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Summary

Background Whilst other studies have reported the effectiveness of mRNA vaccination against hospitalisation,
including emergency department or intensive care admission, few have assessed effectiveness against other more
clinically robust indices of COVID-19 severity.

Methods A prospective single-centre test-negative design case—control study of adults hospitalised with COVID-19
disease or other acute respiratory disease between 1 June 2021 and 20 July 2022. We assessed VE (vaccine
effectiveness) against hospitalisation, length of stay [LOS] >3 days, WHO COVID Score >5 and supplementary
oxygen FiO, (fraction inspired oxygen) >28%, conducting regression analyses controlling for age, gender, index of
multiple deprivation, Charlson comorbidity index, time, and community infection prevalence.

Findings 935 controls and 546 cases were hospitalised during the Delta period, with 721 controls and 372 cases
hospitalised during the Omicron study period. Two-dose BNT162b2 was associated with VE 82.5% [95% confidence
interval 76.2%-87.2%)] against hospitalisation following Delta infection, 63.3% [26.9-81.8%)], 58.5% [24.8-77.3%)], and
51.5% [16.7-72.1%] against LOS >3 days, WHO COVID Score >5, and requirement for FiO2 >28% respectively.
Three-dose BNT162b2 protection against hospitalisation with Omicron infection was 30.9% [5.9-49.3%], with
sensitivity analyses ranging from 28.8-72.6%. Protection against LOS >3 days, WHO COVID Score >5 and
requirement for FiO2 >28% was 56.1% [20.6-76.5%)], 58.8% [31.2-75.8%], and 41.5% [-0.4-66.3%)], respectively.
In the UK, BNT162b2 was prioritised for high-risk individuals and those aged >75 years. In the latter group we
found a higher estimate of VE against hospitalisation of 47.2% [16.8-66.6%)].

Interpretation BNT162b2 vaccination results in risk reductions for hospitalisation and multiple patient outcomes
following Delta and Omicron COVID-19 infection, particularly in older adults. BNT162b2 remains effective against
severe SARS-CoV-2 disease.
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Research in context

Evidence before this study

COVID-19 vaccine effectiveness (VE) is typically measured
against infection, hospitalisation, or death, with limited data
assessing VE against other outcomes. Large data linkage
studies have shown two-dose BNT162b2 VE against
hospitalisation of 80-94% and 86-90% against death/
invasive mechanical ventilation (IMV) with Delta (B.1.617.2)
infection. In contrast, two-dose BNT162b2 VE estimates of
70-98% against hospitalisation with Omicron (B.1.1.529)
infection are reported while, three-dose VE estimates are
77-91% (hospitalisation) and 88-97% (death/IMV).

Such studies have also demonstrated waning immune
protection occurring as the interval between most recent
COVID-19 vaccination and date of SARS-CoV-2 positive test
increases, suggesting that the protection against both
variants decreases over time.

Added value of this study

We provide the first estimates of two- and three-dose
BNT162b2 effectiveness against respiratory failure requiring
FiO2 >28% and any form of positive pressure ventilatory
support. This analysis shows that two-dose BNT162b2 is
highly effective in reducing hospitalisation, as well as
preventing admission >3-days and respiratory failure requiring
oxygen supplementation or positive pressure ventilatory

Introduction
Following the emergence of the wild-type SARS-CoV-2
strain, replacement with multiple genomic variants
occurred.! The B.1.617.2 (Delta) variant emerged in
March 2021 and spread quickly, resulting in a surge of
SARS-CoV-2 infections and rapid associated increase in
UK COVID-19 hospitalisations.” The emergence of
Delta was followed by Omicron (B.1.1.529) variant
emergence, first detected in South Africa in November
2021, and subsequently resulting in a fourth wave of
SARS-CoV-2 infection in the UK. By 26th December
2021, approximately 95% of UK SARS-CoV-2 infections
were caused by Omicron, rapidly replacing Delta as the
main circulating variant.* These variants are both char-
acterized by multiple spike protein mutations which
may alter cell entry and enable immune evasion,
causing concern that immune responses to the N-ter-
minal and receptor-binding domain would be less
effective. Vaccine-induced serum neutralising activity
against Delta and Omicron variants*® is lower than
against previous variants and wild-type virus, and Om-
icron sublineages BA.2.12.1 and BA.4/5 show further
immune escape.’

Several COVID-19 vaccines received rapid regulatory
authorization based on demonstrated efficacy in clinical
trials. The main COVID-19 vaccines used in the UK

support due to Delta infection. Three-dose BNT162b2 was
found to be effective in reducing Omicron infection severity,
including in older and other at-risk adults, although the VE
point-estimates were lower than those obtained for two
doses against Delta.

Implications of all the available evidence

BNT162b2 vaccination provides effective protection against
hospitalisation due to both Delta and Omicron infection.
There are also significant benefits in terms of preventing
severe disease and other poor patient outcomes, including
death, critical care admission, and respiratory failure which
require either positive pressure support or oxygen
supplementation. However, the benefit provided by
vaccination decreases over time since the most recent vaccine
dose and this effect appears to be more pronounced in older
adults, and may occur in other at-risk patient groups, while it
may also vary according to the number of vaccine doses
received and the circulating variants.

The continuing emergence of new variants will modulate the
effectiveness of current COVID-19 vaccines. When combined
with waning vaccine-induced immunity, careful monitoring of
the effectiveness of COVID-19 vaccines in the population and
how this may impact healthcare resources is warranted.

target the spike protein: BNT162b2 (Cominarty®) and
mRNA-1273 (Spikevax®) mRNA vaccines, and ChA-
dOx1 (Vaxzevria®) a replication-deficient simian
adenovirus vector vaccine. Initially vaccine effectiveness
(VE) was estimated when the original wild-type and then
Alpha variant strains (B.1.1.7, the predominant lineage
in the UK from January-May 2021) were in circulation,
initially assessing one dose VE in adults >80 years®*'"
and then other patient age groups.” As patients
became eligible for second doses, real-world VE esti-
mates against hospitalisation due to COVID-19 approx-
imated 52-92%."°"* UK estimates of three-dose VE
against hospitalisation due to Omicron vary, ranging
from 70 to 99%." Early in 2021, the interval between
first and second doses of COVID-19 vaccines was
extended to 12 weeks in the UK, to prioritise first dose
administration.” The booster vaccination program
began in September 2021, was timed at 6-months after
completion of the primary course, and prioritised the
most vulnerable: all adults aged >50 years, and those in
clinical risk groups.” Thus, UK COVID-19 VE estimates
may differ from those in other countries.

Many studies evaluating VE against hospitalisation
and severe COVID-19 disease use linkage of large
vaccination and admission databases.’*’*” With
continuing high incidence of SARS-CoV-2 infections,
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determining whether hospitalised patients who test
positive for SARS-CoV-2 actually have COVID-19 be-
comes increasingly challenging. Admission thresholds
also change over time as healthcare resource pressures
change and understanding of disease improves. Col-
lecting detailed clinical data on all admissions permitted
us to identify relevant cases accurately and to evaluate
disease severity using multiple measures. Accordingly,
we undertook a test-negative design (TND) case control
study comparing COVID-19 and non-COVID-19 pa-
tients with acute lower respiratory tract disease (aLRTD)
to evaluate the effectiveness of BNT162b2 against severe
disease caused by the Delta and Omicron variants.

