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Abstract

Background: The BNT162b2 mRNA vaccine has been shown to be effective at preventing serious COVID-19 events
in clinical trials. There is less evidence on effectiveness in real-world settings, especially for older people. Here, we
aimed to estimate vaccine effectiveness in the context of the rapid NHS mass-vaccination programme in England,
exploiting age-based vaccination eligibility thresholds to minimise and correct for selection bias.

Methods: We studied 170,226 individuals between the ages of 80 and 83 years from community settings outside
care homes who received one dose of BNT162b2 mRNA between the 15 and 20 December 2020 and were
scheduled a second dose 21 days later. We matched these vaccine recipients to slightly younger (aged 76-79 years)
persons not yet eligible to receive the vaccine on gender, area of residence, area deprivation, health status, living
arrangements, acute illness, and history of seasonal flu vaccination. We compared their rates of COVID-19 positivity
and hospitalisation in the subsequent 45 days. We adjusted for the increasing concentration of COVID-19 positivity
in the control population caused by the requirement to have no COVID-19 symptoms prior to vaccination.

Results: Emergency hospital admissions were 51.0% (95% confidence interval 19.9 to 69.5%) lower and positive
COVID-19 tests were 55.2% (40.8 to 66.8%) lower for vaccinated individuals compared to matched controls 21 to 27
days after first vaccination. Emergency admissions were 75.6% (52.8 to 87.6%) lower, and positive COVID-19 tests
were 70.1% (55.1 to 80.1%) lower 35 to 41 days after first vaccination when 79% of participants had received a
second dose within 26 days of their first dose.

Conclusions: Receipt of the BNT162b2 mRNA vaccine is effective at reducing COVID-19 hospitalisations and
infections. The nationwide vaccination of older adults in England with the BNT162b2 mRNA vaccine reduced the
burden of COVID-19.
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Background

Several vaccines against severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection and the
resulting coronavirus disease 2019 (COVID-19) have
been demonstrated to be safe and highly effective in
phase 3 randomised clinical trials, with efficacy estimates
for prevention of symptomatic disease ranging from 62
to 95% [1-4]. However, it is also important to examine
their effectiveness when deployed in mass vaccination
campaigns across diverse populations, where trial exclu-
sion criteria do not apply and where deviations from
dosing and handling protocols may occur.

Early evidence from a matched case-control study
of mass vaccination using the BNT162b2 mRNA
COVID-19 vaccine in Israel estimated real-world ef-
fectiveness consistent with reported trial efficacy [3,
5]. This indirectly provided evidence that vaccine ef-
fectiveness was maintained against the more transmis-
sible B.1.1.7. (Alpha) variant [5, 6], which was
widespread in the population during the study period.
Vaccine effectiveness estimates were consistent across
age groups, though they were slightly lower amongst
people with multiple coexisting health conditions [5].
Similarly, estimates from Scotland [7] and England [8,
9] provide further early evidence of effectiveness.
However, such non-randomised matching studies may
be biased by systematic differences between interven-
tion and control groups and between those receiving
the intervention at different points in time. The re-
markable speed of COVID-19 vaccination rollouts [5,
7-9] and specific prioritisation of vulnerable groups
[10] heighten the risk of these biases, as acknowl-
edged in existing studies [5, 7-9].

We exploit age-based eligibility phasing in the early
stages of the nationwide National Health Service (NHS)
population vaccination programme in England to esti-
mate the real-world effectiveness of the BNT162b2
mRNA vaccine. We match vaccinated persons aged 80
to 83 years to slightly younger persons who did not be-
come eligible for the vaccine until three weeks later and
compare their rates of COVID-19 infection and hospital-
isation over the 45 days following the date of their first
dose. It is particularly important to assess real-world
vaccine effectiveness in this older population group, be-
cause severe COVID-19 is strongly age-associated [11]
and adaptive immune responses decline with age [12].

