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Summary

Background There is an urgent public health need to evaluate disease severity in adults hospitalised with Delta and
Omicron SARS-CoV-2 variant infections. However, limited data exist assessing severity of disease in adults
hospitalised with Omicron SARS-CoV-2 infections, and to what extent patient-factors, including vaccination, age,
frailty and pre-existing disease, affect variant-dependent disease severity.

Methods A prospective cohort study of adults (>18 years of age) hospitalised with acute lower respiratory tract disease
at acute care hospitals in Bristol, UK conducted over 10-months. Delta or Omicron SARS-CoV-2 infection was defined
by positive SARS-CoV-2 PCR and variant identification or inferred by dominant circulating variant. We constructed
adjusted regression analyses to assess disease severity using three different measures: FiO, >28% (fraction inspired
oxygen), World Health Organization (WHO) outcome score >5 (assessing need for ventilatory support), and hospital
length of stay (LOS) >3 days following admission for Omicron or Delta infection.

Findings Independent of other variables, including vaccination, Omicron variant infection in hospitalised adults was
associated with lower severity than Delta. Risk reductions were 58%, 67%, and 16% for supplementary oxygen with
>28% FiO, [Relative Risk (RR) = 0.42 (95%CI: 0.34-0.52), P < 0.001], WHO outcome score >5 [RR = 0.33 (95%CIL:
0.21-0.50), P < 0.001], and to have had a LOS > 3 days [RR = 0.84 (95%CI: 0.76-0.92), P < 0.001]. Younger age and
vaccination with two or three doses were also independently associated with lower COVID-19 severity.

Interpretation We provide reassuring evidence that Omicron infection results in less serious adverse outcomes than
Delta in hospitalised patients. Despite lower severity relative to Delta, Omicron infection still resulted in substantial
patient and public health burden and an increased admission rate of older patients with Omicron which counteracts
some of the benefit arising from less severe disease.
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Research in context

Evidence before this study

The burden of COVID-19 on hospital services is determined by
the prevalence and severity of SARS-CoV-2 variants, and
modified by individual factors such as age, frailty and
vaccination status. Real world data suggest that vaccine
effectiveness is lower and may wane faster over time against
symptomatic disease with Omicron (B.1.1.529) than with
Delta (B.1.617.2) SARS-CoV-2 variant. However, numbers of
hospitalisations as a case proportion during the Omicron
wave have been considerably lower than previous waves.
Several reports have compared the risk of hospitalisation or
severe disease based on SARS-CoV-2 variant, some suggesting
that Omicron is probably less severe than Delta in vaccinated
and unvaccinated individuals.

Added value of this study

This study provides robust data assessing the relative
severity of Delta and Omicron SARS-CoV-2 variants in
patients admitted to hospital, including the first analysis
assessing risk for any positive pressure ventilatory support,
as well as risk of supplementary oxygen requirement and
extended hospital admission, that may guide resource
planning in hospitals. We found evidence that infection
with Omicron was associated with a milder clinical course
following hospital admission than that caused by Delta and
that vaccination was independently associated with lower
in-hospital disease severity using these three separate
severity measures. Specifically, compared to Delta,
Omicron-related hospitalizations were 58%, 67%, and 16%
less likely to require high flow oxygen >28% FiO,, positive
pressure ventilatory support or more critical care, and to

Introduction

The emergence of SARS-CoV-2 has resulted in a global
pandemic, with multiple variants detected since the
wild-type virus emerged. The Delta variant (B.1.617.2)
was first detected in India in March 2021, spread
rapidly' and resulted in a sharp rise in SARS-CoV-2
cases in the United Kingdom.? The Omicron
(B.1.1.529) variant, first detected in South Africa in
November 2021, rapidly replaced Delta as the main
circulating variant globally and resulted in a fourth wave
of SARS-CoV-2 infection in the UK. By 26th December
2021, 95% of UK SARS-CoV-2 cases were estimated to
be caused by Omicron.’

SARS-CoV-2 variants may differ in their capacity to
infect and transmit, susceptibility either to vaccine- or
infection-derived immunity and clinical phenotype
including disease severity. Laboratory data suggest that
vaccine-induced neutralizing antibody activity is lower
against Delta** and Omicron variants®’ than against the

have a hospital stay lasting more than three days,
respectively.