Methods

Study design and conduct

We conducted a TND case—control study of adults
admitted to North Bristol and University Hospitals
Bristol and Weston NHS Trusts [AvonCAP:
ISRCTN17354061] between 1st June 2021 and 20th July
2022 inclusive. Patients who had signs/symptoms of
respiratory infection and were aged >18 y (years) on
hospitalisation were included.” Eligible cases and con-
trols were identified from the medical admission list,
and data collected from medical records using REDCap
software.”” Data collection methods were identical for
cases and controls. Vaccination records for each study
participant were obtained from linked hospital and GP
records, including vaccination brand and date of
administration. Collection of vaccination data was un-
dertaken by individuals blinded to participants’ SARS-
CoV-2 test results.* To avoid observer bias, all data
collection was undertaken by individuals not involved in
analysis and blinded to results.

Case definition and exclusions

Only patients with >2 signs of acute respiratory disease
or a confirmed clinical/radiological diagnosis of aLRTD
were included.® Cases were defined as patients admitted
with aLRTD and a positive admission SARS-CoV-2 test,
using the UKHSA diagnostic assay in current use. Delta
was initially identified by S-gene positive PCR (SGTP)
testing, subsequently replaced on 11th May 2021 by
P681R target following validation. Omicron was identi-
fied as S-gene negative (SGNP) and then by K417N
mutation.”” Cases without variant identification results
admitted between the 1st June 2021 (when Alpha ceased
to be dominant) and 7th November 2021 (date of first
confirmed Omicron hospitalisation in Bristol) were
inferred to be Delta. Those after 7th February 2022 (last
date of confirmed Delta admission) were inferred to be
Omicron. SARS-CoV-2 positive admissions without
identified variant and SARS-CoV-2 negative admissions
between 8th Nov 2021 and 6th Feb 2022 were excluded
from analysis.
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Patients with symptoms starting >10-days prior to
admission were excluded (to reduce the chance of
including potentially false negative admission SARS-
CoV-2 tests), as were those with a confirmed previous
SARS-CoV-2 infection. Repeat positive admission re-
sults for SARS-CoV-2 were excluded, so only the first
COVID-19 admission for each individual was included.
We excluded patients who were partially vaccinated,
receiving only one-dose or developing symptoms <7-
days after their second vaccination, and patients who
had received four-doses on admission to hospital.

Controls had to have aLRTD and a negative SARS-
CoV-2 result. Controls could have multiple hospital-
isations and be included, provided subsequent admis-
sions were >7-days following previous discharge;
however, once a patient became a case, further read-
missions were excluded. Controls were classified based
on their admission date: those admitted between the 1st
June 2021 and 7th November 2021 (date of first
confirmed Omicron hospitalisation in Bristol) were
classified as hospitalised during the Delta dominance
period, and those after 7th February 2022 (last date of
proven Delta admission) were classified as occurring
during Omicron dominance.

Exposure definition

We studied VE of two-dose and three-dose BNT162b2
(Pfizer-BioNTech, Comirnaty®) against Delta and
Omicron SARS-CoV-2 variants respectively, in adults
(=18 y). We also determined VE by age group: <50 y,
>50y and >75 y. Individuals were defined as vaccinated
if they had received two-dose or three-dose BNT162b2
vaccine, and unvaccinated if they had never received any
vaccine. Immunisation with two-dose BNT162b2 was
defined as having received two-dose BNT162b2 with >7-
days having elapsed between the second-dose and
symptom onset (and no third-dose received). Immuni-
sation with three-dose BNT162b2 was defined as having
received three-dose BNT162b2 with >7-days having
elapsed between the third-dose and symptom onset (and
no fourth dose received).

Outcomes

As a primary outcome, VE against hospital admission
with either a clinical or radiological aLRTD diagnosis or
aLRTD signs/symptoms was assessed.® To investigate
COVID-19 disease severity in SARS-CoV-2 positive
hospitalised patients, we considered three additional
measures; World Health Organisation (WHO) COVID-
19 outcome score >5, maximum oxygen requirement
fraction inspired (FiO,) >28% (both within the first
seven days of hospitalisation), and total hospital length
of stay (LOS) >3-days. These outcome measures reflect
different operational concerns for hospitals, in partic-
ular the oxygen supply, availability of high dependency
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care, and a measure of overall hospital bed utilisation.
The WHO score assesses the level of invasive ventilation
required (4 = room air, 5 = oxygen supplementation
required, 6 = non-invasive positive pressure ventilation
usage, 7-9 requires endotracheal intubation).?' Thresh-
olds for outcomes used were determined empirically
and have been reported previously.”

In a secondary analysis, we assessed VE of two-dose
and three-dose BNT162b2 against Delta and Omicron
SARS-CoV-2 variants, categorising vaccinated in-
dividuals based on the time interval between symptom
onset and last vaccination into <3-months and >3-
months and conducting separate analyses for each
category by SARS-CoV-2 variant.

Statistical analysis

Using a TND, VE against hospitalisation was assessed
by comparing the odds of testing positive for specific
SARS-CoV-2 variants among vaccinated versus unvac-
cinated participants. VE was defined as (1-OR) x 100,
where OR is the odds ratio of testing positive among
vaccinated participants compared with unvaccinated
participants using univariable regression (unadjusted
vaccine effectiveness). Limiting the sample under study
to SARS-CoV2 positive participants, VE was assessed
against the three severity outcomes of hospitalisation
listed above. This is therefore a comparison of the odds
of a severe in-hospital outcome within hospitalised in-
dividuals with SARS-CoV-2 between vaccinated and
unvaccinated individuals.

Due to disease incidence variation, health system
capacity and increasing population immunity occurring
through vaccination, SARS-CoV-2 infection changes
over time could introduce biases and confound results.
To mitigate this, we performed multivariable logistic
regression analyses for the four outcomes adjusting for
age, gender, Index of Multiple Deprivations (IMD, the
official measure of relative deprivation for small areas
(or neighbourhoods) in England in 2019) decile rank,
Charlson comorbidity index (CCI) [continuous variable],
week of admission [integer-valued variable], and com-
munity SARS-CoV-2 prevalence [lagged by time interval
between infection and hospitalisation, assumed to be
10-days for Delta and 8-days for Omicron]* (Adjusted
VE - Tables 2 and 3). As a sensitivity analysis, we
matched cases and test-negative controls using 1:2 exact
matching by age, CCI category and week of hospital-
isation where possible, while adjusting for gender, IMD
and community SARS-CoV-2 infection prevalence using
conditional logistic regression (matched conditional lo-
gistic regression Supplementary Tables S1-S3).

We performed additional subgroup analyses to
determine VE in <50y, >50 y and >75y (Tables 2 and 3,
Supplementary Tables S2 and S3) for all combinations
of outcome and method, and VE by time since last
vaccination as <3-months, >3-months (Table 4,

Supplementary Tables S4 and S5). Further sensitivity
analyses were implemented for VE against Omicron to
reconfirm that the observed apparent low VE findings
were robust. We conducted sensitivity analyses based on
matched conditional logistic regression using both
stratum matching (relaxing the matching criteria for the
exact matching) and distance matching (propensity
score; nearest neighbour and genetic matching)
methods, and calculated additional adjusted VE esti-
mates using logistic regression models designed to
control for time varying-effects of vaccination and inci-
dence by including time as an integer-valued variable, a
categorical variable or spline function (Supplementary
Table S6).

Basic characteristics of the sample under study were
compared using Fisher exact tests (categorical variables)
and Wilcoxon rank-sum tests (continuous variables).
Statistical analyses were performed with R v4.0.2.
Missing data were limited to the IMD variable and
accounted for <2% during Delta and <6% during Omi-
cron time-periods; no imputation was performed, and
all analyses only included participants with complete
data. Statistical significance was defined using a 2-sided
significance level of a = 0.05.

