
Articles
BNT162b2 COVID-19 vaccination uptake, safety,
effectiveness and waning in children and young
people aged 12−17 years in Scotland
Igor Rudan,a,1,2* Tristan Millington,a,1,2 Karen Antal,b,1,2 Zoe Grange,b Lynda Fenton,b Christopher Sullivan,b Audrey Buelo,b

Rachael Wood,a,b Lana Woolford,a Olivia V. Swann,c,d Josephine L.K. Murray,b Lucy A. Cullen,b Emily Moore,b Fasih Haider,a

Fatima Almaghrabi,a Jim McMenamin,b Utkarsh Agrawal,e Syed Ahmar Shah,a Steven Kerr,a Colin R. Simpson,f

Srinivasa Vittal Katikireddi,g Sir Lewis D. Ritchie,h Chris Robertson,b,i and Sir Aziz Sheikh a*

aUsher Institute, The University of Edinburgh, Edinburgh, UK
bPublic Health Scotland, Glasgow, UK
cDepartment of Child Life and Health, University of Edinburgh, Edinburgh, UK
dRoyal Hospital for Sick Children, Paediatric Infectious Diseases, Edinburgh, UK
eSchool of Medicine, University of St Andrews, St Andrews, UK
fSchool of Health, Wellington Faculty of Health, Victoria University of Wellington, Wellington, New Zealand
gMRC/CSO Social & Public Health Sciences Unit, University of Glasgow, Glasgow, UK
hAcademic Primary Care, University of Aberdeen, Aberdeen, UK
iDepartment of Mathematics and Statistics, University of Strathclyde, Glasgow, UK
The Lancet Regional
Health - Europe
2022;23: 100513
Published online xxx
https://doi.org/10.1016/j.
lanepe.2022.100513
Summary
Background The two-dose BNT162b2 (Pfizer-BioNTech) vaccine has demonstrated high efficacy against COVID-19
disease in clinical trials of children and young people (CYP). Consequently, we investigated the uptake, safety, effec-
tiveness and waning of the protective effect of the BNT162b2 against symptomatic COVID-19 in CYP aged
12−17 years in Scotland.

Methods The analysis of the vaccine uptake was based on information from the Turas Vaccination Management
Tool, inclusive of Mar 1, 2022. Vaccine safety was evaluated using national data on hospital admissions and General
Practice (GP) consultations, through a self-controlled case series (SCCS) design, investigating 17 health outcomes of
interest. Vaccine effectiveness (VE) against symptomatic COVID-19 disease for Delta and Omicron variants was esti-
mated using a test-negative design (TND) and S-gene status in a prospective cohort study using the Scotland-wide
Early Pandemic Evaluation and Enhanced Surveillance of COVID-19 (EAVE II) surveillance platform. The waning
of the VE following each dose of BNT162b2 was assessed using a matching process followed by conditional logistic
regression.

Findings Between Aug 6, 2021 and Mar 1, 2022, 75.9% of the 112,609 CYP aged 16−17 years received the first and
49.0% the second COVID-19 vaccine dose. Among 237,681 CYP aged 12−15 years, the uptake was 64.5% and
37.2%, respectively. For 12−17-year-olds, BNT162b2 showed an excellent safety record, with no increase in hospital
stays following vaccination for any of the 17 investigated health outcomes. In the 16−17-year-old group, VE against
symptomatic COVID-19 during the Delta period was 64.2% (95% confidence interval [CI] 59.2−68.5) at 2−5 weeks
after the first dose and 95.6% (77.0−99.1) at 2−5 weeks after the second dose. The respective VEs against symptom-
atic COVID-19 in the Omicron period were 22.8% (95% CI -6.4−44.0) and 65.5% (95% CI 56.0−73.0). In children
aged 12−15 years, VE against symptomatic COVID-19 during the Delta period was 65.4% (95% CI 61.5−68.8) at 2
−5 weeks after the first dose, with no observed cases at 2−5 weeks after the second dose. The corresponding VE
against symptomatic COVID-19 during the Omicron period were 30.2% (95% CI 18.4−40.3) and 81.2% (95% CI
77.7−84.2). The waning of the protective effect against the symptomatic disease began after five weeks post-first and
post-second dose.

Interpretation During the study period, uptake of BNT162b2 in Scotland has covered more than two-thirds of CYP
aged 12−17 years with the first dose and about 40% with the second dose. We found no increased likelihood of
admission to hospital with a range of health outcomes in the period after vaccination. Vaccination with both doses
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was associated with a substantial reduction in the risk of COVID-19 symptomatic disease during both the Delta and
Omicron periods, but this protection began to wane after five weeks.
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Research in context

Evidence before this study

We searched PubMed on March 31, 2022, using the search
terms “(COVID-19 OR SARS-CoV-2) AND vaccin* AND (chil-
dren OR adolescent* OR young people)” with no restric-
tion on language. Among 4,723 studies, we found 66 titles
relevant to our areas of interest, namely vaccine uptake,
safety, effectiveness, or waning. From those studies, it was
clear that the two-dose BNT162b2 vaccine safety, immu-
nogenicity and efficacy against COVID-19 in CYP has been
initially demonstrated by the phase 3 clinical trials spon-
sored by the manufacturers − firstly those aged 16−17,
then 12−15, andmost recently 5−11 years. In China, Israel,
the United States and England, the uptake of the first dose
among 12−17 year-olds was typically above 50%, while it
was slightly lower for the second dose and in younger age
groups. The analyses of safety reported myocarditis as a
rare outcome in high-school boys following the second
dose of the BNT162b2 vaccine. Sleep irregularities were
also reported as a possible adverse effect. The effective-
ness of the first dose against symptomatic COVID-19 dis-
ease for the Delta variant in 12−17-year-olds typically
ranged between 55−65% and of the second dose
between 87−99%. The effectiveness against more severe
outcomes requiring hospitalisation was better than
against symptomatic infections. A few reports on VE
against the Omicron variant suggested that VE is consider-
ably lower in comparison to the Delta variant. Analysis of
the waning of the protective effect showed a relatively
rapid decline in effectiveness against symptomatic dis-
ease, within only a few weeks. VE against severe forms of
COVID-19 may last longer, but this still needs to be
confirmed.