This study reports the considerable morbidity resulting from
Omicron infection, with 18% of Omicron admissions requiring
oxygen supplementation FiO, >28%, 6% requiring positive
pressure ventilation, 62% needing hospitalization >four days,
and 4% in-hospital mortality. In determining the reduced
requirement of increased oxygen requirement and total
positive pressure requirement, including non-invasive
ventilation, this analysis should contribute to future hospital
care and service planning assessments.

Implications of all the available evidence

The risk of severe outcomes following SARS-CoV-2 infection
is substantially lower for Omicron than for Delta, with greater
reductions for more severe disease outcomes. Significant
variation in risk occurs with age and vaccination status, with
older and unvaccinated individuals remaining at particular risk
of adverse outcome. These results highlight the importance of
maintaining high levels of vaccine coverage in patient groups
at risk of severe disease.

The impact of lower severity Omicron-related hospitalization
must be balanced against increased transmissibility and
overall higher numbers of infections with this variant and
there remains a substantial patient and public health burden.
The increased admission rate of older patients with Omicron
counteracts some of the benefit arising from less severe
disease. Despite the risk reduction in high level oxygen
supplementation requirement and high dependency care with
Omicron compared to earlier variants at the individual level,
healthcare systems could still be overwhelmed.

Alpha variant and wild/prototype viral strains. Real
world data subsequently confirmed vaccine effective-
ness is lower against symptomatic disease with Omi-
cron than with Delta and other prior variants,* with
protection that may also wane faster over time.""
However, numbers of hospitalisations as a case pro-
portion during the Omicron wave have been consider-
ably lower than previous waves.”'* Observational data
suggest that vaccines remain effective against Omicron-
related hospitalization.™ ¢

Several reports'7"* have compared the risk of hos-
pitalization or severe disease based on SARS-CoV-2
variant, some suggesting that Omicron is probably less
severe than Delta in vaccinated and unvaccinated in-
dividuals.""'”'* However, a recent preliminary report
found no difference in severity between Omicron and
Delta.” While some studies have stratified results by
vaccination status'"'”'® and age,” none have compre-
hensively evaluated the simultaneous impact of these
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and other important factors (e.g., chronic medical con-
ditions, frailty) on more detailed measures of relative
clinical severity in UK hospitalized patients.

In this study, we assessed the relative impact of SARS-
CoV-2 variant on three separate COVID-19-related severity
measures in adults hospitalised with SARS-CoV-2 infec-
tion, after adjusting for important potential confounders,
including age, frailty, and vaccination status.

Methods

Study design and study population

We are conducting a prospective cohort study of adults
hospitalised with acute respiratory illness to North
Bristol and University Hospitals Bristol and Weston
NHS Trusts and now report those presenting 1st June
2021-28th March 2022 inclusive. All adults aged >18
years admitted to these hospitals were screened for
respiratory disease signs/symptoms.” Of these, patients
who tested positive for COVID-19 (detailed below) were
included. Details of the UK COVID-19 Vaccination
Programme are provided in Supplementary Data 1.

Data collection

Clinical data were collected from electronic and paper pa-
tient records and recorded on an electronic case report form
using REDCap software.”’ Variables collected included:
gender; age in years; ethnicity; patient pre-existing diseases;
vaccination status; age (categorical); markers of frailty
(Charlson Comorbidity Index [CCI],> QCovid2 hazard,”
Rockwood score*); immunosuppressive therapy; resi-
dence in a care home; index of multiple deprivation (IMD);
symptom duration prior to admission; hospital site and
study week number. We also collected data about treatment
requirement, including: hospital length of stay (LOS); need
for supplementary oxygen and level of oxygen provided;
requirement for positive pressure ventilatory support.

Data collection was undertaken by individuals not
involved in data analysis and collection of data methods
were identical for patients with Omicron and Delta
variant infections. Vaccination records for each study
participant were obtained by team members unaware of
subjects” SARS-CoV-2 test results from linked hospital
and GP records, including details of vaccination brand
and administration date. The QCovid2 hazard score was
calculated for each admission,” estimating risk of hos-
pitalisation or death due to COVID-19 infection. We also
determined the CCI score,”” with higher scores indi-
cating not only a greater mortality risk but also more
severe comorbid conditions, and the Rockwood frailty
score,” a 9-point scale with score >5 indicating frailty.

