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ARTICLE INFO ABSTRACT

Keywords: SARS-CoV-2 vaccines are highly effective in preventing severe COVID-19 but require boosting to maintain
Covid-19 protection. Changes to circulating variants and prevalent natural immunity may impact on real-world effec-
Vaccination

tiveness of boosters. With NHS England approval, we used linked routine clinical data from >24 million patients
to evaluate the effectiveness of the 2022 combined COVID-19 autumn booster and influenza vaccine campaign in
non-clinically vulnerable 50-year-olds in England using a regression discontinuity design. Our primary outcome
was a composite of 6-week COVID-19 emergency attendance, COVID-19 unplanned hospitalisation, or death. By
26 November 2022, booster vaccine coverage was 11.1 % at age 49.75 years increasing to 39.7 % at age 50.25
years. The estimated effect of the campaign on the risk of the primary outcome in 50-year-olds during weeks
7-12 after the start of the campaign was —0.4 per 100,000 (95 % CI -7.8, 7.1). The results were similar when
using different follow-up start dates or when estimating the effect of vaccination (rather than the campaign). This
study found little evidence that the autumn 2022 vaccination campaign in England was associated with a
reduction in severe COVID-19-related outcomes among non-clinically vulnerable 50-year-olds. Possible expla-
nations include the low risk of severe outcomes and substantial pre-existing vaccine- and infection-induced
immunity. The booster campaign may have had effects beyond those we estimated, including reducing virus
transmission and incidence of mild or moderate COVID-19.

Sars-cov-2
Influenza

1. Introduction be reduced against new variants. [4-9] High prevalence of immunity
resulting from prior SARS-CoV-2 infection may also impact on booster

The SARS-CoV-2 vaccines are highly effective at preventing severe vaccine effectiveness.
COVID-19 outcomes, including hospitalisation and mortality. [1,2] Following the primary course of two doses, the UK offered first
However, their benefits wane over time [3] and so booster vaccinations COVID-19 booster vaccinations from autumn 2021 to high-risk in-
are needed to sustain protection. A first booster vaccination reduces the dividuals and people 50 years and older. A spring 2022 booster was
incidence of severe COVID-19, but that protection also wanes and may subsequently offered to people 75 years or older and those considered
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clinically vulnerable. An autumn booster was available from September
2022, initially targeting people considered at high risk, such as those
aged over 65 years, care home residents and their staff, and immuno-
suppressed people. [10,11] On 15 October 2022, people aged 50-64
years who were not considered high risk became eligible for booster
vaccination. [12] This coincided with the 2022/23 rollout of influenza
vaccination, which was available from the same date to people who
would turn 50 by March 2023. [12]

In this study, we estimated the effectiveness of the 2022 autumn
COVID-19 booster vaccination campaign, coinciding with the influenza
vaccination campaign, in reducing COVID-19 outcomes among non-
clinically vulnerable people aged 50 years in England using a regres-
sion discontinuity design and the OpenSAFELY-TPP database.

2. Materials and methods
2.1. Study objective and population

Four COVID-19 booster vaccines were offered to adults in autumn
2022, including two Moderna mRNA (monovalent and bivalent) and
two Pfizer-BioNTech vaccines (monovalent and bivalent). For influenza,
costs of the cell-based and recombinant quadrivalent influenza vaccines
were reimbursed through the NHS for people under 65 years.

Our primary objective was to estimate the average effect of the
combined COVID-19 booster and influenza vaccination campaign on
severe COVID-19 outcomes in non-clinically vulnerable people aged 50
years in England who had previously received at least two COVID-19
vaccinations. This population became eligible for the COVID-19
booster and influenza vaccine on 15 October 2022. Our secondary
objective was to estimate the effect of the booster vaccine itself among
compliers; that is, people who take up the vaccine only when eligible.

We included all adults aged 45-54 years during the study period who
were registered at one GP practice for at least 90 days prior to 3
September 2022 and had complete information on age and sex. People
considered high risk or clinically vulnerable, who were eligible for
booster vaccination earlier in the year were excluded. [10] This included
people who [13]: identified as a health or social care workers at time of
prior vaccination; were resident in a care or nursing home; or were part
of any other clinically vulnerable group, specifically people with:
chronic respiratory disease, chronic heart/vascular disease, chronic
kidney disease, chronic liver disease, chronic neurological disease,
diabetes, immunosuppression, asplenia, morbid obesity, or severe
mental illness; or had evidence of having received a third primary dose
of the COVID-19 vaccine which may be a marker of immunosuppression.

