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ABSTRACT
Objectives To assess socioeconomic and geographical 
factors associated with COVID- 19 vaccine uptake in pupils 
attending state- funded secondary schools in England.
Design Cross- sectional observational study.
Setting State- funded schools in England.
Participants Pupils aged 12–17 years attending 
state- funded schools in England for the academic year 
2021/2022.
Outcome measures Demographic, socioeconomic and 
geographical factors associated with vaccination uptake. 
We linked individual- level data from the English Schools 
Census to the National Immunisation Management System 
to obtain COVID- 19 vaccination status of 3.2 million 
adolescents. We used multivariable logistic regression to 
assess demographic, socioeconomic and geographical 
factors associated with vaccination.
Results By 9 January 2022, 56.8% of adolescents aged 
12–17 years old had received at least one dose, with 
uptake increasing from 48.7% in those aged 12 years old 
to 77.2% in those aged 17 years old. Among adolescents 
aged 12–15 years old, there were large variations in 
vaccine uptake by region and ethnic group. Pupils who 
spoke English as an additional language (38.2% vs 
55.5%), with special educational needs (48.1% vs 53.5%), 
eligible for free school meals (35.9% vs 58.9%) and 
lived in more deprived areas (36.1% in most deprived 
vs 70.3% in least deprived) had lower vaccine uptake. 
Socioeconomic variables had greater impact on the odds 
of being vaccinated than geographical variables. School- 
level analysis found wide variation in vaccine uptake 
between schools even within the same region. Schools 
with higher proportions of pupils eligible for free school 
meals had lower vaccine uptake.
Conclusions We found large differences in vaccine 
uptake by geographical region and ethnicity. 
Socioeconomic variables had a greater impact on the 
odds of being vaccinated than geographical variables. 
Further research is required to identify evidence- based 
interventions to improve vaccine uptake in adolescents.

INTRODUCTION
COVID- 19 vaccines have been critical in the 
control of the current pandemic and have 

significantly reduced morbidity and mortality 
caused by SARS- CoV- 2.1 The greatest risk 
factors for COVID- 19 are old age and under-
lying comorbidity. Compared with adults, chil-
dren have a very low risk of severe COVID- 19,2 
and, therefore, have received lower priority in 
the rollout of COVID- 19 vaccine programmes 
globally.3 In England, COVID- 19 vaccination 
began in December 2020, with the BNT162b2 
mRNA vaccine (Pfizer- BioNTech) and the 
Oxford- AstraZeneca adenovirus vector 
vaccine offered to older adults, immunosup-
pressed people, those with high- risk comor-
bidities and health and social care workers. 
The last adult cohort recommended for vacci-
nation were those aged 18–24 years old in June 
2021. Unlike other countries, the UK recom-
mended an extended interval of 12 weeks 
between the two COVID- 19 doses to expedite 
the rollout of the first dose,4 5 because the 
first dose was shown in pre- licensure clinical 
trials to provide very high levels of protection 
within 2 weeks.6

In adolescents, the UK Joint Committee 
on Vaccination and Immunisation (JCVI) 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Large cohort size representing over 3.2 million 
pupils aged 12–17 years attending state- funded 
schools in England.

 ⇒ The dataset contains a rich source of background 
characteristics which allow analysis of COVID- 19 
vaccine uptake by sociodemographic characteris-
tics and examine the extent to which these differ-
ences are driven by other factors.

 ⇒ The COVID- 19 vaccination programme was ongoing 
during the analysis period, so some adolescents be 
vaccinated after January 2022.

 ⇒ Not all adolescents were captured in English Schools 
Census or due to data linkage issues or changing 
schools between the academic year.
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recommended COVID- 19 vaccination for children aged 
≥12 years with severe neurodisabilities as early as January 
2021 because of their high risk of severe COVID- 19, even 
though the vaccines were not authorised for those 12–15 
years old at the time.7

With the emergence of rare cases of myocarditis associ-
ated with mRNA vaccines, mainly after the second dose in 
adolescent and young adult males, the JCVI took a more 
cautious approach with COVID- 19 vaccination in adoles-
cents, initially recommending one dose for those 16–17 
years old from 23 August 2021 because of the very low risk 
of severe COVID- 19 in the context of the uncertain risk, 
severity or outcomes of vaccine- induced myocarditis.8 
For healthy adolescents 12–15 years old, the JCVI recom-
mended against vaccination on 3 September 2021, but 
this decision was overturned by government ministers on 
22 September 2021, on the basis that the vaccines would 
reduce educational disruption by preventing SARS- CoV- 2 
infection and transmission in educational settings.9 In 
England, COVID- 19 vaccination for adolescents 12–15 
years old was delivered primarily through educational 
settings, and later extended to national vaccination 
centres.10

In England, COVID- 19 vaccine uptake was highest in 
older adults and declined with younger age, with the 
lowest uptake among adolescents,11 despite early surveys 
reporting high acceptability of COVID- 19 vaccines among 
parents. The School Infection Survey in a sample of 
schools conducted during April–May 2021, for example, 
found that 88% of parents of recruited secondary school 
students would definitely (53%) or probably (35%) vacci-
nate their child against COVID- 19.12

Vaccination is part of a multitude of factors employed 
by the government to manage the COVID- 19 pandemic. 
Vaccines play an important role in preventative and 
protective measures to reduce the risk of infection, trans-
mission and severity of disease.13 Analysing COVID- 19 
vaccination uptake in the population provides an oppor-
tunity to identify vulnerable populations, and develop 
targeted campaigns where appropriate, to help reduce 
health inequalities. The factors associated with vaccine 
uptake in adolescents have not been widely explored, 
compared with the adult population.14–16 This national 
study aimed to investigate demographic, socioeconomic 
and regional factors associated with COVID- 19 vaccine 
uptake in adolescents.

METHODS AND ANALYSIS
We assessed factors associated with vaccine uptake in over 
3.2 million adolescents 12–17 years old attending state- 
funded secondary schools in England.

English Schools Census
The English Schools Census (ESC) is a mandatory annual 
return to the Department for Education by state- funded 
schools and local authorities. All pupils attending state- 
funded primary schools, secondary schools (including 

sixth forms attached to schools), nurseries and special 
schools in England are recorded. This is over 3.2 million 
adolescents aged 12–17 years old, comprising 92% of 
those 12–15 years old and 65% of those 16–17 years old 
in England (age as of 31 August 2021). The data available 
for analysis do not cover all pupils aged 12–17 years in 
England. Pupils will be missing for the following reasons:

 ► They attended an independent school or were not 
enrolled in a school on 21 January 2021.