Ethics and permissions

The Health Research Authority Research Ethics Com-
mittee (East of England, Essex), REC20/EE/0157
approved this study, including use of Section 251 of the
2006 NHS Act under Confidentiality Advisory Group
authorisation.

Role of the funding source

This study was conducted as a collaboration between
The University of Bristol (study sponsor) and Pfizer
(study funder). The study funder did not undertake any
data collection; they collaborated in study design, data
analysis and manuscript preparation.

Results

During the study period 13,609 adult aLRTD hospital-
isations occurred in Bristol, UK: 8543 admissions were
eligible for this analysis, with 2313 (27%) testing SARS-
CoV-2 positive. Cases and controls designation and ex-
clusions are shown in Fig. 1 and Supplementary Fig. S1.
During Delta variant dominance, 698 individuals
received two-dose BNT162b2 vaccination >7-days before
symptom onset. Among Delta cases, median patient age
was 52 y (IQR38-72), 298 individuals (55%) were male,
median CCI was 1 (IQR0-4) and patients hospitalised
with SARS-CoV-2 aLRTD were significantly younger
than those with SARS-CoV-2 negative aLRTD (median
age 77y (IQR59-85), P < 0.001). During Omicron variant
dominance, 597 individuals had received three-dose
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Characteristic Delta (B.1.617.2) variant Omicron (B.1.1.529) variant
SARS-CoV-2 SARS-CoV-2 P-value SARS-CoV-2 SARS-CoV-2 P-value
Positive (N = 546) Negative (N = 935) Positive (N = 372) Negative (N = 721)
Vaccination status <0.001 0.040
Vaccinated® 90 (16%) 608 (65%) 187 (50%) 410 (57%)
Unvaccinated 456 (84%) 327 (35%) 185 (50%) 311 (43%)
Age - median years (IQR) 52 (38-72) 77 (59-85) <0.001 75 (51-85) 75 (56-84) 0.4
Sex 0.053 0.6
Male 298 (55%) 461 (49%) 193 (52%) 362 (50%)
Female 248 (45%) 474 (51%) 179 (48%) 359 (50%)
LTCF Resident 17 (3.1%) 62 (6.6%) 0.004 28 (7.5%) 31 (4.3%) 0.033
Ethnicity <0.001 03
White British 283 (52%) 717 (77%) 255 (69%) 510 (71%)
Other 123 (23%) 6 (7.1%) 43 (12%) 63 (8.8%)
Unknown 140 (26%) 152 (16%) 74 (20%) 147 (20%)
Index of multiple deprivation 53-7) 5(3-8) <0.001 5(3-8) 5 (3-8) >0.9
Unknown 13 13 23 54
Smoking <0.001 0.4
Current 28 (5.1%) 99 (11%) 43 (12%) 73 (10%)
Ex-smoker 161 (29%) 406 (43%) 122 (33%) 275 (38%)
Non-smoker 288 (53%) 345 (37%) 153 (41%) 275 (38%)
Unknown 69 (13%) 85 (9.1%) 0 1
Comorbidity scores
Rockwood Frailty scale <0.001 0.5
1-4 334 (61%) 409 (44%) 126 (34%) 260 (36%)
5-10 212 (39%) 525 (56%) 246 (66%) 461 (64%)
CCl - median (IQR) 1 (0-4) 4 (2-6) <0.001 4 (1-5) 4 (2-6) 0.093
Respiratory
Any 124 (23%) 431 (46%) <0.001 126 (34%) 335 (46%) <0.001
COPD 42 (7.7%) 246 (26%) <0.001 5 (17%) 194 (27%) <0.001
Asthma 73 (13%) 162 (17%) 0.047 (16%) 113 (16%) >0.9
Other” 21 (3.8%) 82 (8.8%) <0.001 2 (3.2%) 73 (10%) <0.001
Cardiovascular
Any 0 (15%) 372 (40%) <0.001 119 (32%) 266 (37%) 0.11
IHD 9 (7.1%) 120 (13%) <0.001 9 (13%) 91 (13%) 0.8
AF 0 (3.7%) 184 (20%) <0.001 0 (16%) 129 (18%) 05
CCF 2 (4%) 146 (16%) <0.001 4 (9.1%) 113 (16%) 0.003
Diabetes
Any 63 (12%) 175 (19%) <0.001 69 (19%) 124 (17%) 0.6
Type 1 3 (0.5%) 12 (1.3%) 0.8 5 (1.3%) 10 (1.4%) >0.9
Type 2 60 (10.9%) 163 (17.4%) 64 (1.7%) 114 (15.8%)
Neurological
Dementia 12 (2.2%) 3 (7.8%) <0.001 6 (7.0%) 5 (6.2%) 07
Cognitive impairment 8 (1.5%) 4 (4.7%) <0.001 0 (5.4%) 8 (2.5%) 0.022
CVA 11 (2.0%) 67 (7.2%) <0.001 17 (4.6%) 38 (5.3%) 0.7
TIA 12 (2.2%) 9 (5.2%) 0.004 6 (4.3%) 37 (5.1%) 07
Other neurological disease® 14 (2.6%) 1 (3.3%) 0.5 4 (6.5%) 6 (3.6%) 0.046
Oncology
Solid organ cancer 22 (4.0%) 101 (11%) <0.001 29 (7.8%) 66 (9.2%) 0.5
Haematological malignancy 13 (2.4%) 16 (1.7%) 0.4 8 (2.2%) 10 (1.4%) 0.5
(Table 1 continues on next page)
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Characteristic

Delta (B.1.617.2) variant

SARS-CoV-2
Positive (N = 546)

SARS-CoV-2
Negative (N = 935)

P-value

Omicron (B.1.1.529) variant

SARS-CoV-2
Positive (N = 372)

SARS-CoV-2
Negative (N = 721)

P-value

(Continued from previous page)

Renal disease”

None
Mild

Moderate/severe

Data are N (%) unless otherwise stated. AF, atrial fibrillation; CCF, congestive cardiac failure; CCl, Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; CKD; chronic kidney disease;
CVA, cerebrovascular accident; IHD, ischaemic heart disease; IQR, interquartile range; LTCF, long-term care facility; TIA, transient ischaemic attack. *Vaccinated are individuals who have received two doses
and three doses of BNT162b2 for Delta and Omicron variant respectively. "Includes bronchiectasis, pulmonary fibrosis, and other chronic respiratory conditions. “Includes Parkinson’s disease, Huntingdon’s
disease, and other chronic neurological conditions. dnmild is CKD stage 1-3; moderate or severe is CKD stage 4-5, end-stage renal failure, or dialysis dependence.

<0.001

488 (89%)
45 (8.2%)
13 (2.4%)

696 (74%)
211 (23%)
28 (3.0%)

0.081

282 (76%)
68 (18%)

22 (5.9%)

565 (78%)
133 (18%)
22 (3.1%)

Table 1: Baseline characteristics of study cohort.

BNT162b2 vaccination >7-days before symptom onset.
For Omicron cases, median patient age was 75 y
(IQR51- 85), 193 (52%) were male, and median CCI was
4 (IQR1-5). The characteristics of cases and controls are
listed in Table 1.