Added value of this study

To our knowledge, this is the first study of COVID-19
vaccine uptake, safety, VE and waning against symp-
tomatic disease after two doses for an entire nation,
addressing both the Delta and the Omicron variant
period. Among 16−17 year-olds in Scotland, 75.9%
received the first dose and 49.0% the second dose;
among 12−15 year-olds, the uptake was 64.5% and
37.2%, respectively. The safety record was encouraging,
with none of the 17 investigated health outcomes
showing an increased rate of hospitalisation following
vaccination. In the 16−17-year-old group, VE against
symptomatic COVID-19 during the Delta period was
64.2% (95% confidence interval [CI] 59.2−68.5) at 2−5
weeks after the first dose and 95.6% (77.0−99.1) at 2−5
weeks after the second dose. The respective VEs against
symptomatic COVID-19 in the Omicron period were
22.8% (95% CI -6.4−44.0) and 65.5% (95% CI 56.0−73.0).
In children aged 12−15 years, VE against symptomatic
COVID-19 during the Delta period was 65.4% (95%
CI 61.5−68.8) at 2−5 weeks after the first dose, with
no observed cases at 2−5 weeks after the second
dose. The corresponding VE against symptomatic
COVID-19 during the Omicron period were 30.2% (95%
CI 18.4−40.3) and 81.2% (95% CI 77.7−84.2). The wan-
ing of the protective effect started after five weeks
post-first and post-second doses.

Implications of all the available evidence

High levels of BNT162b2 coverage can be achieved in
CYP, with subsequent effectiveness against symptom-
atic COVID-19. However, protection against symptom-
atic disease is short-lived. We found no increase in
hospitalisation following vaccination for any of the
adverse health outcomes of interest.
Introduction
The early research to characterise SARS-CoV-2 infection
and COVID-19 disease in children and young people
(CYP) was initially focused on the clinical presentation,
patterns of spread, viral load, diagnosis and treatment,
and the arguments related to vaccination of CYP which
we recently reviewed1,2 − see also Box 1.3−39 CYP had
milder symptoms, but research efforts focused on pro-
tecting particularly vulnerable children.1 After the first
vaccines were licensed for the adult population, a
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Following the first clinical trials, the arguments in favour of vaccination of CYP were excellent initial results on safety, immunogenicity and efficacy of the

two-dose BNT162b2 vaccine against COVID-19 disease and-or symptomatic infection in CYP. They have been initially demonstrated by the phase 3 clini-

cal trials sponsored by the manufacturers − firstly those aged 16−17, then 12−15, and then 5−11 years.3−9

Since then, tracking the uptake, monitoring safety, and analysing the vaccine effectiveness (VE) and waning in the “real world” context have emerged as

policy priorities.10 The first reports were published by the research groups from China, Israel, the United States and the UK (for England only). In those

countries, the uptake of the first dose among the 12−17 year-olds was typically above 50%, while it was slightly lower for the second dose and in younger

age groups.11,12 The safety record was excellent to date, with rare myocarditis in boys aged 12−18 years following mainly the second dose of the

BNT162b2 vaccine and sleep irregularities/disturbances being consistently reported as the main serious adverse effects among CYP.13−18 A recent study

of 0.4 million adolescents in South Korea suggested the absolute risk for myocarditis and/or pericarditis of 1.8 per 100,000 among first-dose recipients

and 4.3 per 100,000 in second-dose recipients; furthermore, among 2.8 million adolescents aged 12−17 in the USA, a risk of serious adverse effects

following the third (booster) dose was 2.7 per 100.000.19,20 Among 5−11 year-olds, the reported risk of serious post-vaccination adverse effects following

two doses is even smaller, about 1.1 per 100,000.21

The effectiveness of the first dose against symptomatic COVID-19 disease for the Delta variant in the 12−17 years age group typically ranged between

55−65%, and of the second dose between 87−99%.19,22−27 The VE against more severe outcomes that required hospitalisation was typically even

higher.28,29 Reports on VE against Omicron are still rare and they suggest that VE is considerably smaller than against Delta.30−32 Analysis of the waning of

the protective effect showed a relatively rapid decline in effectiveness against symptomatic disease, within several weeks of vaccination.33,34 VE against

severe forms of the COVID-19 that require hospitalisation, as well as against death, lasts longer but also wanes gradually.33,34

In the UK, the policy decisions on vaccinating CYP were driven by scientific evidence on the health risks and benefits of the vaccine in CYP, which took

time to obtain, and the consideration of the positive impact on school attendance and overall well-being of children.35−37

In England, the first dose VE in 12−15-year-olds caused by Delta variant peaked at 74.5% between 2−3 weeks after vaccination but then declined gradu-

ally to 45.9% after 10−12 weeks. For Omicron, the peak VE after the first dose in this age group was 49.6%, but then dropped to 16.1% in respective time

periods post-vaccination. However, after the second dose, VE increased to 93.2% for Delta and 83.1% for Omicron. For 16−17-year-olds in England,

respective VE after the first dose was 75.9% for Delta variant and then it declined to 29.3%, while for Omicron the peak post first dose reached 52.7% and

then fell to 12.5%. The second dose increased VE to 96.1% for Delta and 76.1% for Omicron, but fell to 22.6% for Omicron while it continued to hold for

Delta at 83.7%. This is consistent with the reports from the USA and Israel to date.19, 22−27

The Vaccine Adverse Event Reporting System (VAERS) is the national vaccine safety monitoring system in the United States that accepts reports of

adverse events after vaccination.38 A study of VAERS reports relating to BNT162b2 vaccination in 12−17 year-olds in the USA from Dec 14, 2020 to July 16,

2021 found that the most commonly reported conditions and diagnostic findings among reports of serious events were consistent with a diagnosis of

myocarditis (chest pain (56.4%), increased troponin levels (41.7%), myocarditis (40.3%), increased C-reactive protein (30.6%), and negative SARS-CoV-2

test results (29.4%)).38

V-safe is a smartphone-based tool that uses text messaging and web surveys to provide personalised health check-ins after COVID-19 vaccination which

helps CDC monitor the safety of COVID-19 vaccines in near real-time.39 Studying v-safe data from Dec 14, 2020 to Jul 16, 2021 found that fewer than 1%

of adolescents aged 12−17 years required medical care for any reason in the week after receipt of either dose, with only 0.04% hospitalised.39

Box 1: Background information on vaccination of CYP to prevent COVID-19 and the related research on vaccine effectiveness and safety
conducted to date.