Methods

Data

MW and JH obtained population-wide person-level data
for England, including vaccination details (date, type and
dose), SARS-CoV-2 tests (date, result), age, gender, area
of residence, use of hospital services and dates of death.
For data sources, linkage methods and access, see
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Appendix 1. Data were extracted on 9 February 2021
and include complete records to 3 February 2021.

Outcomes

We examined rates per 100,000 people for three out-
comes: SARS-CoV-2 infection and COVID-19 related
hospital attendances and hospitalisations. Infection was
recorded by specimen date of SARS-CoV-2 positive
polymerase chain reaction (PCR) test results from health
care facilities (called Pillar 1 testing) or community test-
ing (Pillar 2). COVID-19 related emergency department
attendances were measured using diagnosis information
from emergency department records combined with
linked positive COVID-19 test results from 14 days be-
fore to 6days after the attendance (see Appendix 3).
COVID-19 related hospital admissions were measured
using admitted patient care spell records available on
discharge. The required information is available for 95%
of all emergency department attendances and 93% of all
emergency admissions.

Study design

The first phase of the NHS vaccination programme in
England targeted: (1) front-line health and social care
workers, (2) older care home residents and their
carers, and (3) people aged 80years and over [10].
Differences in risks of exposure and outcome within
the first two groups are not effectively measured in
administrative datasets. We therefore focused on
171,931 individuals aged 80-83years not living in
care homes that received their first dose between 15
and 20 December 2020, of whom 78.8% received a
second dose within 26 days.

We compared vaccinated cases to slightly younger
people aged 72-79 years who became eligible for vaccin-
ation later. The speed of vaccination rollout meant many
of these received a first vaccine dose during the follow-
up period (see Fig. 1). We identified suitable controls for
each day of the follow-up period as those who had not
received their first dose more than 2 weeks earlier.
These individuals were not expected to have developed
significant immunity from COVID-19 at the point they
were used as controls. We then matched the vaccinated
cases to the set of suitable controls separately for each
day of the follow-up period.

A requirement for vaccination was that individuals
should not have had a COVID-19 infection in the previ-
ous 2 weeks. Therefore, as the rollout of the vaccination
progressed and the population available as potential con-
trols reduced through vaccination, the group not yet
vaccinated and available as potential controls contained
a progressively higher proportion of people who tested
positive for COVID-19. This selection process biases the
rate of positive tests in the control group upwards and
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Fig. 1 Numbers of people in England who received their first COVID-19 vaccination dose between 8 December 2020 and 3 February 2021 by age
group. The cumulative totals are relative to estimates of eligible population based on extracts from the National Health Application and
Infrastructure Services (NHAIS) system as of the 15 November 2020. Prior to the 4 January 2021, all individuals received the BNT162b2 mRNA
vaccine, after which individuals were vaccinated with either the BNT162b2 mRNA or ChAdOx1 adenovirus vector vaccines
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would artificially inflate estimated vaccine effectiveness.
To correct for this bias, we sequentially adjusted event
rates in the intervention and control groups so that they
remained consistent in the first 11 days of follow-up.
Appendix 2 documents the adjustment method used.

Matching and statistical analysis

Isolating the impact of vaccination requires a study
design that accounts for temporal changes in infection
rates, for which we used 1:1 exact matching [13] to
account for several factors associated with exposure
and outcomes: gender; area of residence [14]; small
area deprivation [15]; ethnic group; health status; liv-
ing arrangements; seasonal influenza vaccine history
since April 2020; and emergency hospital stays in the
previous 2 months. We excluded 1705 (1.0%) individ-
uals with prior COVID-19 history to avoid likely pre-
existing immunity [16, 17]. We excluded individuals
from the control group if they were living in care
homes or were not alive on the 15 December 2020.
We dropped matched pairs where either individual
was in hospital on the vaccination date or the pair
lived at the same property (see Fig. 2).

