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Abstract

Background: The coronavirus disease 2019 (COVID-19) vaccination
programme in England was extended to include all adolescents and
children by April 2022. The aim of this paper is to describe trends and
variation in vaccine coverage in different clinical and demographic
groups amongst adolescents and children in England.

Methods: With the approval of NHS England, a cohort study was
conducted of 3.21 million children and adolescents’ records in general
practice in England, in situ and within the infrastructure of the
electronic health record software vendor TPP using OpenSAFELY.
Vaccine coverage across various demographic (sex, deprivation index
and ethnicity) and clinical (risk status) populations is described.
Results: Coverage is higher amongst adolescents than it is amongst
children, with 53.5% adolescents and 10.8% children having received
their first dose of the COVID-19 vaccine. Within those groups,
coverage varies by ethnicity, deprivation index and risk status; there is
no evidence of variation by sex.

Conclusion: First dose COVID-19 vaccine coverage is shown to vary
amongst various demographic and clinical groups of children and
adolescents.
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Introduction

By April 2022, the coronavirus disease 2019 (COVID-19) vac-
cination programme in England had been expanded to include
all adolescents (12—15 year olds) and children (5-11 year olds).
Invitations were extended to those considered clinically vul-
nerable or living with a vulnerable adult first (adolescents in
August 2021 and children in January 2022) with all others being
invited soon after (adolescents in September 2021 and children
in April 2022). We have extended our existing COVID-19 vac-
cine analysis pipeline', implemented using the OpenSAFELY
platform, to include adolescents and children’. Our analysis
queries the primary care data of 3.21m adolescents and chil-
dren, a (~40%) subset of the entire population of adolescents
and children in England (specifically, this subset is all 5-15
year olds who belong to a GP practice using TPP SystmOne
EHR software).

Methods

Study design

A retrospective cohort study was conducted using general prac-
tice (GP) primary care EHR data from all England GP practices
supplied by the EHR vendor TPP. The cohort study began on
7" December 2020 (to capture the start of the national vaccina-
tion campaign which began on 8" December 2020) and ended
on 10 August 2022.

Data access and verification

Access to the underlying identifiable and potentially re-identifiable
pseudonymised electronic health record data is tightly
governed by various legislative and regulatory frameworks,
and restricted by best practice. The data in OpenSAFELY is
drawn from General Practice data across England where TPP
is the Data Processor. TPP developers (CB, JC, JP, FH, and SH)
initiate an automated process to create pseudonymised records
in the core OpenSAFELY database, which are copies of key
structured data tables in the identifiable records. These are
linked onto key external data resources that have also been pseu-
donymised via SHA-512 one-way hashing of NHS numbers
using a shared salt. Bennett Institute for Applied Data Science
developers and PIs (CEM, SCB, AJW, WJH, HJC, PI) holding
contracts with NHS England have access to the OpenSAFELY
pseudonymised data tables as needed to develop the Open-
SAFELY tools. These tools in turn enable researchers with
OpenSAFELY Data Access Agreements to write and execute
code for data management and data analysis without direct
access to the underlying raw pseudonymised patient data, and to
review the outputs of this code.

Study population

All patients alive and registered with a general practice using
TPP in England on 10 August 2022 and aged between 5 and 15
on that same date were included in this study. Patients without
a recorded sex were excluded.

COVID-19 vaccine status

Vaccination information is transmitted back to patients’ primary
care records in the days following vaccine administration in a
designated centre. Which patients had any recorded COVID-19
vaccine administration code in their primary care record
(Pfizer-BioNTech mRNA vaccine, AstraZeneca-Oxford vaccine
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or Moderna vaccine) was ascertained. The latest available date
of vaccinations recorded in the most recent comparable Open-
SAFELY-TPP database build were included for those vac-
cinated up to 10 August 2022. All counts are rounded to the
nearest 7.

Key demographic and clinical characteristics of
vaccinated groups

Patient demographics defined by the national reporting specifi-
cation (for example, ethnicity) were extracted. Demographics
not defined by the specification, including the level of dep-
rivation, were also extracted. Deprivation was measured by
the Index of Multiple Deprivation (IMD, in quintiles, with
higher values indicating greater deprivation), derived from the
patient’s postcode at Lower Super Output Area. Patients with
missing data were grouped into an unknown category.

Risk status

The patients who are ‘In a risk group’ have been identified
using the criteria in Table 4 of The Green Book and codelists
from SARS-CoV-2 (COVID-19) Vaccine Uptake Reporting
Specification Collection 2020/2021 (v1.5.3) as distributed by
PRIMIS. This includes patients with: immunosuppression;
chronic kidney disease; chronic liver disease; chronic heart dis-
ease; chronic respiratory disease; chronic neurological disease
(including stroke/TIA, cerebral palsy, or MS); asplenia or dys-
function of the spleen; asthma; diabetes; severe mental illness;
learning disabilities and pregnancy.

Software availability

All code for the full data management pipeline—from raw
data to completed results for this analysis—and for the
OpenSAFELY platform as a whole is available for review at
GitHub and archived in Zenodo®.

