
Article https://doi.org/10.1038/s41467-024-47745-z

Safety outcomes following COVID-19
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The risk-benefit profile of COVID-19 vaccination in children remains uncertain.
A self-controlled case-series study was conducted using linked data of 5.1
million children in England to compare risks of hospitalisation from vaccine
safety outcomes after COVID-19 vaccination and infection. In 5-11-year-olds, we
found no increased risks of adverse events 1–42 days following vaccination
with BNT162b2, mRNA-1273 or ChAdOX1. In 12-17-year-olds, we estimated 3
(95%CI 0–5) and 5 (95%CI 3–6) additional cases of myocarditis per million
following afirst and seconddosewith BNT162b2, respectively. An additional 12
(95%CI 0–23) hospitalisations with epilepsy and 4 (95%CI 0–6) with demyeli-
nating disease (in females only, mainly optic neuritis) were estimated per
million following a second dose with BNT162b2. SARS-CoV-2 infection was
associated with increased risks of hospitalisation from seven outcomes
including multisystem inflammatory syndrome and myocarditis, but these
risks were largely absent in those vaccinated prior to infection. We report a
favourable safety profile of COVID-19 vaccination in under-18s.

The United Kingdom (UK) approved COVID-19 vaccination for all
children aged 12 and over in September 2021. This was extended to
5–11-year-olds in April 2022 in a one-off programmeoffering a primary
course of COVID-19 vaccination to children who were not in a vulner-
able or high-risk group1. Despite uptake being very high in adults, with
over 80% receiving at least onedoseofCOVID-19 vaccine as of 11thMay
2023, uptake has been lower in children, with 62% of 16–17-year-olds,
46% of 12–15-year-olds and 10% of 5–11-year-olds being vaccinated
against COVID-192. In the UK, the vast majority of vaccinated children
received the BNT162b2 (Pfizer/BioNTech) COVID-19 vaccine, as the UK
Joint Committee on Vaccination and Immunisation (JCVI) advised

against using ChAdOX1 (AstraZeneca) in people under 40 or mRNA-
1273 (Moderna/SpikeVax) in children under 18 during the time period
that most children were vaccinated3.

In November 2022, the JCVI recommended that 16–49-year-olds
who are not in a clinical risk group should no longer be offered a third
dose of vaccine from February 2023, and that primary course vacci-
nation in 5–49-year-olds should be targeted to groups at high risk of
severe COVID-194. They have advised to continue vaccinating clinically
vulnerable children aged 6 months and above and to vaccinate
otherwise healthy children aged 12 years and above living with
immunosuppressed individuals4.
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Although the benefits of COVID-19 vaccines in older adults clearly
outweigh the risks of rare complications5–8, the balance of risks and
benefits in young people remains uncertain. Whilst clinical trials have
demonstrated the effectiveness of COVID-19 vaccines in reducing the
risk of severe COVID-19 in children aged 5–15 years, the absolute risk of
severe outcomes, including hospitalisation, intensive care unit (ICU)
admission and death, following infection is low9–12. A serious con-
sequence of SARS-CoV-2 infection in children is multisystem inflam-
matory syndrome (MIS-C)13,14, which can lead to coronary artery
aneurysms, cardiac dysfunction, and multiorgan inflammatory
manifestations15. Post-COVID syndrome, or long COVID, is another
serious outcome of SARS-CoV-2 infection16. The possible impact of
long COVID in children is still unclear, but it is estimated to affect 10%
of those infectedby SARS-CoV-2 and could potentially result in lifelong
illness16,17. COVID-19 vaccines in childhood may reduce the risk of MIS-
C13 and long COVID17, and secondary benefits might include increasing
overall population immunity, thereby minimising disruptions to edu-
cation and maintaining overall well-being and health within this
age group.

Concerns around vaccine safety have been identified as a barrier
to COVID-19 vaccine acceptance, particularly in the context of parents
and guardians giving consent for their children to be vaccinated18–20.
An increased risk of myocarditis has been consistently reported after
the delivery of mRNA vaccines, predominantly affectingmales aged 18
to 35 years and most notably after the second dose21,22. This elevated
risk of mRNA vaccination-associated myocarditis has also been
reported in adolescent males, although these cases have generally
been mild and the long-term prognosis is favourable23–32. No serious
safety concerns have yet been raised in younger children; however,
population-based studies assessing the risk of adverse events follow-
ing vaccination compared with an unvaccinated group are lacking33–35.

In light of the JCVI’s advice to continue vaccinating specific groups
of children against COVID-19, and the potential for future mass vac-
cination programmes if new SARS-CoV-2 variants emerge or the
number of severe COVID-19 cases increase, it remains important to
quantify the overall risks and benefits of COVID-19 vaccination in this
age group to inform future vaccine policy. Therefore, our primary aim
was to investigate and compare the risks of pre-specified vaccine
safety outcomes following vaccination with BNT162b2, mRNA-1273
and ChAdOX1 in children. We also aimed to compare the risks of these
safety outcomes following SARS-CoV-2 infection in vaccinated and
unvaccinated children, as a guide to inform global public health policy
considerations.

We used the English National Immunisation Management Service
(NIMS) database of COVID-19 vaccination, linked at the individual-level
to national data for mortality, hospital admissions, and SARS-CoV-2
infection. We undertook a self-controlled case series design, originally
developed to examine vaccine safety36,37, to investigate the association
betweenCOVID-19 vaccines available in theUKbetween 8thDecember
2020 and 7th August 2022 (BNT162b2, mRNA-1273 and ChAdOx1)
and hospitalisation with the following pre-specified outcomes:
myocarditis21,22, MIS-C38, immune thrombocytopenia (ITP)39,
epilepsy40, acute pancreatitis41, acute disseminated encephalomyelitis
(ADEM)42, Guillain-Barre syndrome43, appendicitis44, demyelinating
disease6, myositis45, angioedema46 and anaphylaxis46. We also investi-
gated the association of SARS-CoV-2 infection with these outcomes in
children who had been vaccinated prior to infection compared to
those who were unvaccinated at time of infection. We compared the
incidence of hospitalisation from each outcome in the six weeks fol-
lowing vaccination or SARS-CoV-2 infection relative to the baseline
period, and estimated the absolute risk as the excess number of events
expected per million children exposed. We also conducted a matched
cohort analysis using vaccinated and unvaccinated children included
the QResearch primary care database to improve the robustness of
the study.

Results
Number of children receiving COVID-19 vaccines
A total of 5,197,925 young people aged 5–17 years, comprising
1,842,159 children aged 5–11 years and 3,355,766 adolescents aged
12–17 years were included in the study. 4,347,781 young adults aged
18–24 years, were included as a comparison. The characteristics of the
young people included in the study are detailed in Table 1 and Sup-
plementary Table 1.

In children aged 5–11 years, 32% (n = 581,545) received at least one
dose of COVID-19 vaccine and 16% (n = 303,118) received a seconddose
within the study period. Over 99.9% of 5–11-year-olds who received at
least one COVID-19 vaccine dose received the BNT162b2 vaccine
(Table 2). 82% (n = 1,508,661) of children in this age group had a
positive SARS-CoV-2 test recorded between 8th December 2020 and
7thAugust 2022, 0.4% (n = 5665)ofwhomreceived theirfirstCOVID-19
vaccine dose prior to their first recorded positive SARS-CoV-2 test
(Table 2).

In adolescents aged 12–17 years, 86% (n = 2,882,229) received a
first dose of COVID-19 vaccine, 67% (n = 2,254,214) received a second
dose and 14% (n = 454,868) received a third dose (Table 2).

The characteristics of the population excluded from the self-
controlled case series analysis (i.e. those who did not receive any
COVID-19 vaccine and did not have a positive SARS-CoV-2 test recor-
ded during the study period) are presented in Supplementary Table 2.

Risk of pre-specified safety outcomes following COVID-19
vaccination in children aged 5–11 years
In children aged 5–11 years, we did not observe an increased risk of any
of the pre-specified outcomes in the 1–42 days following any dose
COVID-19 vaccine with BNT162b2, mRNA-1273 or ChAdOX1 (Table 3).
However, given that less than 0.1% of vaccinated 5-11-year-olds
received a ChAdOX1 or mRNA-1273 vaccine, the probability of type II
errors was high as the sample size was too small to detect statistically
significant associations for these vaccines.

