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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
t0 77.2% in those aged 17 years old. Among adolescents
aged 1215 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

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.

= Notall adolescents were captured in English Schools
Census or due to data linkage issues or changing
schools between the academic year.

significantly reduced morbidity and mortality
caused by SARS-CoV-2." 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,*
and, therefore, have received lower priority in
the rollout of COVID-19 vaccine programmes
globally.” 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 % because the
first dose was shown in pre-licensure clinical
trials to provide very high levels of protection
within 2 weeks.’

In adolescents, the UK Joint Committee
on Vaccination and Immunisation (JCVI)
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recommended COVID-19 vaccination for children aged
212 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.”

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.”
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.” In
England, COVID-19 vaccination for adolescents 12-15
years old was delivered primarily through educational
settings, and later extended to national vaccination
centres."’

In England, COVID-19 vaccine uptake was highest in
older adults and declined with younger age, with the
lowest uptake among adolescents,'’ 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."

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."” 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."*"® 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.'® 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%, 6568 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,

Open access

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

Number of pupils Vaccination
to have received at uptake: at
Age least one dose of Total least 1 dose

(years) COVID-19 vaccine
12 305 672
13 324 479
14 328 783

population (%)
627 968 48.7
631 937 51.4
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 1850 287 3259724 56.8

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 1782 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 impacton
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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

Vaccination

of COVID-19 vaccineupto 9 Total uptake: at least
January 2022 population 1 dose (%)

Sex

Male 658 703 1256 147 52.4

Female 632 858 1199 374 52.8
English as an additional language

Speaks English as their first language 1132 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 197 728 411 489 481

Has not accessed to special educational needs support 1093 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 1050176 1782 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

4 125 378 255 520 491

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.

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 FAL 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
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Table 3 Number and proportion of pupils aged 12-17 dpse by 9]anugry 2022, while 5'8% and 46'0%’ respec
years to have received a COVID-19 vaccine by ethnicity, tively, had received two doses. Vaccine uptake increased

region and area type up to 9 January 2022 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

Number of pupils

to have received Vaccination
at least one dose uptake: at programme in the former cohort. Vaccine uptake was
of COVID-19 Total least 1 dose highly variable by region and was higher in rural than
vaccine population (%] urban areas. There were large variations in vaccine uptake
Ethnicity by ethnicity with up to 63% difference between the most
e 7037 9586 755 and least vaccinated ethnic groups. Among pupils aged
Indian 49 420 25 189 65.7 12-15 years old, Chinese (75.5%) and Indian (65.7%)
: = pupils were most likely to have been vaccinated, while
L S0 oo s b S Gypsy or Roma and black Caribbean (both 12.4%) pupils
White lrish 3896 6670 58.4 were least likely to have been vaccinated. Vaccine uptake
Asian other 25 375 44 549 57.0 was lower in pupils reporting EAL, attending SEN schools,
Mixed white 19 832 35 423 56.0 living in more deprived areas and being eligible for FSM.
Asian In a multivariable logistic regression model, socioeco-
Bangladeshi 19 328 42 240 45.8 nomic variables had a greater relative association with
Mixed other 23 008 53 350 431 being vaccinated than geographical variables (region and
urban/rural status); but the difference in uptake between
Refused 9145 21773 42.0 ethnic groups persists after adjusting for sI())cioeconomic
N esEnesl 140 202 e and regional differences (online supplemental file 2).
Mixed white 8465 21033 40.2 School-level analysis found that vaccine uptake varied
black African greatly between schools even within the same regions and
Other 18 807 46 771 40.2 was inversely correlated with the proportions of pupils
Pakistani 37 060 108 045 34.3 eligible for FSM.
White other 50 784 150 535 33.7 We analysed factors associated with the low vaccine
Mixed 11 797 38 785 304 uptake in adolescents to provide policymakers with a better
white black understanding of those who were least likely to engage
Caribbean with the vaccine rollout.?” When compared with other UK
Black African 25 936 95 858 27 1 regions, COVID-19 vaccine uptake among adolescents in
Black other 4687 18 181 058 England was higher than in Wales and Northern Ireland
: at the time, but lower than in Scotland.?!
Traveller Irish 289 1152 251 In the UK, the Medicines and Healthcare products
Black 3383 27210 12.4 Regulatory Agency approved the Pfizer-BioNTech vaccine
Cabiean for those 12-15 years old in June 2022,%* and the Moderna
Gypsy/Roma 840 6792 12.4 vaccine for those 12-17 years old in August 2021.%
Region Compared with other countries, however, COVID-19
South East 237 348 391 264 60.7 vaccination for adolescents was recommended later in
South West 134 107 259 387 58.5 the UK, which may explain the lower vaccine uptake.
East of 159 593 278 683 = In Europe, the European Medicine's Agency approved
England the use of the Pfizer-BioNTech vaccine for adolescents
, 12-15 years old in May 2021 and the Moderna vaccine
East Midlands 117 701 214 510 54.9 . .
for those 12—17 years old in July 2021. Across Europe, in
Mol g2 el vlgszs B early February 2022, the median uptake of the two-dose
Yorkshire and 129 486 250010 518 primary vaccination course among adolescents 15-17
the Humber years old was 70.9% in 17 reported countries, and 35.5%
West 138 194 277442 498 in those 10-14 years old in 16 reported countries, but
Midlands with wide variability between countries. Some countries
North West 165 517 339 125 48.8 such as Denmark, Italy, Ireland, France, Portugal and
London 146 935 359 777 40.8 Spain have achieved very high vaccine uptake among
Area type adolescents, while in other countries such as Austria and
Rural 185 110 295 781 62.6 Swe(.ien, Vacc'ine uptake remained below 50% and others,
Urban - BaT I T particularly in eastern Europe, gllave reported very low

vaccine uptake in this age group.

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
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(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.

adolescents 12-15 years old were seropositive for SARS-
CoV-2 antibodies by September 2021.** This could have
led parents to reconsider the need for vaccinating their
children. Additionally, the emergence of the Omicron
variant in November 2021% 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,% 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.”” Not surprisingly, parental vaccination status is
strongly associated with the adolescents’ attitudes towards
vaccination.””* 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.” 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,'” similar to surveys
in other countries.”” % * 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.”

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 % and consistent with other childhood
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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).

vaccinations.® Notably, too, parents of children who were
underimmunised pre-pandemic may have been less likely
to vaccinate their child against COVID-19.2 A Cana-
dian survey also found that parents of younger children
were less inclined to have their child vaccinated.”* 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.™ ™ 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.! 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.** *

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

Aiano F, et al. BMJ Open 2023;13:€071707. doi:10.1136/bmjopen-2023-071707
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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
identity evidence-based interventions to improve vaccine
uptake in adolescents, especially in underrepresented
demographics. The UK Government has committed to
reducing health inequalities, as outlined in the National
Healthcare Inequalities Improvement Programme.**
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.
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