Data management and analysis was performed using the
OpenSAFELY software libraries and Python, both implemented
using Python 3, with additional analyses carried out using R.
Code for data management and analysis as well as codelists
is archived online (https://github.com/opensafely/nhs-covid-vacci-
nation-coverage/tree/1.46.1).

Results

Figure 1 summarises first dose COVID-19 vaccine coverage
for relevant demographic and clinical populations, as calcu-
lated by our most recent analysis. As of 10th August 2022,
53.5% (633,122 of 1,183,931) adolescents and 10.8% (219,163
of 2,022,167) children had received their first COVID-19
vaccination dose. No variation by sex was observed.

Disparities amongst ethnic groups observed previously in adults
are also observed in the under 16 cohorts'. 56.7% (492,905
of 868,980) of White adolescents have received a first dose
compared to 29.5% (12,159 of 41,258) of Black adolescents.
12.0% (23,506 of 195,132) of South Asian children have
received a first dose compared to 5.0% (3,269 of 65,716) of
Black children. Coverage is particularly low in the Caribbean
population: in this group, 18.7% (875 of 4,690) adolescents and
2.2% (161 of 7,175) children have been vaccinated. There is
noticeably higher than average uptake in other ethnic groups:
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Figure 1. The coverage of first dose COVID-19 vaccination amongst adolescents (12-15) and children (5-11) in England, broken
down by demographic (sex, index of multiple deprivation and ethnicity) and clinical characteristics (risk status), as of 10 August
2022. Coverage is calculated as a percentage of the whole cohort. The overall coverage for each cohort is indicated with a dashed grey line
on each plot. Vaccine campaign length: 52 weeks for vulnerable adolescents (began 6 August 2021); 46 weeks for all other adolescents
(began 21 September 2021). Vaccine campaign length: 27 weeks for vulnerable children (began 30 January 2022); 18 weeks for all other
children (began 4 April 2022).
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61.0% (21,469 of 35,168) Indian or British Indian adolescents and
21.0% (13,566 of 64,589) Indian or British Indian children have
received their first dose. Vaccine coverage is similarly high amongst
the Chinese population: 57.6% (3,934 of 6,832) and 19.3%
(2,114 of 10,934) amongst Chinese adolescents and children
respectively.

Variation in vaccine coverage by deprivation previously observed
amongst adults persists in the under 16 cohorts. First dose cov-
erage is lower in areas of high deprivation: 38.3% (106,743
of 278,796) adolescents living in the most deprived quintile
have received their first dose compared to 68.3% (141,540 of
207,158) adolescents living in the least deprived quintile. A
similar pattern was observed in the 5-11 year old population,
with 15.6% (51,443 of 329,077) and 6.6% (32,207 of 484,596)
uptake in the least and most deprived quintile respectively.

There is some evidence that coverage is higher amongst chil-
dren identified as at higher risk of severe COVID-19 (and
therefore invited for their first vaccination at an earlier
date). First dose uptake is 57.2% (51,373 of 89,859) amongst
adolescents “in a risk group”, compared to 53.2% (581,749
of 1,094,072) amongst those “not in a risk group”; simi-
larly, 18.0% (21,350 of 118,839) of children “in a risk group”
have received their first dose, compared to 10.4% (197,813 of
1,903,328) of children “not in a risk group”.

Discussion

Overall, first dose COVID-19 vaccine coverage is lower amongst
5-15 year olds than it is amongst the adult (over 16) popula-
tion. Coverage amongst children is particularly low: a higher
percentage of adolescents have received their first dose in all
demographic and clinical subgroups. In both age groups, cov-
erage is shown to vary amongst all but one of the demographic
and clinical groups examined (sex being the only breakdown that
does not exhibit a difference). Demographic disparities previ-
ously observed amongst the adult population are also observed
for 5-15 year olds. There is some evidence that those identi-
fied as being “in a risk group” are more likely to be vaccinated;
this is more apparent in the 5-11 age group than the 12-15
age group.

For context, cumulative coverage figures demonstrate that cov-
erage is continuing to increase over time, particularly amongst
children. We encourage readers to view the full report to inform
vaccination campaigns locally and address any inequalities
in vaccination coverage.

Information governance and ethical approval

NHS England is the data controller for OpenSAFELY-TPP;
TPP is the data; all study authors using OpenSAFELY have
the approval of NHS England. This implementation of Open-
SAFELY is hosted within the TPP environment which is
accredited to the ISO 27001 information security standard and
is NHS IG Toolkit compliant NHS IG Toolkit compliant.

Patient data has been pseudonymised for analysis and link-
age using industry standard cryptographic hashing tech-
niques; all pseudonymised datasets transmitted for linkage onto
OpenSAFELY are encrypted; access to the platform is via a virtual
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private network (VPN) connection, restricted to a small group
of researchers; the researchers hold contracts with NHS
England and only access the platform to initiate database
queries and statistical models; all database activity is logged;
only aggregate statistical outputs leave the platform environment
following best practice for anonymisation of results such as
statistical disclosure control for low cell counts.