The clinical characteristics of all children hospitalised with a pre-
specified safety event are shown in Supplementary Table 3. Supple-
mentary Tables 4–7 show the incidence rate ratios (IRR) and 95%
confidence intervals (CI) for all outcomes 1–42 days and in weekly risk
periods following each vaccine dose in 5–11-year-olds in males and
females separately, and the effect of ethnicity on the risk of each
outcome.

Risks of pre-specified safety outcomes following COVID-19
vaccination in adolescents aged 12–17 years
In the 1–42 days after the first and second doses of BNT162b2, we
observed an increased risk of myocarditis in adolescents aged 12–17
years (IRR 1.92, 95%CI 1.08–3.43 and IRR 2.96, 95%CI 1.65–5.32 for first
and second dose, respectively) (Table 4). We estimated that an addi-
tional 3 (95%CI 0–5) cases per million exposed would be anticipated
after the first dose and 5 (95%CI 3–6) after the second dose (Fig. 1).
Whenwe split the riskperiod intoweeklyblocks, the increased riskwas
restricted to 1–14 days following each dose (Supplementary Table 8).
There was also an increased risk of hospitalisation with epilepsy (IRR
1.17, 95%CI 1.00–1.37; excess events per million: 12, 95%CI 0–23) in the
1–42 days following the second dose of BNT162b2 (Table 4, Fig. 1).

In the sex-stratified analysis, the increased risk of myocarditis
after the first dose of BNT162b2 was only observed in females (IRR
4.01, 95%CI 1.33–12.09; excess events per million: 3, 95%CI 1–4), while
the increased risk following the second dose was observed in males
only (IRR 2.87, 95%CI 1.50–5.51; excess events per million: 9, 95%CI
4–11) (Supplementary Figs. 1 & 2, Supplementary Tables 4 & 5). We
additionally observed an increased risk of demyelinating disease,
restricted to females (IRR 2.41, 95%CI 1.06-5.48; excess events per
million: 4, 95%CI 0–6) following the second dose of BNT162b2. Of the
eight female adolescents who experienced demyelinating disease in
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the 1–42days following a seconddose of BNT162b2, fivewere coded as
optic neuritis.

In a post hoc analysis investigating differences in risk between
children of different ethnic backgrounds, we found that the risk of
anaphylaxis following a second dose of BNT162b2 in adolescents with
non-white ethnicity was higher relative to the risk in adolescents with
white ethnicity (relative IRR 2.55, 95%CI 1.00–6.46) (Supplementary
Table 6). However, when the analysis was restricted to the subgroup of
adolescents from non-white ethnic backgrounds, the risk of anaphy-
laxis in the 1–42 days following a second dose of BNT162b2 was not
significantly increased compared to the baseline period (IRR 1.69, 95%
CI 0.80–3.54) (Supplementary Table 6). We did not identify any dif-
ferences in vaccine safety between white and non-white ethnicity for
any of the other pre-specified outcomes in under-18s.

We found no evidence for significantly increased risks for any of
the pre-specified outcomes in the 1–42 days following a first, secondor
third dose of mRNA-1273 vaccine in 12–17-year-olds (Table 4). How-
ever, this analysis lacked power to detect statistically significant
associations, except for very large effect sizes, as less than 0.1% of
adolescents received a first or second dose of mRNA-1273 vaccine.

There was an increased risk of hospitalisation with epilepsy
1–42 days after a first dose of ChAdOX1 (IRR 1.93, 95%CI 1.10–3.39),
with an additional 705 (95%CI 129–1033) cases expected per million
exposed (Table 4). This increased risk was restricted to females in the
sex-stratified analysis (IRR 2.26, 95%CI 1.03–4.94) with an additional
813 (95%CI 44–1164) hospitalisations with epilepsy expected per mil-
lion female adolescents exposed (Supplementary Table 4).

We also observed an increased risk of appendicitis in the
1–42 days following the second dose of ChAdOX1 (IRR 4.64, 95%CI
1.77–12.17; excess events per million: 512, 95%CI 283–599) (Table 4).

The IRRs and95%CIs for all outcomes 1–42days and inweekly risk
periods following each vaccine dose in 12–17-year-olds in males and
females separately, and the effect of ethnicity on the risk of each
outcome, are presented in Supplementary Figs. 1 & 2, Supplementary
Tables 4–6 & 8.

Risks of pre-specified safety outcomes following COVID-19
infection in children aged 5–11 years
In children aged 5-11 years who had received at least one dose of
COVID-19 vaccine before the date that their positive SARS-CoV-2 test

Table 1 | Baselinedemographic characteristics at beginningof studyperiodof cohort in children aged5–11 and 12–17 yearswho
received at least one COVID-19 vaccine dose or tested positive for SARS-CoV-2 in England between 8th December 2020 and
7th August 2022

5–11 years (n = 1,842,159) 12–17 years (n = 3,355,766)

Received at least one COVID-
19 vaccine

Positive SARS-CoV-
2 test

Received at least one COVID-19
vaccine

Positive SARS-CoV-
2 test

Total N (%) 581,545 (31.6) 1,508,661 (81.9) 2,882,229 (85.9) 1,602,710 (47.8)

Age, mean (SD) 8.7 (2.0) 8.4 (1.9) 14.6 (1.8) 14.3 (1.7)

Sex

Female 45.3 (263,552) 47.5 (716,227) 47.1 (1,356,342) 49.5 (793,332)

Male 47.9 (278,675) 48.6 (733,779) 47.0 (1,355,952) 45.8 (733,890)

Not recorded 6.8 (39,318) 3.9 (58,655) 5.9 (169,935) 4.7 (75,488)

Ethnicity

White 69.0 (401,542) 75.8 (1,143,151) 69.5 (2,001,849) 72.4 (1,161,127)

Indian 5.2 (30,202) 2.7 (40,444) 2.8 (80,872) 2.2 (36,026)

Pakistani 1.7 (10,001) 2.0 (30,619) 2.4 (69,239) 2.1 (33,269)

Bangladeshi 1.0 (5705) 0.6 (9573) 1.0 (27,390) 0.7 (11,199)

Other Asian 2.2 (12,549) 1.3 (19,912) 1.6 (46,241) 1.3 (20,755)

Black Caribbean 0.1 (821) 0.5 (6822) 0.3 (9217) 0.6 (9386)

Black African 1.2 (7176) 1.3 (19,726) 1.5 (44,384) 1.5 (24,089)

Chinese 0.9 (5287) 0.4 (5939) 0.5 (13,844) 0.3 (4892)

Other 4.8 (27,856) 5.1 (77,488) 3.9 (111,050) 4.2 (67,450)

Not recorded 13.8 (80,406) 10.3 (154,987) 16.6 (478,143) 14.6 (234,517)

Medical history*

Guillain-Barre syndrome ( < 5) < 0.1 (10) < 0.1 (35) < 0.1 (25)

Appendicitis 0.1 (698) 0.1 (1929) 0.2 (7030) 0.3 (4141)

Demyelinating disease < 0.1 (28) < 0.1 (66) < 0.1 (162) < 0.1 (82)

Myositis < 0.1 (40) < 0.1 (86) < 0.1 (143) < 0.1 (68)

Myocarditis < 0.1 (5) ( < 5) < 0.1 (35) < 0.1 (15)

Acute pancreatitis < 0.1 (20) < 0.1 (46) < 0.1 (220) < 0.1 (121)

Immune thrombocytopenia < 0.1 (237) < 0.1 (571) < 0.1 (725) < 0.1 (443)

Multisystem inflammatory syndrome <0.1 (53) < 0.1 (120) < 0.1 (76) < 0.1 (36)

Anaphylaxis < 0.1 (88) < 0.1 (269) < 0.1 (478) < 0.1 (314)

Epilepsy 0.4 (2062) 0.2 (3038) 0.2 (5746) 0.2 (2644)

Angioedema <0.1 (96) < 0.1 (241) < 0.1 (368) < 0.1 (239)

Acute disseminated encephalomyelitis < 0.1 (53) < 0.1 (118) < 0.1 (159) < 0.1 (80)
*Defined as hospital admission with ICD-10 code for condition in two years prior to study start date.
Cells with < 5 are suppressed. Data are presented as column % (counts).
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was recorded, we did not observe increased risks of any of the pre-
specifiedoutcomes in the 1–42days following SARS-CoV-2 infection. In
children who had not been vaccinated against COVID-19 prior to
infection, there was an increased risk of hospital admission withMIS-C
following a SARS-CoV-2positive test (IRR 11.52, 95%CI 9.25–14.36), with
an additional 137 (95%CI 134–140) cases expected per million exposed
(Table 3, Fig. 2). In the sex-stratified analysis, the risk of MIS-C was
slightly greater in male children (IRR 12.00, 95%CI 8.92–16.12; excess
events per million: 162, 95%CI 157-166) compared to female children
(IRR 11.13, 95%CI 7.96–15.57; excess events per million: 124, 95%CI
119–127) (Supplementary Figs. 3 & 4, Supplementary Tables 4 & 5). The
increased risk was mainly observed in the 22–42 days following the
date that the positive SARS-CoV-2 test was recorded (Supplementary
Table 7).

