls. (eFigure 1; https://links.lww.com/EDE/C271). Also, 
220,929 (81%) of 271,440 eligible adolescents who received 
a second BNT162b2 vaccination were matched with single- 
vaccinated controls (eFigure 1; https://links.lww.com/EDE/
C271).

As expected, the matching factors, other than age, were 
identically distributed in the vaccinated and control groups 
at the start of follow-up for all of the study populations 
(Table 1). Over 60% of adolescents in the first vaccination 
group received a second vaccination (eFigure 2; https://links.
lww.com/EDE/C271). Most second vaccinations occurred at 
least 12 weeks after the first vaccination (eFigure 2; https://
links.lww.com/EDE/C271).

Effectiveness of the First Dose in Adolescents
In 95,641 person-years of potential follow-up from 

820,926 adolescents, there were 56,496 positive SARS-CoV-2 
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tests; 72 COVID-19 A&E attendances; 90 COVID-19 hospi-
talizations, of which three included admission to critical care; 
and no COVID-19 deaths. There were three non-COVID-19-
related deaths; 3444 fractures; 22,764 A&E attendances; 2664 

unplanned hospitalizations; nine cases of pericarditis; and three 
cases of myocarditis. All pericarditis and myocarditis events 
occurred in the first dose group, while all COVID-19-related 
critical care admissions were in the unvaccinated group. Further 

TABLE 1.  Characteristics n (%) of Matched Participants on the Day of Study Entry

Adolescents Children

First Dose vs. Unvaccinated Second Dose vs. Single Dose Only First Dose vs. Unvaccinated Second Dose vs. Single Dose Only

First Dose (n 
= 410,463)

Unvaccinated 
(n = 410,463)

Second Dose 
(n = 220,929)

Single Dose Only 
(n = 220,929)

First Dose  
(n = 141,711)

Unvaccinated 
(n = 141,711)

Second Dose 
(n = 66,231)

Single Dose Only 
(n = 66,231)

Age

 � 5 - - - - 3,537 (2.5) 2,457 (1.7) 237 (0.4) 153 (0.2)

 � 6 - - - - 13,887 (9.8) 13,905 (9.8) 5,859 (8.8) 5,811 (8.8)

 � 7 - - - - 15,837 (11.2) 15,591 (11.0) 6,909 (10.4) 6,843 (10.3)

 � 8 - - - - 17,865 (12.6) 18,435 (13.0) 8,181 (12.4) 8,187 (12.4)

 � 9 - - - - 22,497 (15.9) 21,759 (15.4) 10,329 (15.6) 10,293 (15.5)

 � 10 - - - - 26,505 (18.7) 26,187 (18.5) 12,639 (19.1) 12,633 (19.1)

 � 11 - - - - 37,311 (26.3) 31,473 (22.2) 15,855 (23.9) 15,783 (23.8)

 � 12 79,083 (19.3) 78,669 (19.2) 28,353 (12.8) 25,401 (11.5) 4,275 (3.0) 11,901 (8.4) 6,219 (9.4) 6,531 (9.9)

 � 13 103,227 (25.1) 104,391 (25.4) 54,291 (24.6) 55,527 (25.1) - - 3 (0.0) 0 (0.0)

 � 14 103,773 (25.3) 103,527 (25.2) 56,595 (25.6) 56,829 (25.7) - - - -

 � 15 104,895 (25.6) 105,753 (25.8) 56,685 (25.7) 59,901 (27.1) - - - -

 � 16 19,485 (4.7) 18,123 (4.4) 24,999 (11.3) 23,265 (10.5) - - - -

Sex

 � Female 205,173 (50.0) 205,173 (50.0) 110,121 (49.8) 110,121 (49.8) 70,611 (49.8) 70,611 (49.8) 33,159 (50.1) 33,159 (50.1)

 � Male 205,287 (50.0) 205,287 (50.0) 110,805 (50.2) 110,805 (50.2) 71,103 (50.2) 71,103 (50.2) 33,075 (49.9) 33,075 (49.9)

Deprivation

 � 1 (most 

deprived)

70,947 (17.3) 70,947 (17.3) 31,419 (14.2) 31,419 (14.2) 20,103 (14.2) 20,103 (14.2) 8,421 (12.7) 8,421 (12.7)

 � 2 72,831 (17.7) 72,831 (17.7) 36,057 (16.3) 36,057 (16.3) 23,577 (16.6) 23,577 (16.6) 10,395 (15.7) 10,395 (15.7)