Articles
complex discussion on an opportunity for vaccinating
CYP arose, but low risks of severe outcomes and hospital-
isation in CYP made the public debate on vaccination of
CYP complex and at times polarised.2 In Scotland,
COVID-19 vaccination was offered to all eligible 16−17
year-olds from Aug 6, 2021,40 then to all 12−15 year-olds
from Sep 20, 2021,41 while 5−11 year-olds were offered a
vaccine fromMar 19, 2022.42,43 (Supplementary Table S1).
The two-dose BNT162b2 mRNA (henceforth BNT162b2)
was the only licensed vaccine for CYP in the UK until
March 2022. Initially, the general population of 12−17
year-olds were only offered a single dose of vaccine, but a
second dose was recommended by the Joint Committee on
Vaccination and Immunisation (JCVI) in Nov 202140,43

We developed a protocol for evaluating the “real-world”
effectiveness of the COVID-19 vaccination programme.44

Our aims in relation to vaccination of CYP in Scotland
www.thelancet.com Vol 23 December, 2022
were to: (i) describe the uptake of the first and second doses
in 16−17- and 12−15-year-olds; (ii) evaluate the safety of the
vaccine after each dose; (iii) assess vaccine effectiveness
(VE) against symptomatic disease caused by Delta and
Omicron variants in both age groups; and (iv) investigate
vaccine effectiveness waning.

Methods
Information on the cohorts used for each analysis, primary
data sources, data diagram and key dates relevant to
the time period of different analyses are presented in
Supplementary Table S2 and Supplementary Figures
S1−S6.45−48

Vaccine uptake
The analysis of the vaccine uptake was based on infor-
mation gathered from the Turas Vaccination
3



16−17 years (from Aug 6th, 2021) 12−15 years (from Sep 20th, 2021)

Dose Sex Number
vaccinated

Population % Uptake Number
vaccinated

Population % Uptake

First dose Females 42,545 54,919 77.5 75,813 116,420 65.1

Males 42,891 57,690 74.3 77,568 121,261 64.0

Total 85,436 112,609 75.9 153,381 237,681 64.5

Second dose Females 27,770 54,919 50.6 43,812 116,420 37.6

Males 27,364 57,690 47.4 44,793 121,261 36.9

Total 55,134 112,609 49.0 88,605 237,681 37.2

Table 1: Uptake of BNT162b2 vaccine among 16−17 and 12−15 year-old children and young people in Scotland: status at a date Mar 1,
2022.
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Management Tool, inclusive of the date Mar 1, 2022
(Table 1). The number of CYP in the denominator
(N=350,300) reflected the number of CYP in the Early
Pandemic Evaluation and Enhanced Surveillance of
COVID-19 (EAVE II) cohort when it was established.45

Vaccine uptake figures in this paper were based on a
cross-sectional uptake among children aged 12−17 link-
ing into EAVE II on March 2021, who were vaccinated
by March 01, 2022. These will slightly differ from those
published on the Public Health Scotland (PHS) website,
which reports cumulative vaccine uptake by the age of
the children at the date of vaccination.

Uptake figures include 6,865 CYP vaccinated before
the period of the study (i.e., Aug 6, 2021). This is a sub-
sample of CYP with specific individual or household
vulnerabilities, who were offered vaccination before
these dates and also followed a different schedule of rec-
ommended follow-up doses (detailed in Supplementary
Table S2). Vulnerabilities included conditions such as a
history of chronic respiratory disease, chronic heart con-
ditions, chronic conditions of the kidney, liver or diges-
tive system, chronic neurological disease, endocrine
diseases, dysfunction of the spleen, serious genetic
abnormalities, pregnancy, and different forms of immu-
nosuppression (detailed in Supplementary Tables S2
and S3).
Vaccine safety
The safety of the BNT162b2 vaccine in CYP was evalu-
ated using national data on hospital admissions and
General Practice (GP) consultations, through a self-con-
trolled case series (SCCS) design. This analysis is not
restricted to EAVE II data, and it includes all vaccinated
12−17-year-olds in Scotland, including those who were
at higher risk of developing severe COVID-19. More
than 95% of children aged 12−17 years are included in
the EAVE II data, and the missing ones are likely to be
new arrivals in Scotland. Twenty-nine potential adverse
events of special interest (AESI) were chosen for inclu-
sion in this study based on the list of outcomes recom-
mended for monitoring by the World Health
Organization,49 Safety Platform for Emergency vAC-
cines (SPEAC),50 those previously monitored for influ-
enza vaccinations,51 and through discussions with
clinicians within PHS and the University of Edinburgh.
The 29 AESI were grouped into 17 health outcomes by
clinicians within PHS according to similarities in dis-
ease processes and outcomes (presented in Supplemen-
tary Table S4). We examined the association of
exposures with hospital admissions for poisoning in
CYP as a negative control outcome, which is assumed
not to be associated with exposure to vaccination or
SARS-CoV-2 infection. Each health outcome was
defined using the International Classification of Dis-
eases-10 diagnostic codes (ICD-10).52 Patients aged 12
−17 years admitted to the hospital with an AESI diagno-
sis were identified using the Scottish Morbidity Record
01 (SMR01) national admission dataset.53 (details in
Supplementary Tables S5 and S6).