We also observed increased risks of hospital admission for myo-
sitis, myocarditis, acute pancreatitis and ADEM following SARS-CoV-2
infection before vaccination (Table 3, Fig. 2). In the sex-stratified ana-
lyses, we additionally identified increased risks of ITP (in both sexes)
and anaphylaxis (in females only) (Supplementary Figs. 3 & 4, Sup-
plementary Tables 4 & 5).

The IRRs and 95% CIs for all outcomes 1–42 days following SARS-
CoV-2 infection in 5–11-year-olds in males and females separately, and
the effect of ethnicity on the risk of each outcome, are presented in
Supplementary Figs. 3 & 4, Supplementary Tables 4, 5, 6 & 7.

Risks of pre-specified safety outcomes following COVID-19
infection in adolescents aged 12–17 years
In adolescents aged 12–17 years, we observed an increased risk of MIS-
C (IRR 12.38, 95%CI 8.88–17.28; excess events per million: 84, 95%CI
81–86) in the 1–42 days following a SARS-CoV-2 infection in those who

had not been vaccinated prior to SARS-CoV-2 infection (Table 4, Fig. 1).
In the sex-stratified analysis, male adolescents were at higher risk of
MIS-C following infection compared to females (IRR 12.33, 95%CI
8.31–18.31 and IRR 13.11, 95%CI 6.90–24.91 in males and females,
respectively), with an additional 131 (95%CI 126–135) cases expected
per million males exposed compared to 48 (95%CI 44-50) in females
(Supplementary Figs. 1 & 2, Supplementary Tables 4 & 5).

We also observed increased risks of hospitalisation with myo-
carditis, ITP and epilepsy in the 1-42 days following SARS-CoV-2
infection in adolescents who had not been vaccinated against COVID-
19 prior to infection as well as an increased risk of hospitalisation with
epilepsy in those who had received at least one vaccine dose prior to
infection (Table 4, Fig. 1). In the sex-stratified analysis, the increased
risks of hospitalisation with myocarditis and epilepsy were restricted
to males while the increased risk of ITP following infection was only
observed in females (Supplementary Figs. 1 & 2, Supplementary
Tables 4 & 5).We additionally identified increased risks of appendicitis
(in females only) and anaphylaxis (inmales only) following SARS-CoV-2
infection.

The IRRs and 95% CIs for all outcomes 1–42 days following SARS-
CoV-2 infection in 12-17-year-olds in males and females separately, and
the effect of ethnicity on the risk of each outcome, are presented in
Supplementary Figs. 1 & 2, Supplementary Tables 4, 5, 6 & 8.

The results for all analyses in young adults aged 18-24 years are
presented in Supplementary Tables 6 & 9.

Robustness of the self-controlled case series results
The robustness of the results of the self-controlled case series analyses
were assessed by (1) checking that the risk of outcomes during the pre-
vaccination period (month prior to vaccination to account for

Table 2 | Characteristics of COVID-19 vaccination and/or infection in children aged 5-11 and 12-17 years who received at least
one COVID-19 vaccine dose or tested positive for SARS-CoV-2 in England between 8th December 2020 and 7th August 2022

5-11 years (n = 1,842,159) 12-17 years (n = 3,355,766)

Dose 1 Dose 2 Dose 3 Positive SARS-
CoV-2 test

Dose 1 Dose 2 Dose 3 Positive SARS-
CoV-2 test

Total N 581,545 303,118 870 1,508,661 2,882,229 2,254,214 454,868 1,602,710

Type of vaccine

BNT162b2 581,356
( > 99.9)

303,045
( > 99.9)

870
(100)

- 2,870,403
(99.6)

2,240,546
(99.4)

399,845
(87.9)

-

ChAdOX1 97 ( < 0.1) 13 ( < 0.1) 0 (0) - 10,245 (0.4) 9190 (0.4) 46 ( < 0.1) -

mRNA-1273 92 ( < 0.1) 60 ( < 0.1) 0 (0) - 1581 ( < 0.1) 4478 (0.2) 54,977 (12.1) -

Dose amount

Full dose < 0.1 (100) < 0.1 (18) - - 37.4 (1,079,350) 7.8 (174,979) 0.6 (2906) -

Half dose > 99.9
(581,412)

> 99.9
(303,094)

100
(870)

- 55.5 (1,599,796) 91.8 (2,068,251) 99.3 (451,804) -

Vaccine status

No vaccine - - - 83.6 (1,260,614) - - - 29.5 (473,537)

Dose 1 100 (581,545) 100 (303,118) 100
(870)

16.4 (248047) 100 (2,882,229) 100 (2,254,214) 100 (454,868) 70.5 (1,129,173)

Dose 2 52.1 (303,118) 100 (303,118) 100
(870)

8.9 (133998) 78.2 (2,254,214) 100 (2,254,214) 100 (454,868) 54.4 (872,128)

Dose 3 0.1 (870) 0.3 (870) 100
(870)

< 0.1 (431) 15.8 (454,868) 20.2 (454,868) 100 (454,868) 9.9 (159,350)

Positive SARS-CoV-2 test during study period

None 57.3 (333,498) 55.8 (169,120) 50.5
(439)

- 60.8 (1,753,056) 61.3 (1,382,086) 65.0 (295,518) -

Prior to first vac-
cine dose

41.7 (242,382) 43.2 (131,034) 40.8
(355)

99.6 (1,502,996) 20.8 (598,477) 20.1 (454,034) 12.0 (54,765) 66.9 (1,072,014)

After first vac-
cine dose

1.0 (5665) 1.0 (2964) 8.7 (76) 0.4 (5665) 18.4 (530,696) 18.5 (418,094) 23.0 (104,585) 33.1 (530,696)

Cells with < 5 are suppressed. Data are presented as column % (counts).
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Table 3 | Incidence rate ratios and estimated number of excess events per million for individual outcomes in the 1–42 days
following vaccination or a SARS-CoV-2 positive test (before or after vaccination) compared to baseline period in children aged
5-11 years

BNT162b2 vaccine mRNA-1273 vaccine ChAdOX1 vaccine Positive SARS-CoV-2 test

N IRR
(95% CI)

Excess events
(95% CI)

N IRR
(95% CI)

Excess events
(95% CI)

N IRR
(95% CI)

Excess events
(95% CI)

N IRR
(95% CI)

Excess events
(95% CI)

Multisystem inflammatory syndrome

First dose/positive test
(before vaccine)

< 5 - - 0 - - 0 - - 226 11.52
(9.25, 14.36)

137 (134, 140)

Second dose/positive
test (after vaccine)

0 - - 0 - - 0 - - 0 - -

Third dose 0 - - 0 - - 0 - -

Myocarditis

First dose/positive test
(before vaccine)

0 - - 0 - - 0 - - 6 14.00
(3.40, 57.67)

4 (3, 4)

Second dose/positive
test (after vaccine)

0 - - 0 - - 0 - - 0 - -

Third dose 0 - - 0 - - 0 - -

Immune or idiopathic thrombocytopenia

First dose/positive test
(before vaccine)

10 * - 0 - - 0 - - 61 * -

Second dose/positive
test (after vaccine)

<5 * - 0 - - 0 - - 0 * -

Third dose 0 * - 0 - - 0 - -

Epilepsy

First dose/positive test
(before vaccine)

61 1.00
(0.76, 1.33)

0 0 - - 0 - - 100 1.13
(0.91, 1.39)

0

Second dose/positive
test (after vaccine)

27 0.91
(0.60, 1.37)