 � 3 84,081 (20.5) 84,081 (20.5) 45,417 (20.6) 45,417 (20.6) 29,253 (20.6) 29,253 (20.6) 13,473 (20.3) 13,473 (20.3)

 � 4 87,891 (21.4) 87,891 (21.4) 50,307 (22.8) 50,307 (22.8) 32,103 (22.7) 32,103 (22.7) 15,435 (23.3) 15,435 (23.3)

 � 5 (least 

deprived)

94,707 (23.1) 94,707 (23.1) 57,723 (26.1) 57,723 (26.1) 36,675 (25.9) 36,675 (25.9) 18,513 (28.0) 18,513 (28.0)

Region

 � East of 

England

99,471 (24.2) 99,471 (24.2) 55,581 (25.2) 55,581 (25.2) 35,019 (24.7) 35,019 (24.7) 17,493 (26.4) 17,493 (26.4)

 � London 18,519 (4.5) 18,519 (4.5) 8,697 (3.9) 8,697 (3.9) 6,147 (4.3) 6,147 (4.3) 2,271 (3.4) 2,271 (3.4)

 � Midlands 90,093 (21.9) 90,093 (21.9) 50,601 (22.9) 50,601 (22.9) 31,497 (22.2) 31,497 (22.2) 14,931 (22.5) 14,931 (22.5)

 � North East and 

Yorkshire

78,471 (19.1) 78,471 (19.1) 41,061 (18.6) 41,061 (18.6) 24,105 (17.0) 24,105 (17.0) 11,853 (17.9) 11,853 (17.9)

 � North West 36,057 (8.8) 36,057 (8.8) 18,333 (8.3) 18,333 (8.3) 10,005 (7.1) 10,005 (7.1) 3,981 (6.0) 3,981 (6.0)

 � South East 26,511 (6.5) 26,511 (6.5) 14,571 (6.6) 14,571 (6.6) 9,651 (6.8) 9,651 (6.8) 4,059 (6.1) 4,059 (6.1)

 � South West 61,335 (14.9) 61,335 (14.9) 32,079 (14.5) 32,079 (14.5) 25,275 (17.8) 25,275 (17.8) 11,637 (17.6) 11,637 (17.6)

Number of 

SARS-CoV-2 

tests

 � 0 85,515 (20.8) 85,515 (20.8) 39,795 (18.0) 39,795 (18.0) 52,503 (37.0) 52,503 (37.0) 48,969 (73.9) 48,969 (73.9)

 � 1–2 108,261 (26.4) 108,261 (26.4) 62,487 (28.3) 62,487 (28.3) 51,897 (36.6) 51,897 (36.6) 9,963 (15.0) 9,963 (15.0)

 � 3+ 216,681 (52.8) 216,681 (52.8) 118,647 (53.7) 118,647 (53.7) 37,311 (26.3) 37,311 (26.3) 7,299 (11.0) 7,299 (11.0)

Prior documented 

SARS-CoV-2 

infection

82,137 (20.0) 82,137 (20.0) 50,007 (22.6) 50,007 (22.6) 65,307 (46.1) 65,307 (46.1) 30,777 (46.5) 30,777 (46.5)

Counts are based on values rounded up to the nearest n * 6 − 3, for disclosure control.
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analyses were restricted to positive SARS-CoV-2 tests, COVID-
19 A&E attendance, COVID-19 hospitalization, fractures, A&E 
attendance, and unplanned hospitalization.

The rate of increase in the cumulative incidence of 
positive SARS-CoV-2 test after the first vaccine dose in ado-
lescents declined substantially between 10 days and 6 weeks 
after vaccination, then increased (Figure 1). By 15 weeks, 
the cumulative incidence of positive SARS-CoV-2 tests 
was similar in the first-dose and unvaccinated groups. The 
20-week risks per 10,000 were 1,961 (95% CI: 1,932, 1,990) 
and 1,979 (1,950, 2,008) in the vaccinated and unvaccinated 
groups, respectively. The IRR comparing vaccinated with 

unvaccinated adolescents was 0.74 (95% CI: 0.72, 0.75) and 
the vaccine effectiveness was 26.3 (25.1, 27.5) (Table 2).