Of the 546 Delta SARS-CoV-2 infection cases, 90
(16%) received two-dose BNT162b2, as had 608 of 935
controls (65%); giving an unadjusted VE of 89.4% [95%
confidence interval (95%CI) 86-92%]. Adjusted results
from logistic regression were VE 82.5% [95%CI
76-87%] and from matched conditional logistic regres-
sion were VE 73.6% [95%CI 38-89%]. We found no
evidence of a significant trend in VE against hospital-
isation with respect to patients’ age (Table 2), which we
examined further in the context of an adjusted logistic
regression by including additional interaction terms
between vaccine and age, and found no evidence that
there is a decrease in VE with increasing age
(Supplementary Table S7). Two-dose BNT162b2
adjusted VE against disease severity outcomes following
Delta infection were 63.3% [95%CI 27-82%], 58.5 [95%
CI 25-77%)], and 51.5% [95%CI 17-72%)] for hospital
LOS>3-days, WHO COVID Score >5 and the require-
ment for FiO2 >28%, respectively (Table 2,
Supplementary Table S2).

The effectiveness of three-dose BNT162b2 against
hospitalisation with the Omicron variant is shown in
Table 3, with an unadjusted VE 28.4% [95%CI 7-45%)],
and adjusted VE 30.9% [95%CI 6-50%]. Point estimates
of VE against hospitalisation showed no consistent
trend with age (Table 2). Adjusted VE of three-dose
BNT162b2 against hospital LOS >3-days, WHO
COVID Score >5 and the requirement for FiO2 >28%
was estimated at 56.1% [95%CI 21-77%], 58.8% [95%CI
31-76%)], and 41.5% [95%CI 0-66%], respectively.

Sensitivity analyses of three-dose VE against Omi-
cron hospitalisation introduced additional uncertainty,
with VE estimates using matched conditional logistic
regression ranging from 34.1% [95%CI 0.1-56.6%)] to
72.6% [95%CI 19.6-90.7%)], and using adjusted logistic
regression with alternative time models ranging from

28.8% [95%CI —0.5-49.69%] to 30.9% [95%CI 5.9-49.3%]
(Supplementary Table S6). The matched estimates have
wider confidence limits resulting from smaller sample
sizes, and confidence intervals all overlap.

As protection from vaccination may wane over time,
we considered whether VE against hospitalisation and
in-hospital outcomes was different when the cohort was
stratified by length of time between symptom onset and
last COVID-19 vaccination. Adjusted VE against hospi-
talisation with Delta variant infection of two-dose
BNT162b2 administered <3-months prior to admis-
sion was found to be 91.5% [95%CI 83-96%)], and to be
79.5% [95%CI 72-85%] for cases where BNT162b2 had
been administered >3-months prior to admission
(Table 4). Differences in VE between shorter and longer
time since vaccination were larger among older patients,
suggesting that waning may occur earlier or be more
pronounced with increasing age. Adjusted VE against
hospitalisation with Omicron for three-dose BNT162b2
was 31.0% [95%CI -15-59%, P-value = 0.2] when
administered <3-months and 33.9% [95%CI 8-52%, P-
value = 0.013] when administered >3-months prior to
admission. The low numbers of Omicron admissions in
the 3-month period following the booster programme
rollout resulted in insufficient statistical power to draw
firm conclusions about waning following Omicron
(Table 4, Supplementary Table S4). VE analyses by time
since vaccination against other patient outcomes were
also inconclusive due to small case numbers
(Supplementary Table S5).

Discussion

This real-world study provides evidence that BNT162b2
provides protection against hospitalisation from both
Delta (B.1.617.2) and Omicron (B.1.1.529) SARS-CoV-2
variants. Whilst other studies have reported mRNA VE
against hospitalisation, including emergency depart-
ment or intensive care admission,* few have assessed
effectiveness against other clinically robust COVID-19
severity indices. Our study provides this information,
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Characteristic All adults <50 years >50 years >75 years

VE (95% CI) OR (95% CI) P-value VE (95% Cl) OR (95% Cl) P-value VE (95% Cl) OR (95% Cl) P-value VE (95% Cl) OR (95% Cl) P-value
1. Hospitalisation
Unadjusted vaccine effectiveness