We also excluded people who were otherwise ineligible for the
booster or unlikely to be vaccinated, including people who: received
another COVID-19 vaccine within 90 days prior to 15 October 2022; did
not receive the first two primary doses of the COVID-19 vaccine; were
housebound; or were receiving end of life care. Supplementary Table 1
lists the exclusion criteria and their definitions. Clinically vulnerable
individuals were identified using primary care data using the same
approach as described previously. [3,14]

2.2. Data source

All data were linked, stored and analysed securely within the
OpenSAFELY platform: https://opensafely.org/. With the approval of
NHS England, primary care records managed by the GP software pro-
vider TPP SystmOne were linked, using NHS numbers, to Emergency
Care Data Set (ECDS) and in-patient hospital spell records via NHS
Digital's Hospital Episode Statistics (HES), and national death registry
records from the Office for National Statistics (ONS). COVID-19 vacci-
nation history is available in the GP record directly via the National
Immunisation Management System (NIMS). The dataset analysed within
OpenSAFELY is based on approximately 24 million people currently
registered with GP surgeries using TPP SystmOne software.
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2.3. Study measures

2.3.1. Outcomes

The primary outcome was a composite of COVID-19-related un-
planned hospitalisation, COVID-19-related accident and emergency
attendance, or COVID-19 death from 6-weeks after start of the vacci-
nation campaign. If an individual had multiple events during the follow-
up period, it was only counted once. For unplanned hospitalisations, the
COVID-19 diagnosis could be either primary or secondary cause in any
position. Only unplanned admissions were included as these are more
likely to be due to incident COVID-19 disease. For COVID-19 deaths,
COVID-19 could be either an underlying or contributing cause in any
position. We did not include a positive SARS-CoV-2 test as an outcome
because free testing in England ended in April 2022.

Due to potential misdiagnosis of COVID-19 related outcomes, we also
included a composite outcome of respiratory unplanned admission or
respiratory death. We also examined any unplanned hospitalisations and
any death. The definition and codes used to identify outcomes are in
Supplementary Table 2.

2.3.2. Exposure

The exposure was booster eligibility, defined as being 50 years or
older on the start of follow-up, for vaccination in the autumn 2022
booster campaign. Age was categorised in 3-month intervals. As only
month of birth is available in OpenSAFELY, date of birth was set to the
15th of the month. We defined receipt of the autumn booster as a record
of a third or fourth COVID-19 vaccination on or after 5 September 2022
(the date autumn boosters first became available), as some people may
have been vaccinated prior to eligibility. We constructed cumulative
incidence curves of booster coverage to display how separation above/
below the threshold changed over the study period.

2.4. Study design

We used regression discontinuity, a study design that takes advan-
tage of the threshold of being aged 50 years or older for booster vacci-
nation eligibility and estimates the effectiveness of booster vaccination
at this threshold. [15,16] Threshold-based eligibility mimics random-
isation, as the distribution of confounding variables among people just
above and below the threshold is expected to be similar. [17] Regression
discontinuity has previously been used to estimate the effectiveness of
vaccines and vaccination campaigns, such as the first COVID-19 vaccine
dose on COVID-19 mortality in England [18] and influenza vaccination
in England and Wales. [19]

For the primary analysis, the index date for start of follow-up was 6
weeks after the start of the campaign (26 November); this was chosen as
booster vaccine coverage started to plateau at this point (Fig. 1a). The
population-level effect of booster vaccination is likely to evolve over
time, as the proportion of people vaccinated increases, and the preva-
lence of SARS-CoV-2 infection changes. We therefore included multiple
index dates for the start of follow-up as supplementary analyses: 3
September 2022 (before the start of the campaign; negative control); 15
October 2022 (start of the campaign; negative control); and each day
between 26 November (6 weeks after the start of the campaign) and 9
December 2022. Follow-up was for 6 weeks after each index date. For
example, for the analysis starting on 9 December we identified outcomes
up to 20 January. For each index date, we excluded people who had died
or deregistered before that date.

2.4.1. Assumptions

Key assumptions of regression discontinuity are “continuity” (the
risk of the outcome is expected to change smoothly at the threshold in
absence of the intervention) and “exchangeability” (similar distribution
of confounders just below and above the threshold). [17] To test the
latter assumption, we plotted the distribution of the following charac-
teristics by age in 3 month intervals: sex (male, female); deprivation,
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Fig. 1. Coverage (%) of COVID-19 autumn booster by age. A) Cumulative
coverage based on age in years at 3 September 2022. The booster vaccination
became available to non-clinically vulnerable people aged 50-64 years on 15
October 2022. B) Coverage at 26 November 2022 by age in 3-month intervals.

measured by the English Index of Multiple Deprivation (IMD), grouped
by quintile of national rank; ethnicity (White, Mixed, Asian/Asian
British, Black/Black British, Other, Unknown); practice region (East,
East Midlands, London, North East, North West, South East, South West,
Yorkshire and The Humber); number of previous COVID-19 vaccine
doses. We also quantified receipt of influenza vaccine in the 2022/23
season from July 2022 onwards to examine its discontinuity at the
threshold. However, ascertainment of influenza vaccination was
incomplete, because vaccination delivered by pharmacists outside of
general practice is not routinely recorded in electronic health records.