The incidence of COVID-19 A&E attendance was lower 
after the first vaccination than in the unvaccinated group (IRR: 
0.60; 95% CI: 0.37, 0.97), and the vaccine effectiveness was 
40.0 (3.3, 62.7). The 20-week risks per 10,000 were 1.91  
(95% CI: 1.23, 2.98) and 2.54 (1.83, 3.54), respectively. The 
incidence of COVID-19 hospitalization was lower after the 
first vaccination than in the unvaccinated group (IRR: 0.58; 
0.38, 0.89), and the vaccine effectiveness was 43.1 (11.1, 
62.3). The 20-week risks per 10,000 were 3.09 (2.05, 4.67) 
and 4.23 (3.05, 5.87), respectively.

FIGURE 1.  Kaplan–Meier estimates of cumulative incidence of outcomes in adolescents.
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The incidence of fractures (negative control outcome) 
was similar in the first vaccination and unvaccinated groups 
(IRR: 0.99; 95% CI: 0.93, 1.06), and the vaccine effectiveness 
was 1.0 (−5.8, 7.4). The 20-week risks per 10,000 were 135 
(95% CI: 126, 144) in the single-dose group and 127 (119, 
136) in the unvaccinated group. The incidence of A&E atten-
dance (safety outcome) was lower after the first vaccination 
than in the unvaccinated group (IRR: 0.89; 0.87, 0.91), and the 
vaccine effectiveness was 10.9 (8.6, 13.2). The 20-week risks 
per 10,000 were 812 (95% CI: 792, 834) in the single-dose 
group and 885 (864, 907) in the unvaccinated group. The inci-
dence of unplanned hospitalization was lower after the first 
vaccination than in the unvaccinated group (IRR: 0.88; 0.81, 
0.95), and the vaccine effectiveness was 12.3 (5.4, 18.7). The 
20-week risks per 10,000 were 104 (96, 112) in the single- 
dose group and 115 (107, 123) in the unvaccinated group.

Effectiveness of the Second Dose Versus the 
Single Dose Only in Adolescents

In 30,444 person-years follow-up from 441,858 adoles-
cents after first vaccination, there were 14,910 positive SARS-
CoV-2 tests; 6 COVID-19 A&E attendances; 24 COVID-19 
hospitalizations, none of which included admission to critical 

care; and no COVID-19 deaths. There were no non-COVID-
19-related deaths; 1158 fractures; 7488 A&E attendances; 876 
unplanned hospitalizations; three cases of pericarditis; and no 
cases of myocarditis. All pericarditis events occurred in the 
single-dose group. Further analyses were restricted to positive 
SARS-CoV-2 tests, A&E attendance, fractures, and unplanned 
hospitalization.

The rate of increase in the cumulative incidence of 
positive SARS-CoV-2 test after the second dose declined 
between 10 days and 6 weeks after vaccination, then increased 
(Figure 1). By 14 weeks, the cumulative incidence of positive 
SARS-CoV-2 test was similar in the second and single-dose 
groups. The 20-week risks per 10,000 were 850 (95% CI: 802, 
899) after the second dose and 898 (861, 935) after the single 
dose. The IRR comparing second with single doses was 0.67 
(95% CI: 0.65, 0.69), and the vaccine effectiveness was 33.1 
(30.9, 35.3) (Table 2).

The incidence of fractures (negative control outcome) 
was similar in the second and single-dose groups; the IRR was  
0.94 (95% CI: 0.84, 1.05), and the vaccine effectiveness was 
6.0 (5.5, 16.2). The 20-week risks per 10,000 were 92 (95% CI: 
81, 105) in the second dose group and 144 (110, 189) in the 
single-dose group. The incidence of A&E attendance (safety 

FIGURE 2.  Kaplan–Meier estimates of cumulative incidence of outcomes in children.
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outcome) was lower after the second than single dose (IRR: 
0.93; 0.89, 0.98), and the vaccine effectiveness was 6.8 (2.5, 
10.9). The 20-week risks per 10,000 were 651 (95% CI: 602, 
703) in the second-dose group and 709 (658, 763) in the single- 
dose group. The incidence of unplanned hospitalization was 
similar in the second- and single-dose groups (IRR: 0.99; 0.86, 
1.13), and the vaccine effectiveness was 1.4 (−12.6, 13.6). The 
20-week risks per 10,000 were 69 (60, 80) in the second-dose 
group and 67 (58, 77) in the single-dose group (Table 2).