The number of hospital stays that occurred in a base-
line period (75-to-15-days before the first dose
BNT162b2 vaccination, and during defined risk periods
following vaccination) were calculated for each individ-
ual, for each vaccine dose number and health condition
(Table 2). A SCCS analysis was undertaken to study the
temporal association between the first and second dose
BNT162b2 and 17 health outcomes in 12−17-year-olds
in Scotland. Incidence rate ratios (IRRs) were estimated
to quantify the rate of hospital stays for a health out-
come in the risk period following vaccination relative to
the baseline period. All hospital stays in the periods are
included to study both incident cases and exacerbations
of existing conditions. An IRR>1 suggests an increased
rate of hospitalisation following vaccination. The SCCS
analysis was only conducted for outcomes where at least
5 hospital stays were recorded in the risk period follow-
ing vaccination for a given health outcome. These meth-
ods were used in an additional analysis of GP
consultations for myocarditis and pericarditis as the
health outcome, as these were the most frequently
reported outcomes of concern in previous studies on
vaccine safety.13−18 All GP consultations with a recorded
read code associated with myocarditis and/or
www.thelancet.com Vol 23 December, 2022



Health outcome and
risk period (days)

Number of hospital
stays following
the first dose

Number of hospital
stays following
the second dose

Type 1 diabetes

1 − 90 92 (80) 46 (37)

Vasculitis and inflammatory conditions

1 − 42 22 (<5) 11 (<5)

Seizures

0 − 6 13 (11) 19 (16)

Chronic fatigue

1 − 90 9 (9) 0

Demyelination

1 − 42 <5 <5

1 − 90 <5 <5

Thrombocytopenia

1 − 21 <5 <5

1 − 42 <5 <5

Arthritis

1 − 42 <5 <5

1 − 90 <5 <5

Neuropathy, encephalitis and myelitis

1 − 7 <5 0

1 − 42 <5 0

1 − 90 <5 <5

Narcolepsy

1 − 42 <5 0

Thrombosis and embolism

1 − 21 0 <5

1 − 42 <5 <5

Haemorrhagic stroke

1 − 21 0 <5

1 − 42 <5 <5

Autoimmune thyroiditis

1 − 42 0 0

1 − 90 <5 0

Myocarditis and pericarditis

1 − 42 0 <5

Anaphylaxis

0 − 1 0 0

Guillain-Barre syndrome

1 − 42 0 0

1 − 90 0 0

Myasthenia gravis

1 − 42 0 0

Disseminated intravascular coagulation

1 − 21 0 0

1 − 42 0 0

Table 2: The number of hospital stays for each health outcome in
the risk periods following the first and the second dose
BNT162b2 vaccine. (Hospital stay counts N<5 have been
suppressed in accordance with statistical disclosure procedures;
day of vaccination is day 0; baseline period runs from the day
(�75) to the day (�15); numbers in brackets=number of
individual subjects contributing to the total number of hospital
stays).
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pericarditis were included in the analysis. Detailed
methods for the SCCS analysis are presented in Supple-
mentary Table S5.
Vaccine effectiveness and waning
To study VE and examine waning, we used the
Early Pandemic Evaluation and Enhanced Surveillance
of COVID-19 database comprising linked vaccination,
primary care, and reverse transcriptase-polymerase chain
reaction (RT-PCR) testing for children and young people
(aged 16−17 and 12−15 years) in Scotland.45−48 The end-
point of the analysis was symptomatic COVID-19 disease
with RT-PCR test positivity for SARS-CoV-2 infection.

The estimates are based upon a national prospective
cohort study with test negative cohort design, where vac-
cination records are linked to Electronic Communication
of Surveillance in Scotland (ECOSS) for an endpoint of
COVID-19 RT-PCR positive test and a notion of the pres-
ence of symptoms. Symptom status is based upon self-
reported information provided at the time of completion
of the online test request form. Details on ECOSS data
are available in Supplementary Table S2.

In this study, two periods were defined based on the
dominant SARS-CoV-2 variant circulating in communi-
ties at the time, Delta and Omicron.48 The “Delta peri-
od” was defined as Aug 6, 2021, to Dec 19, 2021; the
“Omicron period” ranged from Dec 20, 2021, to Apr 18,
2022.48 SARS-CoV-2 test results were assigned to each
period as follows: test-negative design (TND) analyses
used a combination of SARS-CoV-2 RT-PCR test results
and S-gene target PCR results to determine the Delta
and Omicron periods. The Delta variant and the BA.2
Omicron variant are S-gene positive whereas the Omi-
cron BA.1 is S-gene negative. S-gene presence and
absence can be used as a proxy for variant type. SARS-
CoV-2 RT-PCR positive tests between Aug 6, 2021, and
Nov 1, 2021, were considered the Delta variant. Between
Nov 1, 2021, and Jan 15, 2022, S-gene PCR results were
used to determine variants as either Delta or Omicron
BA.1. Any PCR positive tests without an S-gene PCR
result during this time period were discarded and their
fraction was indeed minimal (see Supplementary
Figure S6). SARS-CoV-2 RT-PCR positive tests between
Jan 15, 2022, and Apr 18, 2022, were considered Omi-
cron (BA.1 or BA.2). Supplementary Figures S4−S6
show the proportion of RT-PCR tests in all tests con-
ducted among 12−17-year-olds during the study period
and the proportion of RT-PCR tests that had to be dis-
carded after Nov 1, 2021, because of the absence of S-
gene information. Supplementary Figure S4 also
includes information on the number of lateral flow
tests, which were used in schools, but which were not
analysed in this study (see Discussion section).

This analysis includes the BNT162b2 vaccine for two
doses. In Scotland, all children were on a 2-dose
5
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schedule, apart from immunocompromised, who are on
a 3-dose schedule. A matched test-negative design
(TND) was used to estimate the odds ratios comparing
unvaccinated at the time of test with post-first and post-
second dose vaccination periods measured in weeks.
Positive tests were matched with up to 5 controls using
the date of test, age and location, with a conditional
logistic regression model stratified by the positive case
and individually matched controls. Positive tests which
could not be matched on these variables were discarded.
The conditional logistic regression model included vac-
cine status, sex, socioeconomic status measured by
quintiles of the Scottish Index of Multiple Deprivation
(SIMD), whether the CYP had previously tested positive
at any time before the specimen date, the number of
tests previously taken, and the following QCovid risk
conditions: Blood Cancer, Cerebral Palsy, Epilepsy,
Fracture, Severe Mental Illness, Learning Disability,
Congenital Heart Defect, and the number of other QCo-
vid risk conditions the individual has. VEs were mea-
sured relative to the unvaccinated. Vaccine effectiveness
is defined as “1 − odds ratio” from the conditional logi-
sitic regression. Details on statistical modelling are pre-
sented in Supplementary Table S2. They include the
full set of variables used to analyse the waning of vac-
cine effectiveness.
Reporting and availability of code
We provided STROBE and RECORD statements in Sup-
plementary Table S7. The availability of data and code is
explained in the acknowledgements.
Patient and public involvement
The EAVE II Public Advisory Group reviewed the analy-
sis design for this project. Among their suggestions rel-
evant to this work, we complied by explaining any
excluded groups or aggregations should and separately
reporting vaccine uptake in 16−17 year-olds.
Role of the funding source
The funders did not have any influence on the study
design, analyses, interpretation or decision to publish.
Results