We matched vaccinated individuals to unique controls
without replacement. We assigned a control randomly
where multiple matches were available for a vaccinated
individual. We repeated the matching process five times
with different random number seeds to create five
matched populations. We bootstrapped 100 samples
with replacement from each of these five matched popu-
lations and obtained confidence intervals using percent-
ile values from the 500 samples.

Tests of robustness

To explore the robustness of the adjustment for selec-
tion bias in the control group and the sensitivity of the
results to the age group used for the controls, we com-
pared the older age group to two different younger age
groups. First, we matched vaccinated individuals aged
80-81 to controls aged 76—77 and vaccinated individuals
aged 82—-83 to controls aged 78—79. Second, we matched
vaccinated individuals aged 80-81 to controls aged 72—
73 and vaccinated individuals aged 82-83 to controls
aged 74-75. The younger control group is less similar in
age but unexposed to the vaccine for longer and there-
fore less prone to selection bias. We also tested the sen-
sitivity of the results to reducing the inclusion criteria
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Fig. 2 Flow diagram of the study population with eligibility criteria, exclusions, and matching methodology
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for eligible controls from 2 to 1-week post first vac-
cine dose (see Appendix 6). We used the STROBE
(Strengthening The Reporting of OBservational Stud-
ies in Epidemiology) cohort checklist when writing
our report [18].

Results

Study population

Of the total 1,685,530 individuals aged 80-83, 170,226
met our inclusion criteria. They were not residents of
care homes, had no prior history of COVID-19, and re-
ceived a first dose of the BNT162b2 mRNA vaccine be-
tween 15 and 20 December 2020 (Fig. 2). Of these, we
exact-matched 131,236 (77.1%) to control individuals
aged 76-79 who were not yet eligible for vaccination
(Figs. 1 and 2). The requirement for an exact match gen-
erated a matched study population with lower propor-
tions of individuals who were frail or clinically extremely
vulnerable, from minority ethnic groups, or from
socially-deprived areas compared to the full study popu-
lation (Table 1 and Appendix 4).

Vaccine effectiveness

Across 45 days of follow-up, there was an average of
13.7 documented SARS-CoV-2 infections per day per
100,000 vaccinated individuals, compared to 23.2 per
100,000 unvaccinated controls. Over the same period, a
daily average of 5.0 individuals per 100,000 attended an
emergency department with COVID-19 and 5.3 per
100,000 were hospitalised with COVID-19 amongst the
vaccinated cohort, compared to 9.6 per 100,000
(attended) and 9.4 per 100,000 (hospitalised) amongst
unvaccinated controls.

For the unvaccinated comparison group, COVID-19
event rates increased in the first 2 weeks of follow-up,
with documented infections reaching a maximum at day
20, and emergency hospital attendances and admissions
peaking between days 23 and 26 (Fig. 3). These profiles
reflect the shape of the COVID-19 pandemic in England
where prevalence peaked around the 1 January 2021
[19], and hospitalisations peaked in the second week of
January 2021 [20]. For the vaccinated group, docu-
mented infections peaked earlier (day 14) and hospitali-
sations peaked between days 23 and 26.

We found similar results when we matched vaccinated
individuals to unvaccinated individuals aged 72-75 years
and when the comparison group was restricted to indi-
viduals who remained unvaccinated throughout the
follow-up period (see Appendix 6).

Table 2 shows vaccine effectiveness, defined as per-
centage difference between vaccinated and unvaccinated
groups, for each outcome across four time periods. Ef-
fectiveness increased over the follow-up period for all
three outcomes. Estimated effectiveness at 21-27 days
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was 55.2% (95% CI 40.8—-66.8%) for documented infec-
tion, 57.8% (30.8-74.5%) for emergency hospital atten-
dances, and 50.1% (19.9-69.5%) for admissions. By days
35-41, the estimated effectiveness was 70.1% (55.1—
80.1%) for documented infection, 78.9% (60.0-89.9%) for
emergency department attendances, and 75.6% (52.8—
87.6%) for hospitalisations.