0 0 - - 0 - - < 5 - -

Third dose 0 - - 0 - - 0 - -

Acute pancreatitis

First dose/positive test
(before vaccine)

< 5 - - 0 - - 0 - - 9 2.69
(1.21, 5.97)

4 (1, 5)

Second dose/positive
test (after vaccine)

0 - - 0 - - 0 - - 0 - -

Third dose 0 - - 0 - - 0 - -

Myositis

First dose/positive test
(before vaccine)

< 5 - - 0 - - 0 - - 15 5.07
(2.62, 9.83)

8 (6, 9)

Second dose/positive
test (after vaccine)

0 - - 0 - - 0 - - 0 - -

Third dose 0 - - 0 - - 0 - -

Acute disseminated encephalomyelitis

First dose/positive test
(before vaccine)

< 5 - - 0 - - 0 - - 12 2.58
(1.32, 5.03)

5 (2, 6)

Second dose/positive
test (after vaccine)

0 - - 0 - - 0 - - 0 - -

Third dose 0 - - 0 - - 0 - -

Demyelinating disease

First dose/positive test
(before vaccine)

< 5 - - 0 - - 0 - - 6 1.80
(0.72, 4.52)

0

Second dose/positive
test (after vaccine)

< 5 - - 0 - - 0 - - 0 - -

Third dose 0 - - 0 - - 0 - -

Appendicitis

First dose/positive test
(before vaccine)

63 1.02
(0.78, 1.35)

0 0 - - 0 - - 213 1.15
(0.99, 1.33)

0

Second dose/positive
test (after vaccine)

8 0.80
(0.39, 1.65)

0 0 - - 0 - - <5 - -

Third dose 0 - - 0 - - 0 - -

Guillain-Barre Syndrome

First dose/positive test
(before vaccine)

0 - - 0 - - 0 - - 0 - -
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potential bias of people with recent hospitalisation being less likely to
get vaccinated)was lower than thebaselineperiod and (2) checking that
the risk of the positive control outcome (anaphylaxis) was higher fol-
lowing vaccination or SARS-CoV-2 infection than the baseline period. In
the vastmajority of analyses the estimates of the pre-vaccinationperiod
and the risk of anaphylaxis following vaccination or SARS-CoV-2 agreed
with what was expected (Supplementary Tables 8 & 9).

Matched cohort study
Our matched cohort analysis included 1,580,869 children aged 5–11
years and 1,535,341 adolescents aged 12–17 years. Characteristics of the
cohort are detailed in Supplementary Table 10.

Incidence rates of vaccine safety outcomes in the 1–42 days fol-
lowing each vaccine dose and following SARS-CoV-2 infection in vac-
cinated and unvaccinated children are presented in Supplementary

Table 11. Incidence rates for all outcomes were significantly higher
following SARS-CoV-2 infection compared to COVID-19 vaccination.

We matched 160,262 children aged 5–11 years and 848,186 ado-
lescents aged 12–17 yearswhohad received at least onedose ofCOVID-
19 vaccine to a child of the same age and sex who had not received any
COVID-19 vaccine doses by the date of the vaccinated child’s first
vaccine dose (characteristics of matched cohort reported in Supple-
mentary Table 12).

As in the self-controlled case series analysis, we identified an
increased risk of hospitalisation with epilepsy in the 1–42 days fol-
lowing a second dose of COVID-19 vaccine with BNT162b2 in 12-17-
year-olds (unadjusted IRR 1.77, 95%CI 1.05–2.99, adjusted IRR3.88, 95%
CI 1.27–11.86), but did not find significantly increased risks of appen-
dicitis or myocarditis with BNT162b2 vaccination in adolescents
(Supplementary Table 13).

Table 3 (continued) | Incidence rate ratios and estimated number of excess events per million for individual outcomes in the
1–42 days following vaccination or a SARS-CoV-2 positive test (before or after vaccination) compared to baseline period in
children aged 5-11 years

BNT162b2 vaccine mRNA-1273 vaccine ChAdOX1 vaccine Positive SARS-CoV-2 test

N IRR
(95% CI)

Excess events
(95% CI)

N IRR
(95% CI)

Excess events
(95% CI)

N IRR
(95% CI)

Excess events
(95% CI)

N IRR
(95% CI)

Excess events
(95% CI)

Second dose/positive
test (after vaccine)

0 - - 0 - - 0 - - 0 - -

Third dose 0 - - 0 - - 0 - -

Angioedema

First dose/positive test
(before vaccine)

< 5 - - 0 - - 0 - - 12 1.01
(0.55, 1.87)

0

Second dose/positive
test (after vaccine)

0 - - 0 - - 0 - - 0 - -

Third dose 0 - - 0 - - 0 - -

Anaphylaxis

First dose/positive test
(before vaccine)

< 5 - - 0 - - 0 - - 24 1.45
(0.91, 2.31)

0

Second dose/positive
test (after vaccine)

0 - - 0 - - 0 - - 0 - -

Third dose 0 - - 0 - - 0 - -

N Number of events, IRR Incidence rate ratio, CI Confidence interval.
Cells with * are models that did not converge.

BNT162b2 SARS−CoV−2

0 25 50 75 100 0 25 50 75 100

Anaphylaxis

Guillain−Barre syndrome

Demyelinating disease

Angioedema

Acute pancreatitis

ADEM

Appendicitis

Epilepsy

ITP

Myositis

Myocarditis

MIS−C

Excess events per million exposed

First dose of BNT162b2 Second dose of BNT162b2                       Unvaccinated prior to infection Vaccinated prior to infection

Fig. 1 | Risk of serious outcomes following a first or second dose of COVID-19
vaccination with the BNT162b2 vaccine or SARS-CoV-2 infection (prior to
vaccination) in adolescents aged 12–17 years. Estimatednumber of excess events
permillion (95%CI) based on incidence rate ratios of each outcome in the 1–42days
following vaccination or SARS-CoV-2 positive test compared to baseline period are

presented where there were at least five events during the exposure period and
when number of excess events is greater than zero. Data available from 8th
December 2020 and 7th August 2022. Table 4 contains the data presented in this
figure. MIS-C Multisystem inflammatory syndrome; ITP Idiopathic or immune
thrombocytopenic purpura, ADEM Acute disseminated encephalomyelitis.
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We identified additional increased risks of anaphylaxis and
appendicitis in 12-17-year-olds following a first dose of BNT162b2
(unadjusted IRR 3.71, 95%CI 1.23–11.14 and unadjusted IRR 1.37, 95%CI
1.05–1.80, respectively) and an increased risk of hospitalisation with
epilepsy following a first dose with BNT162b2 in 5–11-year-olds,
although the confidence interval was very wide reflecting the uncer-
tainty of the estimate (unadjusted IRR 16.00, 95%CI 2.12–120.65)
(Supplementary Table 13).

In general, the estimates from the matched cohort study were in
agreement with the results from the self-controlled case series analysis
in under-18s.

Unadjusted IRRs and IRRs adjusted for self-reported ethnicity
(white, non-white, missing), quintile of deprivation (based on Town-
send score) and presence of comorbidity (yes/no) for each outcome
are reported in Supplementary Table 13.

Discussion
In our study of approximately 5.1 million young people aged 5–17
years, we have examined the risks of vaccine safety outcomes follow-
ing COVID-19 vaccination and SARS-CoV-2 infection, stratified by age
group (5–11 years and 12–17 years) and additionally by sex (males and
females). We report several key findings that are relevant to public
health policy makers. Firstly, we found no strong evidence for
increased risks of any of the 12 safety outcomes investigated following
COVID-19 vaccination in children aged 5–11 years. Second, in adoles-
cents aged 12–17 years, we observed an increased risk of hospital
admission for myocarditis following a first or second dose of
BNT162b2, and an increased risk of hospitalisation with epilepsy and
demyelinating disease (in females only) following a second dose of
BNT162b2 in our primary analysis. Third, children and adolescents
aged 5–17 yearswhohadnot received aCOVID-19 vaccine doseprior to
SARS-CoV-2 infection had an increased risk of hospitalisation from
seven of the pre-specified safety outcomes including MIS-C and myo-
carditis. Finally, the risks of safety outcomes from SARS-CoV-2 infec-
tion were largely absent in 5–17-year-olds who received at least one
COVID-19 vaccine dose prior to infection.