Myocarditis and Pericarditis in Adolescents
Half or fewer (in order to comply with statistical disclo-

sure control obligations and minimize the risk of reidentifica-
tion of individuals, we do not report rates at higher precision) 
of adolescents diagnosed with pericarditis were admitted to 
hospital, and half or fewer attended A&E. More than half of 
adolescents with myocarditis were admitted to hospital, and 
more than half attended A&E. The maximum length of criti-
cal care admission was 1 day for either event. The maximum 
length of hospitalization stay was 0 days for pericarditis and 2 
days for myocarditis. There were no deaths after these events.

Children
Of 177,360 children eligible in the first vaccination 

group, 141,711 (80%) were matched with unvaccinated con-
trols (eFigure 1; https://links.lww.com/EDE/C271). In addi-
tion, 66,231 (67%) of 99,102 children who received a second 
BNT162b2 vaccination were matched with single-vaccinated 
control (eFigure 1; https://links.lww.com/EDE/C271). Nearly 
60% of children in the first vaccination group received a 
second vaccination (eFigure 2; https://links.lww.com/EDE/
C271). Most second vaccinations occurred at least 12 weeks 
after the first vaccination (eFigure 2; https://links.lww.com/
EDE/C271).

Effectiveness of First Dose Versus Unvaccinated 
in Children

In 32,476 person-years follow-up, there were no 
COVID-19 A&E attendances; six COVID-19 hospitalizations 
(none included admission to critical care), and no COVID-19 
or non-COVID-19-related deaths. There were 1254 fractures; 
8016 A&E attendances; 798 unplanned hospitalizations; three 
cases of pericarditis; and no cases of myocarditis. All pericar-
ditis events occurred in the first dose group. Further analyses 
were restricted to fractures, A&E attendance, and unplanned 
hospitalization (Figure 2A).

The incidence of fractures was similar in the first vac-
cination and unvaccinated groups (IRR: 1.02; 95% CI: 0.91, 
1.14), and the vaccine effectiveness was −2 (−13.9, 8.7). The 
20-week risks per 10,000 were 113 (95% CI: 102, 127) in the 
single-dose group and 106 (95, 118) in the unvaccinated group. 
The incidence of A&E attendance was higher after the first 
vaccination than in the unvaccinated group (IRR: 1.05; 95% 
CI: 1.01, 1.10), and the vaccine effectiveness was −5.2 (−9.9, 
−0.7). The 20-week risks per 10,000 were 834 (748, 929) in 

the single-dose group and 687 (653, 723) in the unvaccinated 
group. The IRR comparing the incidence of unplanned hospi-
talization in the first vaccination and unvaccinated groups was 
1.10 (95% CI: 0.95, 1.26), and the vaccine effectiveness was 
−9.5; −5.8, 4.7). The 20-week risks per 10,000 were 73 (65, 
83) in the single-dose group and 60 (52, 69) in the unvacci-
nated group (Table 3).

Effectiveness of Second Dose Versus Single 
Dose Only in Children

In 8875 person-years follow-up, there were no COVID-19 
A&E attendances; no COVID-19 hospitalizations; no admissions 
to critical care; and no COVID-19 or non-COVID-19-related 
deaths. There were 264 fractures, 1680 A&E attendances, 144 
unplanned hospitalizations, and no cases of pericarditis or myo-
carditis. Further analyses were restricted to fractures, A&E 
attendance, and unplanned hospitalization (Figure 2B).

The IRR comparing the incidence of fractures in the second-  
and single-dose groups was 0.87 (95% CI: 0.69, 1.11), and the 
vaccine effectiveness was 12.7 (−11.2, 31.4). The 20-week risks 
per 10,000 were 58 (95% CI: 45, 73) in the second-dose group 
and 103 (77, 138) in the single-dose group. The incidence of 
A&E attendance was similar in the second- and single-dose 
groups (IRR: 0.95; 0.86, 1.05), and the vaccine effectiveness 
was 5.0 (−4.5, 13.7). The 20-week risks per 10,000 were 483 
(419, 557) and 556 (488, 632), respectively. The IRR compar-
ing the incidence of unplanned hospitalization in the second- 
and single-dose groups was 0.78 (95% CI: 0.56, 1.08), and the 
vaccine effectiveness was 22.2 (−8.1, 44.1). The 20-week risks 
per 10,000 were 37 (24, 57) in the second-dose group and 41 
(30, 55) in the single-dose group (Table 3).

Myocarditis and Pericarditis Events in Children
No children experienced a myocarditis event; all three 

pericarditis events occurred after first vaccination and did not 
require hospitalization or critical care.