We used both “sharp” and “fuzzy” regression discontinuity designs,
which address different research questions. [16,20] The sharp design
estimates the effect of the vaccination campaign (rather than receipt of
vaccination itself) at the threshold age. As both the second booster and
the influenza vaccine became available on the same date at the same age
threshold, this represents the effect of the combined vaccination cam-
paigns. In contrast to the sharp design, the fuzzy design estimates the
effectiveness of receiving, compared with not receiving, booster vacci-
nation. Fuzzy regression discontinuity uses vaccine eligibility (being age
50 years or older) as an instrumental variable and estimates the “local
average treatment effect” (LATE) or “complier average causal effect”
(CACE) at the threshold. [17] This is the effect of vaccination among
“compliers” - the subset of the population who are vaccinated only when
eligible. The analysis assumes no “defiers” - people who are vaccinated
only when ineligible. This assumption is also known as monotonicity.
The monotonicity assumption is untestable, but likely to hold in our
study. Other assumptions are that the instrumental variable is associated
with the outcome only through vaccination at the threshold, and there
are no common causes of eligibility and the outcome. [21] These as-
sumptions are also plausible for our study.
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2.5. Statistical methods

Outcomes were expressed as 6-week risks per 100,000 population.
To prevent disclosure, all event counts presented were rounded to the
nearest 5 with risks calculated from rounded counts. However,
unrounded counts and risks were used in regression modelling. The
primary bandwidth was 5 years (20 data points representing three-
month age intervals) either side of the threshold.

To estimate the effect of being eligible for the COVID-19 autumn
booster/influenza vaccine among people aged 50 years (sharp regres-
sion discontinuity), we estimated the discontinuity in the risk of each
outcome at the threshold by fitting a regression model with age in 3-
month intervals (continuous), a binary variable representing the vac-
cine age threshold (>50 years), and an interaction between the two,
allowing the slope of the change in the probability of the outcome by age
to vary above and below the threshold. Age was centred, so that “0”
represented the threshold. We expressed estimated effects as risk dif-
ferences with associated 95 % confidence intervals (Cls). This represents
the estimated difference in the 6-week outcome risk among people just
above the threshold (who were targeted by the campaign) compared
with people just below the threshold (who were not targeted by the
campaign). A negative value means that the vaccination campaign is
associated with a lower rate of the outcome. For the fuzzy regression
discontinuity analysis, we used an instrumental variable approach to
estimate the effect of vaccination in people aged 50. We used the two-
stage least squares estimator. As is standard for instrumental variable
analysis, we first predicted booster vaccine coverage based on age. We
then predicted the outcome using the age-based predictions of vaccine
coverage. [17] Here, the risk difference represents the estimated dif-
ference in the 6-week outcome among “compliers”, that is the subset of
the population who are vaccinated only when eligible.

2.6. Sensitivity analyses

For the sharp regression discontinuity analysis, we conducted two
sensitivity analyses: first, we excluded people born in the index month
due to the imprecision in recorded birth date. Second, given the po-
tential for bias with wide bandwidths, we repeated the analysis using
progressively smaller bandwidths (4 years, 3 years, 2 years, 1 year). For
the fuzzy regression discontinuity analysis, we repeated the analysis
including influenza vaccination prior to the index date in the model and
using different bandwidth periods.

2.7. Software and reproducibility

Data management was performed using Python 3.8, with analysis
carried out using R 4.0.5. Code for data management and analysis as
well as codelists archived online https://github.com/opensafely/
vax-fourth-dose-RD.

2.8. Patient and Public Involvement

We have developed a publicly available website https://opensafely.
org/ through which we invite any patient or member of the public to
contact us regarding this study or the broader OpenSAFELY project.

2.9. Ethics approval

This study was approved by the Health Research Authority (Research
Ethics Committee.

Reference 20/L0/0651) and by the London School of Hygiene and
Tropical Medicine ethics

Board (reference 21863).
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3. Results

We identified 3,254,000 people aged 45-54 years registered with a
practice using TPP SystmOne on 3 September 2022. Of these, 1,336,625
(41.1 %) were excluded (Table 1). The most common reasons for
exclusion were not having received a second primary COVID-19 dose
(521,165, 16.0 %) or being in a clinically vulnerable group (762,650,
23.4 %), most frequently due to diabetes (229,905, 7.1 %), chronic heart
disease (160,165, 4.9 %) or severe obesity (143,720, 4.4 %).

