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Abstract

Objectives: To examine the impact of COVID-19 vaccina-
tion on hospital admissions in England in 2021.

Design: Observational study of emergency admissions for
COVID-19 by vaccination status in people 16 years and
over in England.

Setting: Hospitals in England.

Participants: A total of 48.1 million people registered with
an English GP, aged >16 years with a recent NHS contact.
Main outcome measures: Emergency hospital admissions
with a primary diagnosis of COVID-19 between 1 January
and 31 December 2021. Monthly admission rates were
directly standardised for age, sex, risk category and vacci-
nation dose to estimate vaccine effectiveness (VE) over
time, between vaccine doses, age groups and risk groups.
Results: A total of 192,047 hospital admissions were
included. The unvaccinated admission rate was higher in
December 2021 (6.1 admissions per 100,000 person-days;
95% Cl: 5.9 to 6.3) than January 2021 (4.9; 95% Cl: 4.9 to
5.0). Vaccinated admission rates were <1 per 100,000 from
February to December. Doses 1 and 2 VE waned over
time, particularly in older and clinically vulnerable groups
(although this may reflect that they were vaccinated earli-
er). Dose 3 VE remained above 93%.

Conclusions: COVID-19 hospitalisations were consistently
highest in the unvaccinated. Despite high case rates at the end
of 2021, overall admission rates remained stable, driven by low
admission rates among vaccinated people. There is population-
level waning in VE, recovering after subsequent doses,
potentially more marked in older and at-risk groups. The find-
ings support JCVI (Joint Committee on Vaccination and
Immunisation) guidance for an ongoing booster programme,
especially in older people and higher clinical risk groups.
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Introduction

The UK COVID-19 pandemic placed huge pressure
on the National Health Service (NHS) with peak
daily admissions of over 4000 patients per day.'
COVID-19 vaccination was a key intervention to
reduce hospitalisations as part of the wider public
health approach. Following early clinical trials, the
Pfizer BioNTech (BNT162b2) COVID-19 vaccine
(Comirnaty®) was the first vaccine licensed in the
UK (2 December 2020).>° Vaccination was offered
in priority groups, first to those in residential homes
and healthcare workers, followed by the most vulner-
able. By the end of December 2021, 90% of the
English population aged 12+ had received at least
one dose of a COVID-19 vaccine, and 59% had
received at least three doses.’

COVID-19 vaccination reduced hospital admis-
sions, with a Scottish study estimating efficacy in
preventing admission in adults to be 91% and 88%
following one dose of Comirnaty® or AstraZeneca
ChAdOx1-S/nCoV-19 [recombinant] (Vaxzevria®),
respectively.” Another study showed a slightly lower
efficacy of 80% in those aged over 70 years.® A fur-
ther study in Northwest London observed very low
rates of admission (0.07%) among its vaccinated
population.” These studies were conducted from
December 2020 to February 2021. Similar findings
have been replicated around the world.'* '3

Much of this research was conducted over limited
time frames or near the beginning of vaccination pro-
grammes, and therefore is not reflective of the multi-
ple waves and variants seen during the pandemic.'*
Furthermore, immunological waning may reduce
vaccine efficacy over time, a phenomenon which
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may not have been captured in earlier studies, or
those completed over a shorter time.'>'® This study
adds to previous research by measuring vaccine effec-
tiveness (VE) over a longer time period and in the
context of multiple variants, using population-level
data and an improved denominator dataset to
allow further sub-analyses.

Materials and methods

Data sources

We used NHS England (NHSE) data for the entire
English population of general practitioner (GP)-
registered patients aged 16 years and over. To coun-
ter for known list inflation within GP-register data,
the population was filtered to only include those with
known NHS contacts since 2017."7 This estimate of the
English population is higher than the latest available
Office for National Statistics (ONS) estimates (mid-
2020 at the time of the analysis), but lower than the
full GP-register population,'® therefore more represen-
tative of the national population. For further details on
this adjustment, see Supplementary Table 1.