DISCUSSION
This observational cohort study of COVID-19 vaccina-

tion with BNT162b2 in England was based on 410,463 adoles-
cents (12–15 years old) receiving a first vaccination, 220,029 
adolescents receiving a second vaccination, 141,711 children 
(5–11 years old) receiving a first vaccination, and 66,231 chil-
dren receiving a second vaccination. We estimated an initial 
protective effect against a positive SARS-CoV-2 test in ado-
lescents that waned by 14 weeks. The incidence of COVID-19 
A&E attendance was lower after the first vaccination than in 
the unvaccinated group for adolescents, and COVID-19 A&E 
attendance was rare in the other adolescent group and the 
child groups. COVID-19-related hospitalization and critical 
care attendance were rare in both adolescents and children, 
and there were no COVID-19-related deaths. While rare, all 
myocarditis and pericarditis events during the study period 
occurred in vaccinated individuals: there were no deaths after 
myocarditis or pericarditis. The rate of fractures was similar 

https://links.lww.com/EDE/C271
https://links.lww.com/EDE/C271
https://links.lww.com/EDE/C271
https://links.lww.com/EDE/C271
https://links.lww.com/EDE/C271
https://links.lww.com/EDE/C271


	 Epidemiology  •  Volume 37, Number 1, January 2026

150  |  www.epidem.com	 © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

Andrews et al.

across vaccine groups in both adolescents and children. None 
of the child cohort required hospitalization or critical care 
after a pericarditis event. In the adolescents, the maximum 
length of hospital admission was 1 day for critical care and 2 
days for hospitalization.

Our findings provide insights into the balance between 
protection by vaccination against target outcomes (positive 
SARS-CoV-2 tests, COVID-19-related hospitalization, and 
A&E attendance) and the increased risk of pericarditis and 
myocarditis. In adolescents, the reduction in risk of COVID-19 
hospitalization per 10,000 individuals (−1.14 for first dose vs. 
unvaccinated, −1.45 for second vs. first dose) was larger than 
the increase in risk of both myocarditis (0.08 for first dose vs. 
unvaccinated) and pericarditis (0.31 for first dose vs. unvacci-
nated, 0.21 for second vs. first dose). However, the reduction 
in risk of COVID-19 hospitalization in children (−0.02 for 
first dose vs. unvaccinated) was lower than the increase in risk 
of pericarditis (0.22).

Strengths and Limitations
Our study has several limitations. First, positive SARS-

CoV-2 test data underestimates the true incidence of infection. 
Both lateral flow tests and polymerase chain reaction tests 
were freely available in the United Kingdom until 31 March 
2023, but many asymptomatic and symptomatic infections 
will not have been recorded.

Second, myocarditis and pericarditis following COVID-
19 vaccination were publicly reported from May 2021.12 The 
vaccinations in our study were after this date, so there is a 
potential for ascertainment bias if diagnostic thresholds were 
lower in vaccinated than unvaccinated individuals.

Third, outcome ascertainment relies on routinely col-
lected data rather than the rigorous, active case-finding often 
deployed in randomized trials. Consequently, potential differ-
ences in health-seeking behaviors, by children or their parents 
or carers, may mean that vaccinated children are more willing 
or able to present to healthcare services than unvaccinated 
children for mild symptoms or for SARS-CoV-2 testing. This 
could result in an underestimation of effectiveness and safety 
endpoints in the unvaccinated group compared with the vacci-
nated group, in turn underestimating vaccine effectiveness and 
vaccine safety for nonsevere endpoints.

Fourth, we excluded clinically vulnerable children and 
adolescents who were eligible for vaccination before the general 
roll-out, so our results may not be generalizable to this group. 
Vaccine safety and effectiveness in this group are important, 
but there are substantial challenges in controlling confounding 
arising from unmeasured severity of underlying conditions that 
could influence vaccine uptake and effectiveness. Sixth, due to 
small numbers, we did not study vaccine effectiveness in those 
who had received a vaccination other than BNT162b2.

Fifth, we did not look at safety events after SARS-CoV-2 
infection, and so our study does not shed light on the relative 
safety of vaccination compared with infection.