 ► They moved into England after the ESC date 
(conversely pupils in state schools on the ESC date 
who have since left England and are still registered 
with a general practitioner will be included).

 ► Coverage will be lower among those who have finished 
year 11 (16–17 years old as of 31 August 2021); those 
studying in years 12/13 in sixth forms attached to 
schools will be included but those studying in further 
education colleges or sixth form colleges will not be 
included.

 ► They have never registered with a doctor or accessed 
National Health Service (NHS) services or their 
personal details are not recorded consistently and will 
not be linked to National Immunisation Management 
System (NIMS) and, therefore, not included.

The ESC covers pupil and school characteristics for a 
set date (21 January 2021 for this analysis). Individual 
characteristics extracted for this analysis include age, 
symptoms, ethnicity, Income Deprivation Affecting Chil-
dren Index (IDACI), region, eligible for free school 
meals (FSM) if they accessed FSM within the previous 6 
years, English as an additional language (EAL), from an 
urban/rural area, special education needs (SEN) support 
and sex. School- level characteristics included region and 
FSM. We used the 2019 IDACI, which calculates depri-
vation deciles based on the proportion of children aged 
0–15 years living in deprived income households (not 
working or working on low incomes eligible for means- 
tested benefits). The index ranks the 32 844 small admin-
istrative areas from the 2011 census in England from 
most deprived to least deprived and divides them into 10 
equal groups.17 Adolescents with SEN were identified in 
the ESC. Pupils attending SEN schools are included in all 
analyses except the school- level analysis, which focuses on 
secondary schools.

National Immunisation Management System
The NIMS records England’s coronavirus (COVID- 19) 
vaccination programme.18 The extract used contains 
data for COVID- 19 vaccinations administered across all 
settings up to 9 January 2022.

Data linkage
Pupils with ESC records were linked to their unique NHS 
number held on the personal demographic service (PDS) 
using their name, date of birth, sex and postcode,19 and 
then to their vaccination records in NIMS. Pupils who did 
not link to PDS (2%) were excluded from the analysis.
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Logistic regression
We used multivariable logistic regression to estimate 
the ORs of receiving at least one COVID- 19 vaccine 
dose associated with each demographic, socioeconomic 
and geographical factor. Analysis was restricted to those 
12–15 years old because they were a more homogeneous 
group for analysis as they all attended secondary schools, 
had more complete data in ESC (for reasons already 
described above), were all offered the vaccine at around 
the same time and had the lowest uptake compared with 
older adolescents and adults. For non- ordered categor-
ical variables, the baseline category was chosen as the 
largest (for example, for ethnicity, white British was the 
baseline as the largest group). The following factors were 
entered separately into an age and sex- adjusted model, 
to assess their association with vaccine uptake: ethnicity, 
SEN, EAL, FSM eligibility, IDACI, region and urban/
rural residence. A ‘fully adjusted’ model was then fitted 
by including all factors simultaneously in the model.

School-level analysis
School- level uptake was calculated as the percentage of 
adolescents aged 12–15 years old who were vaccinated, 
and the univariable association with school- level char-
acteristics was explored using box plots. The IQR was 
calculated to create box plots for percentage of pupils 
vaccinated by region.

Patient and public involvement
There was no patient or public involvement in the design 
of this study.

RESULTS
Nationally, 98% of pupils aged 12–17 years on the ESC 
were linked to their unique NHS number and 99% of 
these were subsequently linked to their vaccination 
record on NIMS. COVID- 19 vaccine uptake among those 
aged 12–17 years old in England increased rapidly at 
the start of the programme in October 2021 and then 
started to plateau at the end of December 2021 (online 
supplemental file 1). Vaccine uptake increased with age 
(table 1) from 48.7% in those 12 years old to 77.2% in 
those 17 years old on 9 January 2022. Vaccine uptake for 
both the first and second doses among adolescents aged 
16–17 years old was higher than among those 12–15 years 
old; the former group was offered the vaccine earlier than 
the latter.

Vaccine uptake by pupil characteristics for pupils 12–15 years 
old
There was little difference in crude COVID- 19 vaccina-
tion rates between males (52.4%, 658 703 of 1 256 147) 
and females (52.8%, 632 858 of 1 199 374) (table 2), but 
large crude differences by ethnicity, with a 63% difference 
between the most and least vaccinated ethnic groups. 
Chinese (75.5%, 7237 of 9586) and Indian (65.7%, 49 420 
of 75 189) pupils were most likely to have been vaccinated, 

while Gypsy or Roma and black Caribbean (both 12.4%, 
840 of 6792 and 3383 of 27 210) pupils were least likely to 
have been vaccinated (table 3 and figure 1A).

Differing population sizes mean some ethnic groups with 
higher vaccination uptake may still have higher absolute 
numbers of unvaccinated pupils than those with lower vacci-
nation uptake. For example, despite a vaccine uptake of 
59.1%, more than 650 000 of 1 625 000 unvaccinated pupils 
aged 12–15 years old were white British, meaning 57% of 
all unvaccinated pupils are white British; and the numbers 
of unvaccinated in Indian pupils were similar to black Carib-
bean pupils.

Pupils recorded as speaking EAL were less likely to have 
been vaccinated (38.2%, 153 096 of 401 036) than those 
reporting English as their first language (55.5%, 1 132 706 
of 2 039 965). SEN pupils were also less likely to have been 
vaccinated (48.1%, 197 728 of 411 489) than those without 
SEN (53.5%, 1 093 833 of 2 044 032). Pupils aged 12–15 years 
living in more deprived areas were less likely to be vaccinated; 
36.1% of pupils in IDACI decile 1 (most deprived) had been 
vaccinated compared with 70.3% in IDACI decile 10 (least 
deprived) (table 2, figure 1B and online supplemental file 2). 
In the baseline regression, IDACI was the main factor with 
the widest variation affecting vaccine uptake. Similarly, pupils 
eligible for FSM had lower vaccine uptake (35.9%, 241 379 of 
672 592) than those not eligible for FSM (58.9%, 1 050 176 
of 1 782 921) (table 2).

Regional vaccine uptake
There was variation in vaccine uptake by regions (table 3 
and figure 1C), with South East England having the 
highest uptake (60.7%, 237 348 of 391 264) among those 
12–15 years old and London having the lowest uptake 
(40.8%, 146 935 of 359 777). Pupils living in rural areas 
had higher vaccine uptake (62.6%, 185 110 of 295 781) 
than those in urban areas (51.2%, 1 105 367 of 2 157 901).