Vaccine uptake
There were 350,300 CYP aged between 12−17 years
who were resident in Scotland during the period of
study between Aug 6, 2021 and Mar 1, 2022
(Table 1). The 16−17-year-old group was the first to
receive the vaccine. As of Mar 1, 2022, 74.3% of
males and 77.5% of females have received their first
dose, and 47.4% of males and 50.6% of females the
second dose (Figure 1). Among 12-15-year-olds, the
uptake of the first dose reached 64.0% in males and
65.1% in females, and of the second dose 36.9% in
males and 37.6% in females.
Vaccine safety
Among 12−17-year-olds, 13 of the 17 studied health out-
comes had fewer than five hospital stays in their corre-
sponding risk periods following both first and second
dose BNT162b2 vaccination (Table 2). For those condi-
tions five or more stays, a SCCS analysis was under-
taken. 92 hospital stays were recorded for type 1
diabetes in the 1−90 days following the first dose and
46 following the second dose (Table 2), but no signifi-
cant increase in the rate of hospital stays following vacci-
nation was found (post-first dose IRR: 0.74, 95% CI
0.54-1.02; post-second dose IRR: 0.73, 95% CI 0.49-
1.09) (Supplementary Table S5). A total of 22 hospital
stays were recorded for vasculitis and inflammatory con-
ditions in the 1−42 days following the first dose and 11
following the second dose (Table 2), but no significant
increase in the rate of hospital stays following vaccina-
tion was found (post-first dose IRR: 2.15, 95% CI 0.90-
5.12; post-second dose IRR: 2.75, 95% CI 0.81-9.30).
Note that the number of individuals contributing to the
total number of hospital stays for vasculitis and inflam-
matory conditions following the first and second dose
was <5 in both cases. A total of 13 hospital stays for seiz-
ures were recorded in the 0−6 days following the first
dose and 19 following the second dose (Table 2), but no
significant increase in the rate of hospital stays follow-
ing vaccination was found (post-first dose IRR: 0.71,
95% CI 0.40-1.27; post-second dose IRR: 1.25; 95% CI
0.75-2.07) (Supplementary Table S5). There were also
9 recorded hospital stays for chronic fatigue in the
1−90 days following the first dose and none after the
second dose (Table 2), but no significant increase in the
rate of hospital stays following first dose vaccination
was found (IRR: 1.71, 95% CI 0.49-5.91) (Supplemen-
tary Table S5). No hospital stays for myocarditis or peri-
carditis were recorded in the 1−42 days following the
first dose and <5 following the second dose (Table 2).
Given that myocarditis and pericarditis were the most
widely reported concerns in previous studies,13−18 we
conducted an additional SCCS study based on GP con-
sultations related to myocarditis and pericarditis instead
of hospital stays. There were five GP consultations for
myocarditis and pericarditis following the first dose in
this period, and <5 following the second dose. No signif-
icant increase in the rate of GP consultations following
first dose vaccination was found (IRR: 1.61, 95%CI
0.29-8.84; p=0.070) (Supplementary Table S5). We
examined the associations of exposures with hospital
admissions for poisoning in CYP as a negative control
outcome. We found no increased risk of poisoning in
the 1−90 days following vaccine exposure (Supplemen-
tary Tables S4 and S5).
www.thelancet.com Vol 23 December, 2022



Figure 1. Visualisation of the uptake of BNT162b2 vaccine among 16-17 (left graph) and 12-15 (right graph) year-olds in Scotland:
blue lines represent first dose uptake, red lines second dose uptake. Status at a date Mar 1, 2022.
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Vaccine effectiveness and waning of the protective effect
For the Delta period, among 16−17-year-olds the first
dose led to a 64.2% (95% CI 59.7-68.5) reduction in
symptomatic COVID-19 in the period 2−5 weeks after
vaccination, but the effect waned to 34.8% (95% CI
www.thelancet.com Vol 23 December, 2022
20.9-46.2) after 10-13 weeks (Table 3, Figure 2a). How-
ever, VE increased to 95.6% (95% CI 77.0-99.1) in the
period 2-5 weeks after the second dose, remaining at
96.7% (95% CI 51.3-99.8) in the period 6+ weeks after
the second dose (Table 3, Figure 2a).
7