Sixth, though the detailed data available in OpenSAFELY 
allowed us to match vaccinated individuals with control individ-
uals on multiple characteristics, bias due to unmeasured con-
founding cannot be ruled out. For instance, differences in testing 
behavior between vaccinated and unvaccinated people may have 
contributed to the apparent waning effect if testing is more com-
mon among vaccinated individuals. Similarly, healthcare-seeking  
behaviors or access are likely to influence both vacci-
nation and the desire or ability to seek care for mild to 
moderate symptoms such as those associated with myocar-
ditis and pericarditis. Unmeasured differences in health- 
seeking behaviors may therefore account for some of the 
observed differences in safety endpoints. Further, it was not pos-
sible to reliably identify individuals with COVID-19 symptoms 
before testing or hospital admission, because this information 
is not routinely recorded in primary care records. Delayed vac-
cination in individuals with symptoms may explain the appar-
ent effectiveness against positive tests during the first week 
(eFigures 3 and 4; https://links.lww.com/EDE/C271); however, 
the incidence of positive tests substantially reduced from 1 to 
2 weeks in the vaccinated group (Figure 1A) compared with 
the unvaccinated group, consistent with a delayed but protec-
tive immunological response to vaccination. A similar pattern 
was observed for second-dose versus single-dose vaccination 
(Figure 1B). Lifestyle factors that may influence both health and 
vaccination are not fully recorded in health records. The slightly 
higher rate of fractures (negative control outcome) in single- 
vaccinated adolescents and children compared with the second 
dose group could indicate limited unmeasured confounding.

Finally, we made certain pragmatic statistical design deci-
sions for computational expediency. The standard errors used to 
calculate CIs ignore the nonindependence between treatment 
groups due to the possibility of individuals experiencing out-
comes in both unvaccinated and vaccinated groups. This is mit-
igated by including only those individuals who have no record 
of COVID-19 infection or disease within 30 days before the 
start of follow-up, but outcomes in the same individual across 
both groups are still possible. CIs may therefore be too narrow. 
We used pair-censoring to ensure balance in follow-up duration 
between treatment groups. However, informative censoring due 
to postbaseline factors may remain. Our use of matching leads 
to the exclusion of eligible participants. However, the general-
izability of the results will only be affected if there are modifi-
ers of vaccine effectiveness whose characteristics differ between 
vaccinated and unvaccinated participants.

Findings in Context
BNT162b2 vaccination was shown to be effective in 

protecting against COVID-19 infection in a multinational 
phase 3 trial of 2260 adolescents aged 12–15 with a median 
follow-up of 2 months.13,14 Multiple observational studies 
have found that effectiveness wanes with time since vac-
cination.15,16 A recent systematic review found generally 
limited evidence regarding clinical outcomes of BNT162b2 

https://links.lww.com/EDE/C271
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vaccination among children and adolescents,17 although 
vaccination lowered hospitalization rates, including emer-
gency admission.

Several studies have reported that children infected with 
SARS-CoV-2 appear to have the same degree of severity of ill-
ness as seen in adults.18–20 Most reported postvaccination cases 
of myocarditis and pericarditis in children and adolescents were 
mild.21 A self-controlled case-series study of 5.1 million chil-
dren in England estimated 3 (95% CI: 0, 5) and 5 (95% CI: 3, 6) 
additional cases of myocarditis in adolescents per million fol-
lowing a first and second dose with BNT162b2, respectively.22 
A systematic review found that myocarditis and pericarditis in 
children and adolescents were more prevalent among males and 
after the second dose of BNT162b2.23 While all cases of myo-
carditis and pericarditis in our study occurred in the vaccinated 
groups, we did not find higher rates of myocarditis or pericar-
ditis after the second compared with the first dose. The rates 
of heart inflammation (myocarditis and pericarditis) in under 
18s reported by the UK Medicines and Healthcare products 
Regulatory Agency were 13 and 8 per million after first and 
second doses, respectively, compared with our estimates of 27 
and 10 per million, respectively. That there were no cases of 
myocarditis or pericarditis in the unvaccinated group does not 
mean that such events cannot occur without COVID-19 vacci-
nation, only that these events were not observed in the unvacci-
nated groups in our specific matched analyses.

CONCLUSIONS
This study found that initial protection by BNT162b2 

vaccination against positive SARS-CoV-2 tests in adoles-
cents aged 12–15 had waned by 14 weeks after vaccina-
tion. Rates of COVID-19 hospitalization and COVID-19 
A&E attendance were lower after the first and second dose 
BNT162b2 vaccination in adolescents. Positive SARS-
CoV-2 testing could not be considered for children. Severe 
outcomes were rare in children: there were fewer than seven 
(exact number redacted) COVID-19 hospitalizations and no 
COVID-19 A&E attendances, critical care admissions, or 
COVID-19 deaths.
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