Data sources (listed below) were used to produce
population-level estimates of admission rates and
VE by vaccination status. Pseudonymised datasets
were linked at the patient level and prepared within
an NHSE data warehouse (Foundry, Palantir
Technologies Inc.).

e Hospital Episode Statistics/Secondary  Uses
Service;

e (Case numbers for the English population aged
16+ published by UK Health Security Agency®;

e GP-registered population (National Health
Application and Infrastructure Services);

e Vaccination events (National Immunisation
Management Service);

e Recent contact with NHS services was determined
using vaccination and National Booking System
data; Test and Trace data and inpatient, outpa-
tient and A&E attendances.

Individual patients were already categorised to
risk groups based on data collated from GP registers
and existing national data collections (e.g. the
Cardiovascular Disease Register and NHS Electronic
Staff Register).

Statistical analyses. Emergency admissions with a pri-
mary diagnosis of suspected or confirmed COVID-19
from January to December 2021 were included
(ICD-10 codes U07.1 and U07.2). The population
was divided into cohorts according to vaccination

dose — Dose 1, Dose 2 (received two doses in total,
both doses 1 and 2), Dose 3 (>3 doses received) or
unvaccinated. An individual was considered vacci-
nated >14 days after vaccination, in line with the
NHSE definition."” The number of days each indi-
vidual was alive and vaccinated for a particular dose
(or unvaccinated) within each month was calculated.
Person-days is the person-time unit for the incidence
rate: the total number of days alive for the specified
population in which the event of admissions could
have occurred.

The population was divided into age groups (16—
17 years, 18-24 years, five-year age bands from 25 to
89 years, >90 years), sex (female or male) and aggre-
gated risk groups (Clinically Vulnerable, Exposure
Risk, Close Contacts, Lower Risk).

‘Clinically Vulnerable’ included individuals with
high-risk co-morbidities identified in the ‘Green
Book’: immunosuppression, on the learning disabili-
ty or severe mental illness registers, care home resi-
dents and those otherwise ‘at risk’ or with a high
QCovid score.” ‘Exposure Risk’ included frontline
healthcare workers with higher risk of exposure.
‘Close Contacts’ included carers and household con-
tacts of immunosuppressed people. ‘Lower Risk’
included individuals not in the groups mentioned
above.

Directly standardised admission rates (DSARs),
which standardised for age, sex, risk group and vac-
cination dose, were calculated for each month and
95% gamma confidence intervals (CI) calculated.?
If there were <10 admissions for a cohort in a
month, DSARs and VE were not calculated and
the admissions for that cohort excluded. Trends in
DSARs over time were compared to published case
data for COVID-19.°

DSARSs were compared between the unvaccinated
(DSARy) population and each vaccinated (DSARy)
population (Dose 1, Dose 2, Dose 3) to calculate VE
for each dose, expressed as a percentage

VE = 100 % (1 DSARV)

" DSARy

DSARs were also compared between the unvacci-
nated and the entire vaccinated (‘All Vaccinated’)
population. Trends in VE were examined for
January to December 2021. Estimates of VE in
December were calculated to demonstrate variation
in VE with age and risk-group status by comparing
DSARs between vaccinated and equivalent unvacci-
nated cohorts.

Statistical analysis was conducted in R studio ver-
sion 4.1.2.%'
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Patient and public involvement

The paper was reviewed by the Patient and Public
Voice (PPV) representative for the NHSE COVID-19
Vaccination Programme. They commented that the
paper addresses several important issues that need to
be clearly communicated to the general public, for
example that the vaccine programme protects against
severe disease and reduces hospital admissions, and
that booster vaccinations are particularly important in
the elderly and clinically at-risk groups.

The PPV representative commented that the paper
is clear and well presented, particularly the various
figures. They identified ways to simplify data presen-
tation and highlighted topics for future exploration:
variation in uptake across risk groups, why waning
may be higher in the elderly and clinical vulnerable
and re-analysis of data to understand how efficacy
changes over time.