In our cohort of > 2.8 million vaccinated adolescents aged 12–17
years, we estimated 3 (95%CI 0–5) and 5 (95%CI 3–6) excess cases of
myocarditis per million exposed in the 1–42 days following a first and
second dose of BNT162b2, respectively. We did not observe an
increased risk ofmyocarditis following vaccination with mRNA-1273 in

adolescent males or females as some previous studies have
reported23–32. However, the mRNA-1273 vaccine was only given to a
relatively small number of adolescents in England, primarily for the
third booster dose, therefore the study was underpowered to detect
statistically significant associations, except for very large effect sizes.
As expected, we observed a substantially increased risk of myocarditis
in the 1–42 days following almost all doses of both mRNA vaccines in
young adults aged 18–24 years compared to the baseline period,
consistent with other studies reporting an increased risk of myo-
carditis in young adult males following a second mRNA-1273 vaccine
dose24–26. Importantly, however, there were no deaths following a
diagnosis of myocarditis in under-18s, and our findings are likely to
reflect self-limiting disease.

We also observed a modest increased risk of hospitalisation with
epilepsy in adolescents following a second dose of BNT162b2, with an
additional 12 (95%CI 0-23) cases estimated per million exposed in
12–17-year-olds. However, a diagnosis of epilepsy ismadeover a period
of time as it typically involves outpatient referral, a magnetic reso-
nance imaging (MRI) scan and an electroencephalogram47. Therefore,
this reported increased risk of epilepsy is highly unlikely to reflect new-
onset epilepsy triggered by the vaccine. A limitation of the data was
that we were only able to exclude prior hospital admissions with epi-
lepsy (or any of the pre-specifiedoutcomes) in the two years preceding
the study start date. Therefore, the increase in admissions reported
here is more likely to reflect seizures in children with an already
underlying diagnosis of epilepsy or other chronic neurological condi-
tion but who hadn't been hospitalised in the previous two years, which
we were unable to capture in our dataset, rather than new diagnoses.

Seizure exacerbation following COVID-19 vaccination has been
reported in previous studies, but primarily in adults with epilepsy
rather than children40. One survey of 224 children (median age 8 years)
with epilepsy reported that 10% of those who had been living with
epilepsy for more than two years or who had not been seizure-free in
the year prior to vaccination had seizures in the month following the
first and second dose of COVID-19 vaccine48. However, in children who
were seizure-free for at least six months before they were vaccinated,
the risk of seizures was decreased following vaccination48. Another
survey of 278 people with Dravet Syndrome (with a median age 19
years) showed that there was increased seizure frequency following
COVID-19 vaccination in 13% of the 120 participants who had received
at least one vaccine dose49. Our findings suggest that the BNT162b2

Anaphylaxis

Guillain−Barre syndrome

Demyelinating disease

Angioedema

Acute pancreatitis

ADEM

Appendicitis

Epilepsy

ITP

Myositis

Myocarditis

MIS−C

0 50 100 150
Excess events per million exposed

Fig. 2 | Risk of serious outcomes following SARS-CoV-2 infection prior to vac-
cination in children aged 5–11 years. Estimated number of excess events per
million (95% CI) based on incidence rate ratios of each outcome in the 1–42 days
following SARS-CoV-2 positive test compared to baseline period are presented
where therewere at least five events during the exposure period and when number

of excess events is greater than zero. Data available from 8th December 2020 and
7th August 2022. Table 3 contains the data presented in this figure. MIS-C Multi-
system inflammatory syndrome, ITP Idiopathic or immune thrombocytopenic
purpura, ADEM Acute disseminated encephalomyelitis.

Article https://doi.org/10.1038/s41467-024-47745-z

Nature Communications |         (2024) 15:3822 7



Ta
b
le

4
|I
n
ci
d
en

ce
ra
te

ra
ti
o
s
an

d
es

ti
m
at
ed

n
um

b
er

o
f
ex

ce
ss

ev
en

ts
p
er

m
ill
io
n
fo
r
in
d
iv
id
ua

lo
ut
co

m
es

in
th
e
1–
4
2
d
ay

s
fo
ll
o
w
in
g
va

cc
in
at
io
n
o
r
a
S
A
R
S
-C

o
V
-2

p
o
si
ti
ve

te
st

(b
ef
o
re

o
r
af
te
r
va

cc
in
at
io
n
)
co

m
p
ar
ed

to
b
as

el
in
e
p
er
io
d
in

ad
o
le
sc

en
ts

ag
ed

12
-1
7
ye

ar
s

B
N
T1
6
2b

2
va

cc
in
e

m
R
N
A
-1
27

3
va

cc
in
e

C
h
A
d
O
X
1
va

cc
in
e

P
o
si
ti
ve

S
A
R
S
-C

o
V
-2

te
st

N
IR
R
(9
5
%

C
I)

Ex
ce

ss
ev

en
ts

(9
5
%

C
I)

N
IR
R
(9
5
%

C
I)

Ex
ce

ss
ev

en
ts

(9
5
%

C
I)

N
IR
R
(9
5
%

C
I)

Ex
ce

ss
ev

en
ts

(9
5
%

C
I)

N
IR
R
(9
5
%

C
I)

Ex
ce

ss
ev

en
ts

(9
5
%

C
I)

M
ul
ti
sy

st
em

in
fl
am

m
at
o
ry

sy
n
d
ro
m
e

Fi
rs
t
d
os

e/
p
os

iti
ve

te
st

(b
ef
o
re

va
cc

in
e)

21
0
.7
6

(0
.4
3,

1.
37

)
0

0
-

-
0

-
-

9
8

12
.3
8

(8
.8
8
,1
7.
28

)
8
4
(8
1,
8
6
)

S
ec

on
d
d
os

e/
p
os

iti
ve

te
st

(a
ft
er

va
cc

in
e)

<
5

-
-

0
-

-
0

-
-

<
5

-
-

Th
ir
d
d
os

e
<
5

-
-

0
-

-
0

-
-

M
yo

ca
rd

it
is

Fi
rs
t
d
os

e/
p
os

iti
ve

te
st

(b
ef
o
re

va
cc

in
e)

19
1.
9
2
(1
.0
8
,3

.4
3)

3
(0
,5

)
0

-
-

<5
-

-
7

3
.1
7
(1
.3
4
,7

.5
0
)

4
(2
,6

)

S
ec

on
d
d
os

e/
p
os

iti
ve

te
st

(a
ft
er

va
cc

in
e)

17
2.
9
6
(1
.6
5,

5.
32

)
5
(3
,6

)
0

-
-

0
-

-
<
5

-
-

Th
ir
d
d
os

e
<
5

-
-

<
5

-
-

0
-

-

Im
m
un

e
o
r
id
io
p
at
h
ic

th
ro
m
b
o
cy

to
p
en

ia

Fi
rs
t
d
os

e/
p
os

iti
ve

te
st

(b
ef
o
re

va
cc

in
e)

4
1

0
.7
6

(0
.5
5,

1.
0
7)

0
0

-
-

<5
-

-
37

1.
79

(1
.2
6
,2

.5
4
)

15
(7
,2

1)

S
ec

on
d
d
os

e/
p
os

iti
ve

te
st

(a
ft
er

va
cc

in
e)

31
0
.8
3
(0
.5
7,

1.
21
)

0
0

-
-

<5
-

-
6

1.
6
4
(0
.7
2,

3.
74

)
0

Th
ir
d
d
os

e
10

0
.7
2
(0
.3
7,
1.
37

)
0

<
5

-
-

0
-

-

Ep
ile

p
sy

Fi
rs
t
d
os

e/
p
os

iti
ve

te
st

(b
ef
o
re

va
cc

in
e)

21
5

1.
0
2
(0
.8
8
,1
.1
8
)

0
0

-
-

15
1.
9
3

(1
.1
0
,3

.3
9
)

70
5
(1
29

,1
0
33

)
77

1.
29

(1
.0
2,

1.
6
4
)

16
(2
,2

8
)

S
ec

on
d
d
os

e/
p
os

iti
ve

te
st

(a
ft
er

va
cc

in
e)

19
0

1.
17

(1
.0
0
,1
.3
7)

12
(0
,2

3)
<
5

-
-

9
1.
19

(0
.5
9
,2
.4
1)

-
22

1.
58

(1
.0
3,

2.
4
2)

15
(1
,2

4
)