Among 1,917,375 people included in analyses, 465,730 (51.4 %) of
people 45-49 years and 516,310 (51.1 %) of people 50-54 years were
male and 661,145 (73.0 %) and 776,560 (76.8 %) were of White
ethnicity, respectively (Table 2). Most (743,485 [82.1 %] and 885,095
[87.5 %]) had received three previous COVID-19 vaccine doses. The
median time since the previous dose at the start of the campaign (15
October) was 304 days (interquartile range [IQR], 297-321 days) and
310 days (IQR, 301-328), respectively.

3.1. Vaccination coverage

A small number of people in our study population received the
booster vaccine prior to its wider availability on 15 October 2022
(Fig. 1A). Coverage increased rapidly thereafter and started to plateau
by late November. Six weeks after the wider availability (26 November),
booster coverage ranged from 6.1 % of people 45.00 years to 51.8 % of
people aged 54.75 years (Fig. 1B). A large discontinuity was observed at
the threshold, with the proportion receiving booster vaccination
increasing from 11.1 % of people aged 49.75 years to 31.1 % and 39.7 %
of people aged 50.00 and 50.25 years respectively.

No discontinuity was observed for any of the demographic variables
(sex, IMD quintile, ethnicity, region) (Supplementary Figs. 1-4) or

Table 1

All people 45-54 years on 3 September 2022 registered with a general practice
using TPP SystmOne software and reasons for exclusion from the study. People
could have multiple exclusion criteria and so may appear in multiple categories.
All counts rounded to nearest 5.

N (%)"

Total prior to exclusions 3,254,000
(100.0)
1,336,625 (41.1)
1,917,375 (58.9)

Any exclusion
Included in final cohort

Prioritised for vaccination

Living in care home

Health and social care worker

Clinically vulnerable
Immunosuppressed
Chronic kidney disease
Chronic respiratory disease
Asthma
Diabetes
Asplenia
Chronic liver disease
Chronic heart disease
Severe mental illness
Severe obesity (BMI >40)

Other reasons for exclusion
Receiving end of life care
Housebound

7595 (0.2)
149,070 (4.6)
762,650 (23.4)
99,370 (3.1)
29,760 (0.9)
60,345 (1.9)
14,440 (0.4)
229,905 (7.1)
19,130 (0.6)
92,525 (2.8)
160,165 (4.9)
41,680 (1.3)
143,720 (4.4)

5055 (0.2)
6440 (0.2)

Received COVID-19 vaccine within 90 days prior to campaign 20,655 (0.6)
start

Received 3rd COVID-19 vaccine prior to wider availability* 5745 (0.2)

Received 4th COVID-19 vaccine prior to wider availability* 59,660 (1.8)

Did not receive second primary COVID-19 vaccine dose 521,165 (16.0)

“n = 3,254,000 used as the denominator to calculate percentages.
" As a proxy for immunosuppressed individuals who were eligible for a third
primary dose.
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Table 2
Demographic characteristics of people 45-54 years in final cohort on 3
September 2022. All counts rounded to nearest 5.

45-49 years 50-54 years
N (%) N (%)
Total population 906,040 1,011,330
(100.0) (100.0)
Number of previous SARS-CoV-2 vaccine
doses
2 doses 162,560 (17.9) 126,235 (12.5)
3 doses 743,485 (82.1) 885,095 (87.5)
Sex
Male 465,730 (51.4) 516,310 (51.1)
Female 440,320 (48.6) 495,020 (48.9)

Index of Multiple Deprivation (IMD)
quintile

1 (most deprived) 141,430 (15.6) 148,365 (14.7)

2 161,920 (17.9) 177,060 (17.5)
3 188,555 (20.8) 215,485 (21.3)
4 193,865 (21.4) 223,280 (22.1)
5 (least deprived) 195,295 (21.6) 223,155 (22.1)
Missing 24,975 (2.8) 23,985 (2.4)
Ethnicity

White 661,145 (73.0) 776,560 (76.8)
Asian or Asian British 75,345 (8.3) 55,080 (5.4)
Black 21,365 (2.4) 18,760 (1.9)
Mixed 10,335 (1.1) 8395 (0.8)
Other 19,970 (2.2) 15,350 (1.5)
Unknown 117,875 (13.0) 137,175 (13.6)
Practice region