Results

Population

The study population included those who were
16 years and over, registered with an English GP

and with recent NHS contact, a total of 48.1 million
individuals in June and July 2021 and 17.6 billion
person-days across the 12 months. The median age
was 48.3 years (interquartile range 32 to 64); 23.2%
of the person-days were for those aged 65 years and
over. Women accounted for 51.3% of the person-
days at risk, and White British 70.8%.

Vaccine coverage

Figure 1 depicts the vaccination coverage for the
study population in 2021.

Dose 1 coverage rapidly increased in the first half
of 2021, followed by a more gradual uptake in the
last few months of the year. Dose 2 coverage demon-
strated a similar pattern of uptake from April 2021
and Dose 3 from October 2021. By December, 34.7%
of the study population had received >3 doses,
46.0% two doses only and 5.1% one dose only;
14.2% were unvaccinated. There is a slight difference
between these figures and published UKHSA statis-
tics, as our analysis only recognises vaccination
14 days after the event and uses a different denomi-
nator based on patient days at risk.

Figure |I. Coverage of COVID-19 vaccination doses over time in the English population aged |6 years and over. Dose |+ equals

total number of first doses administered, Dose 2+ equals total number of second doses administered, Dose 3+ equals total

number of third doses administered.
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As vaccine rollout was staggered by age group,
with older ages prioritised for primary and booster
doses, the age composition of vaccinated and unvac-
cinated populations varied over time (Supplementary
Figure 1). Uptake of vaccine doses also varied by risk
group (Supplementary Figure 2). By the end of 2021,
28.8% of the Lower Risk, 32.0% of the Close
Contacts, 48.9% of the Clinically Vulnerable and
54.4% of the Exposure Risk groups had received
>3 COVID-19 vaccination doses; 3.3% of the
Exposure Risk and 9.9% of the Clinically
Vulnerable were unvaccinated.

Hospital admission rates by vaccination status. In 2021,
192,047 patients were admitted with a primary diag-
nosis of COVID-19 (67.3% unvaccinated). Full data
on admissions per vaccine status per month can be
found in Supplementary Table 2.

Figure 2 summarises the admission rates over the
course of the 2021.

Until Autumn 2021, changes in DSARs for the
population closely followed overall case rates, with
4.7 admissions per 100,000 person-days in January
falling to 0.1 in May, rising to 0.9 in June and July.

After this, admission rates remained stable despite
sharply increasing case numbers from November.

When analysed by vaccination status, DSARs
increased for both unvaccinated and vaccinated
between September and December, although to dif-
fering degrees by number of doses. Hospitalisations
were lower as the number of vaccine doses increased.
DSARs for the vaccinated population remained
stable (95% CI: 0.1 to 0.1) compared to an increase
of 1.5 (95% CI: 1.4 to 1.5) admissions per 100,000
person-days among the unvaccinated.

The DSAR for the unvaccinated population was
higher in December at 6.1 (95% CI: 5.9 to 6.3) admis-
sions per 100,000 person-days, than in January at 4.9
(95% CI: 4.9 to 5.0; relative risk 1.23 (95% CI: 1.19
to 1.28)). In contrast, the DSAR for vaccinated
people in December (0.7; 95% CI: 0.7 to 0.7) was
lower than in January (3.5; 95% CI: 3.2 to 3.9), rel-
ative risk 0.2 (95% CI: 0.2 to 0.2)).

By December 2021, the rate of COVID-19-related
emergency admissions for unvaccinated people
(14.2% of the population) was 8.7 (95% CI: 8.3 to
9.0) times higher than for the overall vaccinated
population.