Case definitions and exclusions
SARS-CoV-2 infection was defined as respiratory dis-
ease and a positive test result for SARS-CoV-2 on/
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during hospitalisation or within 7 days prior to hospital
admission, using the established UK Health Security
Agency (UKHSA) diagnostic assay deployed at the time.
Infection with a particular SARS-CoV-2 variant was
likewise determined using the standard UKHSA variant
identification methods deployed at the time. Initially,
Delta was identified by S-gene positive PCR (SGTP),
which was replaced on 11th May 2021 by the P681R
target following validation. Omicron was identified as
S-gene negative (SGNP) and then by K417N mutation.*
Cases without variant identification results admitted
between the 1st June 2021 and 7th November 2021 were
inferred to be Delta, and those after 7th Feb 2022 were
inferred to be Omicron. These two dates represent the
first date of a proven Omicron admission and the last
date of a proven Delta admission in the Bristol area,
respectively.

Patients developing symptoms >10 days prior to
hospitalisation were excluded to avoid including in-
dividuals who may have falsely tested negative for
SARS-CoV-2 upon admission because they presented to
hospital late in their clinical course as were individuals
who had been inpatients for >28 days prior to their first
positive SARS-CoV-2 PCR test. Patients who were
partially vaccinated, i.e. had received only one dose or a
second dose <7 days before the time of symptom onset,
and those who had previously recovered from COVID-
19 and had not been vaccinated, were also excluded
from the analysis, as their immunological status was
uncertain and would prevent meaningful comparison
between vaccinated and unvaccinated individuals. In-
dividuals were defined as unvaccinated if they had never
received any COVID-19 vaccine. Immunisation with
only two vaccine doses was defined as receipt of two
doses with >7 days elapsing between symptom onset
and the second dose (and no third dose). Immunisation
with three doses was defined as receipt of a third vaccine
dose after receiving two doses, with >7 days elapsing
between the third dose and symptom onset. Only pa-
tients being admitted with COVID-19 for the first time
were included, as repeat admissions may be expected to
follow different clinical courses.

Outcome and covariates

The primary comparison is between cases infected with
SARS-CoV-2 Delta variant and SARS-CoV-2 Omicron
variant in hospitalised adults. To investigate disease
severity and consider the hypothesis that Omicron is
associated with less severe outcomes in patients hospi-
talised with COVID-19, we considered three binary
outcomes measured on the seventh day following
admission: (1) maximum oxygen requirement FiO,
>28%, (2) a WHO outcome score greater than 5
(i-e. ventilation or intubation required or death) within
the first seven days of hospitalisation (which also im-
plies a maximum oxygen requirement FiO, > 28%),”
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and (3) length of stay longer than three days. The WHO
outcome score, or clinical progression scale is based on
the level of invasive ventilation required and, in
admitted patients, scores range from 4 to 10 (4 = room
air, 5 = oxygen supplementation required, 6 = non-
invasive positive pressure ventilation [NIPPV] usage,
and 7-9 needing endotracheal intubation). A score of 10
represents death. Outcome measures were chosen to
reflect different operational concerns for hospitals, in
particular the adequacy of oxygen supply, availability of
high dependency care, and a measure of overall hospital
bed utilisation. We measured the scores at day seven to
include relevant data from the hospital admission and to
prevent complications with right censoring. Thresholds
for the outcomes used here were determined empiri-
cally following an initial investigation, and a sensitivity
analysis conducted on the level of each threshold.
Charlson Comorbidity Index and age were divided into
categories. For CCI the scores were categorised into
none (CCI of 0), mild (1-2), moderate (3—4) or severe
(5 or more) and have an approximately even spilt across
the data. For age, bands of 18-34 years (y), 3549 y,
50-64 y, 65-74 y, 75-84 y and 85 y and over, were
chosen as approximately even categories with more
resolution in older age groups.

Statistical analysis

The demographics of patients with Delta and Omicron
infection were described using mean + standard devia-
tion (SD) or median (interquartile range [IQR]) and
compared using Fisher exact tests for categorical vari-
ables, two sided Kolmogorov—Smirnov tests for contin-
uous variables and two-sided Wilcoxon-Mann-Whitney
tests for score variables. Where categorical data were
missing, this comparison was performed with both
missing data removed and with missing data included
as a separate category (Table 1). There were no missing
data items for continuous variables. We examined
trends in patients hospitalised over the study period,
determining the proportion of hospitalisations with
each variant, by vaccination status (unvaccinated, two or
three dose of any COVID-19 vaccine) and age group.