Two doses  89.4 (86.2-91.9) 0.106 (0.081-0.138) <0.001 93.1 (85.3-97.2) 0.069 (0.028-0.147)  <0.001 85.5 (80.5-89.3) 0.145 (0.107-0.195) <0.001 77.9 (65.8-85.8)> 0.221 (0.142-0.342) <0.001
Adjusted vaccine effectiveness - Logistic regression model
Two doses 825 (76.2-87.2)  0.175 (0.128-0.238) <0.001 94.4 (87.3-97.8) 0.056 (0.022-0.127)  <0.001 75.6 (65.2-82.9) 0.244 (0.171-0.348) <0.001 68.2 (47.6-80.6) 0.318 (0.194-0.524) <0.001
Age 1.005 (0.994-1.016) 0.4 1.057 (1.028-1.088)  <0.001 0.989 (0.972-1.006) 0.2 0.991 (0.954-1.029) 0.7
Sex (male) 1.268 (0.976-1.648) 0.075 1.279 (0.800-2.046) 0.3 1.115 (0.802-1.551) 0.5 1.042 (0.647-1.678) 0.9
ca 0.810 (0.734-0.890) <0.001 0.723 (0.503-1.022) 0.070 0.860 (0.774-0.951)  0.004 0.899 (0.771-1.037) 0.2
IMD 0.973 (0.929-1.020) 0.3 1.008 (0.929-1.095) 0.8 0.964 (0.908-1.023) 0.2 0.900 (0.828-0.977)  0.012
Prevalence 1.001 (1.001-1.002) <0.001 1.001 (1.000-1.002) 0.017 1.001 (1.001-1.002) <0.001 1.001 (1.000-1.003)  0.017
Week 1.093 (1.072-1.114) <0.001 1.036 (1.005-1.069)  0.023 1131 (1.102-1.161) <0.001 1.150 (1.108-1.198) <0.001
2. Hospital admission length >3 days
Unadjusted vaccine effectiveness
Two doses 1.0 (-71.1-41.4) 0.990 (0.586-1.711) >0.9  70.4 (-40.6-95.8) 0.296 (0.042-1.406) 0.2  35.4 (-25.3-66.1) 0.646 (0.339-1.253) 0.2  69.2 (13-92.1) 0308 (0.079-0.987)  0.061
Adjusted vaccine effectiveness - Logistic regression model
Two doses  63.3 (26.9-81.8) 0.367 (0.182-0.731) 0.005 74.3 (-32.4-96.6) 0.257 (0.034-1324) 0.2 56.1(4.2-80.0)  0.439 (0.200-0.958) 0.039 75.6 (14.0-94.3) 0.244 (0.057-0.860) 0.038
Age 1.034 (1.012-1.055)  0.002 1.054 (1.017-1.093)  0.005 0.995 (0.955-1.035) 0.8 1.008 (0.911-1.122) 0.9
Sex (male) 1173 (0.779-1.762) 0.4 1588 (0.906-2.791)  0.11 0718 (0.375-1.347) 0.3 3.443 (1.063-12.746) 0.048
cal 1.034 (0.868-1.247) 0.7 0.788 (0.486-1251) 0.3 1.247 (0.974-1.660) 0.10 1.089 (0.709-1.741) 0.7
IMD 1.045 (0.971-1.126) 0.2 1.052 (0.954-1.161) 0.3 1.053 (0.939-1.185) 0.4 1.066 (0.864-1.335) 0.6
Week 1.027 (1.000-1.055)  0.050 1.026 (0.992-1.063)  0.14 1.033 (0.988-1.081) 0.2 1.018 (0.918-1.130) 0.7
3. WHO score >5
Unadjusted vaccine effectiveness
Two doses 213 (-27.9-51.0) 0787 (0.490-1.279) 03 453 (-153.4-89.4)  0.547 (0.106-2.534) 0.4 515 (14.2-72.5) 0.485 (0.275-0.858) 0.012 28.6 (-59.5-68.5) 0.714 (0.315-1.595) 0.4
Adjusted vaccine effectiveness - Logistic regression model
Two doses  58.5 (24.8-77.3)  0.415 (0.227-0.752) 0.004 41.6 (-200.7-89.8)  0.584 (0.102-3.007) 0.5  50.3 (4.1-74.3)  0.497 (0.257-0.959) 0.037 50.5 (-22.4-80.9) 0.495 (0.191-1.224)  0.14
Age 1.023 (1.004-1.042) 0.016 1.053 (1.017-1.093)  0.005 0.968 (0.936-1.000) 0.051 0.959 (0.892-1.029) 0.2
Sex (male) 1.106 (0.756-1.618) 0.6 1.601 (0.911-2.821) 0.10 0.640 (0.361-1.120) 0.12 0.435 (0.176-1.038)  0.065
cal 1.022 (0.875-1.203) 0.8 0.912 (0.576-1.456) 0.7 1.209 (0.984-1.522) 0.087 1.688 (1.189-2.530)  0.006
IMD 0.940 (0.877-1.007)  0.077 0.914 (0.827-1.007)  0.072 0.979 (0.885-1.084) 0.7 0.957 (0.817-1.123) 0.6
Week 1.010 (0.985-1.036) 0.4 1.014 (0.979-1.050) 0.4 0.997 (0.958-1.038) 0.9 0.976 (0.911-1.046) 05
4. Supplementary oxygen Fi02 >28%
Unadjusted vaccine effectiveness
Two doses 30.3 (-10.0-56.1) 0.697 (0.439-1.100) 0.12 100 (-1.6 x 1029—NA) 0 (NA-1.6 x 1028) >0.9 41.6 (2.5-65.2) 0.584 (0.348-0.975) 0.040 6.7 (-97.7-56.0) 0.933 (0.440-1.977) 0.9
Adjusted vaccine effectiveness - Logistic regression model
Two doses 515 (16.7-721)  0.485 (0.279-0.833) 0.009 100.0 (-4.5 x 107-NA) 0.000 (NA-4.5 x 10%5) >0.9 315 (-22.2-61.7) 0.685 (0.383-1.222) 02  20.8 (-79.1-65.5) 0.792 (0.345-1.791) 0.6
Age 1.028 (1.010-1.046)  0.002 1.065 (1.028-1.107)  <0.001 0.985 (0.958-1.012) 0.3 0.920 (0.853-0.986)  0.023
Sex (male) 1.190 (0.839-1.687) 0.3 1.092 (0.622-1.915) 0.8 1.082 (0.673-1.739) 0.7 0.635 (0.281-1.405) 0.3
ca 0.988 (0.927-1.052) 0.7 0.941 (0.850-1.039) 0.2 1.042 (0.957-1.136) 0.3 1.102 (0.956-1.277) 0.2
IMD 0.903 (0.779-1.044) 0.2 0.812 (0.464-1291) 0.4 1.005 (0.850-1.189) >0.9 1387 (1.037-1.914)  0.035
Week 1.009 (0.986-1.033) 0.4 1.022 (0.988-1.058) 0.2 0.989 (0.956-1.022) 0.5 0.963 (0.904-1.024) 0.2