School-level analysis
SEN schools were excluded from the school- level analysis, as 
they tend to be small which can mean that small differences 
in the number of pupils vaccinated can have a large impact on 

Table 1 Number and proportion of pupils aged 12–17 
years to have received a COVID- 19 vaccine by age and 
number of doses up to 9 January 2022, England

Age 
(years)

Number of pupils 
to have received at 
least one dose of 
COVID- 19 vaccine

Total 
population

Vaccination 
uptake: at 
least 1 dose 
(%)

12 305 672 627 968 48.7

13 324 479 631 937 51.4

14 328 783 607 958 54.1

15 331 200 587 658 56.4

16 383 099 574 748 66.7

17 177 054 229 455 77.2

Total 1 850 287 3 259 724 56.8
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the reported percentages. Schools in the South East had the 
greatest median vaccine uptake, with 60.7% of its pupils vacci-
nated against COVID- 19, compared with a median of 40.8% 
in London (table 3). Even within the same region, however, 
vaccination rates varied greatly between schools, and to a 
greater extent than between regions, with the greatest vari-
ation observed in the West Midlands region, where 90% of 
schools had between 22.3% and 73.2% of vaccinated pupils 
(figure 1C).

Schools with higher proportions of pupils eligible 
for FSM had lower vaccine uptake rates, with schools 
reporting <5% of pupils accessing FSM having the largest 
median vaccination rate (73.2%). By comparison, the 
median was 29.2% for schools with more than 50% of 
pupils accessing FSM (figure 1D).

Multivariable regression
After controlling for demographic and socioeconomic char-
acteristics in the ‘fully adjusted’ multivariable logistic regres-
sion model on pupil- level data, variations between regions 
remained. Pupils in the North West had a lower likelihood 
of being vaccinated than pupils in London, whereas in the 

baseline model for region, pupils in London had the lowest 
likelihood of vaccination. The relative odds of vaccination 
were lower for most minority ethnic groups compared 
with white British pupils. Additionally, socioeconomic vari-
ables, such as EAL and FSM status, had larger ORs than 
the geographical variables (region and urban/rural status). 
These socioeconomic factors accounted for almost all the 
differences in the lower vaccine uptake among Bangladeshi 
pupils compared with white British pupils, demonstrated 
with similar likelihood of vaccination in the fully adjusted 
compared with univariate model (figure 2). Among black 
students, and particularly black Caribbean students, demo-
graphic and socioeconomic factors were also important but 
even after controlling for these differences, large differences 
in vaccine uptake remained compared with rates in white 
British pupils (figure 2).

DISCUSSION
In England, 52.5% of pupils 12–15 years old and 69.7% 
of those 16–17 years old had received at least one vaccine 

Table 2 Number and proportion of pupils aged 12–15 years to have received a COVID- 19 vaccine up to January 2022 by sex, 
English as an additional language status, special educational needs status, free school meal status and IDACI decile

Number of pupils to have 
received at least one dose 
of COVID- 19 vaccine up to 9 
January 2022

Total 
population

Vaccination 
uptake: at least 
1 dose (%)

Sex

  Male 658 703 1 256 147 52.4

  Female 632 858 1 199 374 52.8

English as an additional language

  Speaks English as their first language 1 132 706 2 039 965 55.5

  Speaks English as an additional language 153 096 401 036 38.2

Special educational needs

  Has accessed to special educational needs support 197 728 411 489 48.1

  Has not accessed to special educational needs support 1 093 833 2 044 032 53.5

Free school meals

  Has accessed to free school meals in the past 6 years 241 379 672 592 35.9

  Has not accessed to free school meals in the past 6 years 1 050 176 1 782 921 58.9

IDACI

  1 (most deprived area) 114 333 316 493 36.1

  2 116 047 295 562 39.3

  3 118 347 268 685 44.0

  4 125 378 255 520 49.1

  5 127 933 239 527 53.4

  6 131 279 227 691 57.7

  7 134 538 219 847 61.2

  8 137 772 214 502 64.2

  9 141 576 210 856 67.1

  10 (least deprived area) 143 438 203 966 70.3

IDACI, Income Deprivation Affecting Children Index.
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dose by 9 January 2022, while 5.8% and 46.0%, respec-
tively, had received two doses. Vaccine uptake increased 
with age, but did not vary by sex, and was higher among 
pupils 16–17 years old than those 12–15 years old, consis-
tent with the earlier implementation of the immunisation 
programme in the former cohort. Vaccine uptake was 
highly variable by region and was higher in rural than 
urban areas. There were large variations in vaccine uptake 
by ethnicity with up to 63% difference between the most 
and least vaccinated ethnic groups. Among pupils aged 
12–15 years old, Chinese (75.5%) and Indian (65.7%) 
pupils were most likely to have been vaccinated, while 
Gypsy or Roma and black Caribbean (both 12.4%) pupils 
were least likely to have been vaccinated. Vaccine uptake 
was lower in pupils reporting EAL, attending SEN schools, 
living in more deprived areas and being eligible for FSM. 
In a multivariable logistic regression model, socioeco-
nomic variables had a greater relative association with 
being vaccinated than geographical variables (region and 
urban/rural status); but the difference in uptake between 
ethnic groups persists after adjusting for socioeconomic 
and regional differences (online supplemental file 2). 
School- level analysis found that vaccine uptake varied 
greatly between schools even within the same regions and 
was inversely correlated with the proportions of pupils 
eligible for FSM.

We analysed factors associated with the low vaccine 
uptake in adolescents to provide policymakers with a better 
understanding of those who were least likely to engage 
with the vaccine rollout.20 When compared with other UK 
regions, COVID- 19 vaccine uptake among adolescents in 
England was higher than in Wales and Northern Ireland 
at the time, but lower than in Scotland.21

In the UK, the Medicines and Healthcare products 
Regulatory Agency approved the Pfizer- BioNTech vaccine 
for those 12–15 years old in June 2022,22 and the Moderna 
vaccine for those 12–17 years old in August 2021.23 
Compared with other countries, however, COVID- 19 
vaccination for adolescents was recommended later in 
the UK, which may explain the lower vaccine uptake.