The complex interaction between the dynamics of
UK variant distribution and the progressing age-
stratified booster campaign rollout was hypothesised to
influence both the risk profile of patients hospitalised
and severity of outcome once hospitalised. The out-
comes are relatively frequent in both groups which can
make interpretation of odds ratios resulting from lo-
gistic regression complex.® Thus, we used Poisson
regression with a robust error variance” to estimate the
relative risk of each of the three outcomes.

The primary comparison was the impact of the
variant on hospital outcomes. Other covariates were
identified that might also influence, with variable dis-
tribution by variant provided (Supplementary Table S3).

Covariates were screened for systematic biases due
to missing data, resulting in removal of IMD
(Supplementary Tables S4 and S5). Remaining missing
data were imputed using the fully conditional specifi-
cation approach implemented using the ‘mice’ package
in R.* Multiple imputations were performed, with full
analysis repeated for each imputation. The resulting
coefficients for each imputation were combined using a
mixture distribution, assuming normally distributed
beta coefficients. For each factor and outcome, the
univariate relative risk was estimated, followed by a
multivariable model of a linear combination of genomic
variant, vaccination, age and CCL* As a sensitivity
analysis these were fully adjusted using the remaining
covariates, gender, ethnicity, immunosuppressive ther-
apy, residence in a care home, duration of symptoms
prior to admission, hospital site, and study week num-
ber. Additional sensitivity analyses were conducted us-
ing different combinations of age and frailty markers,
including CCI as a continuous variable, Rockwood
score’* and QCovid2 hazard rate (which includes age).”
Further sensitivity analyses were conducted looking at
different threshold values of each of the three binary
outcomes.

Statistical analyses were performed in R, version
4.0.2.*° Robust Poisson regression was performed using
maximum likelihood estimation of a generalised linear
model (positive outcome coded as 1, negative outcome
as 0). We employed a logarithmic link function, and
heteroscedasticity consistent covariance matrix estima-
tors.”**" Statistical significance was defined using a
2-sided significance level of a = 0.05. We also conducted
sensitivity analysis on the statistical model using quasi-
Poisson and log-binomial regression giving relative
risks and logistic regression giving odds ratios.

Ethics and permissions

Approved by the Health Research Authority Research
Ethics Committee (East of England, Essex), REC 20/EE/
0157, including use of Section 251 of the 2006 NHS Act
authorised by the Confidentiality Advisory Group.

Role of the funding source

This study was conducted as a collaboration between the
University of Bristol and Pfizer. The University of
Bristol is the study Sponsor. The funders of the study
did not play any part in data collection; they collaborated
in study design, data analysis and manuscript
preparation.

