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Summary
Background The incidence of and risk factors for severe clinical outcomes with the Omicron (B.1.1.529) SARS-CoV-
2 variant have not been well-defined.

Methods We conducted a retrospective cohort study to assess risks of severe clinical outcomes within 21 days after
SARS-CoV-2 diagnosis in a large, diverse, integrated health system.

Findings Among 118,078 persons with incident SARS-CoV-2 infection, 48,101 (41%) were during the Omicron
period and 69,977 (59%) during the Delta (B.1.617.2) period. Cumulative incidence of any hospitalization (2.4% ver-
sus 7.8%; adjusted hazard ratio [aHR] 0.55; 95% confidence interval [CI] (0.51-0.59), with low-flow oxygen support
(1.6% versus 6.4%; aHR 0.46; CI 0.43-0.50), with high-flow oxygen support (0.6% versus 2.8%; aHR 0.47; CI 0.41-
0.54), with invasive mechanical ventilation (0.1% versus 0.7%; aHR 0.43; CI 0.33-0.56), and death (0.2% versus
0.7%; aHR 0.54; CI 0.42-0.70) were lower in the Omicron than the Delta period. The risk of hospitalization was
higher among unvaccinated persons (aHR 8.34; CI 7.25-9.60) and those who completed a primary COVID-19 vacci-
nation series (aHR 1.72; CI 1.49-1.97) compared with those who completed a primary vaccination series and an addi-
tional dose. The strongest risk factors for all severe clinical outcomes were older age, higher body mass index and
select comorbidities.

Interpretation Persons with SARS-CoV-2 infection were significantly less likely to develop severe clinical outcomes
during the Omicron period compared with the Delta period. COVID-19 primary vaccination and additional doses
were associated with reduced risk of severe clinical outcomes among those with SARS-CoV-2 infection.
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Introduction
Since the emergence and rapid spread of the Omicron
(B.1.1.529) severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) variant, data from South Africa,
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Great Britain, and the United States have suggested
that SARS-CoV-2 infection with the Omicron variant is
associated with lower risks of severe COVID-19 requir-
ing hospitalization, respiratory support, or death.1−11

However, the risk of severe COVID-19 among persons
with comorbidities associated with severe disease and
the impact of varying levels of vaccination in reducing
the risk of severe clinical outcomes in diverse,
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Research in context

Evidence before this study

Prior studies have shown reduced risk of severe clinical
outcomes associated with SARS-CoV-2 infection with
the Omicron variant, but detailed understanding of the
risk factors for severe clinical outcomes with the Omi-
cron variant have not been well-defined.

Added value of this study

In this retrospective cohort study of 118,078 persons
with SARS-CoV-2 infection, the risks of hospitalization,
hospitalization with invasive mechanical ventilation and
death were significantly lower during a period with
Omicron variant circulation compared with a period
with Delta variant circulation.

COVID-19 primary vaccination and additional doses
were associated with reduced risk of severe clinical out-
comes among those with SARS-CoV-2 infection during
the Omicron period.

Implications of all the available evidence

SARS-CoV-2 infection with the Omicron variant is associ-
ated with »50% lower risk of severe clinical outcomes
compared to the Delta variant.
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community-based populations is unclear.2,5,12−15 Under-
standing which persons with SARS-CoV-2 infection are
at highest risk of developing severe clinical outcomes is
needed to identify persons who might benefit from out-
patient therapies such as extra vaccine doses and mono-
clonal antibody treatments or remdesivir, which have
logistical or supply constraints.16

To address these data gaps, we conducted a retro-
spective cohort study of persons with nucleic-acid
amplification test (NAAT)-confirmed SARS-CoV-2
infection during time periods with predominant
Omicron or Delta (B.1.617.2) variant circulation and
assessed risks of severe clinical outcomes in the
21 days after positive test date in a large, diverse,
integrated, community-based health system that
closely approximates the demographics of the under-
lying census population. The aims of these analyses
are to: 1) assess the risk of severe clinical outcomes
among persons with SARS-CoV-2 infection during
periods of Omicron versus Delta variant circulation;
2) identify risk factors for severe clinical outcomes
among persons with SARS-CoV-2 infection during
periods of Omicron versus Delta variant transmis-
sion; and 3) assess the risk of severe clinical out-
comes among persons with varying vaccination
status for COVID-19 during periods of Omicron ver-
sus Delta variant circulation.
Methods