The OpenSAFELY research platform adheres to the obliga-
tions of the UK General Data Protection Regulation (GDPR)
and the Data Protection Act 2018. In March 2020, the Secretary
of State for Health and Social Care used powers under the UK
Health Service (Control of Patient Information) Regulations
2002 (COPI) to require organisations to process confidential
patient information for the purposes of protecting public health,
providing healthcare services to the public and monitoring
and managing the COVID-19 outbreak and incidents of expo-
sure; this sets aside the requirement for patient consent. This
was extended in November 2022 for the NHS England Open-
SAFELY COVID-19 research platform. In some cases of
data sharing, the common law duty of confidence is met
using, for example, patient consent or support from the Health
Research Authority Confidentiality Advisory Group.

Taken together, these provide the legal bases to link patient
datasets on the OpenSAFELY platform. GP practices, from
which the primary care data are obtained, are required to share
relevant health information to support the public health response
to the pandemic, and have been informed of the OpenSAFELY
analytics platform.

This study was approved by the Health Research Authority
(REC reference 20/LO/0651) and by the LSHTM Ethics Board
(reference 21863).

Data availability

All data were linked, stored and analysed securely within the
OpenSAFELY platform https://opensafely.org/. Data include
pseudonymized data such as coded diagnoses, medications
and physiological parameters. No free text data are included.
All code is shared openly for review and re-use under MIT open
license (https://github.com/opensafely/nhs-covid-vaccination-
coverage/tree/1.46.1). Detailed pseudonymised patient data is
potentially re-identifiable and therefore not shared. We rapidly
delivered the OpenSAFELY data analysis platform without prior
funding to deliver timely analyses on urgent research ques-
tions in the context of the global Covid-19 health emergency:
now that the platform is established we are developing a
formal process for external users to request access in collabora-
tion with NHS England; details of this process are available at
OpenSAFELY.org/onboarding-new-users.

Software availability

* Source code available from: https:/github.com/open-
safely/nhs-covid-vaccination-coverage/tree/1.46.1

e Archived source code at time of publication: https://
doi.org/10.5281/zenodo.75479233.

¢ License: MIT
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? Kimberley Foley
Department of Primary Care and Public Health, Imperial College London, London, England, UK

This work presents interesting findings about the COVID-19 vaccine coverage for children and
adolescents. This is a large study using population-based data, but there are several aspects of
this work that could be clarified, which I will highlight below:

The introduction to this research note is very brief, but additional context would be useful. For
example, information on the status of government restrictions/social distancing measures in
relation to the timing of offering vaccines to children and adolescents might be helpful. The aim of
the paper was included in the "background" section of the abstract, but was not repeated in the
introduction and should also be included here.

The methods were briefly outlined, but again, more detail would be helpful. I appreciate this is a
research note and therefore will be less detailed than a full research article, but it appears to
currently be well within the word limits so key areas could be expanded. For example, it appears
the initial vaccine cohort using the OpenSAFELY platform included individuals belonging to GP
practices using both TPP and EMIS, but this subset is only TPP - are there likely to be any expected
differences in the study population that may affect generalisability?

I would appreciate it if the authors could further explain/justify why the study population included
everyone alive/registered with a GP practice at the end date of the study period.

In the methods section it would be helpful to see a full list of the key demographic and clinical
characteristics included in this study. It would also be useful to return to this list in the discussion
to discuss any that were not included that may be associated with vaccination of child/adolescents
(e.g. parent/carer vaccination status?). In reading the methods, I wasn't entirely clear as to
whether data on household risk status was available. Were the authors able to identify
children/adolescents living with a vulnerable adult, and therefore were these children/adolescents
included in the "in a risk group" category? It would be helpful to clarify this point and if these
children/adolescents were not included in the "in a risk group”, the implications of this could be
discussed further in the discussion section.
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The results present descriptive data in a series of figures. However as mentioned in the footnote
to the figure, vaccine eligibility for each group (at risk vs not, children vs adolescents) varied over
time. I wondered whether the relationship between these groups and demographic factors
varied? (e.g. vaccine uptake for children aged 5-11 and "not at risk" was lower, but this may be due
to less time eligible - would the differences observed in ethnicity/IMD based on vaccination status
be greater for this group? Or to ask a separate question, does the proportion of
children/adolescents "at risk" vary among different ethnic groups?) I would appreciate justification
in the methods why these groups were not analysed separately. Additionally, as proportions are
being compared in this research note, it would be useful to include the relevant statistics to
support the statements made in the text.

In the discussion, some of the main findings of this work are clearly summarised, but what are the
implications of this work? The authors helpfully point out that vaccine coverage is increasing over
time, but readers are encouraged to view the full report. Which details of the full report would be
useful for readers to understand? What are the conclusions/lessons to be learned from this
research?

Many thanks for the opportunity to review this interesting report and I hope these comments are
helpful to the authors.
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