Results

During the study period reported here, 3297 hospital-
admissions with SARS-CoV-2 were identified, result-
ing in 1938 SARS-CoV-2 positive qualifying
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Characteristic Group Delta Omicron P-value
N Value N Value
Age Median [IQR] 1114 57.7 [42.6-741] 679 70.6 [44.8-83.5] <0.001
Gender Male 628 56.4% [53.4-59.3] 349 51.4% [47.6-55.1] 0.045 (0.045)
Female 486 43.6% [40.7-46.6] 330 48.6% [44.9-52.4]
Ethnicity White British 669 60.1% [57.1-62.9] 463 68.2% [64.6-71.6] 0.025 (0.020)
White other 72 6.5% [5.2-8.1] 28 4.1% [2.9-5.9]
Mixed origin 11 1.0% [0.6-1.8] 5 0.7% [0.3-1.7]
Black 39 3.5% [2.6-4.7] 19 2.8% [1.8-4.3]
Asian 45 4.0% [3.0-5.4] 21 3.1% [2.0-47]
Other ethnicity 21 1.9% [1.2-2.9] 7 1.0% [0.5-2.1]
Unknown 257 23.1% [20.7-25.6] 135 19.9% [17.1-23.0]
Missing 0 0.0% [0.0-0.3] 1 0.1% [0.0-0.8]
QCovid2 HR Median [IQR] 1114 11.7 [1.23-108] 679 61.9 [1.41-232] <0.001
Rockwood score Median [IQR] 1114 4 [2-10] 676 6 [4-10] <0.001
CCl category None (0) 349 31.3% [28.7-34.1] 167 24.6% [21.5-28.0] <0.001 (<0.001)
Mild (1-2) 253 22.7% [20.3-25.3] 98 14.4% [12.0-17.3]
Moderate (3-4) 247 22.2% [19.8-24.7) 186 27.4% [24.2-30.9]
Severe (5+) 265 23.8% [21.4-26.4] 228 33.6% [30.1-37.2]
Vaccination Unvaccinated 551 49.5% [46.5-52.4] 164 24.2% [21.1-27.5] <0.001 (<0.001)
2 doses 507 45.5% [42.6-48.4] 106 15.6% [13.1-18.5]
3 doses 56 5.0% [3.9-6.5] 409 60.2% [56.5-63.8]
On immunosuppression No 1033 92.7% [91.1-94.1] 631 92.9% [90.8-94.6] 0.567 (0.031)
Yes 81 7.3% [5.9%-8.9%] 44 6.5% [4.9%-8.6%]
Missing 0 0.0% [0.0%-0.3%] 4 0.6% [0.2%-1.5%]
Confidence intervals shown are the 95% binomial confidence interval for each group, compared to other groups. P-values are shown for the comparison excluding missing
values, and in parentheses for the comparison including missing values as a separate category. CCl - Charlson Comorbidity Index, HR - Hazard Ratio, IQR - interquartile
range, SD - standard deviation.
Table 1: Baseline characteristics of adults hospitalised with Delta and Omicron SARS-CoV-2 infection.

hospitalisations: 1190 (27 inferred) with Delta variant
and 748 (119 inferred) with Omicron variant. Overall,
142 (76 Delta and 66 Omicron) cases were excluded
from analysis due to being partially vaccinated, or with
an infection acquired in hospital, or both (Fig. 1).

Patients hospitalised with Omicron variant were
statistically significantly older than those with Delta
infection (median [IQR]: 70.6 y [44.8y-83.5y] versus 57.7
y [42.6 y—74.1 y] respectively, P < 0.001) and had a higher
CCI (4 [1-5] versus 2 [0-4] respectively, P < 0.001).
These individuals were also more likely to have received
a third vaccination dose (60.2% (N = 679) versus 5.0%
(N = 1114) respectively, P < 0.001) (Table 1). Additional
analysis investigated the nature of the additional
comorbidities (Supplementary Table S1) and vaccina-
tion (Supplementary Table S2), showing that patients
admitted with Omicron infection were more likely to
have pre-existing heart disease, hypertension, atrial
fibrillation, dementia, mild chronic kidney disease
(CKD), and peripheral vascular disease than patients
admitted with Delta infection (all P < 0.001).

The proportion of hospitalisations with the Omicron
variant increased over time, with Omicron becoming
the dominant variant in the last week of December 2021

www.thelancet.com Vol 25 February, 2023

(Fig. 2A). As the vaccination campaign progressed
over the study period, we saw an increasing proportion
of hospitalised individuals who had received two
vaccine doses or booster (Fig. 2B). Hospital admissions
occurring early in the study tended to be younger:
the admission age profile shifted towards older
groups with time, with a change point in late December
2021, coincident with increasing Omicron cases
(Fig. 2C). Overall, the patterns suggest that patients
hospitalised between December and February were
generally older and frailer, but more commonly
vaccinated.

However, patients hospitalised with Omicron in-
fections experienced less severe outcomes compared to
patients infected with Delta. Omicron hospitalisations
required ventilation less frequently (Fig. 3A), and when
they did, a lower oxygen supplement was needed
(Fig. 3B). The WHO outcome score was also lower
within the first seven admission days (Fig. 3C). There
was no discernible difference in these outcomes be-
tween Delta and Omicron in patients >85 years (Fig. 3D
and E). Length of hospital stay was shorter for Omicron
compared to Delta among patients <70 years of age but
similar for >70 years (Fig. 3F).
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3297 COVID admissions
by 28/03/2022

l

Last Delta case 07/02/2022
First Omicron case 07/11/2021

inclusions:
2460 with known Delta or Omicron
269 with inferred Delta or Omicron

342 with fewer than 2 symptoms and not proven LRTI / pneumonia
1 with first pfizer before 8/12/2020