Th
ir
d
d
os

e
4
8

0
.8
3
(0
.6
2,
1.
13
)

0
6

0
.9
5

(0
.3
8
,2

.3
6
)

0
0

-
-

A
cu

te
p
an

cr
ea

ti
ti
s

Fi
rs
t
d
os

e/
p
os

iti
ve

te
st

(b
ef
o
re

va
cc

in
e)

28
1.
25

(0
.8
2,

1.
9
2)

0
0

-
-

<5
-

-
7

1.
0
4
(0
.4
7,

2.
27

)
0

S
ec

on
d
d
os

e/
p
os

iti
ve

te
st

(a
ft
er

va
cc

in
e)

10
0
.6
5

(0
.3
4
,1
.2
5)

0
0

-
-

0
-

-
<
5

-
-

Th
ir
d
d
os

e
5

0
.8
7

(0
.3
4
,2

.2
0
)

0
0

-
-

0
-

-

M
yo

si
ti
s

Fi
rs
t
d
os

e/
p
os

iti
ve

te
st

(b
ef
o
re

va
cc

in
e)

7
1.
20

(0
.5
3,

2.
75

)
0

0
-

-
0

-
-

<
5

-
-

S
ec

on
d
d
os

e/
p
os

iti
ve

te
st

(a
ft
er

va
cc

in
e)

<
5

-
-

0
-

-
<5

-
-

0
-

-

Th
ir
d
d
os

e
<
5

-
-

0
-

-
0

-
-

A
cu

te
d
is
se

m
in
at
ed

en
ce

p
h
al
o
m
ye

lit
is

Fi
rs
t
d
os

e/
p
os

iti
ve

te
st

(b
ef
o
re

va
cc

in
e)

5
0
.6
1(
0
.2
4
,1
.5
6
)

0
0

-
-

0
-

-
6

1.
29

(0
.5
5,

3.
0
2)

0

Article https://doi.org/10.1038/s41467-024-47745-z

Nature Communications |         (2024) 15:3822 8



Ta
b
le

4
(c
o
n
ti
n
ue

d
)|
In
ci
d
en

ce
ra
te

ra
ti
o
s
an

d
es

ti
m
at
ed

n
um

b
er

o
fe

xc
es

s
ev

en
ts

p
er

m
ill
io
n
fo
r
in
d
iv
id
ua

lo
ut
co

m
es

in
th
e
1–
4
2
d
ay

s
fo
ll
o
w
in
g
va

cc
in
at
io
n
o
r
a
S
A
R
S
-

C
o
V
-2

p
o
si
ti
ve

te
st

(b
ef
o
re

o
r
af
te
r
va

cc
in
at
io
n
)
co

m
p
ar
ed

to
b
as

el
in
e
p
er
io
d
in

ad
o
le
sc

en
ts

ag
ed

12
-1
7
ye

ar
s

B
N
T1
6
2b

2
va

cc
in
e

m
R
N
A
-1
27

3
va

cc
in
e

C
h
A
d
O
X
1
va

cc
in
e

P
o
si
ti
ve

S
A
R
S
-C

o
V
-2

te
st

N
IR
R
(9
5
%

C
I)

Ex
ce

ss
ev

en
ts

(9
5
%

C
I)

N
IR
R
(9
5
%

C
I)

Ex
ce

ss
ev

en
ts

(9
5
%

C
I)

N
IR
R
(9
5
%

C
I)

Ex
ce

ss
ev

en
ts

(9
5
%

C
I)

N
IR
R
(9
5
%

C
I)

Ex
ce

ss
ev

en
ts

(9
5
%

C
I)

S
ec

on
d
d
os

e/
p
os

iti
ve

te
st

(a
ft
er

va
cc

in
e)

8
1.
4
6
(0
.6
7,

3.
18
)

0
0

-
-

0
-

-
<
5

-
-

Th
ir
d
d
os

e
0

-
-

0
-

-
0

-
-

D
em

ye
lin

at
in
g
d
is
ea

se

Fi
rs
t
d
os

e/
p
os

iti
ve

te
st

(b
ef
o
re

va
cc

in
e)

7
0
.8
5

(0
.3
8
,1
.8
9
)

0
0

-
-

0
-

-
<
5

-
-

S
ec

on
d
d
os

e/
p
os

iti
ve

te
st

(a
ft
er

va
cc

in
e)

9
1.
55

(0
.7
5,

3.
21
)

0
0

-
-

0
-

-
<
5

-
-

Th
ir
d
d
os

e
<
5

-
-

0
-

-
0

-
-

A
p
p
en

d
ic
it
is

Fi
rs
t
d
os

e/
p
os

iti
ve

te
st

(b
ef
o
re

va
cc

in
e)

4
6
1

0
.9
0

(0
.8
1,
1.
0
0
)

0
0

-
-

<
5

-
-

20
9

1.
0
7
(0
.9
3
,1
.2
4
)

0

S
ec

on
d
d
os

e/
p
os

iti
ve

te
st

(a
ft
er

va
cc

in
e)

33
0

0
.8
9

(0
.7
9
,1
.0
1)

0
0

-
-

6
4
.6
4

(1
.7
7,

12
.1
7)

51
2
(2
8
3,

59
9
)

26
0
.8
0
(0
.5
4
,1
.1
9
)

0

Th
ir
d
d
os

e
6
4

1.
0
4

(0
.8
0
,1
.3
5)

0
9

1.
27

(0
.6
4
,2

.5
2)

0
0

-
-

G
u
ill
ai
n
-B
ar
re

S
yn

d
ro
m
e

Fi
rs
t
d
os

e/
p
os

iti
ve

te
st

(b
ef
o
re

va
cc

in
e)

<5
-

-
0

-
-

0
-

-
5

-
-

S
ec

on
d
d
os

e/
p
os

iti
ve

te
st

(a
ft
er

va
cc

in
e)

<5
-

-
0

-
-

0
-

-
<5

-
-

Th
ir
d
d
os

e
0

-
-

0
-

-
0

-
-

A
n
g
io
ed

em
a

Fi
rs
t
d
os

e/
p
os

iti
ve

te
st

(b
ef
o
re

va
cc

in
e)

25
1.
4
0

(0
.8
9
,2

.1
9
)

0
0

-
-

<
5

-
-

11
1.
4
6
(0
.7
7,

2.
76

)
0

S
ec

on
d
d
os

e/
p
os

iti
ve

te
st

(a
ft
er

va
cc

in
e)

12
0
.9
1

(0
.5
0
,1
.6
8
)

0
0

-
-

<
5

-
-

<
5

-
-

Th
ir
d
d
os

e
<
5

-
-

<
5

-
-

0
-

-

A
n
ap

h
yl
ax

is

Fi
rs
t
d
os

e/
p
os

iti
ve

te
st

(b
ef
o
re

va
cc

in
e)

4
4

1.
33

(0
.9
4
,1
.8
7)

0
0

-
-

0
-

-
19

1.
50

(0
.9
2,

2.
4
2)

0

S
ec

on
d
d
os

e/
p
os

iti
ve

te
st

(a
ft
er

va
cc

in
e)

21
0
.8
5

(0
.5
4
,1
.3
4
)

0
0

-
-

0
-

-
<5

-
-

Th
ir
d
d
os

e
7

1.
26

(0
.5
7,

2.
79

)
0

<5
-

-
0

-
-

N
N
um

b
er

of
ev

en
ts
,I
R
R
In
ci
d
en

ce
ra
te

ra
tio

,C
IC

on
fi
d
en

ce
in
te
rv
al
.

Article https://doi.org/10.1038/s41467-024-47745-z

Nature Communications |         (2024) 15:3822 9



vaccine is associated with a small increased risk of hospitalisation with
epilepsy, but this risk is most likely restricted to children with pre-
existing epilepsy and should be balanced against risks of hospitalisa-
tion through natural infection with SARS-CoV-2.

In the sex-stratified analysis, we identified a small increased risk of
demyelinating disease in females following a second dose of
BNT162b2,with anestimated 4 (95%CI0-6) excess cases permillion. To
date there has been weak evidence linking mRNA vaccines with neu-
roimmunological disorders50,51, and a similar self-controlled case series
in adults only identified links between the ChAdOX1 vaccine and
neuroimmunological conditions6. The coding description demyeli-
nating disease can refer to a spectrum of monophasic and chronic
neuroinflammatory disorders, however, the majority of cases follow-
ing BNT162b2 were coded as optic neuritis, which is typically mono-
phasic and associated with good visual recovery in most childhood
cases52. From the neurological perspective, this risk should be
balanced against the protection vaccination offers against rare and
more severe neuroimmunological sequelaeofCOVID-19 infection such
as ADEM.