Setting
Kaiser Permanente Northern California (KPNC) is an
integrated health system that serves over 4.5 million
members in Northern and Central California and pro-
vides comprehensive preventive and curative care in
inpatient and outpatient settings across 266 medical
offices and 21 hospitals. Members receive most clinical
services, including laboratory testing, outpatient, and
inpatient care in KPNC facilities. Members have similar
sociodemographic characteristics to the population of
Northern and Central California.17 SARS-CoV-2 NAAT
for outpatients and hospitalized patients are conducted
at the regional laboratory or local hospital laboratories
using various platforms.
Study design
We conducted a retrospective cohort study of persons
with NAAT-confirmed SARS-CoV-2 infection during
time periods with predominant Omicron or Delta vari-
ant transmission and assessed severe clinical outcomes
within 21 days of first positive NAAT in a large inte-
grated health system. The main exposure of interest
was SARS-CoV-2 infection during time periods of pre-
dominant Omicron variant and Delta variant transmis-
sion. Data were obtained from the KPNC Virtual Data
Warehouse, a common data model into which standard-
ized data are extracted from clinical and administrative
databases including an integrated electronic health
record database (Epic, Verona, WI, USA), and from
other sources.18,19 The study was approved by the KPNC
Institutional Review Board with waivers of the require-
ment for informed consent.
Inclusion criteria
We included all persons with an incident NAAT-con-
firmed SARS-CoV-2 infection from July 5 to November
30, 2021 or December 18, 2021 to January 7, 2022 who
were KPNC members for at least one year prior to
SARS-CoV-2 diagnosis. To meet inclusion criteria,
patients had to have SARS-CoV-2 detected by NAAT of
a nasopharyngeal or oropharyngeal specimen. Incident
infection was defined as the first NAAT-confirmed
SARS-CoV-2 infection during the study period or a sub-
sequent NAAT-confirmed SARS-CoV-2 infection that
was >90 days from any prior documented infection.
The index date was defined as the date of NAAT-con-
firmed SARS-CoV-2 infection.
Primary exposure: ascertainment of predominant
SARS-CoV-2 variant transmission during the Omicron
and Delta time periods
Ascertainment of the predominant variant during spe-
cific time periods was assessed using two data sources.
www.thelancet.com Vol 12 Month August, 2022
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We defined the Delta predominant period from July 5-
November 30, 2021 using data from an ongoing whole
genome surveillance system. KPNC is a partner in
COVID-Net with the California Department of Public
Health and submits all NAAT-confirmed SARS-CoV-2
specimens to the COVID-Net; a subset of specimens
undergoes whole genome sequencing.20 From July 5 to
November 30, 2021, 69,977 specimens were submitted
for sequencing, 15,211 (21.7%) underwent sequencing
and 13,470 (19.2%) had reported lineage results. Of the
13,470 specimens with valid results, 12,990 (96.4%)
were consistent with Delta variant infection (Figure 1).
We defined the Omicron variant period from December
18, 2021 to January 7, 2022. The Omicron variant has a
Δ69-70 amino acid deletion in the spike protein which
has been associated with failures in polymerase chain
reaction probes targeting the spike gene but a retained
ability to detect probes targeting the Orf1ab and nucleo-
capsid genes; thus, the Omicron variant can be detected
Figure 1. SARS-CoV-2 infections per week in Northern California du
(December 18, 2021-January 7, 2022) and Delta SARS-CoV-2 variant
fornia, stratified by whole genome sequencing (WGS) or spike gene
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based on spike gene target failure (SGTF) on the Ther-
moFischer TaqPath COVID-19 combo kit.21 From
December 18, 2021 until January 7, 2022, 13,344
(27.7%) of 48,101 total specimens were tested for SGTF,
and SGTF was identified in 12,476 (93.5%) of 13,344
specimens.
Outcome measures
The primary outcome measures were clinical outcomes
of increasing severity including 1) any hospitalization;
2) hospitalization with low-flow oxygen support defined
as low-flow oxygen delivery via nasal cannula, simple
mask, reservoir mask, partial rebreather or nonre-
breather; 3) hospitalization with high-flow oxygen sup-
port or non-invasive positive pressure ventilation