Discussion

We considered 171,931 individuals aged 80 to 83 years
in England who received a first dose of BNT162b2
mRNA COVID-19 vaccine as part of the nationwide
NHS vaccination campaign in England. We compared
their rates of SARS-CoV-2 positive tests and COVID-19
hospitalisations in the subsequent 45 days to those for
slightly younger individuals with the same characteristics
who became eligible for vaccination later. Emergency ad-
mission was 50.1% (19.9 to 69.5%) less likely 21 to 27
days after vaccination and 75.6% (52.8 to 87.6%) less
likely 35 to 41 days after first vaccination and 7 days after
80% had received their second dose. COVID-19 infec-
tion was 55.2% (40.8 to 66.8%) less likely 21 to 27 days
after vaccination and 70.1% (55.1 to 80.1%) less likely 35
to 41 days after first vaccination and 7 days after 80%
had received their second dose. Collectively, these results
are consistent with one dose of the BNT162b2 mRNA
vaccine reducing events from 14 days after vaccination,
with more effectiveness in reducing the severity of symp-
toms than preventing infection.

Our results are broadly consistent with existing esti-
mates of BNT162b vaccine effectiveness, despite varia-
tions in study design, participant demographics, and
outcome definitions [21]. We estimate effectiveness
against documented infection of approximately 55% 21—
27 days after one dose, rising to 70% after the majority
received a second dose. These estimates are relatively
consistent with results from a similar studies in England
(55% after one dose, 80% 7 days after all received a sec-
ond dose) [8] and Scotland (78% 21-27 days after one
dose) [7] and from the older age group in a similar study
in Israel (50% after one dose, 95% 7 days after all re-
ceived a second dose) [5]. These estimates are also com-
parable to estimates of vaccine effectiveness against
documented infection in working-age adults in England
(70% after one dose, 85% 7 days after second dose) [9]
and to all-age results from a randomised controlled trial
(52% rising to 95%) [3]. Our point estimate of effective-
ness against hospitalisation with COVID-19 (76% 7 days
after most received a second dose) is somewhat lower
than, though statistically compatible with, other esti-
mates (80—-87%) [5, 8].

Several factors likely contribute to these differences.
First, our estimates are specifically for an older popula-
tion where vaccine-induced immune responses may be
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Table 1 Demographic and clinical characteristics of vaccinated persons and their unvaccinated controls based on the matched

cohort at baseline (day 11 after vaccination)