In Europe, the European Medicines Agency approved 
the use of the Pfizer- BioNTech vaccine for adolescents 
12–15 years old in May 2021 and the Moderna vaccine 
for those 12–17 years old in July 2021. Across Europe, in 
early February 2022, the median uptake of the two- dose 
primary vaccination course among adolescents 15–17 
years old was 70.9% in 17 reported countries, and 35.5% 
in those 10–14 years old in 16 reported countries, but 
with wide variability between countries. Some countries 
such as Denmark, Italy, Ireland, France, Portugal and 
Spain have achieved very high vaccine uptake among 
adolescents, while in other countries such as Austria and 
Sweden, vaccine uptake remained below 50% and others, 
particularly in eastern Europe, have reported very low 
vaccine uptake in this age group.21

By the time vaccination was implemented for UK 
adolescents, many had already been infected by SARS- 
CoV- 2, especially in England where more than half of 

Table 3 Number and proportion of pupils aged 12–17 
years to have received a COVID- 19 vaccine by ethnicity, 
region and area type up to 9 January 2022

Number of pupils 
to have received 
at least one dose 
of COVID- 19 
vaccine

Total 
population

Vaccination 
uptake: at 
least 1 dose 
(%)

Ethnicity

  Chinese 7237 9586 75.5

  Indian 49 420 75 189 65.7

  White British 961 132 1 625 148 59.1

  White Irish 3896 6670 58.4

  Asian other 25 375 44 549 57.0

  Mixed white 
Asian

19 832 35 423 56.0

  Bangladeshi 19 328 42 240 45.8

  Mixed other 23 008 53 350 43.1

  Refused 9145 21 773 42.0

  Not obtained 11 140 27 231 40.9

  Mixed white 
black African

8465 21 033 40.2

  Other 18 807 46 771 40.2

  Pakistani 37 060 108 045 34.3

  White other 50 784 150 535 33.7

  Mixed 
white black 
Caribbean

11 797 38 785 30.4

  Black African 25 936 95 858 27.1

  Black other 4687 18 181 25.8

  Traveller Irish 289 1152 25.1

  Black 
Caribbean

3383 27 210 12.4

  Gypsy/Roma 840 6792 12.4

Region

  South East 237 348 391 264 60.7

  South West 134 107 229 387 58.5

  East of 
England

159 523 278 683 57.2

  East Midlands 117 701 214 510 54.9

  North East 62 750 115 323 54.4

  Yorkshire and 
the Humber

129 486 250 010 51.8

  West 
Midlands

138 194 277 442 49.8

  North West 165 517 339 125 48.8

  London 146 935 359 777 40.8

Area type

  Rural 185 110 295 781 62.6

  Urban 1 105 367 2 157 901 51.2
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adolescents 12–15 years old were seropositive for SARS- 
CoV- 2 antibodies by September 2021.24 This could have 
led parents to reconsider the need for vaccinating their 
children. Additionally, the emergence of the Omicron 
variant in November 202125 was associated with a large 
surge in cases across all age groups. The UK currently 
recommends waiting 12 weeks after infection before vacci-
nating against COVID- 19,26 which likely led to delays in 
both the first and second doses of vaccine in adolescents. 
Furthermore, the high infection rates with the Omicron 
variant in adults despite very high vaccination coverage 
including boosters could have led parents to question the 
value of vaccinating their children, given their low risk 
of severe COVID- 19, especially if their child had been 
exposed to the virus.

There are other potential reasons for COVID- 19 
vaccine uptake among adolescents. Parental perception 
of their personal risks to COVID- 19 is likely to influence 
their decision to vaccinate themselves and their chil-
dren.27 Not surprisingly, parental vaccination status is 
strongly associated with the adolescents’ attitudes towards 
vaccination.27–30 At the same time, concerns about a small 
but potentially severe risk of vaccine- induced myocarditis 

could have further contributed to lower vaccine uptake 
among adolescents and young adults, especially in coun-
tries such as the UK where there was strong messaging 
of children being at low risk of severe disease, a critical 
factor in opening schools first and closing them last 
throughout the pandemic.31 Surveys in England have 
found that parents who were unwilling to vaccinate their 
children were particularly concerned about vaccine safety, 
the short- term side- effects of the vaccine and unknown 
long- term side- effects of vaccination,12 similar to surveys 
in other countries.27 29 32 Additionally, the contradictory 
decision between the UK JCVI and the government minis-
ters may have created uncertainty among parents and 
adolescents with regard to vaccination. In the USA, lack 
of trust in the government and vaccines, along with the 
belief that the COVID- 19 vaccine is not needed or effec-
tive, have been cited as reasons by parents who chose not 
to vaccinate their children.33

In our analysis, we identified socioeconomic variables 
and, to a lesser extent, geographical variables to be 
important determinants of COVID- 19 vaccine uptake 
among adolescents. This is similar to the experience of 
other countries,29 34 and consistent with other childhood 

Figure 1 (A) Percentage of pupils aged 12–15 years in state- funded schools who have been vaccinated by ethnicity, England, 
up to 9 January 2022. (B) Proportion of pupils aged 12–15 years to have received a COVID- 19 vaccine by Income Deprivation 
Affecting Children Index decile up to 9 January 2022, England. (C) Percentage of pupils aged 12–15 years in state- funded 
secondary schools who have been vaccinated by region, England, up to 9 January 2022. (D) Percentage of pupils in state- 
funded secondary schools who have been vaccinated against coronavirus grouped by the percentage of pupils accessing free 
school meals, England, up to 9 January 2022. East Mids, East Midlands; NE, North East; NW, North West; SE, South East; SW, 
South West; West Mids, West Midlands; Yorks + H, Yorkshire and the Humber.
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vaccinations.35 Notably, too, parents of children who were 
underimmunised pre- pandemic may have been less likely 
to vaccinate their child against COVID- 19.29 A Cana-
dian survey also found that parents of younger children 
were less inclined to have their child vaccinated.34 Using 
multivariable regression analysis, we found that when 
compared with baseline models, socioeconomic factors 
could explain nearly all variance in lower uptake among 
some ethnic groups such as Bangladeshi adolescents but 
not entirely among other ethnic groups such as black 
Caribbean adolescents, where other factors including, 
for instance, perceived or actual poorer experiences of 
healthcare services, as well as accessibility and availability 
of vaccination centres, are likely to contribute to lower 
vaccine uptake. While there has been some research 
into nationality- specific factors associated with vaccine 
uptake,36 further studies are needed to better under-
stand these differences and identify effective interven-
tions to overcome any barriers identified within specific 
groups.16 37

Implications of findings
While a vaccine uptake of 60% in adolescents aged 12–15 
years old may be considered low in the context of a global 
pandemic, such an uptake would not be out of place 
when compared with routine adolescent immunisation 
programmes. Adolescents and young adults have always 

been a challenging group to vaccinate. This is often due 
to perceived good health and low risk of severe illness, 
lack of disease awareness or concerns about vaccine 
side- effects.38–40 With the emergency implementation of 
an adolescent meningococcal ACWY conjugate vaccine 
programme in 2015 to control a national outbreak of 
group W meningococcal disease, for example, vaccine 
uptake among those 18 years old was only 36.6% 
although delivered through primary care.41 Vaccine 
uptake was, however, significantly higher at 77.2% when 
the programme was delivered through schools,42 which 
is why England opted for school delivery for COVID- 19 
vaccines for adolescents. Such a delivery programme also 
has the advantage of overcoming the social inequalities of 
access to vaccination, although this was still evidenced in 
our cohort, highlighting the need for increased efforts to 
reach disadvantaged and marginalised populations with 
tailored strategies and trusted sources of information to 
promote informed decision- making and facilitate access 
to vaccination.34 43