East 219,695 (24.2) 237,570 (23.5)
East Midlands 156,335 (17.3) 179,650 (17.8)
London 62,325 (6.9) 55,830 (5.5)
North East 38,995 (4.3) 46,130 (4.6)
North West 75,125 (8.3) 89,675 (8.9)
South East 60,165 (6.6) 67,150 (6.6)
South West 131,115 (14.5) 152,455 (15.1)
West Midlands 32,595 (3.6) 35,730 (3.5)
Yorkshire and The Humber 125,795 (14.0) 144,355 (14.3)
Missing 2900 (0.3) 2795 (0.3)

number of prior COVID-19 vaccine doses (Supplementary Fig. 5). This
suggests that the assumption of exchangeability (no discontinuity in
confounders at the threshold) was met for these factors. However, we
observed a discontinuity in recorded receipt of the 2022/23 influenza
vaccine, increasing from 9.7 % of people aged 49.25 years to 25.5 % of
people aged 50.00 years (Supplementary Fig. 6). Recorded receipt of
influenza vaccine was much more common among people who received
COVID-19 booster vaccination. In people aged 45-49 years, 36,515
(53.2 %) of those receiving booster vaccination also received influenza
vaccination, compared with 46,820 (5.6 %) of those who did not receive
booster vaccination. Corresponding figures in people aged 50-54 years
were 277,745 (64.7 %) and 68,340 (11.8 %).

3.2. Regression discontinuity analysis

Overall, the COVID-19 composite outcome (COVID-19 unplanned
admission, COVID-19 A&E attendance, or COVID-19 death) was rare;
the risks within 6 weeks of 26 November 2022 were 12.7 and 14.4 per
100,000 for people aged 45-49 and 50-54 years respectively (Table 3).
During the same period, the 6-week risks of the respiratory composite
(unplanned respiratory admission or respiratory death) were 52.0 and
53.5 per 100,000 respectively, any unplanned admission 410.5 and
447.0 per 100,000 respectively, and any death 6.1 and 13.4 per 100,000
respectively.
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Table 3
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Number of events and risks of primary and secondary outcomes with different index dates by age. All counts rounded to nearest 5.

Before start of campaign
(3 Sep-14 Oct 2022)

At start of campaign
(15 Oct-25 Nov 2022)

6 weeks after start of campaign
(26 Nov 2022-6 Jan 2023)

n

Risk per 100,000 n Risk per 100,000 n Risk per 100,000

No. people
45-49 years 906,050
50-54 years 1,011,330
COVID-19 composite (unplanned admission, A&E attendance, or

death)
45-49 years 105
50-54 years 155
Respiratory composite (unplanned admission or death)
45-49 years 190
50-54 years 215
Any unplanned admission
45-49 years 3920
50-54 years 4490
Any death
45-49 years 50
50-54 years 920

- 904,900 - 903,680 -

- 1,010,735 - 1,010,150 -
11.6 110 12.2 115 12.7
15.3 105 10.4 145 14.4
21.0 275 30.4 470 52.0
21.3 300 29.7 540 53.5
432.7 4105 453.6 3710 410.5
444.0 4800 474.9 4515 447.0
5.5 55 6.1 55 6.1
8.9 105 10.4 135 13.4

A&E = accident and emergency.

By age, during the six weeks from 26 November 2022 the risk of the
COVID-19 composite outcome was relatively constant between ages 45
and 55 years, with a slight negative slope before age 50 and a slight
positive slope thereafter (Fig. 2). The estimated effect of the booster
vaccination campaign in 50-year-olds on the 6-week risk was —0.4 per
100,000 (95 % CI -7.8 to 7.1), with a negative value indicating a slightly
lower risk among people who were eligible for the campaign (Table 4).
Similarly, for the respiratory composite outcome the estimated effect on
6-week risk —0.6 per 100,000 (95 % CI -13.5 to 12.3) and for any un-
planned admission 5.0 per 100,000 (95 % CI -40.7 to 50.8). For any
death the effect was 3.0 per 100,000 (95 % CI -2.7 to 8.6). Fig. 3 shows
corresponding estimates of the effect of the booster campaign for each
index date and each outcome for people at the threshold: the estimates
for index date 26 November correspond to those shown in Fig. 2. Results
were similar using different index dates for all outcomes (Table 4). These
results also were little changed after excluding people born in the index
month (Supplementary Table 3). The results were robust to different
bandwidths, but as expected the confidence intervals were wider for
shorter bandwidths (Supplementary Table 4).

The instrumental variable analysis (fuzzy regression discontinuity)
estimates the effectiveness of the booster vaccine in compliers at the
threshold. Based on the first stage of the instrumental variable analysis,
the estimated proportion of compliers among the population at the
threshold is 28 %. This analysis found a difference of 2.1 per 100,000
compliers for the COVID-19 composite outcome (95 %CI -11.3 to 15.4)
(Supplementary Table 5). This is expected given the absence of evi-
dence for a population-level effect of the booster vaccination campaign.
Controlling for prior receipt of influenza vaccination did not change the
conclusions of the instrumental variable analyses, although confidence
intervals became wider (Supplementary Table 6). Similarly, using
different bandwidths did not change the findings (Supplementary
Table 7).