Delta Period Omicron Period

Vaccine Status (dose,week) N Events VE% L95%CI U95%CI Events VE% L95%CI U95%CI

None 16722 3368 1365

1st 0−1 2927 615 13.0 1.4 23.3 60 �18.4 �89.3 26.0

1st 2−5 4510 499 64.2 59.2 68.5 116 22.8 �6.4 44.0

1st 6−9 1792 309 39.8 27.0 50.3 179 11.9 �16.1 33.1

1st 10−13 2303 368 34.8 20.9 46.2 340 �22.4 �52.3 1.6

1st 14−17 3319 253 28.7 8.0 44.8 790 �24.2 �46.5 �5.3

1st 18+ 2268 16 51.8 �16.4 80.1 866 �24.7 �46.7 �6.0

2nd 0−1 812 21 38.8 �15.8 67.7 154 34.0 13.2 49.9

2nd 2−5 1259 2 95.6 77.0 99.1 173 65.5 56.0 73.0

2nd 6+/6−9 852 1 96.7 51.3 99.8 229 43.4 26.9 56.2

2nd 10−13 645 0 234 8.9 �19.1 30.3

2nd 14+ 219 0 89 1.2 �49.3 34.6

Table 3: Effectiveness of the BNT162b2 in 16−17 year-olds. Odds ratios are shown for Delta and Omicron periods. Odds ratios were
estimated using a conditional logistic regression model, with positive tests matched to negative controls by age, location, and date of
test. The model contains adjustments for sex, deprivation, urban/rural classification, previous positivity, number of previous tests and
risk group category. (VE=vaccine effectiveness; L95%CI=lower 95% confidence limit; U95%CI=upper 95% confidence limit; “N” is the
number of persons contributing to each sub-sample; “events” is the number of episodes of symptomatic infections with positive tests
that were recorded among those persons in each sub-sample. Due to lack of events in the period post-second dose for the Delta period,
we collapsed them all into a 6+ weeks category, while for the Omicron period we report categories 6−9, 10−13 and 14+ weeks
categories).
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In the 16−17 year olds, VE during the Omicron
period was smaller than during the Delta period
(Table 3, Figure 2b). The first dose had a VE of 22.8%
(95% CI -6.4-44.0%) 2-5 weeks after vaccination. The
second dose showed a VE of 65.5% (95% CI 56.0-
73.0%) after 2-5 weeks, but the effect was reduced to
8.9% (95% CI -19.1-30.3) after 10-13 weeks.

Among 12-15 year-olds for the Delta period, the first
dose led to a 65.4% (95% CI 61.5-68.8) reduction in the
period 2-5 weeks after vaccination, but the effect waned
and dropped to 44.5% (95% CI 34.1-53.3) after 10-13
weeks (Table 4, Figure 2c). However, no symptomatic
cases were observed in the period 2-5 weeks after the
second dose, suggesting a VE of 100%, which decreased
to 92.9% (95% CI 42.5-99.1) in the period 10-13 weeks
after the second dose (Table 4, Figure 2c).

When examining VE during the Omicron period in
12-15-year-olds, the first dose led to a 30.2% (95% CI
18.4-40.3) reduction 2-5 weeks after vaccination, but
this effect waned to 16.9% (95% CI 8.7-24.4) after 10-13
weeks (Table 4, Figure 2d). The second dose increased
VE to 81.2% (95% CI 77.7-84.2) after 2-5 weeks, but
after 10-13 weeks the effect was reduced to 43.3% (95%
CI 30.0-54.2).
Discussion
This study showed that high levels of BNT162b2 vaccine
coverage can be achieved among CYP through national
vaccination programmes. Once licensed for 16−17-year-
olds, the first dose of BNT162b2 reached coverage of
above 50% within a month. However, the uptake was
much slower thereafter, reaching 75.9% by Mar 1,
2022. A similar pattern was observed among the
12−15-year-olds, where the uptake was also rapid within
the first month of the programme, but it eventually
reached 64.5% and stalled. By the end date of this study,
the uptake was lower for the second dose and among
the younger age group at that point in time.

There are many possible contributing factors to this
finding: some children may have not yet been eligible
for their second dose before the end date of this study,
due to the required interval between doses. This is par-
ticularly likely to apply to the younger age group who
received their offer of the first dose at a later date, or the
second dose may have been delayed due to symptomatic
COVID-19 following the first dose. Other possible reasons
include the initial offer being a single dose schedule
potentially influencing the perception of the need for a
second dose; then, the perceived rarity of severe illness in
children; furthermore, there could have been increased
awareness of reports of sub-optimal vaccine prevention of
the spread of infection, of possible side-effects, and of the
waning of the protective effect.46,47,54−57

Vaccination is overall safe and effective in protecting
against symptomatic COVID-19 disease the first few
months post-vaccination. However, the protection
against symptoms was short-lived during the Delta and
Omicron periods in Scotland. In both 16−17 and 12-15
year-olds, the waning of the effectiveness during the
Delta period was detectable from week 6 following the
first dose. However, the effectiveness remained higher
for a longer time period following the second dose. In
both age groups, the effectiveness of the first dose dur-
ing the Omicron period was modest and it waned rap-
idly after week 5. Furthermore, the second dose offered
www.thelancet.com Vol 23 December, 2022



Figure 2. a-d: (a) top left: vaccine effectiveness (VE) of the BNT162b2 vaccine in 16-17 year olds, expressed as risk ratios (Y-axis) and
weeks after each dose (X-axis), for the Delta variant; (b) top right: vaccine effectiveness for the BNT162b2 vaccine in 16-17 year olds,
for the Omicron variant; (c) bottom left: vaccine effectiveness for the BNT162b2 vaccine in 12-15 year olds, for the Delta variant; (d)
bottom right: vaccine effectiveness (VE) of the BNT162b2 vaccine in 12-15 year olds, for the Omicron variant. Odds ratios were esti-
mated using a conditional logistic regression model, with positive tests matched to negative controls by age, location, and date of
test. The model contains adjustments for sex, deprivation, urban/rural classification, previous positivity, number of previous tests
and risk group category.
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stronger and more durable protection, but it also typi-
cally waned from week 6 following the second dose. For
adults, protection against severe outcomes was higher
and longer-lasting than protection against symptomatic
infection.46 It is likely that the same is also true for CYP
infected with Omicron, but further research is required
to confirm this.

The UK medicines regulator, the Medicines and
Healthcare products Regulatory Agency (MHRA), has
assessed the BNT162b2 vaccine and declared it safe for
12−17 year-olds. This followed a rigorous review of the
www.thelancet.com Vol 23 December, 2022
safety, quality and effectiveness of these vaccines among
CYP of that age.58 However, the safety of these vaccines
is still subject to monitoring as the vaccine is rolled out
to the population. The overall picture is reassuring, but
there are some reports of potential side effects, includ-
ing mild myocarditis and myopericarditis in young peo-
ple (see Box 1).14,38,39,47,59 In terms of vaccine safety, we
found no reasons for concern after studying hospitalisa-
tions. However, five GP consultations for myocarditis
and/or pericarditis post-first dose in this period warrant
further monitoring, particularly given reports from
9



Figure 2. Continued
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other countries about this side effect.2 All GP consulta-
tions with a recorded read code associated with myocar-
ditis and/or pericarditis were included in the analysis.
We cannot be certain whether these consultations
would reflect possible, probable, or confirmed myocardi-
tis or pericarditis diagnoses. The interpretation of those
rare consultations should be carefully weighed against
ascertainment bias, i.e. an increased likelihood to seek
advice for these symptoms, and for clinicians to attri-
bute compatible symptoms to these conditions, in the
context of vaccination and reported complications.