Strengths and limitations
A major strength of this analysis is the size of the cohort. 
The ESC contains pupil- level data collected from all state- 
funded schools in England, representing over 3.2 million 
pupils aged 12–17 years. The dataset contains a rich 
source of background characteristics which allow analysis 

Figure 2 Modelled estimates of the OR of pupils being vaccinated by ethnicity, as of 9 January 2022 in England. The baseline 
model contains ethnicity, age and sex (light blue dots). The fully adjusted model contains, ethnicity, age, sex and, in addition, 
English as an additional language, special educational needs, free school meals, Income Deprivation Affecting Children Index, 
region and urban/rural (dark blue dots).
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of COVID- 19 vaccine uptake by sociodemographic char-
acteristics and examine the extent to which these differ-
ences are driven by other factors.

There are, however, some limitations. Not all adoles-
cents will be captured in ESC as explained in the Methods 
section. Additionally, the latest ESC data available relate 
to the previous academic year, so some pupils may not 
be attending the same school in the current academic 
year. Therefore, school- level analysis relates to pupils 
11–14 years old at the start of the previous academic year 
(those now aged 12–15 years, equivalent to academic 
years 8–11) as the majority of these pupils will still be in 
the same school. Additionally, it was not possible to link a 
small minority of adolescents (2%) to PDS to obtain their 
unique NHS number and subsequently link to the NIMS 
database for their COVID- 19 vaccination status. Addition-
ally, the vaccination programme was ongoing during the 
time of this analysis, and data since January 2022 have not 
been presented here, so we cannot exclude some catch 
up in groups with a lower uptake that may have occurred 
since then.

Furthermore, this was a national cohort study of pupils 
in England, so the results may not be applicable to 
other countries with differing vaccine programmes and 
demographics.

Conclusion and policy recommendation
This national data study examines sociodemographic 
and geographical factors associated with vaccine uptake 
in adolescents in England. We found large differences 
in vaccine uptake between ethnic groups, with those of 
Chinese and Indian ethnicity having the highest vaccine 
rates, compared with Gypsy or Roma and black Carib-
bean pupils. Importantly, socioeconomic variables had 
a greater impact on the odds of being vaccinated than 
geographical variables. Further research is required to 
identify evidence- based interventions to improve vaccine 
uptake in adolescents, especially in under- represented 
demographics. The UK Government has committed to 
reducing health inequalities, as outlined in the National 
Healthcare Inequalities Improvement Programme.44 
Vaccine policy aimed at improving vaccine uptake in 
low- uptake regions and populations, namely those living 
in urban and deprived areas, and those of black African 
and Caribbean and Gypsy/Roma ethnicity, would benefit 
from targeted vaccination programmes.

Collaborators SIS Study Group includes (1) sKIDs investigators: Shazaad Ahmad, 
Frances Baawuah, Joanne Beckmann, Andrew Brent, Bernadette Brent, Kevin E 
Brown, Joanna Garstang, Ifeanyichukwu O Okike, Mary E Ramsay; (2) ONS: James 
McCrae, Joe Kelly, Dylan Stocker, Ian Diamond, Emma Rourke, Fiona Dawe, Pete 
Jones; (3) LSHTM: Sarah Cook, Elliot McClenahan, Gillian McKay, Jody Phelan, 
Liang- Yu Lin, Charlotte Warren- Gash. Alex Lewin.

Contributors The SIS Study Group members (SNL, PM, PN- D, AJ) conceived the 
work. AJ, BD and AS acquired the data and performed the analysis, with input from 
PM, PN- D and SNL and together with the SIS Study Group members provided initial 
findings for ONS bulletins. FA and SNL wrote the first draft of the manuscript. GI, 
AP, CNJC, PM, PN- D and the SIS Study Group made substantial contributions to 
the drafting of the work for important intellectual content. SNL is guarantor of this 
study. All authors have read and approved the final version of the manuscript.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

Ethics approval The ONS had access to individual- level data under S45a of the 
Statistics and Registration Services Act (2007) as amended by the Digital Economy 
Act (2017). UKHSA has legal permission, provided by Regulation 3 of the Health 
Service (Control of Patient Information) Regulations 2002, to process patient 
confidential information for national surveillance of communicable diseases and, as 
such, individual patient consent is not required to access records.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. 
Applications for relevant anonymised data should be submitted to the UKHSA Office 
for Data Release (https://www.gov.uk/government/publications/accessing-ukhsa- 
protected-data).

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Felicity Aiano http://orcid.org/0000-0002-0746-1075

REFERENCES
 1 Jabłońska K, Aballéa S, Toumi M. The real- life impact of vaccination 

on COVID- 19 mortality in Europe and Israel. Public Health 
2021;198:230–7. 

 2 Molteni E, Sudre CH, Canas LS, et al. Illness duration and symptom 
profile in symptomatic UK school- aged children tested for SARS- 
Cov- 2. Lancet Child Adolesc Health 2021;5:708–18. 

 3 Joint Committee on Vaccination and Immunisation (JCVI). Priority 
groups for Coronavirus (COVID- 19) vaccination: advice from the 
JCVI. 2021. Available: https://www.gov.uk/government/publications/ 
priority-groups-for-coronavirus-covid-19-vaccination-advice-from- 
the-jcvi-30-december-2020

 4 Lopez Bernal J, Gower C, Andrews N, et al. Effectiveness of 
COVID- 19 vaccines against the B.1.617.2 (Delta) variant. reply.  
N Engl J Med 2021;385:10.1056/NEJMc2113090#sa4. 

 5 Amirthalingam G, Bernal JL, Andrews NJ, et al. Serological 
responses and vaccine effectiveness for extended COVID- 19 vaccine 
schedules in England. Nat Commun 2022;13:733. 

 6 Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy 
of the BNT162b2 mRNA Covid- 19 vaccine. N Engl J Med 
2020;383:2603–15. 