4. Discussion
4.1. Summary

In this study of over 1.9 million people aged 45-54 years in England,
there was a low risk of severe COVID-19 outcomes among non-clinically

vulnerable people aged 45-54 years who had received at least two
COVID-19 vaccine doses, and only moderate coverage of booster
vaccination in people aged >50 years in autumn/winter 2022/23. Using
a regression discontinuity design, we found little evidence of a popula-
tion effect of the combined COVID-19 booster and influenza vaccination
campaign on severe COVID-19 related events, unplanned respiratory or
all-cause admissions or death in people aged 50 years. Secondary ana-
lyses of receipt of the vaccine (fuzzy regression discontinuity) also found
no evidence of an effect. However, confidence intervals for the fuzzy
analysis were wide.

4.2. Findings in context

Various studies worldwide have demonstrated the effectiveness of a
second booster against SARS-CoV-2 infection or severe COVID-19 out-
comes when the Omicron variant predominates, with many identifying
rapid waning. [22-24] However, most studies focussed on older pop-
ulations (60+ years), or do not report age-specific effectiveness esti-
mates. Therefore, there are few studies with which to compare our
findings.

Among the full population (no age restriction), a study using a
Susceptible-Exposed-Infectious-Recovered model estimated that the UK
booster campaign resulted in approximately 19,000 fewer hospital-
isations and 1500 fewer deaths compared with a no booster scenario.
[25] Another study evaluated the 2022 autumn booster vaccination
campaign in England using a test-negative design: this found that the
effectiveness of three or more COVID-19 vaccine doses against COVID-
19 hospitalisation in people 18-64 years was 61.5 % compared with
unvaccinated people in the first two weeks post-vaccination, falling to
38.9 % by 6 months. [26] Additionally, the incremental effectiveness of
the booster against hospitalisation among people 50+ years who had
previously received at least two doses was estimated to be 43.7 % and
47.5 % at 5-9 weeks post-vaccination for the Pfizer and Moderna
boosters respectively.

A few studies compared receipt of a fourth dose to third dose only,
although the resulting estimates will be influenced by the dominant
strain and pre-existing immunity in the population. A study in Nordic
countries found reductions in hospitalisation and death of —28.0 % (95
%CI 5.6 % to 50.3 %) and 8.7 % (—67.8 % to 85.3 %) respectively,



A.L. Schaffer et al.

COVID-19 composite outcome
(unplanned admission, A&E attendance or death)

304 I

|
I -
204 | o
e o — > o
104 oo Py OJT’_’
|
0 |

Respiratory composite outcome
(unplanned admission or death)

100 o

754

504 asmpa=

25

All cause unplanned admission

600

400 4

Number of events per 100,000 population

200 -

0
All cause death

30 0
|
|

20
|
I o g ¢ pui ST

J |
10 _
—— |
0 —

S S T R S R B S

Fig. 2. Predicted values (dashed line) and 95 % confidence interval (shaded
area) from sharp regression discontinuity analysis of 6-week outcomes by age in
3-month intervals with 26 November as the index date. The dots are the
observed values and should be considered approximations only; to prevent
disclosure, rates are calculated from rounded counts and for the COVID-19
composite outcome and any death outcome, observed values for 6-month in-
tervals are presented instead of 3 months for visualisation only. Predicted
values were estimated using unrounded counts.

among people 50-69 years who received a fourth dose. [27] A study of
people aged >18 years in Singapore found that a fourth bivalent dose
provided additional protection against COVID-19 hospitalisation among
both SARS-CoV-2 naive (HR = 0.12, 95 %CI 0.08-0.18) and non-naive
(HR = 0.04, 95 %CI 0.01-0.15) people. [28]

By contrast with these studies, our analysis evaluated the impact of
the vaccination campaign in non-clinically vulnerable people aged 50
years, whereas effectiveness studies using other designs focus on the
effect of receipt of vaccination. Therefore, these studies should be
viewed as complementary, rather than directly comparable.