Figure 2. Directly standardised admission rates per 100,000 person-days by COVID-19 vaccine status. Rates were standardised
for month, vaccination status, age, sex and risk group. The COVID-19 case rate is shown as a dashed line. Bars are shown with

95% confidence intervals. Dose | equals those who received only one dose, Dose 2 equals those who received only two doses,

Dose 3 equals those who received three or more doses.
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Vaccine effectiveness over time. VE for Doses 1 and 2
steadily declined over the course of 2021 but contin-
ued to confer protective effects (Figure 3 and Table 1).

Dose 1 VE peaked at 80.1% (95% CI: 77.4 to
82.5) in April and declined to 57.3% (95% CI: 52.5
to 61.6) by December. Dose 2 VE was over 90% until
August and then declined to 75.3% (95% CI: 74.1 to
76.5) by December. As a result, overall VE declined
from 90.0% (95% CI: 89.5 to 90.4) in July to 81.6%
(95% CI: 80.8 to 82.4) in October. However, the
introduction of a third dose (VE 91.8% (95% CI:
90.0 to 93.2)) to the wider public in October meant
that overall VE increased to 88.5% (95% CI: 88.0 to
88.9) by the end of 2021.

Vaccine effectiveness by age and number of doses

Figure 4 summarises VE by number of doses and age
for December 2021.

Dose 1 VE was broadly similar across all age
groups (5.1% of the population received only one
dose, giving wide CI). For Dose 2, there was a sig-
nificant difference in VE between people aged 70
years and over (65.3%; 95% CI: 62.1 to 68.2) and
those under 70 (79.8%; 95% CI: 78.8 to 80.7).

In contrast, Dose 3 VE remained high for all age
groups (total: 92.4%; 95% CI: 91.9 to 92.8; range
80.0% (95% CI: 67.0 to 87.9) in 25- to 29-year-olds
to 96.1% (95% CI: 95.3 to 96.7) in 70- to 74-
year-olds). Dose 3 VE was significantly higher than
Dose 2 VE in age groups >39 years. The disparity
between Doses 2 and 3 VE was greatest in those aged
70 years or more, with 82.3% (95% CI: 81.2 to 83.4)
fewer admissions per 100,000 person-days for those
with >3 doses versus those with two.

Vaccine effectiveness by risk group

Figure 5 summarises VE by risk group for December
2021.

For the Clinically Vulnerable, Dose 1 VE was sig-
nificantly lower than the Lower Risk group; Dose 2
VE was significantly lower compared to Lower Risk
and Exposure Risk groups; Dose 3 VE was signifi-
cantly lower than all other groups. However, vacci-
nation with three or more doses still conferred a VE
of 86.7% (95% CI: 85.8 to 87.6).

Except for the clinically vulnerable, Dose 3 VE
exceeded 90% in all risk groups with 59.3% (95%
CI: 56.7 to 61.7) fewer admissions per 100,000
person-days among the Clinically Vulnerable and

Figure 3. Vaccine effectiveness by vaccination dose and month, January 2021 to December 202 1. Shaded regions indicated 95%

confidence intervals. Dose | equals those who received only one dose, Dose 2 equals those who received only two doses, Dose 3

equals those who received three or more doses.
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Table 1. Vaccine effectiveness (VE) by vaccination dose and month, January 2021 to December 2021.

Dose 2 Dose 3

All vaccinated

95% Cl VE 95% ClI VE 95% ClI VE 95% ClI

January 2021 23.7 15.9-30.7 97.3 96.4-98.0 - - 28.9 21.6-35.5

March 2021 753 73.1-773 95.2 88.9-97.9 = = 76.3 74.2-78.3

May 2021 77.3 71.9-81.7 92.7

90.1-94.7 = = 87.9

85.8-89.8

July 2021 68.4 64.9-71.6 9l.1 90.7-91.5 = = 90.0 89.5-90.4

September 2021 66.0 61.5-69.9 85.6 85.0-86.2 = = 85.1 84.4-85.7

November 2021 61.5 56.2-66.2 78.7 77.7-79.7 94.7 94.1-95.2 86.1 85.4-86.7

Dose | equals those who received only one dose, Dose 2 equals those who received only two doses, Dose 3 equals those who received three or more

doses.