Matching criteria Categories Total number Total number Of which Number with % witha % givena
of 80 to 83 of 80 to 83 tested a pairwise pairwise  second
year olds yearolds positive for control match dose by
vaccinated COVID-19 match day 45
Gender Female 869,792 89,930 153 69,819 77.6% 80.6%
Male 793,599 80,295 162 61,417 76.5% 80.6%
Unknown <5 <5 - - 0.0%
Ethnicity White 1,375,449 157,896 273 127,605 80.8% 80.5%
Black 27,390 1,567 <5 270 17.2% 78.8%
Pakistani and Bangladeshi 16,466 1,141 15 212 18.6% 86.4%
Other BAME 55,180 5,922 23 1,803 30.4% 85.6%
Unknown 188,907 3,700 <5 1,346 36.4% 80.3%
IMD Quintile 1 (most deprived) 272,565 23,292 42 17,135 73.6% 86.6%
2 304,696 28,556 64 20,119 70.5% 81.7%
3 347,849 35,785 71 26,927 75.2% 80.4%
4 368,308 40,339 75 31,648 78.5% 79.5%
5 (least deprived) 368,876 42,213 62 35,407 83.9% 78.3%
Not recorded 1,098 41 <5 - 0.0%
Living arrangements  Living with children 127,582 5,297 23 1,224 23.1% 81.7%
Living alone 555,343 49,876 74 33,730 67.6% 81.5%
All other living arrangements 980,467 115,053 218 96,282 83.7% 80.3%
Health Risk Frail and/or clinically extremely vulnerable 317,750 42,856 128 28,903 67.4% 81.1%
Clinically vulnerable 393,749 57,742 95 43,515 75.4% 80.1%
Healthy/other 951,893 69,628 92 58,818 84.5% 80.7%
Flu vaccine Received seasonal flu vaccine FY2020/21 948,840 150,300 263 118,746 79.0% 80.3%
Did not receive seasonal flu vaccine FY2020/22 714,552 19,926 52 12,490 62.7% 83.1%
Recent acute illness  High 14,697 809 7 22 2.7% 52.4%
Medium 8,701 521 <5 6 1.2%  100.0%
Low 1,639,994 168,896 305 131,208 77.7%  80.6%
Region East Midlands 149,390 8,830 13 7,211 81.7% 63.1%
East of England 193,482 21,805 53 17,308 79.4% 78.5%
London 173,844 18,923 87 10,901 57.6% 85.8%
North East 89,680 9,300 8 7,314 78.6% 89.8%
North West 231,339 22,898 31 18,312 80.0% 87.7%
South East 279,419 29,011 64 22,674 78.2% 81.6%
South West 192,927 21,349 19 17,319 81.1% 81.6%
West Midlands 182,345 22,168 19 17,678 79.7% 68.9%
Yorkshire and The Humber 169,606 15,882 20 12,519 78.8% 87.5%
Unknown 1,360 60 <5 - 0.0%
Total 1,663,392 170,226 315 131,236 77.1% 80.6%

BAME Black, Asian and Minority Ethnicity, IMD Index of Multiple Deprivation, FY2020/2021 Financial Year 2020/2021, running from 1 April 2020 to 31 March 2021

sub-optimal [12]. In addition, our population included
20% of vaccinated individuals for whom the second dose
was extended beyond the study period. This may explain
the greater agreement with existing estimates for effect-
iveness 21-27 days after vaccination than for longer
follow-up when second dose coverage varied between
studies. However, a study based in Scotland where the
majority received only single dose BNT162b estimated
87% (70 to 94) effectiveness against hospitalisation in
those aged 80 and over at an equivalent time point (35—
41 days post vaccination) [7], suggesting that differences
in second dose coverage may not explain the differences
between estimated effectiveness.

Finally, an important consideration in observational
studies is bias in selection into the intervention group.
While all existing studies used statistical methods to ad-
just for biases [5, 7, 8, 21], we exploited the precise age
thresholds that determined temporal eligibility for vac-
cination, thereby reducing the risk of unmeasured con-
founding between cases and controls. Such biases are
exacerbated with longer follow-up periods as those
remaining unvaccinated become increasingly different
from those vaccinated earlier. The divergence between
our effectiveness estimates and those in other studies
with longer follow-up may reflect less bias in our study
design and adjustment methodology.
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We focused on older people at high risk of serious
COVID-19 outcomes. We considered a period and
country experiencing widespread transmission and large
numbers of hospitalisations. This provided statistical
precision in the effectiveness estimates within a short
period. We exploited a precise age cut-off that deter-
mined access to the vaccine, which reduced bias from
selection into treatment.

Nonetheless, there is a risk of bias from unmeasured con-
founding with any observational study. We matched cases
and controls on combinations of 12 personal, household

and area variables. We also compared four measures of
hospital use in the previous 18 months and history of nega-
tive SARS-CoV-2 tests (see Appendix 5). Vaccinated indi-
viduals did not have lower event rates and had higher use
of hospital services and more community-based COVID-19
tests prior to vaccination when compared to the control
group. This likely reflects the age difference which may bias
our estimates towards lower than true effectiveness.