4.3. Policy implications and interpretation

Our study included nearly 2,000,000 people, and the estimated effect
of the booster vaccination campaign on the 6-week risk of our primary
outcome in 50-year-olds was —0.4 per 100,000 (95 %CI-7.8 to 7.1). This
is equivalent to a difference of 0.0004 % (95 %CI -0.0008 % to 0.0007
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%), a confidence interval that excludes any important effect of the
booster campaign. The effect of the vaccination campaign must be
considered in the context in which they are implemented, due to
changes in circulating variants, prevalence of previous infections, and
changes in vaccine coverage. Our study was conducted during a time of
high substantial pre-existing immunity. All participants had received at
least two COVID-19 vaccine doses, with 85 % having received three
prior doses, and natural infection during successive omicron waves in
2022 was widespread. We previously estimated absolute vaccine effec-
tiveness (compared with unvaccinated individuals) against COVID-19
hospitalisation of >80 % at 6 months after primary vaccination with
ChAdOx1-S among individuals aged 40-64 years in England, and this
protection would have been enhanced among individuals who received
a vaccine booster dose. [3] The resulting high baseline immunity in our
study population may have reduced the additional effectiveness of the
autumn 2022 booster campaign.

The autumn 2022 booster campaign in England was initiated to
mitigate a probable winter COVID-19 wave. Vaccination campaigns are
planned based on the best available knowledge at the time and cannot
necessarily anticipate how widespread the wave will be. During our
study period, the estimated prevalence of SARS-CoV-2 infection was
between 2 % and 3 % among people 35-69 years, meaning that the risk
of severe COVID-19 was low. [29] Our study estimated the impact of the
autumn booster campaign in 50-year-olds who were not clinically
vulnerable, a group already at low risk of severe COVID-19. Vaccination
coverage in people eligible for the vaccine was modest, ranging from 40
% at age 50.25 years to 52 % at age 54.75 years. This will have limited
our ability to identify effects of booster vaccination, because differences
between people just above and below the age threshold will be attenu-
ated compared with a direct comparison of the effects of vaccination
with no vaccination.

This study focussed on severe outcomes, but there are potential
benefits of vaccinating low-risk populations that we were not able to
examine. Illness that does not result in hospitalisation or death can still
lead to loss of productivity and potentially long-term post-acute
sequelae of COVID-19. [30,31] We could not evaluate the impact of the
campaign on mild COVID-19 or SARS-CoV-2 infections as these are not
well-captured in electronic health records since the cessation of free
testing. [32] We could not also evaluate indirect effects of booster
vaccination. Public health campaigns can have spillover effects [33]
extending beyond the targeted population, and vaccination of non-high-
risk individuals can benefit the rest of the community by limiting virus
transmission. These findings may also not hold in future waves, with
different SARS-CoV-2 transmissibility, circulating variants, and infec-
tion prevalence.

While COVID-19 booster vaccinations are extremely safe, [34] no
pharmacological intervention is without risk. The relative risks and
benefits of health interventions need to be considered, and the balance is
likely to shift over time as the pandemic matures. For instance, in March
2023 the WHO Strategic Advisory Group of Experts on Immunisation
updated their guidance and does not recommend second boosters for
non-high risk individuals, which includes healthy people aged <60
years. [35] Our findings cannot be generalised to older people (because
we estimated the effect of booster vaccination at age 50 years) or to
those who are clinically vulnerable (because they were excluded from
the population analysed). Booster vaccine effectiveness during autumn
2022 may have been higher in older adults, as was reported for booster
doses administered in autumn 2021. [14] However, there may be a case
for changing eligibility thresholds in future campaigns, especially if
vaccine costs and availability are a consideration, and there are expec-
tations of low vaccine coverage. Continued monitoring of vaccination
campaigns for emerging signals is warranted.

4.4. Strengths and weaknesses

The OpenSAFELY-TPP database covers approximately 40 % of



A.L. Schaffer et al.

Table 4

Vaccine 59 (2025) 127257

Estimates from sharp regression discontinuity analysis estimating change in 6-week outcomes at threshold (50 years) using different index dates. Bold indicates

primary analysis.

Respiratory composite (admission or

death)

Any unplanned
admission

Any death

Estimate (95 % CI)

Estimate (95 % CI)

Estimate (95 %
CD

Index date COVID-19 composite (unplanned admission, A&E attendance or

death)

Estimate (95 % CI)
Control 0.6 (—6.1 to 7.4)

period:
2022-09-03

2022-10-15 —5.4(-12.8t01.9)
2022-11-26 —0.4(-7.8t07.1)
2022-11-27 —1.4(-8.5t05.8)
2022-11-28 —1.8(—9.1 t0 5.5)
2022-11-29 —1.4(-8.7t0 5.8)
2022-11-30 -1.0(-8.1t06.1)
2022-12-01 —0.7 (7.8 t0 6.4)
2022-12-02 —1.0 (—8.0 t0 6.0)
2022-12-03 -1.2(-8.2t05.8)
2022-12-04 —1.2(-8.3 10 6.0)
2022-12-05 —1.6 (—8.8 t0 5.6)
2022-12-06 —0.5(-7.3t06.3)
2022-12-07 —0.4 (-7.0 t0 6.1)
2022-12-08 —0.8 (-7.0 to 5.5)
2022-12-09 —1.0 (—6.9 to 4.9)