81.2% (95% CI: 72.6 to 87.2) fewer among the Close
Contacts group relative to Dose 2.

Discussion

The UKHSA produces weekly COVID-surveillance
reports that provide ‘real-time’ assessments of
COVID-19 VE.*> These show vaccines can be over
95% effective at preventing hospital admissions but
the level of protection varies substantially by popu-
lation group, COVID-19 variant, vaccine manufac-
turer and time since vaccination. Our analysis differs
in showing the effectiveness at monthly time points
which when considered alongside vaccine coverage
demonstrates likely direct vaccine impact at a point
in time.

Hospital admission rates by vaccination status

Rates of COVID-19 hospital admissions in the unvac-
cinated greatly exceeded those of the vaccinated
throughout 2021 (Figure 2). Despite sharply increas-
ing case rates at the end of 2021, admission rates
remained stable, driven by low admission rates in
the vaccinated group.

Vaccine effectiveness over time

Both Doses 1 and 2 VE wanes with time (Figure 1).
The introduction of Dose 3 led to a rise in overall VE
but our analysis cannot determine if this reflects the
increased number of doses, or having a more recent
dose. By the end of December 2021, 59% of the
English population aged 12+ had received a booster
dose, compared to 87% for the primary course, leav-
ing many without a recent vaccine.® This is concern-
ing given the benefit of multiple doses and the risk of
VE waning over time."?

Vaccine effectiveness by age group and number
of doses

DSARSs were lower with more vaccine doses, suggest-
ing a dose-dependent effect. Despite increasing prev-
alence and new variants, overall DSARs for the
vaccinated remained steady from September to
December 2021 (Figure 2), likely because more
people had received a second and third dose. In
people aged over 50 years, the addition of a third
or later dose appears to be critical to providing effec-
tive protection. This is particularly important, as
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Figure 4. Vaccine effectiveness (VE) per age group and vaccination dose from | to 3| December 2021. Bars are shown with 95%
confidence intervals. (Note: For the 16—17-year-old group, only 10.6% had two doses and 0.4% had 3+ doses, with <10

admissions so VE was not calculated). Dose | equals those who received only one dose, Dose 2 equals those who received only
two doses, Dose 3 equals those who received three or more doses.
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increased age is a significant risk factor for mortality
from COVID-19.*

Vaccine effectiveness by risk group

Vaccination protects against admission in all risk
groups (Figure 5). VE for both Doses 1 and 2 was
highest for the Exposure Risk group despite the pro-
longed time since initial vaccination, potentially due
to reduced immunological waning in younger popu-
lations®* (although may also reflect a greater degree
of natural immunity from exposure). For the clinical-
ly vulnerable, although VE was lowest across all
doses, vaccination with three or more doses still con-
ferred substantial protection. Since the group
includes the severely immunosuppressed, this could
reflect reduced immunological response to vaccina-
tion or accelerated immunological waning.>> Given
that the Exposure Risk and Clinically Vulnerable
were both vaccinated early, waning VE alone does
not fully explain the reduced VE for the Clinically
Vulnerable.

Strengths and limitations of the study

We used data over a whole calendar year, during the
emergence of multiple variants, variable case rates
and changing vaccine uptake. This provides a
population-level overview of the impact of vaccina-
tion that is not possible from studies over a shorter
period. Using primary diagnosis of COVID-19 as the
inclusion criteria increases the specificity of our study
by excluding those co-incidentally COVID-19 posi-
tive but admitted for another reason.

Our results are expressed in relation to calendar
months rather than time since vaccination, making it
difficult to accurately estimate waning of VE for each
dose. There are unmeasured confounding factors,
including exposure to COVID-19, adherence to
social distancing and use of personal protective
equipment. Such health-seeking behaviours may
reflect individual propensity for vaccination, further
biasing the analysis.