266 symptomatic >10 days before admission

260 repeat admissions

1938 subjects

stratify by variant

Delta
| 59 partially vaccinated
19 COVID acquired in hospital

Delta
1190 subjects

Omi = .
7‘{2'§Egj%ds I»{ 19 partially vaccinated

Omicron

47 COVID acquired in hospital

Delta Delta
1114 subjects [ ] no exclusions

Omicron
682 subjects

Omicron

3 missing day 7 O2 level outcome
3 missing length of stay outcome
3 missing WHO score outcome

1114 subjects

Delta Omicron
679 subjects

Fig. 1: Flow diagram of adults hospitalised with SARS-CoV-2 infection. Inclusion and exclusion criteria in the cohort stratified by the primary
comparison or SARS-CoV-2 variant. Any patient may be excluded for multiple reasons at each stage, hence the counts of reasons for exclusion
may not add up to the number of patients excluded. FiO,, fraction of inspired oxygen; LOS, length of stay; VOC, variant of concern; WHO, World

Health Organisation.

Direct associations such as unadjusted estimates
account for neither the changes in patient frailty nor
vaccination status observed over the study period
(Fig. 3). Fig. 4 presents results of adjusted regression
models that account for these time-varying factors
observed over the study duration (methods in
Supplementary ~ Tables S3-S11,  results in
Supplementary Tables S12, S13). Relative to Delta, pa-
tients infected with Omicron were less likely to require
oxygen supplementation of FiO, >28% [Relative risk
(RR) = 0.42 (95%CI: 0.34-0.52)], to have a WHO
outcome score >5 (which implies that a patient required
positive pressure ventilatory support or died in the
hospital) [RR = 0.33 (95%CI: 0.21-0.50)], and to have a
hospital stay lasting over three days [RR = 0.84 (95%CI:
0.76-0.92)]. In stratified analyses by vaccination status,
infection with Omicron relative to Delta was associated
with lower severity across all three measures in both
vaccinated and unvaccinated patients.

Compared to unvaccinated patients, individuals
vaccinated with two doses were less likely to require
oxygen >28% FiO, [RR = 0.78 (95%CI: 0.68-0.89)],
positive pressure ventilatory support or increased critical

care [RR = 0.56 (95%CI: 0.43-0.73)], and to have a
hospital admission >3 days [RR = 0.90 (95%CI:
0.84-0.98)]. Results for vaccination with three doses
were similar but had wider confidence intervals than for
two doses. In analyses stratified by infecting variant,
vaccination was associated with lower severity of disease
using all three measures for both Omicron and Delta
infections. In analyses assessing potential effect modi-
fication by adding an interaction term between variant
and vaccination status to adjusted models, the interac-
tion term was not significant for any severity outcome
(Supplementary Table S14).

In sensitivity analyses using threshold levels of
increased severity to dichotomize outcomes, the relative
lower severity of Omicron declined further when using
higher thresholds for oxygen requirement [FiO, >35%:
RR = 0.27 (95%CI: 0.19-0.39); FiO, >50%: RR = 0.23
(95%CI: 0.15-0.37); Supplementary Table S15]. Sensi-
tivity analysis using a WHO outcome score threshold >6
(hence necessitating intubation) had insufficient statis-
tical power (Supplementary Table S16). When longer
thresholds for LOS were used, the lower relative severity
of Omicron attenuated as the threshold increased [LOS

www.thelancet.com Vol 25 February, 2023
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Fig. 2: Hospitalisations with SARS-CoV-2 infection throughout the study. (A) Daily rates of hospitalisations with Delta and Omicron SARS-
CoV-2 infection, (B) 14-day rolling proportions of hospitalisations by vaccination status (excluding people partially vaccinated on admission)
and (C) 14-day rolling proportions of hospitalisations by age groups (in years) throughout the study. Vertical lines represent the earliest time an
Omicron case was admitted and the latest time a Delta case was admitted. Before the earliest Omicron detection, cases are assumed to be Delta
when sequencing results are not available, and after the last Delta detection, cases are assumed to be Omicron, when sequencing results are not

available.
>5 days: RR = 0.81 (95%CI: 0.71-0.92); LOS >7 days:
RR = 0.85 (95%CI: 0.73-0.99); Supplementary

Table S17], suggesting certain patient characteristics
may be associated with shorter admissions. For vacci-
nation, the protective effect of vaccines increased as the
severity level threshold increased for each outcome
measure. Associations were similar in sensitivity ana-
lyses that replaced age group and CCI with the QCovid2
score.