0.7 (—6.3 to 7.6)

—3.7 (-11.9 to 4.6)
—0.6 (—13.5t0 12.3)
-1.0 (-13.6 to 11.6)
—2.2(-14.9t0 10.4)
-1.2(-14.2t0 11.8)
-2.9(-15.2t09.3)
—2.1(-14.8 t0 10.7)
—2.1(-15.7 to 11.5)
-1.2(-14.6 t0 12.2)
-1.7(-149t011.4)
—-1.2(-14.3t0 11.9)
—1.0(-13.9t0 11.8)
-1.8 (-14.5t0 10.8)
—2.6 (—15.5 t0 10.4)
—2.3(-14.7 to 10.0)

—13.0 (—49.9 to 23.9)

5.2 (—29.8 t0 40.2)
5.0 (—40.7 to 50.8)
10.1 (—32.9 to 53.1)
10.1 (—32.4 to 52.6)
9.9 (-31.6 to 51.3)
10.5 (—29.6 to 50.6)
5.7 (—33.2 to 44.7)
6.2 (—29.1 to 41.6)
8.5 (—26.6 to 43.7)
10.4 (—23.9 to 44.6)
12.9 (—22.2 to 48.0)
9.1 (—26.3 to 44.5)
5.1 (-29.5to0 39.7)
10.4 (—24.9 to 45.6)
7.3 (—27.1to 41.7)

1.6 (-39t07.1)

3.4(-0.41t07.3)
3.0 (—2.7 to 8.6)
3.3(-2.4t09.1)
3.5(-1.7t0 8.7)
2.6 (—2.5t07.8)
3.7(-1.2t08.7)
3.4(-1.5t08.3)
39(-1.2t08.9)
3.2(-1.9t08.2)
3.4(-1.8t08.6)
3.4(-2.0t08.8)
2.3(-3.2t07.9)
1.9(-3.4t07.3)
1.4 (—4.1t0 6.8)
1.1 (—4.6 t0 6.8)

A&E = accident and emergency.

registered English primary care patients [36] enabling analysis of a large
cohort of people aged within five years of the booster vaccination age
eligibility threshold. These data include reliable ascertainment of
COVID-19 vaccination status, COVID-19-related outcomes, and other
clinical characteristics.

Establishing causality using observational data is challenging. [37]
Unlike many observational study designs, regression discontinuity an-
alyses are unlikely to be impacted by unmeasured confounding. Vacci-
nation campaigns are well-suited to regression discontinuity designs, as
eligibility is often based on a threshold, usually age. There is a reason-
able assumption of “exchangeability” of people on either side of this
threshold. We checked this assumption and did not find discontinuities
for several potentially confounding variables (e.g. deprivation), a
notable exception being receipt of influenza vaccination which was
subject to the same age eligibility threshold on the same date. It is
possible that other, unmeasured, confounders did exhibit discontinuity
at the threshold, but we are not aware of any other factor that could
reasonably be expected to differ substantially between 49 year olds and
50 year olds. If receipt of the influenza vaccine was a confounder, we
would expect it to increase the apparent effectiveness of the COVID-19
vaccination campaign by reducing the risk of respiratory outcomes,
which was not observed. Regardless, our results should be considered to
estimate the combined effect of the COVID-19 booster and influenza
vaccination campaigns at age 50 years as we cannot disentangle the
effects of the two vaccines.

In addition to estimating the effect of the campaign, we also used a
fuzzy regression discontinuity design to estimate the effectiveness of the
vaccine itself. However, this analysis has limited precision leading to
wide confidence intervals which do not exclude a large relative effect of
vaccination. Our analysis also does not account for non-independence
within and across exposure groups, arising from transmissibility of
SARS-CoV-2. People below age 50 may indirectly benefit from booster
vaccination among their slightly older peers due to reduced transmission
rates, resulting in lower estimates of effectiveness in the sharp discon-
tinuity design.

5. Conclusion
In this study, we found little evidence that the autumn 2022 COVID-

19 booster vaccination campaign (coinciding with the influenza vacci-
nation campaign) in England reduced severe COVID-19-related

outcomes among non-clinically vulnerable 50-year-olds who had
received at least two previous vaccination doses. Possible explanations
include the low risk of severe outcomes due to substantial pre-existing
vaccine- and infection-induced immunity. Modest booster coverage
reduced the precision with which we could estimate effectiveness. The
booster campaign may have had effects beyond those estimated,
including reducing virus transmission and incidence of mild or moderate
COVID-19.
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