(NIPPV) defined as high-flow oxygen delivery via high-
flow nasal cannula, oxygen tent, reservoir mask or non-
rebreather or NIPPV defined as use of a continuous
ring time periods of predominant Omicron SARS-CoV-2 variant
(July 5, 2021-November 30, 2021) transmission in Northern Cali-
target failure (SGTF) testing and results.
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positive airway pressure, bilevel positive airway pressure
or auto-adjusting positive airway pressure device; 4)
hospitalization requiring invasive mechanical ventila-
tion (IMV) defined as positive pressure ventilation via
an endotracheal or tracheostomy tube; and 5) death.
Individuals could experience more than one of these
outcomes during the 21-day follow-up period. Persons
were followed for up to 21 days from date of NAAT-con-
firmed SARS-CoV-2 diagnosis and outcomes were
assessed via data abstraction from the electronic medi-
cal record.
Other exposures of interest
Other exposures of interest included demographic char-
acteristics (age, sex, race/ethnicity), body mass index,
Charlson comorbidity index score22 and individual
Charlson comorbidities, prior infection defined as
NAAT-confirmed SARS-CoV-2 infection >90 days prior
to index date, and receipt of COVID-19 vaccination prior
to index date. Individual Charlson comorbidity catego-
ries were reclassified into the following: 1) atheroscle-
rotic cardiovascular disease includes persons with prior
myocardial infarction, congestive heart failure, periph-
eral vascular disease and prior cerebrovascular event; 2)
diabetes includes persons with diabetes with and with-
out end-organ damage; 3) cancer includes persons with
solid tumor with localized or metastatic disease, leuke-
mia and lymphoma. We assessed receipt of all doses of
COVID-19 vaccines (BNT162b2 [Pfizer/BioNTech], m-
RNA-1973 [Moderna/National Institutes of Health] or
Ad.26.COV2.s [Janssen] prior to index date. Receipt of
the vaccine was obtained from the electronic health
record or from the California Immunization Registry
[CAIR]; all vaccine providers in the state are required to
report vaccine administration to CAIR within 24 hours
of administration. COVID-19 vaccination status was
classified as: 1) Completed primary series, which
includes persons who received one dose of Ad.26.
COV2.s or 2 doses of BNT162b2 or m-RNA-1973; 2)
Completed primary series plus an additional dose,
which includes persons who completed a primary series
and received at least one addition dose of any COVID-19
vaccine (Ad.26.COV2.s, BNT162b2 or m-RNA-1973); 3)
Other, which includes persons who received one dose of
either BNT162b2 or m-RNA-1973, another vaccine prod-
uct, or an unapproved combination of vaccines; 4)
unvaccinated, which includes persons who have not
received any COVID-19 vaccine. We also assessed
receipt of anti-SARS-CoV-2 monoclonal antibodies
(bamlanivimab plus etesevimab, casirivimab plus imde-
vimab, sotrovimab) prior to hospital admission. These
medications can be used under United States Food and
Drug Administration Emergency Use Authorization
and are recommended for the treatment of SARS-COV-
2 infection in the outpatient setting.23 Similarly, we
assessed receipt of treatment for COVID-19 during
hospitalization, including intravenous remdesivir, dexa-
methasone and tocilizumab.
Statistical analysis
We assessed the relative risk of each severe clinical out-
come among persons with SARS-CoV-2 infection during
the Omicron period versus the Delta period in the 21 days
after initial NAAT-confirmed SARS-CoV-2 diagnosis. Per-
sons were followed until the outcome of interest, an out-
come more severe than the outcome of interest, 21 days
after index date, or the end of the data collection period on
January 20, 2022. Individuals could contribute to analyses
for more than one outcome. We assumed that the multi-
ple clinical severity events of low flow oxygen, high flow
oxygen, invasive mechanical ventilation, and death that a
patient with SARS-Cov-2 diagnosis might experience dur-
ing the same hospitalization are independent of each
other. As a result, each patient could contribute to one or
more of the clinical severity outcomes analyses. For exam-
ple, 205 patients that had consecutively experienced all
four clinical severity events from low flow oxygen to death
in the same hospitalization are included in all four clinical
severity outcomes cox regression analyses (see Supplemen-
tal Table 1).