The study relies on routinely collected NHS data
sources with some data-quality issues and misclassi-
fication. For the risk group analyses, there may be
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Figure 5. Vaccine effectiveness per risk group and vaccination dose for the period of | to 3| December 2021. Bars are shown
with 95% confidence intervals. NB: ‘Lower Risk’ refers to individuals who are not in a high-risk group. Dose | equals those who

received only one dose, Dose 2 equals those who received only two doses, Dose 3 equals those who received three or more

doses.
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cross-over with individuals included in multiple
groups. Additionally, changes in patient’s clinical
status and risk group definitions mean that those
included in these groups varied during 2021.

DSARs were the only outcome measured.
Although decisions to admit would be based on clin-
ical severity, we cannot exclude that vaccine status
may have been a consideration in individual cases.
In addition, thresholds for admission vary geograph-
ically, limiting the comparability of results with other
countries. Future research into the effectiveness of
subsequent boosters and analyses of impact on
other indicators of severe disease (e.g. length of
stay, critical care admissions, mortality) would be
useful although may be harder to undertake, as test-
ing for COVID in both the community and hospitals
is now more restricted.

Comparison with other studies

We found a dose-dependent relationship between
vaccination and reduced hospitalisations on

a national-level and substantial VE waning of the pri-
mary course over time, mirrored in other international
research,'>'>2%%" including one study that demon-
strated a waning antibody response to a fourth boost-
er vaccine.”® Primary course VE waning was most
notable in older people, suggesting that the primary
course alone may not provide sufficient protection in
older age groups. Other research in the UK and
USA has also shown lower rates of protection in the
elderly.'"*” Although a large cohort study in Italy
found a larger risk reduction in hospitalisations in
older populations compared to younger, this only
included first doses.>® We found differences between
risk groups, with the Clinically Vulnerable group
generally exhibiting a lower VE than other groups.
A meta-analysis of vaccine efficacy in the immuno-
compromised noted reduced seroconversion after
their first and second vaccines (except for those
with HIV).?®> They concluded that there was a signif-
icant additional benefit of receiving a third dose for
this group, in line with our findings. A limitation
of both studies is the heterogenicity within groups
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and the difficulty defining and identifying the
immunocompromised.

Conclusion

Our analysis shows population level waning in VE
over time, improving with subsequent doses. We dem-
onstrated a disparity in VE between age and risk
groups, with greater protection after a third dose in
older people and some risk groups. If this trend of VE
waning after each dose continues, our analysis sup-
ports an ongoing programme of regular booster
vaccinations for the elderly and those at increased
risk. This is in line with recent JCVI announcements
regarding future booster programmes. Further
research could include analyses for different sub-
groups (e.g. ethnicity and deprivation, vaccine type/
manufacturer and time since vaccination). The use
of other outcomes, such as mortality, length of stay
or critical care admissions, would add further insight
into protection against severe disease.

What is already known on this topic

Vaccination against COVID-19 is effective at prevent-
ing hospitalisation, but much of the available research
is conducted over limited time periods, mainly near
the start of vaccination programmes or in relation to
a specific variant, dose or type of vaccine.

What this study adds

Our study adds to existing literature by using a whole
calendar year of linked data. Our research shows that
the pandemic is not over for people who are unvacci-
nated, and that relatively low admission rates in vac-
cinated people drove the stable overall admission
rates seen at the end of 2021 despite sharply increas-
ing COVID-19 case numbers.

We demonstrate a dose-dependent effect of vacci-
nation, as well as apparent waning of the effective-
ness of each vaccination dose, potentially more
marked in elderly and specific clinical risk groups,
highlighting the value of booster vaccinations.
Based on this pattern of dose-dependent effectiveness
and waning, our analysis supports an ongoing pro-
gramme of booster vaccinations, especially in the
elderly and risk groups.
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