The rich set of matching variables meant some cases
were excluded because there was no control available.
These exclusions were more likely for some populations,

Table 2 Estimates of the effectiveness of the BNT162b2 mRNA COVID-19 vaccine by days since vaccination

Days since first vaccine dose

Measure Cohort 14 to 20 days 21 to 27 days 28 to 34 days 35 to 41 days
Cohort Size (% Match Rate) 130,719 (76.8%) 130,326 (76.5%) 129,099 (75.8%) 122,702 (72.1%)
Rate of positive COVID-19 tests per Unvaccinated group 34.0 (27.4t041.2) 30.0 (24.1t036.7) 209 (16.2 t0 26.1) 15.3 (12.0t0 19.2)
100,000 people per day Vaccinated group 28.2 (22.9to 34.3) 13.4 (10.7 to 16.2) 9.7 (7.6 t0 11.9) 4.6 (3.3t06.1)

% Difference 116.9%  (9.4% to -36.7%) 55.2%  (-40.8% to -66.8%) 53.7% (-35.4%t0-66.6%) | -70.1%  (-55.1% to -80.1%)
Rate of COVID-19 related A&E Unvaccinated group 143 (9.4t020.4) 12.6 (8.8t017.3) 13.4 (8.4t019.3) 6.9 (4.4t010.2)
attendances per 100,000 people per Vaccinated group 9.0 (6.5t012.2) 53 (3.6t07.3) 43 (2.9t0 6.0) 1.5 (0.7t0 2.3)
day % Difference -36.8% (2.9% to -60.6%) -57.8%  (-30.8% to -74.5%) -68.1%  (-45.2% to -80.9%) -78.9%  (-60.0% to -89.9%)
Rate of COVID-19 related hospital Unvaccinated group 12.1 (8.0t0 16.8) 13.1 (8.8t018.1) 12.0 (7.8t0 17.9) 6.1 (3.8t08.9)
admissions per 100,000 people per Vaccinated group 8.4 (5.9t011.2) 6.4 (4.5t08.8) 4.4 (2.9t06.1) 15 (0.8t0 2.4)
day % Difference -30.0%  (15.7% to -56.3%) -50.1%  (-19.9% to -69.5%) -63.7%  (-37.1%t0-79.2%) -75.6%  (-52.8% to -87.6%)
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including minority ethnic groups and residents of
London, but the included individuals had similar out-
comes to the excluded individuals and the effectiveness
results were similar when we matched on fewer variables
(Appendix 4).

The speed of the rollout of the NHS vaccination
programme in England into younger populations re-
duced the pool of similar people who had not been vac-
cinated. We adjusted for the selection bias this
generated and assessed the robustness of this adjustment
by comparing to a younger age group where the selec-
tion bias occurred later in the monitoring period.

Finally, we considered COVID-19 related hospitalisa-
tions as well as positive COVID-19 tests. Hospitalisa-
tions are less likely to be influenced by changes in
attitudes after receiving a vaccine that may affect
whether individuals seek COVID-19 tests, such as mis-
perceptions of immunity or misinterpretations of symp-
toms as side effects.

Conclusions

We provide evidence of high real-world effectiveness of
the original dosing schedule of the BNT162b2 mRNA
COVID-19 vaccine in preventing infections and hospita-
lisations despite the widespread transmission of the
B.1.1.7 variant shortly after the study population was
vaccinated. There have been concerns about reduced
vaccine effectiveness, though our data is consistent with
mass vaccination data [5, 7, 8] and only slightly reduced
neutralisation of B.1.1.7 pseudovirus relative to the Wu-
han reference strain [22].

Our study provides rigorous evidence to support ef-
fectiveness of vaccination in the real-world amongst
older people. Future research priorities include the opti-
mal dosing regimen, the longevity of this protection and
applicability to other variants, effectiveness amongst
younger people and specific population subgroups, and
effects on onward transmission and asymptomatic
infection.
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