Discussion

We found evidence that in adults hospitalised with
COVID-19, Omicron infection was associated with less
severe illness than that caused by Delta and that vacci-
nation was independently associated with lower in-
hospital disease severity using three separate measures
of severity. Compared to Delta, Omicron-related hospi-
talizations were 58%, 67%, and 16% less likely to
require high flow oxygen >28% FiO,, positive pressure
ventilatory support or more critical care, and to have a
hospital stay lasting more than three days, respectively.

www.thelancet.com Vol 25 February, 2023

These findings persisted even after controlling for
multiple potential confounders including age, chronic
medical conditions, frailty, and increasing vaccination
coverage over time. Our findings are in keeping with
previously published assessment of the relative severity
of Omicron variant infection compared to other vari-
ants, which examined markers of severity such as hos-
pitalization, ICU admission, mechanical ventilation,
severe disease and death.'""7'**>** Lauring et al. reported
lower in-hospital severity for Omicron than for Delta
among unvaccinated patients and that vaccinated pa-
tients experienced less severe disease regardless of
infecting variant."" Although studies have reported lower
severity for Omicron relative to Delta, measured as the
risk of hospitalization'”'* or death" after taking into
account vaccination status, the scientific evidence con-
tinues to evolve.

However, in determining the reduced requirement
of increased oxygen requirement and total positive
pressure requirement, including non-invasive ventila-
tion, this analysis should contribute to future hospital
care and service planning assessments. The impact of
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Fig. 3: The detailed breakdown of the three selected indicators of severity of hospital admission stratified by SARS-CoV-2 variant, and
the comparison of three binary indicators of hospital burden and their relationship to SARS-CoV-2 variant and patient age, for patients
admitted to hospital. The distribution of patients (A) requiring different peak levels of oxygen supplementation, (B) with different ventilation
requirements as defined by the WHO outcome or clinical progression score, and (C) with different lengths of stay. The proportion of patients
who (D) require high flow oxygen >28% FiO,, (E) have a WHO outcome score>5 (requiring NIPPV), and (F) have a hospital length of stay greater
than three days, as assessed on the seventh day following admission. Error bars show 95% binomial confidence intervals for each outcome,
compared to other outcomes. FiO,, Fraction of inspired oxygen; LOS, length of stay; NIPPV, non-invasive positive pressure ventilation.

lower severity Omicron-related hospitalization must be
balanced with increased transmissibility and overall
higher numbers of infections with this variant.
Considerable morbidity resulted from Omicron infec-
tion, with 18% of Omicron admissions requiring oxygen
supplementation FiO, >28%, 6% requiring positive
pressure ventilation, 62% needing hospitalization >four
days, and 4% in-hospital mortality. Despite individual-
level risk reduction of needing increasing oxygen sup-
plementation or high dependency care with Omicron
compared to earlier variants, healthcare systems could
still be overwhelmed by the sheer case numbers and
resulting high hospitalization burden, especially if the
less severe variant is offset by increasingly frail and
elderly patients requiring hospitalization. Omicron’s
increased transmissibility also increases the infection
risk for clinical and other hospital staff, which can take a
significant toll on staffing levels.

The length of hospitalization in individuals who have
already developed disease severe enough to merit hos-
pital admission is affected by multiple factors which

may confound the effect of any pathogen or strain,
including patient frailty and need for continued care
following discharge. Other events unrelated to the pa-
tient’s primary pathology, such as secondary hospital-
acquired infection, may also impact discharge. There-
fore, discerning the effect of variant on hospital length
of admission is difficult. In contrast, the reductions in
oxygen requirements and lower WHO outcome scores
we observe for Omicron infections are reassuring. This
suggests that exhaustion of oxygen supplies or high
dependency care beds are less likely in large waves of
community Omicron infection than with Delta and
other previous variants. Vaccination reduces these risks
further and our results suggest it is an important
modifier of the impact of these aspects on health
services.