This study identified two strong safety signals in adolescents
associated with the ChAdOX1 vaccine: appendicitis and epilepsy. A
substantially increased risk of appendicitis was observed in adoles-
cents following a seconddoseof ChAdOX1, with an additional 512 (95%
CI 283–599) cases expected per million. This estimate is based on a
small sample size as the ChAdOX1 vaccine was not approved for use in
under-40s in the UK fromApril 20213,53. Additionally, the increased risk
was not identified in the matched cohort study, suggesting the evi-
dence from this study for a causal association between appendicitis
and ChAdOX1 vaccination is weak. Appendicitis was highlighted as an
outcome of interest for vaccine safety by the US Food and Drug
Administration following a clinical trial of BNT162b2, which reported a
higher number of appendicitis cases in the vaccine arm compared to
the placebo arm44. However, subsequent evidence from observational
studies and adverse event reporting databases is conflicting, limited to
adults and primarily focusing on mRNA vaccines11,54,55.

Following a first dose of ChAdOX1, we observed a substantially
increased risk of hospitalisation with epilepsy, particularly in females,
with 813 (95%CI 44–1164) excess cases estimated per million female
adolescents vaccinated with a first dose of ChAdOX1, but as discussed
above, these are not likely to reflect new diagnoses of epilepsy. The
small sample size (only 0.3% of adolescents received ChAdOX1 for the
first dose) and resulting wide confidence interval for this estimate
should be noted. We also found that there was a higher proportion of
adolescents with a hospital admission for epilepsy in the two years
prior to the study start date who received ChAdOX1 for the first dose
(2.7%), compared to BNT162b2 (0.2%) and mRNA-1273 (0.6%). While
these individualswere excluded from the analysis, it is indicative that a
higher proportion of adolescents who received a ChAdOX1 vaccine
were included in a priority group, such as those with a chronic neu-
rological disease including epilepsy3, compared to those who received
mRNA vaccines and that the majority of hospitalisations with epilepsy
following ChAdOX1 were likely in adolescents with a pre-existing
condition. We did not identify an increased risk of hospitalisation with
epilepsy following vaccination with ChAdOX1 in the matched cohort
study. Our findings, together with a recent study that found evidence
for increased risk of cardiac death in young women following a first
dose of non-mRNA vaccine56, suggest that further work would need to
be done to ensure the safety of ChAdOX1 in young people if it were to
be used in future vaccination programmes.

In our cohort of > 580,000 children aged 5–11 years who were
vaccinated against COVID-19, we found no evidence for increased risks
of any of the pre-specified adverse events following any dose of
BNT162b2, mRNA-1273 or ChAdOX1 vaccine33–35. Based on vaccine
uptake rates reported by the UK Health Security Agency2, this analysis
includes most vaccinated children in this age group in England,

however, the lack of safety signals identified in this analysis could
partially reflect the relatively small sample size due to the low uptake
rate of COVID-19 vaccines in 5–11-year-olds. In the matched cohort
study including > 160,000 vaccinated 5–11-year-olds, we additionally
found an increased risk of hospital admissionwith epilepsy following a
first dose with BNT162b2 compared to unvaccinated children. How-
ever, given that epilepsy was not identified as a safety signal in this age
group in the self-controlled case series analysis and the lengthy diag-
nosis pathway for epilepsy as described above, this potential increased
risk is most likely restricted to children with pre-existing epilepsy.

Following SARS-CoV-2 infection we observed increased risks of
hospital admission from MIS-C, myocarditis, acute pancreatitis, myo-
sitis and ADEM in children aged 5–11 years who had not been vacci-
nated against COVID-19 prior to infection. Most notably, we estimated
an additional 137 (95%CI 134–140) hospital admissions from MIS-C in
the four to six weeks after the date of a positive test being reported per
million children exposed. We also observed increased risks of MIS-C,
myocarditis, ITP and hospitalisation with epilepsy in adolescents aged
12–17 years following SARS-CoV-2 infection in those who had not been
vaccinated prior to infection. 84 (95%CI 81-86) additional cases ofMIS-
C per million exposed would be expected following SARS-CoV-2
infection in adolescents of this age group prior to vaccination.

However, in both children and adolescents, these increased risks
of serious outcomes from SARS-CoV-2 infection were absent in those
who received at least one dose of COVID-19 vaccine prior to infection.
The exception was hospitalisation with epilepsy. Our analyses sug-
gested that the risk of admission to hospital with epilepsy was
increased following SARS-CoV-2 infection in adolescents aged 12–17
years who were not vaccinated against COVID-19 prior to infection,
with an estimated additional 16 (95%CI 2–28) cases per million. A risk
was still seen following infection in those who received at least one
vaccine dose prior to infection, but at a slightly lower level, with an
additional 15 (95%CI 1–24) hospital admissions with epilepsy per mil-
lion. This study has shown that vaccination is associated with a sig-
nificantly reduced risk of most SARS-CoV-2 complications in young
people, particularly MIS-C, which can be fatal15.

This study has several strengths. First, this was a population-based
study of prospectively recorded data not subject to recall and selec-
tion biases linked to case reports. Second, the large sample size
allowed us to investigate rare outcomes, particularly following vacci-
nation with BNT162b2, which could not be assessed through clinical
trials. Third, the self-controlled case series study design removes
potential confounding from fixed characteristics, and the additional
breakdown of our study period into weekly blocks accounted for
temporal confounding. We also assessed the robustness of our results
through several sensitivity analyses, a matched cohort analysis and a
parallel analysis in 18–24-year-olds to ensure that the results from our
study were consistent with the current evidence base in adults.

There were also some limitations to this study. First, despite the
large sample size, this study may have been under-powered to inves-
tigate rare outcomes in 5–11-year-olds due to the relatively small pro-
portion of vaccinated children in this age group. Second, we relied on
hospital admission codes and death certification to define the out-
comes so our design will not have captured milder events only
occurring in the community or only reported inGP records. This could
have resulted in a misclassification bias. Third, we only had access to
cases of SARS-CoV-2 infection confirmed with a reverse transcription
polymerase chain reaction (RT-PCR) test in our database, which were
more likely to happen in the early stages of the pandemic or in a
hospital setting, and less likely to be used in schools and community
settings where the vastmajority of routine testing took place.Wewere
also unable to account for unascertained SARS-CoV-2 infections,
therefore, some of the adverse events could be misclassified as being
associated with vaccination rather than a SARS-CoV-2 infection that
was not recorded and the analysis of adverse outcomes following
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SARS-CoV-2 infection may have been biased by incomplete COVID-19
testing in the English population. Fourth, wewere unable to determine
the effect of SARS-CoV-2 variant on the risk of adverse events, as
detailed data on the viral variant of SARS-CoV-2 underlying recorded
infections was also not available in our database. Fifth, although we
adjusted for seasonal effects in the self-controlled case series models,
we did not explicitly investigate the effect of the wave of the pan-
demic during which the infection occurred on the risk of adverse
events. For example, the incidence of MIS-C has been reported to be
lower during the periods when Delta and Omicron variants were
dominant, even before 12–15-year-olds started being vaccinated,
compared to the period when the Alpha variant was dominant57. Given
that > 98% of children in this study were vaccinated against COVID-19
during the periods that Delta and Omicron were dominant, we may
expect a lower incidence of MIS-C following infection in vaccinated
children, who were unlikely to have been infected with the Alpha
variant, compared to unvaccinated children, who had a higher like-
lihood of being infected with the Alpha variant. Lastly, we were unable
to assess differences in vaccine safety by level of deprivation, which
should be prioritised as a future area of research.

In summary, we found no strong evidence for increased risks of 12
pre-specified vaccine safety outcomes following COVID-19 vaccination
in children aged 5–11 years and no new significant safety concerns in
12–17-year-olds following vaccination with mRNA vaccines recom-
mended for use in these age groups in the UKby the JCVI. Additionally,
in unvaccinated children we found increased risks of hospitalisation
from seven adverse outcomes including MIS-C and myocarditis fol-
lowing SARS-CoV-2 infection that were either not observed, or were
reduced, following vaccination. Overall, our findings support a
favourable safety profile of COVID-19 vaccination using mRNA vac-
cines in children and young people aged 5-17 years.