 7 Wong BLH, Ramsay ME, Ladhani SN. Should children be vaccinated 
against COVID- 19 now? Arch Dis Child 2021;106:1147–8. 

 8 Department for health and social care (DHSC). Joint Committee 
on vaccination and Immunisation (JCVI) advice on COVID- 19 
vaccination in people aged 16 to 17 years: 15 November 2021. 
n.d. Available: https://www.gov.uk/government/publications/ 
covid-19-vaccination-in-children-and-young-people-aged-16- 
to-17-years-jcvi-statement-november-2021/joint-committee-on- 
vaccination-and-immunisation-jcvi-advice-on-covid-19-vaccination- 
in-people-aged-16-to-17-years-15-november-2021

 9 Powell AA, Kirsebom F, Stowe J, et al. Effectiveness of BNT162b2 
against COVID- 19 in adolescents. Lancet Infect Dis 2022;22:581–3. 

 10 UK Health Security Agency (UKHSA). COVID- 19 vaccination 
programme for children and young people: guidance for schools 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 M

arch
 19, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 S

ep
tem

b
er 2023. 

10.1136/b
m

jo
p

en
-2023-071707 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://www.gov.uk/government/publications/accessing-ukhsa-protected-data
https://www.gov.uk/government/publications/accessing-ukhsa-protected-data
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-0746-1075
http://dx.doi.org/10.1016/j.puhe.2021.07.037
http://dx.doi.org/10.1016/S2352-4642(21)00198-X
https://www.gov.uk/government/publications/priority-groups-for-coronavirus-covid-19-vaccination-advice-from-the-jcvi-30-december-2020
https://www.gov.uk/government/publications/priority-groups-for-coronavirus-covid-19-vaccination-advice-from-the-jcvi-30-december-2020
https://www.gov.uk/government/publications/priority-groups-for-coronavirus-covid-19-vaccination-advice-from-the-jcvi-30-december-2020
http://dx.doi.org/10.1056/NEJMc2113090
http://dx.doi.org/10.1056/NEJMc2113090
http://dx.doi.org/10.1038/s41467-022-28393-7
http://dx.doi.org/10.1056/NEJMoa2034577
http://dx.doi.org/10.1136/archdischild-2020-321225
https://www.gov.uk/government/publications/covid-19-vaccination-in-children-and-young-people-aged-16-to-17-years-jcvi-statement-november-2021/joint-committee-on-vaccination-and-immunisation-jcvi-advice-on-covid-19-vaccination-in-people-aged-16-to-17-years-15-november-2021
https://www.gov.uk/government/publications/covid-19-vaccination-in-children-and-young-people-aged-16-to-17-years-jcvi-statement-november-2021/joint-committee-on-vaccination-and-immunisation-jcvi-advice-on-covid-19-vaccination-in-people-aged-16-to-17-years-15-november-2021
https://www.gov.uk/government/publications/covid-19-vaccination-in-children-and-young-people-aged-16-to-17-years-jcvi-statement-november-2021/joint-committee-on-vaccination-and-immunisation-jcvi-advice-on-covid-19-vaccination-in-people-aged-16-to-17-years-15-november-2021
https://www.gov.uk/government/publications/covid-19-vaccination-in-children-and-young-people-aged-16-to-17-years-jcvi-statement-november-2021/joint-committee-on-vaccination-and-immunisation-jcvi-advice-on-covid-19-vaccination-in-people-aged-16-to-17-years-15-november-2021
https://www.gov.uk/government/publications/covid-19-vaccination-in-children-and-young-people-aged-16-to-17-years-jcvi-statement-november-2021/joint-committee-on-vaccination-and-immunisation-jcvi-advice-on-covid-19-vaccination-in-people-aged-16-to-17-years-15-november-2021
http://dx.doi.org/10.1016/S1473-3099(22)00177-3
http://bmjopen.bmj.com/


9Aiano F, et al. BMJ Open 2023;13:e071707. doi:10.1136/bmjopen-2023-071707

Open access

(version 3). 2022. Available: https://www.gov.uk/government/ 
publications/covid-19-vaccination-resources-for-schools/covid-19- 
vaccination-programme-for-children-and-young-people-guidance- 
for-schools

 11 UK Health Security Agency (UKHSA). COVID- 19 vaccine weekly 
surveillance reports (weeks 39 to 16, 2021 to 2022), Available: 
https://www.gov.uk/government/publications/covid-19-vaccine- 
weekly-surveillance-reports

 12 The Office for National Statistics (ONS). COVID- 19 Schools Infection 
Survey, England: Round 5, England, . 2021Available: https://www. 
ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/ 
conditionsanddiseases/bulletins/covid19schoolsinfectionsurve 
yengland/round5englandmay2021

 13 Tian Y, Chen L, Shi Y. Safety, efficacy, and Immunogenicity of varying 
types of COVID- 19 vaccines in children younger than 18 years: an 
update of systematic review and meta- analysis. Vaccines (Basel) 
2022;11:87. 

 14 Tessier E, Rai Y, Clarke E, et al. Characteristics associated with 
COVID- 19 vaccine uptake among adults aged 50 years and above 
in England (8 December 2020- 17 may 2021): a population- level 
observational study. BMJ Open 2022;12:e055278. 

 15 Scientific Advisory Group for Emergencies (SAGE). Factors 
influencing COVID- 19 vaccine uptake among minority ethnic groups, 
. 2020Available: https://www.gov.uk/government/publications/ 
factors-influencing-covid-19-vaccine-uptake-among-minority-ethnic- 
groups-17-december-2020

 16 The Office of National Statistics (ONS). Coronavirus and 
vaccination rates in adults by socio- demographic characteristic and 
occupation, England, . 2020Available: https://www.ons.gov.uk/peop 
lepopulationandcommunity/healthandsocialcare/healthinequalities/ 
bulletins/coronavirusandvaccinationratesinadultsbysociodemogra 
phiccharacteristicandoccupationengland/december2020toma 
rch2023

 17 Ministry of Housing, Communities & Local Government (MHCLG). 
The English Indices of Deprivation 2019.Access date. 2023.