In Scotland, there were very few hospitalisations for
the 17 health outcomes in 12−17 year-olds following the
first and second dose of the BNT162b2 (Table 2), with
no recorded stays for myocarditis and pericarditis fol-
lowing the first dose, and < 5 following the second dose.
This is consistent with a randomised, placebo-
controlled, observer-blinded, phase 3 trial assessing the
safety of BNT162b2 vaccination in healthy persons aged
12-15 years.5 No association was found between the first
or second dose and hospital stays for type 1 diabetes, vas-
culitis and inflammatory conditions, seizures and
chronic fatigue. However, due to the small number of
events, further investigations on larger populations are
merited, particularly for rare serious adverse events
such as myocarditis and pericarditis. Hospital stays, in
general, are uncommon in this age group, and so the
ability to conduct SCCS analysis was limited.60,61 Fur-
ther, no association was found between the first dose
and GP consultations for myocarditis and pericarditis.
The vasculitis and inflammatory conditions health out-
come includes the condition Paediatric Inflammatory
Multisystem Syndrome (PIMS). PIMS is a new condi-
tion that happens weeks after someone has had the
www.thelancet.com Vol 23 December, 2022



Delta period Omicron period

Vaccine Status (dose, week) N Events VE% L95%CI U95%CI Events VE% L95%CI U95%CI

None 102169 18915 4776

1st 0−1 4164 882 8.0 �2.8 17.7 209 14.2 �10.3 33.2

1st 2−5 7785 811 65.4 61.5 68.8 526 30.2 18.4 40.3

1st 6−9 9589 1137 50.9 45.3 55.8 974 21.8 11.5 30.8

1st 10−13 10892 455 44.5 34.1 53.3 2426 16.9 8.7 24.4

1st 14−17 2975 55 47.5 22.1 64.6 895 9.5 �3.6 20.9

1st 18+ 1414 4 93.5 43.4 99.3 493 5.4 �13.4 21.0

2nd 0−1 1926 14 62.4 20.2 82.3 392 46.9 37.0 55.3

2nd 2−5 2710 0 100.0 �Inf 100.0 310 81.2 77.7 84.2

2nd 6+/6−9 3155 1 92.9 42.5 99.1 613 68.5 63.4 72.9

2nd 10−13 1050 0 0.0 0.0 0.0 270 43.3 30.0 54.2

2nd 14+ 226 0 0.0 0.0 0.0 65 48.7 22.0 66.3

Table 4: Effectiveness of the BNT162b2 in 12−15-year-olds. Odds ratios are shown for Delta and Omicron variants. Odds ratios were
estimated using a conditional logistic regression model, with positive tests matched to negative controls by age, location, and date of
test. The model contains adjustments for sex, deprivation, urban/rural classification, previous positivity, number of previous tests and
risk group category. (VE=vaccine effectiveness; L95%CI=lower 95% confidence limit; U95%CI=upper 95% confidence limit; “N” is the
number of persons contributing to each sub-sample; “events” is the number of episodes of symptomatic infections with positive tests
that were recorded among those persons in each sub-sample. Due to lack of events in the period post second dose for the Delta period,
we collapsed them all into a 6+ weeks category, while for the Omicron period we report categories 6−9, 10−13 and 14+ weeks
categories).
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virus that causes COVID-19.62 No significant increase
in the rate of hospital stays for vasculitis and inflamma-
tory conditions following vaccination were found.

Our study has several strengths. It is a national-level
study. This ensured sufficiently large numbers to
observe effects and patterns. Previous studies using the
EAVE II platform have demonstrated the usefulness of
integrated data from multiple sources and enabled pre-
cise analyses of the pandemic almost in real-time,45−47

which then informed policies.
There are some caveats and limitations specific to

COVID-19 research in CYP. First, there was a sub-group
of CYP in Scotland (n=6,865) who were in the category
of particularly vulnerable and at-risk from COVID-19.
They were vaccinated in parallel with adults in Scotland,
and before most CYP, using vaccines that were licensed
for adults at the time. Therefore, they were not compara-
ble to other CYP because of different inherent risks of
COVID-19 complications, different time periods, expo-
sure to different SARS-CoV-2 variants, and likely
smaller average number of possible exposures because
they were shielded. They also received different vaccines
and dosages. This is why we did not include this rela-
tively small sub-group of CYP in the VE analyses, but
we retained them for safety analyses.

Moreover, a recent previous SARS-CoV-2 infection
may have delayed vaccination and impacted vaccine
uptake.57 Vaccine uptake figures in this paper were
based on a cross-sectional uptake among children aged
12−17 linking into EAVE II at a specific date and then
getting a vaccine by March 1, 2022. For this reason, they
slightly differ from the figures published on the Public
Health Scotland website, which reports cumulative
www.thelancet.com Vol 23 December, 2022
vaccine uptake by the age of the children at the date of
vaccination. Therefore, those two sets of figures are not
directly comparable, although the difference is unlikely
to be substantial.

In the study of safety, a preceding hospitalization
during the period 75-to-15-days before the first dose of
vaccine may have influenced the timing to receive vacci-
nation, and thereby bias the SCCS data, although this is
mainly a theoretical concern as such events were rare.
The use of negative controls in SCCS, both at exposure
or outcome side, has been proven to be a valuable
approach to evaluate potential biases and many assump-
tions required to run a reliable SCCS.63−66 Injuries
among CYP are a useful negative control outcome, with
poisoning being the most frequent cause for admission
in this age group, as identified by ICD-10 codes T36-
T50 inclusive. These are distinct from the codes that
should be used for complications of a medicine, so
should be independent from any vaccine complications.