Our study has several strengths. All patients were
admitted to hospital with acute respiratory illness
caused by SARS-CoV-2, so these results are unlikely to
be subject to bias caused by admission for other causes
(i.e., incidental COVID-19 disease). In the UK, all
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Fig. 4: Robust Poisson regression model relative risks for the three indicators of hospital burden. Relative risks describing the effect of
different predictors on whether patients require oxygen supplementation with FiO, >28% (first column), have a WHO outcome score greater
than 5 (second column) or who remain in hospital for more than 3 days (third column) measured on the seventh day after admission. Nu-
merical details of these regression models, including other explanatory variables that are not our primary interest, are given in Supplementary
Table S15. A comparison of relative risks computed by different methods and odds ratios by logistic regression is shown in Supplementary
Table S18. FiO, - fraction inspired oxygen, LOS - length of stay, CCl - Charlson Comorbidity Index.

national programme vaccines are provided at no cost at
the point of delivery; hence our cohort is not biased by
issues surrounding the cost of vaccination that are seen
in fee-based systems.* While week of symptom onset
was identified as a significant univariate predictor for
adverse outcome, we observe it becomes non-significant
on a multivariable analysis which includes time varying
factors, such as vaccination, or variant status
(Supplementary Tables S6, S8, S10). This reassures us
that there are no other time varying factors for which we
have not accounted. With a comparatively rich data set
of prospectively collected information, we can deter-
mine timing of disease onset accurately and capture
information on a range of factors more precisely, such
as vaccination status and patient comorbidities, than
could be done using a retrospective design.

However, we are limited in this study to observation
of patient outcomes in patients only after hospital
admission. Thus, we cannot draw conclusions about the
severity of Omicron infections occurring entirely in the
community. We observed a change in the demographics
of patients being admitted towards more elderly and
frail populations, which could be explained if commu-
nity Omicron disease were especially milder in young
and healthy individuals. The effects we observed for
Omicron and vaccination on clinical outcomes in hos-
pitalised patients occurred over and above any
community-level effects. In this study, lineage associa-
tion was only done using lineage-specific PCRs, and it
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was not possible to attribute a particular case to an exact
sub-lineage. During the period of this analysis the
Omiicron sub-lineages circulating in the UK were BA.1
and to a small extent BA.2. The Delta sub-lineages were
principally undifferentiated B.1.617.2 and AY.4, as
shown in Supplementary Figure S1. Estimates pre-
sented here are for the combined effect of the sub-
lineages. We did not have sufficient data to determine
the effectiveness of any individual vaccine against the
outcomes studied and our results cannot be interpreted
as a vaccine effectiveness estimate. Furthermore, we did
not have sufficient statistical power to determine with
confidence whether booster doses of COVID-19 vaccine
offered additional protection against adverse outcomes.
We are unable to control for pressures in the social care
system following discharge, and large waves of com-
munity Omicron infection may put pressure on com-
munity elderly care facilities resulting in a backward
pressure on hospital discharges. This could partially
explain our observation that length of stay longer than
three days is less associated with variant status and
vaccination than other outcomes. Although dexametha-
sone was used as treatment in both Delta and Omicron
waves, novel antivirals were introduced throughout the
study and this may affect results. Whilst the population
of the Bristol area is representative of the UK popula-
tion, it is principally Caucasian, and our findings must
be interpreted in this context. Routine testing for anti-
nucleocapsid antibodies was not conducted, and we
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therefore do not have these data available for deter-
mining previous infection status of hospitalised in-
dividuals within the Bristol area nor how our findings
were impacted by population-level changes in infection-
derived or hybrid immunity over time. The study design
does not involve any clustering of observations, but we
cannot exclude spontaneous formation of clusters in the
data set due to outbreaks in the catchment area, which
we can only partly mitigate by including covariates of
age, CCI and vaccination status.

In this prospective study, patients hospitalised with
Omicron infections had lower clinical severity than
those with Delta infections, as assessed by maximal
oxygen requirements, a validated WHO outcome score,
and hospital length of stay. Omicron infection, however,
still resulted in substantial patient and public health
burden following admission. Older and frail patients
remain particularly susceptible to severe SARS-CoV-2
infection, underscoring the importance of maintaining
high levels of vaccine coverage in this population. Un-
derstanding differences in the risk of clinical disease
caused by SARS-CoV-2 variants following infection and
following hospitalisation, and the role of vaccination and
other factors in modifying risk, is critical for planning of
public health measures.
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