 18 National Health Service England (NHSE). COVID- 19 Vaccinations, 
Available: https://www.england.nhs.uk/statistics/statistical-work- 
areas/covid-19-vaccinations/

 19 NHS Digital Personal Demographics Service (PDS). GDPR 
information, Available: https://digital.nhs.uk/about-nhs-digital/ 
our-work/keeping-patient-data-safe/gdpr/gdpr-register/personal- 
demographics-service-pds

 20 UK Health Security Agency (UKHSA). UKHSA Weekly National 
Influenza and COVID- 19 Report: 5 May 2022 – Week 18 report (up to 
week 17 data), Available: https://view.officeapps.live.com/op/view. 
aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk% 
2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_ 
data%2Ffile%2F1073387%2FWeekly_Influenza_and_COVID19_ 
report_data_wk_18_.ods&wdOrigin=BROWSELINK

 21 Euronews, Ian Smith, COVID vaccines. COVID vaccines: Which 
countries are vaccinating children over 5 and how do they compare?, 
Available: https://www.euronews.com/next/2022/02/25/covid- 
vaccine-for-children-who-in-europe-is-leading-the-race

 22 Medicines and Healthcare products Regulatory Agency (MHRA). The 
MHRA concludes positive safety profile for Pfizer/BioNTech vaccine 
in 12- to 15- year- olds, Available: https://www.gov.uk/government/ 
news/the-mhra-concludes-positive-safety-profile-for-pfizerbiontech- 
vaccine-in-12-to-15-year-olds

 23 Medicines and Healthcare products Regulatory Agency (MHRA). 
Moderna COVID- 19 vaccine approved by MHRA in 12- 17 year olds, 
Available: https://www.gov.uk/government/news/moderna-covid-19- 
vaccine-approved-by-mhra-in-12-17-year-olds

 24 Oeser C, Whitaker H, Linley E, et al. Large increases in SARS- Cov- 2 
Seropositivity in children in England: effects of the Delta wave and 
vaccination. J Infect 2022;84:418–67. 

 25 Agency UHS. SARS- CoV- 2 variants of concern and variants under 
investigation in England, Variant of concern: Omicron, VOC 21NOV- 
01 (B.1.1.529) Technical briefing 30, 3 December 2021, Available: 
https://assets.publishing.service.gov.uk/government/uploads/ 

system/uploads/attachment_data/file/1038404/Technical_Briefing_ 
30.pdf

 26 UK Health Security Agency (UKHSA). COVID- 19 vaccination 
programme: information for Healthcare practitioners, republished 
9 March 2022, version 4.2. 2022. n.d. Available: https://assets. 
publishing.service.gov.uk/government/uploads/system/uploads/ 
attachment_data/file/1059979/COVID-19_vaccine_Information_for_ 
healthcare_practitioners_10032022.pdf

 27 Euser S, Kroese FM, Derks M, et al. Understanding COVID- 19 
vaccination willingness among youth: A survey study in the 
Netherlands. Vaccine 2022;40:833–6. 

 28 Gray A, Fisher CB. Determinants of COVID- 19 vaccine uptake in 
adolescents 12- 17 years old: examining pediatric vaccine hesitancy 
among racially diverse parents in the United States. Front Public 
Health 2022;10:844310. 

 29 Humble RM, Sell H, Dubé E, et al. Canadian parents' perceptions 
of COVID- 19 vaccination and intention to vaccinate their 
children: results from a cross- sectional national survey. Vaccine 
2021;39:7669–76. 

 30 McElfish PA, Willis DE, Shah SK, et al. Parents’ and guardians’ 
intentions to vaccinate children against COVID- 19. Vaccines (Basel) 
2022;10:361. 

 31 Mensah AA, Sinnathamby M, Zaidi A, et al. SARS- Cov- 2 infections 
in children following the full re- opening of schools and the impact 
of national Lockdown: prospective, national observational cohort 
surveillance, July- December 2020, England. J Infect 2021;82:67–74. 

 32 Yılmaz M, Sahin MK. Parents' willingness and attitudes concerning 
the COVID- 19 vaccine: A cross- sectional study. Int J Clin Pract 
2021;75:e14364. 

 33 Nguyen KH, Nguyen K, Geddes M, et al. Trends in adolescent 
COVID- 19 vaccination receipt and parental intent to vaccinate 
their adolescent children, United States. Annals of Medicine 
2022;54:733–42. 

 34 McKinnon B, Quach C, Dubé È, et al. Social inequalities in COVID- 19 
vaccine acceptance and uptake for children and adolescents in 
Montreal, Canada. Vaccine 2021;39:7140–5. 

 35 Santorelli G, West J, Mason D, et al. Factors associated with the 
uptake of the UK routine childhood immunization schedule in a bi- 
ethnic population. Eur J Public Health 2020;30:697–702. 

 36 Hossain E, Rana J, Islam S, et al. COVID- 19 vaccine- taking hesitancy 
among Bangladeshi people: knowledge, perceptions and attitude 
perspective. Hum Vaccin Immunother 2021;17:4028–37. 

 37 Joshi A, Surapaneni KM, Kaur M, et al. A cross sectional study 
to examine factors influencing COVID- 19 vaccine acceptance, 
hesitancy and refusal in urban and rural settings in Tamil Nadu, India. 
PLoS ONE 2022;17:e0269299. 

 38 Amadane M, de Pree C, Viviano M, et al. Characteristics of HPV- 
Unvaccinated undergraduate health students in Switzerland, a cross 
sectional study. Arch Public Health 2019;77:29. 

 39 Kiener LM, Schwendener CL, Jafflin K, et al. Vaccine hesitancy and 
HPV vaccine uptake among male and female youth in Switzerland: a 
cross- sectional study. BMJ Open 2022;12:e053754. 

 40 Richardson E, Ryan KA, Lawrence RM, et al. Perceptions and 
knowledge about the Menb vaccine among parents of high school 
students. J Community Health 2021;46:808–16. 

 41 Campbell H, Edelstein M, Andrews N, et al. Emergency 
Meningococcal ACWY vaccination program for teenagers to control 
group W Meningococcal disease. Emerg Infect Dis 2017;23:1184–7. 

 42 Campbell H, Andrews N, Parikh SR, et al. Impact of an adolescent 
Meningococcal ACWY Immunisation programme to control a national 
outbreak of group W Meningococcal disease in England: a national 
surveillance and Modelling study. Lancet Child Adolesc Health 
2022;6:96–105. 

 43 Alfieri NL, Kusma JD, Heard- Garris N, et al. Parental COVID- 19 
vaccine hesitancy for children: vulnerability in an urban Hotspot. 
BMC Public Health 2021;21:1662. 

 44 The National Health Service England (NHSE). The NHS Long Term 
Plan, Available: https://www.longtermplan.nhs.uk/publication/nhs- 
long-term-plan/

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 M

arch
 19, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
29 S

ep
tem

b
er 2023. 