Another limitation is that the assumptions made to
determine dominant variant time periods may incor-
rectly assign COVID-19 cases to a given variant, thus
impacting vaccine effectiveness calculations. Also, it
was not possible to distinguish between specific sub-var-
iants within the Omicron variant because only a subset
of samples was sent for Whole Genome Sequencing
(WGS). Furthermore, the second dose of the vaccine in
both 16−17-year-olds and 12-15-year-olds was given with
a delay of several weeks after the first dose (see Figure 1).
In parallel, Omicron started to rapidly replace Delta as
the dominant variant in Scotland. This is why the num-
bers available for studying VE of the 2nd dose of the vac-
cine in preventing infection by the Delta variant fell
11
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rapidly, and these estimates have wide confidence inter-
vals. The “depletion of susceptible” bias may have
played a role in the final weeks of the analysis, with a
reasonably high vaccine coverage and high prevalence
of the Omicron variant.

The outcome of TND was defined by the positive RT-
PCR test and a provision in the dataset that the disease
was symptomatic in a given test-positive case. A poten-
tial caveat in choosing the study design was that chil-
dren were also tested twice a week at their schools using
lateral flow tests (LFT). We decided to exclude all LFT
results from the analyses because children are more
likely to report positive than negative tests which could
have introduced bias.67 Still, it should be noted that an
appreciable proportion of children have likely per-
formed an RT-PCR test after they had a positive LFT,
which is another testing-related caveat. A further caveat
is lack of data on antibody levels against SARS-CoV-2
which could then be correlated with VE and waning.
We cannot expect to have this information available in a
national-based study of this size, but further research
on smaller cohorts should explore the relationships
between information on the antibody levels, VE, waning
and clinical symptoms.

The negative VE estimates in the Omicron period
could have several plausible explanations. First, this
could be due to behavioural confounding, where vacci-
nated CYP begin to act more freely and take less cau-
tion. This is how they can eventually get more
symptomatic infections, as a net result of modest vac-
cine protection against symptomatic infection, waning
of the effectiveness, and their behaviour. Initially, the
vaccine effect is still dominant, but as it wanes over
time, the behaviour effect might cause negative VE. Sec-
ond, at this stage of the pandemic it is plausible that
there were more CYP who acquired natural immunity
among the unvaccinated group than among the vacci-
nated. Natural immunity may be either more robust,
more durable, or both, in comparison to vaccine
induced immunity against the omicron variant, leading
to negative VE over time.68

We also planned to study VE against severe COVID-
19 outcomes.69 However, we were concerned that CYP
hospitalisations during the period of study might have
been predominantly “with” COVID-19, rather than
“because of” COVID-19, leading to a potential for mis-
classification bias. Although the Public Health
Scotland’s weekly report estimated that 60% of hospital
admissions in Scotland in December 2021 were
“because of” rather than “with” COVID-19,69 that figure
is relevant to all ages, so it is still possible that the ratio
in CYP is quite different. To study this further, we pre-
sented Supplementary Table S6 which presents hospi-
talisations of 12−17-year-olds within 14 days from
testing positive anywhere in Scotland. The total number
of hospitalizations during the study period was 199 and
many of the admitted CYP had comorbidities (35.7%).
The most frequent hospitalisation time was “0-1 days”
(76.8%). Only 12.6% CYP stayed in hospital for more
than 2 days (Supplementary Table S6). That suggests
that, in CYP, many hospitalisations may be “with”
COVID-19, rather than “because of” COVID-19, pre-
venting a meaningful analysis. The number of hospital-
isations truly due to COVID-19 and other severe
outcomes was too small in Scotland over the period of
study to support a conventional study design and lead to
an interpretable result.70 Data from countries with
larger child populations will provide better estimates on
protection against severe outcomes for 12−17-year-olds,
such as recent examples from England and Brazil.30,71

In this paper, we addressed several important
research questions on CYP in a single publication. We
needed to use different datasets and different study
designs to address each of the posed research questions.
The EAVE II collaboration has already published a
number of separate research papers on uptake,72

safety,73 VE46,74−77 and waning54 among the adults in
Scotland. In those papers, specific aspects of studying
each of those research questions, related to study
design, biases, confounding and chance effects, were
already discussed in greater depth, and they also apply
in this study.

This study has several implications for policy, prac-
tice and research. So far, the achieved rates of uptake
are high, but the rollout of vaccines to CYP started con-
siderably later than in the adults. The study also showed
that the BNT162b2 vaccine in children is both safe and
effective in preventing symptomatic infection, but also
that this protection rapidly wanes. This complicates the
decisions for both the authorities, parents and their chil-
dren. The most recent studies have confirmed our
observations of limited effectiveness and relatively rapid
waning of the 2-dose BNT162b2 COVID-19 vaccine in
CYP 12−17 years of age.78,79 However, they demon-
strated a considerable VE of the first booster dose,
meaning that boosters in CYP may still be considered
as an option to help maximise school attendance and
reduce education disruption.78,79 Lack of information
on the booster doses is, therefore, a limitation of our
study.

There is a clear incentive to enable children to safely
return to school and that children’s regular school atten-
dance is ensured.80,81 Vaccines could help this goal to
an extent, and several studies demonstrated the effective
use of health education campaigns to design and imple-
ment policies to overcome vaccine hesitancy among the
parents and adolescents.2,82−85 However, this study nei-
ther investigated if they had an impact on school atten-
dance, nor whether the level of ‘symptomatic’ illness
would have led to absence through symptom severity
alone. In the current era of testing and isolation guid-
ance, it is possible that many of the cases wouldn’t be
detected and that children would continue to attend
school. Furthermore, any potential effect of vaccines on
www.thelancet.com Vol 23 December, 2022
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increased school attendance would, given the evidence
of waning found here, only provide protection against
symptomatic COVID-19 to children for the duration of
up to one school term, posing challenges to policy-
makers. Education disruption is only one element of
the rationale for vaccinating CYP. Critical to any benefit
in this regard is any effect on transmission, which still
needs to be better understood. Further research will be
needed to clarify whether the protection against severe
forms of the disease may, in fact, be higher and last lon-
ger than against the symptomatic infection.
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