Methods
Ethics approval and consent to participate
The QResearch® ethics approval was provided by the East Midlands-
Derby Research Ethics Committee [reference 18/EM/0400] and
reviewed by the QResearch science committee [Project OX300].
Consent from participants was not required. The study was performed
in accordance with the Declaration of Helsinki.

Data sources
We used the NIMS database of COVID-19 vaccination. We linked
individual-level vaccination data to national data for mortality (Office
for National Statistics), hospital admissions (Hospital Episode Statis-
tics), and SARS-CoV-2 infection assessed by RT-PCR (Second Genera-
tion Surveillance System) using the unique NHS number. Additional
analyses to assess robustness of the resultsmade use of the QResearch
database, which includes anonymised health records from ~1800
family practices across England.

Study design
We undertook a self-controlled case series design, originally devel-
oped to examine vaccine safety36,37, to explore the associationbetween
BNT162b2, mRNA-1273 and ChAdOx1 vaccines and pre-specified out-
comes. Separate analyses were conducted for each outcome. The
analyses were conditional on each case, thus any fixed characteristic
during the study period, such as sex and ethnicity, were inherently
controlled for by design. Age was considered as a fixed variable
because the study period was short.

Study period and population
The cohort included all children aged 5–17 years who had received at
least one dose of BNT162b2, mRNA-1273 or ChAdOx1 vaccine or who
had a positive SARS-CoV-2 test between 8th December 2020 and 7th
August 2022. In each self-controlled case series analysis, we only

included children who were admitted to hospital or died from the
outcome during the study period and excluded children with a hos-
pitalisation for the same outcome in the two years prior to 8th
December 2020 and those who received other COVID-19 vaccine
types.We also undertook an analysis in young adults aged 18–24 years
as a comparison.

Outcome
We a priori selected severe outcomes resulting in hospital admission
or death which are monitored by national medical regulatory autho-
rities, clinical trials, post-marketing surveillance, emerging scientific
literature and neurological, cardiology, paediatric and immunology/
vaccine expertise available. Our pre-defined outcomeswerepreviously
reported COVID-19 infection- and COVID-19 vaccination-related
adverse events with strong evidence in young people: myocarditis21,22,
MIS-C38 and myositis45 and those in adults: Guillain-Barre syndrome43,
demyelinating disease6, ITP39 and appendicitis44 as well as adverse
events reported following any vaccination during childhood and early
young adulthood: epilepsy40, acute pancreatitis41, ADEM42 and
angioedema46. The selected outcomes are consistent with previous
studies reporting COVID-19 vaccine safety in young people58. Ana-
phylaxiswas also included as apositive control outcomebecause it can
occur shortly after vaccination46. Outcomes were identified using
relevant International Classification of Diseases codes (https://www.
qresearch.org/data/qcode-group-library/). For each outcome, we used
the first event recorded during the study period and did not incor-
porate readmissions for the same outcome into the analysis.

Exposures
Our main vaccine exposures were a first, second and third dose of
BNT162b2, mRNA-1273 or ChAdOx1. To account for heterologous
vaccination, each vaccine type and dose was considered separately.
SARS-CoV-2 infection exposure was defined as the first positive
SARS-CoV-2 test (assessed by RT-PCR) within the study period and
was included as a separate variable, allowing safety outcomes that
occurred following vaccination and infection to be allocated to
both exposures in the model and mutually adjusted. We did not
include reinfections in the analysis. We distinguished between
infection occurring before the first vaccine dose, or after. We
defined the exposure risk period as 1–42 days after each exposure
under the assumption that the adverse events under consideration
were unlikely to be related to the exposures if they occurred after
42 days. In the case where two vaccine doses were given within
42 days of each other, the risk period of the earlier dose was trun-
cated on the date prior to the day that the next vaccine dose was
received. People with a recent hospital admission may delay vacci-
nation, therefore a pre-risk period of 1–28 days before each expo-
sure was excluded from the baseline period to account for this
potential bias36. Since people may have SARS-CoV-2 testing on
hospital admission, we allocated day zero to a risk period of its
own36. Whilst these admissionsmay have been caused by SARS-CoV-
2 infection, reverse causality involved in their detection could lead
to overestimation of the effect of infection on the outcome. All
remaining observation time was included in the baseline period.

Statistical analysis
We analysed the data with the self-controlled case seriesmethod using
a conditional Poisson regressionmodel with an offset for the length of
the exposure risk period.We fixed age as the age at date of first COVID-
19 vaccination or date of first positive SARS-CoV-2 test recorded in
studyperiod for thosewhowereunvaccinated. To allow for underlying
seasonal effects, we split the study observation period into two-week
periods and adjusted for these as a factor variable in the statistical
models. We censored follow-up at the earliest of time of death, fourth
dose or study end. We estimated the additional number of events per
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million persons exposed following vaccination or infection59 and
assessed significance at the 5% level.

In the primary analysis, we fitted the self-controlled case series
model separately in children aged 5–11 years and adolescents aged
12–17 years and stratified by sex (male and female). We additionally
fitted the model in 18–24-year-olds for comparison. As sensitivity
analyses, we fitted the self-controlled case series model starting the
observation period at the day of first, second and third vaccine dose
and without censoring for deaths due to the outcome, to ascertain the
robustness of our results when the outcome increases the probability
of death. We fitted the model excluding those who received a third
dose, as they might be the most clinically vulnerable individuals. We
also fitted the model including children who were vaccinated but did
not have a recordof a SARS-CoV-2 infectionduring the studyperiod, to
assess the effect of the vaccine alone, to account for the possibility that
an adverse event could have occurred within 42 days of both a vaccine
dose and a SARS-CoV-2 infection. Finally, we fitted themodel including
only SARS-CoV-2 positive patientswho hadnot received any vaccine to
assess the effect of SARS-CoV-2 exposure alone.We additionally tested
the effect of ethnicity (white or non-white) on the risk of eachoutcome
by including an interaction term between ethnicity and vaccine/
infection exposures.

Matched cohort analysis
We also conducted a post hoc matched cohort study using the QRe-
search database of primary care records, linked to hospital episode
statistics, COVID-19 vaccination and SARS-CoV-2 infection data. The
study population included all vaccinated children aged 5–17 years with
GP records in the QResearch database, and matched unvaccinated
children, irrespective of SARS-CoV-2 test status during the study per-
iod. We matched vaccinated children to children of the same age and
sex who were unvaccinated at the time that the vaccinated child
received their first dose (rounded to the nearest 7 days) at a ratio of 1:1.
Unvaccinated children were sampled from the whole cohort and
included children who were vaccinated later in the study period, and
these children were censored on date of their first vaccination. The
same matched pairs were included in the analysis of the second and
third doses for those who received these doses, and where the mat-
ched unvaccinated child remained unvaccinated at the time of the
second and third doses being received by the vaccinated child.

We estimated incidence rates and fitted conditional Poisson
regression models to estimate IRRs of each outcome in the 1–42 days
following a first, second or third dose of BNT162b2, mRNA-1273 or
ChAdOX1 COVID-19 vaccine. We estimated unadjusted IRRs and IRRs
adjusted for self-reported ethnicity (white, non-white, missing), quin-
tile of deprivation (based on Townsend score) and presence of
comorbidity (yes/no) that would result in inclusion in clinical risk
group (diagnosis prior to vaccine being available).

We additionally conducted a matched cohort analysis in 18–24-
year-olds for comparison.

Stata v17 was used for data analysis.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The data that support the findings of this study—NIMS Database of
COVID-19, mortality (Office of National Statistics), hospital admissions
(Hospital Episode Statistics), SARS-CoV-2 infection data (SGSS) and
primary care (QResearch)—are not publicly available because they are
based on deidentified national clinical records. Due to national and
organizational data privacy regulations, individual-level data such as
those used for this study cannot be shared openly. Access to the

QResearch data is according to the information on the QResearch
website (www.qresearch.org).

Code availability
A sample of the code used for a similar study has been deposited in the
public git repository of the research group, available at https://github.
com/qresearchcode/COVID-19-vaccine-safety. This sample code can
be used to run a self-controlled case series analysis in STATA.
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