10.1136/b
m

jo
p

en
-2023-071707 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://www.gov.uk/government/publications/covid-19-vaccination-resources-for-schools/covid-19-vaccination-programme-for-children-and-young-people-guidance-for-schools
https://www.gov.uk/government/publications/covid-19-vaccination-resources-for-schools/covid-19-vaccination-programme-for-children-and-young-people-guidance-for-schools
https://www.gov.uk/government/publications/covid-19-vaccination-resources-for-schools/covid-19-vaccination-programme-for-children-and-young-people-guidance-for-schools
https://www.gov.uk/government/publications/covid-19-vaccination-resources-for-schools/covid-19-vaccination-programme-for-children-and-young-people-guidance-for-schools
https://www.gov.uk/government/publications/covid-19-vaccine-weekly-surveillance-reports
https://www.gov.uk/government/publications/covid-19-vaccine-weekly-surveillance-reports
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/covid19schoolsinfectionsurveyengland/round5englandmay2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/covid19schoolsinfectionsurveyengland/round5englandmay2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/covid19schoolsinfectionsurveyengland/round5englandmay2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/covid19schoolsinfectionsurveyengland/round5englandmay2021
http://dx.doi.org/10.3390/vaccines11010087
http://dx.doi.org/10.1136/bmjopen-2021-055278
https://www.gov.uk/government/publications/factors-influencing-covid-19-vaccine-uptake-among-minority-ethnic-groups-17-december-2020
https://www.gov.uk/government/publications/factors-influencing-covid-19-vaccine-uptake-among-minority-ethnic-groups-17-december-2020
https://www.gov.uk/government/publications/factors-influencing-covid-19-vaccine-uptake-among-minority-ethnic-groups-17-december-2020
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthinequalities/bulletins/coronavirusandvaccinationratesinadultsbysociodemographiccharacteristicandoccupationengland/december2020tomarch2023
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthinequalities/bulletins/coronavirusandvaccinationratesinadultsbysociodemographiccharacteristicandoccupationengland/december2020tomarch2023
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthinequalities/bulletins/coronavirusandvaccinationratesinadultsbysociodemographiccharacteristicandoccupationengland/december2020tomarch2023
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthinequalities/bulletins/coronavirusandvaccinationratesinadultsbysociodemographiccharacteristicandoccupationengland/december2020tomarch2023
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthinequalities/bulletins/coronavirusandvaccinationratesinadultsbysociodemographiccharacteristicandoccupationengland/december2020tomarch2023
https://www.england.nhs.uk/statistics/statistical-work-areas/covid-19-vaccinations/
https://www.england.nhs.uk/statistics/statistical-work-areas/covid-19-vaccinations/
https://digital.nhs.uk/about-nhs-digital/our-work/keeping-patient-data-safe/gdpr/gdpr-register/personal-demographics-service-pds
https://digital.nhs.uk/about-nhs-digital/our-work/keeping-patient-data-safe/gdpr/gdpr-register/personal-demographics-service-pds
https://digital.nhs.uk/about-nhs-digital/our-work/keeping-patient-data-safe/gdpr/gdpr-register/personal-demographics-service-pds
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_data%2Ffile%2F1073387%2FWeekly_Influenza_and_COVID19_report_data_wk_18_.ods&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_data%2Ffile%2F1073387%2FWeekly_Influenza_and_COVID19_report_data_wk_18_.ods&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_data%2Ffile%2F1073387%2FWeekly_Influenza_and_COVID19_report_data_wk_18_.ods&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_data%2Ffile%2F1073387%2FWeekly_Influenza_and_COVID19_report_data_wk_18_.ods&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_data%2Ffile%2F1073387%2FWeekly_Influenza_and_COVID19_report_data_wk_18_.ods&wdOrigin=BROWSELINK
https://www.euronews.com/next/2022/02/25/covid-vaccine-for-children-who-in-europe-is-leading-the-race
https://www.euronews.com/next/2022/02/25/covid-vaccine-for-children-who-in-europe-is-leading-the-race
https://www.gov.uk/government/news/the-mhra-concludes-positive-safety-profile-for-pfizerbiontech-vaccine-in-12-to-15-year-olds
https://www.gov.uk/government/news/the-mhra-concludes-positive-safety-profile-for-pfizerbiontech-vaccine-in-12-to-15-year-olds
https://www.gov.uk/government/news/the-mhra-concludes-positive-safety-profile-for-pfizerbiontech-vaccine-in-12-to-15-year-olds
https://www.gov.uk/government/news/moderna-covid-19-vaccine-approved-by-mhra-in-12-17-year-olds
https://www.gov.uk/government/news/moderna-covid-19-vaccine-approved-by-mhra-in-12-17-year-olds
http://dx.doi.org/10.1016/j.jinf.2021.11.019
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1038404/Technical_Briefing_30.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1038404/Technical_Briefing_30.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1038404/Technical_Briefing_30.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1059979/COVID-19_vaccine_Information_for_healthcare_practitioners_10032022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1059979/COVID-19_vaccine_Information_for_healthcare_practitioners_10032022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1059979/COVID-19_vaccine_Information_for_healthcare_practitioners_10032022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1059979/COVID-19_vaccine_Information_for_healthcare_practitioners_10032022.pdf
http://dx.doi.org/10.1016/j.vaccine.2021.12.062
http://dx.doi.org/10.3389/fpubh.2022.844310
http://dx.doi.org/10.3389/fpubh.2022.844310
http://dx.doi.org/10.1016/j.vaccine.2021.10.002
http://dx.doi.org/10.3390/vaccines10030361
http://dx.doi.org/10.1016/j.jinf.2021.02.022
http://dx.doi.org/10.1111/ijcp.14364
http://dx.doi.org/10.1080/07853890.2022.2045034
http://dx.doi.org/10.1016/j.vaccine.2021.10.077
http://dx.doi.org/10.1093/eurpub/ckaa069
http://dx.doi.org/10.1080/21645515.2021.1968215
http://dx.doi.org/10.1371/journal.pone.0269299
http://dx.doi.org/10.1186/s13690-019-0348-y
http://dx.doi.org/10.1136/bmjopen-2021-053754
http://dx.doi.org/10.1007/s10900-020-00954-1
http://dx.doi.org/10.3201/eid2307.170236
http://dx.doi.org/10.1016/S2352-4642(21)00335-7
http://dx.doi.org/10.1186/s12889-021-11725-5
https://www.longtermplan.nhs.uk/publication/nhs-long-term-plan/
https://www.longtermplan.nhs.uk/publication/nhs-long-term-plan/
http://bmjopen.bmj.com/


Supplement 1 – Cumulative weekly vaccine uptake by age, dose 1, COVID-19 vaccine surveillance report, 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1045027/Weekly_Flu_and_COVID-19_report_w1.pdf  
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Supplement 2: Odds ratio of pupils being vaccinated by demographic, socio-economic and geographic characteristics, as of 9 January 2022, in England. The baseline 

model contains ethnicity, age and sex. The fully adjusted model contains, ethnicity, age, sex and in addition EAL, special educational needs (SEN), FSM, Income 

Deprivation Affecting Children Index (IDACI), region, urban/rural. 
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