Cl, Confidence Interval; CCl, Charlson comorbidity index; FiO2, Fraction inspired oxygen; IMD, index of multiple deprivation; OR, Odds Ratio; VE, vaccine effectiveness; WHO, World Health Organisation. The results of Matched Conditional Logistic

Regression models are shown in Supplementary Data 2.

Table 2: Vaccine effectiveness for two doses of BNT162b2 against the delta (B.1.617.2) variant.
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Characteristic All adults <50 years >50 years >75 years

VE (95% Cl) OR (95% CI) P-value VE (95% Cl) OR (95% Cl) P-value VE (95% Cl) OR (95% Cl) P-value VE (95% Cl) OR (95% CI) P-value
1. Hospitalisation
Unadjusted vaccine effectiveness
Three doses  28.4 (7.1-44.8)  0.716 (0.552-0.929) 0.012 32.6 (-24-64.2)  0.674 (0.358-1.240) 0.2 26,5 (0.5-457) 0735 (0.543-0.995) 0.046 30.7 (-2.8-53.1) 0.693 (0.469-1.028) 0.067
Adjusted vaccine effectiveness - Logistic regression model
Three doses  30.9 (5.9-49.3)  0.691 (0.507-0.941) 0.019 42.6 (-17.4-72.7) 0.574 (0.273-1.174) 013  32.0 (3.8-52.0)  0.680 (0.480-0.962) 0.029 47.2 (16.8-66.6) 0.528 (0.334-0.832)  0.006
Age 1.001 (0.990-1.012) 0.9 1.029 (0.991-1.071) 0.14 0.994 (0.977-1.011) 0.5 1.005 (0.971-1.041) 0.8
Sex (male) 1.005 (0.756-1.335) >0.9 0.565 (0.288-1.086) 0.090 1.136 (0.824-1.569) 0.4 1.388 (0.927-2.085) 0.11
cal 0.957 (0.877-1.042) 0.3 0.824 (0.544-1.196) 0.3 0.972 (0.887-1.063) 0.5 1.010 (0.904-1.128) 0.9
IMD 1.017 (0.967-1.069) 0.5 1.160 (1.035-1.307) 0.012 0.987 (0.932-1.044) 0.6 0.994 (0.926-1.067) 0.9
Prevalence 1.001 (1.001-1.002) <0.001 1.001 (1.000-1.002) 0.019 1.001 (1.001-1.002) <0.001 1.001 (1.001-1.002) <0.001
Week 0.959 (0.929-0.991) 0.011 0.954 (0.891-1.020) 0.2 0.962 (0.926-0.999) 0.042 0.935 (0.889-0.982) 0.008
2. Hospital admission length >3 Days
Unadjusted vaccine effectiveness
Three doses  -9.1 (-74.1-31.5) 1.091 (0.685-1.741) 0.7  72.8 (-10.4-96)  0.272 (0.040-1.104) 011  21.0 (-39.9-55.9) 0.790 (0.441-1.399) 0.4 9.6 (-93.1-59.1) 0.904 (0.409-1.931) 0.8
Adjusted vaccine effectiveness - Logistic regression model
Three doses  56.1 (20.6-76.5)  0.439 (0.235-0.794)  0.008 74.4 (-24.2-96.9) 0.256 (0.031-1.242) 013  49.8 (3.8-747)  0.502 (0.253-0.962) 0.042 19.6 (-76.2-64.8) 0.804 (0.352-1.762) 0.6
Age 1.036 (1.014-1.059)  0.001 1.032 (0.953-1.121) 0.4 1.031 (0.999-1.064) 0.060 1.011 (0.946-1.082) 0.7
Sex (male) 1.438 (0.848-2.441) 0.2 2.548 (0.684-9.903) 0.2 1.195 (0.657-2.174) 0.6 1247 (0.601-2.585) 0.6
cal 1.088 (0.923-1.298) 03 1.986 (0.926-5.133) 0.094 1.056 (0.891-1.267) 05 0.995 (0.819-1.222) 0.9
IMD 1.085 (0.985-1.196)  0.10 0.939 (0.754-1.156) 0.6 1149 (1.025-1.292)  0.018 1.145 (0.996-1.324)  0.061
Week 0.932 (0.888-0.977) 0.004 0.917 (0.810-1.024) 0.14 0.927 (0.876-0.978)  0.007 0.949 (0.887-1.014) 0.13
3. WHO score >5
Unadjusted vaccine effectiveness
Three doses  23.4 (-18.7-50.6) 0.766 (0.494-1.187) 02 807 (-8.8-99.0)  0.193 (0.010-1.088) 0.13 415 (4.0-64.5)  0.585 (0.355-0.960) 0.035 433 (-6.7-70.2)  0.567 (0.298-1.067) 0.081
Adjusted vaccine effectiveness - Logistic regression model
Three doses  58.8 (31.2-75.8)  0.412 (0.242-0.688) <0.001 81.6 (-21.1-99.1) 0.184 (0.009-1.211) 0.14  54.4 (21.6-73.9) 0.456 (0.261-0.784) 0.005 49.2 (0.2-74.7)  0.508 (0.253-0.998) 0.052
Age 1.026 (1.008-1.045)  0.005 0.971 (0.885-1.059) 0.5 1.018 (0.992-1.045) 0.2 1.005 (0.950-1.063) 0.9
Sex (male) 0.934 (0.579-1.501) 0.8 2.982 (0.727-13.043) 0.13 0.770 (0.461-1.284) 0.3 0.730 (0.385-1.376) 0.3
ca 1.085 (0.948-1.246) 0.2 1.907 (0.916-4.525) 0.10 1.044 (0.909-1.200) 0.5 0.965 (0.815-1.137) 0.7
IMD 1.052 (0.966-1.146) 0.2 1.258 (0.994-1.642) 0.067 1.037 (0.943-1.140) 0.5 1.095 (0.973-1.236)  0.13
Week 0.969 (0.937-1.001)  0.059 0.968 (0.874-1.060) 0.5 0.960 (0.925-0.995)  0.029 0.909 (0.858-0.958) <0.001
4. Supplementary oxygen Fi0O2 >28%
Unadjusted vaccine effectiveness
Three doses  15.9 (-37.6-48.6) 0.841 (0.514-1.376) 0.5 63.2 (-127.2-98.1) 0.368 (0.019-2.272) 0.4 32.3 (-15.7-60.4) 0.677 (0.396-1.157) 0.2 17.7 (-63.3-57.9) 0.823 (0.421-1.633) 0.6
Adjusted vaccine effectiveness - Logistic regression model
Three doses 415 (-0.4-66.3)  0.585 (0.337-1.004)  0.053 64.6 (-147.5-98.3) 0.354 (0.017-2.475) 0.4 371 (-11.2-64.5) 0.629 (0.355-1.112) 011 15.6 (-74.7-58.6) 0.844 (0.414-1.747) 0.6
Age 1.036 (1.015-1.058) <0.001 1.041 (0.938-1.160) 0.4 1.024 (0.996-1.053) 0.10 0.993 (0.936-1.053) 0.8
Sex (male) 0.899 (0.537-1.505) 0.7 2.821 (0.544-15.230) 0.2 0760 (0.440-1311) 0.3 0.858 (0.433-1.709) 07
cl 0.919 (0.781-1.067) 03 1.548 (0.620-3352) 03 0.900 (0.759-1.050) 0.2 0.829 (0.662-1.010)  0.080
IMD 0.970 (0.882-1.065) 0.5 1.204 (0.916-1.640) 0.2 0.954 (0.860-1.056) 0.4 1.002 (0.881-1.139) >0.9
Week 0.986 (0.950-1.021) 0.4 0.967 (0.851-1.075) 0.6 0.979 (0.940-1.017) 03 0.903 (0.846-0.958) 0.001

Cl, Confidence Interval; CCl, Charlson comorbidity index; FiO2, Fraction inspired oxygen; IMD, index of multiple deprivation; OR, Odds Ratio; VE, vaccine effectiveness; WHO, World Health Organisation. The results of Matched Conditional Logistic
Regression models are shown in Supplementary Data 3.

Table 3: Vaccine effectiveness for three doses of BNT162b2 against the Omicron (B.1.1.529) variant.
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Characteristic All adults <50 years

>50 years

=75 years

VE (95% Cl) OR (95% CI) P-value VE (95% Cl)

OR (95% Cl)

P-value

VE (95% Cl)

OR (95% Cl)

P-value VE (95% Cl)

OR (95% Cl)

P-value

Delta variant

Two doses <3 months - Unadjusted vaccine effectiveness
96.5 (93.4-98.3) 0.035 (0.017-0.066) <0.001 94.0 (82.4-98.6)

Two doses <3 months - Adjusted vaccine effectiveness (Logistic regression model)

Two doses

0.060 (0.014-0.176)

<0.001 96.3 (92.2-98.6)

0.037 (0.014-0.078)

<0.001  97.0 (90.1-99.5)

0.030 (0.005-0.099) <0.001

Two doses 915 (83.1-96.2) 0.085 (0.038-0.169) <0.001 94.2 (82.1-98.7)  0.058 (0.013-0.179) <0.001 83.7 (61.8-94.1) 0.163 (0.059-0.382) <0.001 88.8 (55.5-98.3)  0.112 (0.017-0.445) 0.006
Age 1.012 (0.998-1.027) 0.10 1.053 (1.023-1.085) <0.001 0.985 (0.962-1.009) 0.2 0.993 (0.936-1.053) 0.8
Sex (male) 1.319 (0.966-1.805) 0.082 1367 (0.847-2.212) 0.2 1.070 (0.690-1.660) 0.8 1.075 (0.496-2.331) 0.9
cal 0.703 (0.613-0.801) <0.001 0.707 (0.485-1.024) 0.066 0.773 (0.661-0.894) <0.001 0.810 (0.617-1.035) 0.1
IMD 0.994 (0.940-1.052) 0.8 0.983 (0.904-1.070) 0.7 1.027 (0.949-1.112) 0.5 0.922 (0.806-1.051) 0.2
Prevalence 1.002 (1.001-1.002) <0.001 1.001 (1.000-1.002) 0.016 1.002 (1.001-1.003) <0.001 1.002 (1.000-1.004) 0.027
Week 1.075 (1.052-1.099) <0.001 1.036 (1.005-1.070)  0.024 1.116 (1.080-1.155) <0.001 1.100 (1.042-1.166) <0.001
Two doses >3 months - Unadjusted vaccine effectiveness

Two doses 86.3 (82.0-89.7) 0.137 (0.103-0.180) <0.001 92.3 (79.6-97.8)  0.077 (0.022-0.204) <0.001 812 (74.5-86.3) 0.188 (0.137-0.255) <0.001 71.4 (55.3-81.7)  0.286 (0.183-0.447) <0.001
Two doses >3 months - Adjusted vaccine effectiveness (Logistic regression model)

Two doses 79.5 (71.5-853)  0.205 (0.147-0.285) <0.001 94.6 (84.4-98.5)  0.054 (0.015-0.156) <0.001 74.6 (63.4-82.5) 0.254 (0.175-0.366) <0.001 66.8 (45.4-79.8)  0.332 (0.202-0.546) <0.001
Age 1.004 (0.992-1.015) 0.5 1.062 (1.031-1.094) <0.001 0.989 (0.972-1.007) 0.2 0.987 (0.949-1.025) 0.5
Sex (male) 1301 (0.997-1.700)  0.053 1301 (0.804-2.107) 0.3 1.148 (0.822-1.605) 0.4 1.030 (0.637-1.666) >0.9
ccl 0.806 (0.729-0.887) <0.001 0.672 (0.462-0.959) 0.031 0.864 (0.776-0.956)  0.006 0.896 (0.767-1.036) 0.2
IMD 0.974 (0.929-1.022) 0.3 1.015 (0.934-1.105) 0.7 0.961 (0.904-1.020) 0.2 0.898 (0.826-0.975) 0.011
Prevalence 1.001 (1.001-1.002) <0.001 1.001 (1.000-1.003) 0.009 1.001 (1.000-1.002) 0.003 1.001 (1.000-1.002) 0.051
Week 1.090 (1.069-1.112) <0.001 1.034 (1.002-1.068) 0.038 1.125 (1.095-1.156) <0.001 1.138 (1.093-1.187) <0.001
Omicron variant

Three doses < 3 months - Unadjusted vaccine effectiveness

Three doses  -49.8 (-130.8-2.8) 1.498 (0.972-2.308) 0.066 -85.4 (-385.8-27.5) 1.854 (0.725-4.858) 0.2  -44.2 (-136-12)  1.442 (0.880-2.360) 0.14 -64.8 (-206.1-10.8) 1.648 (0.892-3.061) 0.1
Three doses < 3 months - Adjusted vaccine effectiveness (Logistic regression model)

Three doses  31.0 (-15.3-59.1) 0.690 (0.409-1.153) 0.2 133 (-158.2-71)  0.867 (0.290-2.582) 0.8 411 (-7.4-68.2) 0.589 (0.318-1.074) 0.087 50.8 (-12.2-79.2) 0.492 (0.208-1.122) 0.10
Age 1.002 (0.988-1.016) 0.8 1.034 (0.990-1.081) 0.13 0.999 (0.975-1.023) >0.9 1.026 (0.970-1.086) 0.4
Sex (male) 0.953 (0.650-1.398) 0.8 0.586 (0.284-1.189) 0.14 1197 (0.742-1.935) 05 1584 (0.811-3115) 0.2
cal 0.972 (0.856-1.102) 0.7 0.756 (0.469-1.146) 0.2 1.016 (0.885-1.167) 0.8 1.092 (0.904-1.334) 0.4
IMD 1.065 (0.995-1.141)  0.069 1.179 (1.042-1.341)  0.010 1.018 (0.935-1.108) 0.7 1.036 (0.916-1.173) 0.6
Prevalence 1.002 (1.001-1.002) <0.001 1.001 (1.000-1.003) 0.026 1.002 (1.001-1.002) <0.001 1.002 (1.001-1.003) <0.001
Week 0.955 (0.915-0.995)  0.030 0.958 (0.890-1.030) 0.3 0.956 (0.907-1.007)  0.094 0.931 (0.858-1.007) 0.079
Three doses >3 months - Unadjusted vaccine effectiveness

Three doses  40.4 (21.3-55.0)  0.596 (0.450-0.787) <0.001 62.1 (18.7-83.8) 0379 (0.162-0.813) 0.017 36.6 (12.9-53.9) 0.634 (0.461-0.871) 0.005 417 (12.3-612)  0.583 (0.388-0.877) 0.009
Three doses >3 months - Adjusted vaccine effectiveness (Logistic regression model)

Three doses  33.9 (8.4-52.4) 0.661 (0.476-0.916) 0.013 57.0 (-4.9-83.6) 0.430 (0.164-1.049) 0.072 317 (2.4-52.3) 0.683 (0.477-0.976) 0.036 46.9 (16.3-66.4)  0.531 (0.336-0.837) 0.006
Age 1.002 (0.991-1.014) 0.7 1.026 (0.987-1.068) 0.2 0.994 (0.976-1.012) 0.5 1.008 (0.972-1.045) 0.7
Sex (male) 1.010 (0.750-1.360) >0.9 0.656 (0.326-1.294) 0.2 1.097 (0.782-1.539) 0.6 1.406 (0.921-2.158) 0.12
cl 0.955 (0.868-1.047) 0.3 0.867 (0.576-1.253) 0.5 0.967 (0.875-1.067) 0.5 0.987 (0.876-1.109) 0.8
IMD 1.016 (0.964-1.071) 0.5 1.159 (1.030-1.309)  0.016 0.987 (0.929-1.048) 0.7 0.995 (0.924-1.073) >0.9
Prevalence 1.001 (1.001-1.002) <0.001 1.001 (1.000-1.002) 0.2 1.001 (1.001-1.002) <0.001 1.001 (1.001-1.002) <0.001
Week 0.970 (0.937-1.004) 0.084 0.944 (0.878-1.011)  0.10 0.980 (0.941-1.021) 0.3 0.961 (0.911-1.014) 0.15

Cl, Confidence Interval; CCl, Charlson comorbidity index; FiO2, Fraction inspired oxygen; IMD, index of multiple deprivation; OR, Odds Ratio; VE, vaccine effectiveness; WHO, World Health Organisation. The results of Matched Conditional Logistic

Regression models are shown in Supplementary Data 4.

Table 4: Vaccine effectiveness of BNT162b2 against hospitalisation with Delta (B.1.617.2) and Omicron (B.1.1.529) variant by time since last vaccination.
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¢ 454 inferred Delta or Omicron infection
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01/06/21-07/11/21 and 07/02/22-07/06/22
‘ )
Omicron variant
892 test-positive
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BNT162b2 Analysis

! h

Delta variant
546 test-positive

90: 2 doses

456: unvaccinated
935 test-negative

608: 2 doses

327: unvaccinated

Omicron variant
372 test-positive
187: 3 doses
185: unvaccinated
721 test-negative
410: 3 doses
311: unvaccinated

2

/

Fig. 1: Study flow diagram. Inclusion and exclusion criteria in the cohort stratified by SARS-CoV-2 variant and restricted to BNT162b2 vaccine.
Of the 546 SARS-CoV-2 positive individuals with known/inferred Delta variant, 90 were vaccinated with two-dose BNT162b2, 456 unvacci-
nated cases. There were 372 SARS-CoV-2 positive individuals with known/inferred Omicron variant: 182 vaccinated with three-dose BNT162b2,
and 185 unvaccinated cases. Of the 935 SARS-CoV-2 negative individuals admitted during the Delta time period, 608 were vaccinated with
two-dose BNT162b2 and 327 were unvaccinated cases. In the Omicron time period, 721 SARS-CoV-2 negative individuals were admitted: 410
vaccinated with three-dose BNT162b2 and 311 unvaccinated patients. * During the Delta period, the controls include 51 individuals with 2

www.thelancet.com Vol 25 February, 2023


www.thelancet.com/digital-health

Articles

confirming that two-dose BNT162b2 is highly effective
in reducing hospitalisation, admission >3-days and
respiratory failure requiring oxygen supplementation or
positive pressure ventilatory support due to Delta.
Further, we find that three-dose BNT162b2 is effective
in reducing the risk of admission >3-days, respiratory
failure requiring oxygen or WHO outcome score >5 in
Omicron infections. This analysis also provides
encouraging evidence that BNT162b2 remains effective
in reducing admissions against both SARS-CoV-2 vari-
ants in patients >75 y: two-dose VE vs Delta: 68.2% [95%
CI 47.6-80.6%)], and three-dose VE against Omicron:
47.2% [95%CI 16.8-66.6%).

Our analysis estimates two- and three-dose
BNT162b2 VE against hospitalisation in the context of
the UK COVID-19 vaccine programme.'*'*** The esti-
mated two-dose BNT162b2 effectiveness against Delta
hospitalisation of 82.5% is similar to other published
results (86.7-98.4%)."*° Our analysis estimated three-
dose BNT162b2 VE against Omicron hospitalisation at
30.9% [95%CI 6-50%)] for all adults: notably lower than
other estimates (varying from 70 to 98%).">**** Sensi-
tivity analysis with a range of different methods pro-
duced comparable estimates with greater or lesser
degrees of precision and overlapping confidence in-
tervals. Further, stratified analyses by age found VE
counter-intuitively higher in >75 y (for whom point es-
timate VE against Omicron hospitalisation was 47.2%).
A number of potential factors could explain these lower
estimates. In the UK, due to the nature of the vaccina-
tion programme, three-dose BNT162b2 was only
routinely offered to elderly and other high risk groups,
who were vaccinated early in the programme.” Linked
to this, our estimate may reflect VE after a prolonged
period of waning not previously reported. This study has
relatively long follow-up and lower Omicron admission
numbers in the time-period close to the booster
campaign, with 74.3% of vaccinated individuals
receiving their third dose >3-months before admission.
Additionally, in the UK Omicron variants BA.1/BA.2
were replaced by BA.4/5 in the latter stages of our study
period; there is mounting evidence that BA.4/5 show
further immune escape beyond that observed for BA.1/
BA.2,” which would likely result in lower VE. 10.4% of
our study population were admitted during a period
when BA.4/5 rates accounted for >50% of UK cases
(11th June 2022 and after). Another possibility is that
baseline risk of COVID-19 admission reduces over time,
as unvaccinated populations acquire immunity

following first and any recurrent SARS-CoV-2 infection.
Since VE is measured against this baseline, decreases in
baseline risk result in an apparent VE decrease. This is
reflective of the broader epidemiological and immuno-
logical context of the pandemic in the UK and is a po-
tential factor we are unable to control for without more
detailed information on immunity induced by infection
in our study population. Routine testing for anti-
nucleocapsid antibodies was not conducted, and we
therefore do not have these data available for deter-
mining previous infection status of hospitalised in-
dividuals within the Bristol area. The counterintuitive
finding that VE seemed to be higher in older patients in
this study may also be explained by more prevalent
infection-induced immunity in younger individuals.

COVID-19 VE is typically measured against infec-
tion, hospitalisation or death, with limited data assess-
ing VE against other outcomes. Two or three-dose
mRNA vaccine effectiveness to prevent progression to
invasive mechanical ventilation or death has been re-
ported as 76% for Alpha, 44% for Delta, and 46% for
Omicron variants.”” Stowe and colleagues report that
three-dose ~ VE  against  Omicron-hospitalisation
requiring oxygen varies from 80 to 94% in 18-64 y to
90-96% in >65 y."* We found two-dose BNT162b2 VE to
prevent oxygen supplementation FiO2 >28% and to
prevent positive pressure ventilation (WHO score >5)
following Delta hospitalisation was 52% and 59%,
respectively, while three-dose BNT162b2 showed VE of
59% against Omicron hospitalisation ventilation. Subtle
differences in the definition of the outcome measured
may account for the variability in point VE estimates.
Taken in combination, these results provide reassuring
and robust evidence that vaccines reduce hospitalisation
risk with COVID-19 and also prevent respiratory failure
requiring significant support.

This analysis found some evidence of waning im-
munity following two-dose BNT162b2 against Delta
infection, with the effect most pronounced in older
adults. Whilst we report highly detailed data from two
hospitals, this study design lacks the large participant
numbers available in some other data-linkage studies,
which show VE waning against Omicron and Delta
SARS-CoV-2 infection.***

Our analysis has several strengths. All COVID-19
vaccinations are available in the UK solely through the
NHS without cost or requirement for insurance at the
point of delivery. Therefore, the ability to pay for
healthcare does not limit vaccine availability, and

respiratory hospitalisations; 6 individuals who were admitted with three separate respiratory admissions, and one individual with 4 separate
respiratory admissions. 93.8% of the controls (877/935) had only one respiratory hospitalisation. T In the Omicron period, the controls include
94 individuals with two respiratory admissions, 30 individuals with three separate respiratory admissions, 8 individuals with four separate
respiratory admissions and 4 individuals with more than four separate respiratory admissions. 81.1% of the controls (585/721) had only one
respiratory hospitalisation. Details of adults hospitalised with SARS-CoV-2 infection are provided in Supplementary Fig. S1. VOC, variant of

concern.
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vaccinated adults are less likely to be wealthier
compared to unvaccinated adults than in fee-based or
insurance-based health systems. We adjusted for com-
munity SARS-CoV-2 prevalence at the time of infection,
as a proxy measure of COVID-19 exposure intensity. We
also controlled for age and CCI, two characteristics
associated with increased risk of severe SARS-CoV-2
infection, as well as likelihood of vaccine receipt. We
utilised symptom onset date to define illness start time
and report VE by time following vaccination. We are
therefore able to define illness onset relative to both
most recent COVID-19 vaccination and hospitalisation
date accurately, without relying on positive COVID-19
test date (which may vary widely) thus eliminating this
source of bias or misclassification. We determined VE
estimates against clinically important outcomes which
impact healthcare resource planning, such as oxygen
requirement. These study results are not dependent on
clinical electronic datasets, which may be subject to
biases inherent in systems such as ICD-10 coding, as
the data used were collected specifically for the study.

Limitations and advantages of TND studies are
previously described,****' but our current analysis has
additional limitations. This study does not measure
BNT162b2 effectiveness in individuals who were not
hospitalised with COVID-19 or who were asymptom-
atic, and we cannot determine VE against asymptom-
atic disease or transmission. There may be treatment
bias as certain groups are not hospitalised, patients
may die before admission, or otherwise not be referred
to hospital. Weak or moderate protection induced by
vaccination could also result in slower disease pro-
gression with a longer interval from disease onset to
hospitalisation for vaccinated individuals - this may
result both in false positive and negative PCR results
which may have rendered VE estimates imprecise. We
used CCI as a proxy for measuring overall comorbidity
as it was not feasible to control for each condition in
the CCI separately. Since vaccinated people are likely
to be less healthy on average, this may result in VE
being under-estimated in this analysis. Although the
Bristol population is representative of the UK, this
cohort was predominantly Caucasian and the studied
vaccines may have different effectiveness in individuals
from other ethnic backgrounds. Individuals in this
study were vaccinated in the UK vaccine programme,
in which intervals between COVID-19 vaccine doses
were 12-weeks between first and second dose and for
the third-dose at least 6-months after completion of the
primary series and this may affect the immune pro-
tection. We were unable to obtain results that were
statistically significant for some analyses due to lack of
power and are unable to comment on the relative
effectiveness of different combinations of COVID-19
vaccine brands at this time. Additional research using
a larger patient cohort may address these limitations
and confirm our findings.

In this prospective study, we provide evidence that
BNT162b2 remains effective against SARS-CoV-2
infection: including both two-doses against Delta hos-
pitalisation and three-doses against Omicron hospital-
isation. Overall, the results are encouraging, but
highlight the need for careful consideration of the
timing and implementation of additional COVID-19
vaccine doses and healthcare resource planning in the
context of ongoing hospitalisation with SARS-CoV-2
infection.
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