We estimated crude and adjusted hazard ratios
(aHRs) and 95% confidence intervals (CIs) using Cox
proportional hazards models; each severe clinical out-
come was modeled independently. To adjust for con-
founding, all models included sex, age, race/ethnicity,
Charlson comorbidity index score and select comorbid-
ities (atherosclerotic cardiovascular disease, dementia,
chronic obstructive pulmonary disease, rheumatologic
disease, diabetes mellitus, cancer, renal disease), body
mass index, prior infection with SARS-CoV-2, receipt of
anti-SARS-CoV-2 monoclonal antibody treatment, and
COVID-19 vaccination status. We assessed the propor-
tional hazards assumption by testing for slopes in
Schoenfeld residuals.24

We assessed risk factors for severe clinical outcomes
among persons with SARS-CoV-2 infection including
demographic characteristics, clinical comorbidities and
COVID-19 vaccination status stratified by Omicron ver-
sus Delta period. We used Cox proportional hazards
models as described above to assess interactions
between risk factors and time period (Omicron versus
Delta) to determine if risk factors for severe clinical out-
comes differed between these periods.

All analyses used SAS software, version 9.4 (SAS
Institute Inc., Cary, NC, USA) and R 4.0.2 software (R
Foundation for Statistical Computing, Vienna,
Austria).25
Role of funding source
The funders had no role in study design, data collection,
data analysis, interpretation, or writing of the report.
www.thelancet.com Vol 12 Month August, 2022



Articles
Results
Among 118,078 persons with incident NAAT-confirmed
SARS-CoV-2 infection who met inclusion criteria,
48,101 (41%) were in the Omicron period and 69,977
(59%) in the Delta period. The mean number of SARS-
CoV-2 infections per day was substantially higher dur-
ing the Omicron period (48,101 infections in a 21-day
period or 2291.7 infections per day) versus the Delta
period (69,977 infections during a 147-day period or
476.0 infections per day) (Figure 1; Supplemental
Table 2).
Patient demographics, infection, and vaccination
status for Omicron vs. Delta periods
Persons infected with SARS-CoV-2 during the Omicron
period were more likely to be of Asian descent, have
completed their COVID-19 vaccination primary series
or completed a primary series and an additional dose,
and have had a prior SARS-CoV-2 infection than per-
sons infected with SARS-CoV-2 during the Delta period
(see patient characteristics, Table 1).
Hospitalization for Omicron vs. Delta periods
The hospitalization rate (mean number of hospitaliza-
tions per SARS-CoV-2 infection per time period-day)
was higher during the Omicron period (crude rate ratio
1.50; CI 1.41-1.60), reflecting the substantial burden of
Omicron variant circulation on the health system (Sup-
plemental Table 2). Overall, the crude percentages of per-
sons who had a severe clinical outcome were
significantly lower among persons with SARS-CoV-2
during the Omicron period than persons in the Delta
period for any hospitalization (2.4% versus 7.8%), hos-
pitalization with low-flow oxygen support (1.6% versus
6.4%), hospitalization with high-flow oxygen support or
NIPPV (0.6% versus 2.8%), hospitalization with IMV
(0.1% versus 0.7%), and death (0.2% versus 0.7%) (for
all comparisons, P<0.01).

Persons hospitalized with SARS-CoV-2 infection
during the Omicron period were significantly more
likely to be older (median age 62 versus 59 years), to
have a Charlson comorbidity index score ≥3, to have
completed their COVID-19 vaccination primary series
or completed a primary series plus an additional dose,
and to have had a prior SARS-CoV-2 infection (Table 2;
for all comparisons, P<0.01). Among hospitalized per-
sons with SARS-CoV-2 infection, persons in the Omi-
cron period were significantly less likely to require low-
flow oxygen support (66% versus 82%), high-flow oxy-
gen support or NIPPV (26% versus 36%), or IMV
(6.0% versus 9.6%), or receive treatment with remdesi-
vir (57% versus 74%) or dexamethasone (57% versus
80%) (for all comparisons, P<0.01).

In our primary analysis, persons with SARS-CoV-2
infection during the Omicron period compared with the
www.thelancet.com Vol 12 Month August, 2022
Delta period had significantly lower risk of any hospital-
ization (aHR 0.55; CI 0.15-0.59), hospitalization with
low-flow oxygen support (aHR 0.46; CI 0.43-0.50), hos-
pitalization with high-flow oxygen support or NIPPV
(aHR 0.47; CI 0.41-0.54), hospitalization with IMV
(aHR 0.43; CI 0.33-0.56), or death (aHR 0.54; CI 0.42-
0.70) in the 21 days after SARS-CoV-2 diagnosis adjust-
ing for demographics, comorbidities, COVID-19 vacci-
nation status, prior infection status and receipt of
outpatient anti-SARS-CoV-2 antibody treatment (Table 3;
Figure 2). In adjusted models, independent risk factors
associated with increased risk of all severe clinical out-
comes included age ≥40 years, male sex, Asian com-
pared with White race/ethnicity, renal disease, body
mass index ≥35 kg/m2, and not having been vaccinated
for COVID-19 compared with having completed a pri-
mary series plus an additional dose.
Vaccination status and outcomes for Omicron vs. Delta
periods
The risk of a severe clinical outcome varied significantly
by vaccination status during both the Omicron and
Delta periods (p-interaction <0.01 for all comparisons).
Persons who were unvaccinated had the highest risk in
both periods, followed by a significantly lower risk
among those who had completed a primary series only,
followed by a further significantly lower risk among
those who completed both a primary series and an addi-
tional dose in the Omicron period. Only persons who
were unvaccinated were significantly more likely to
experience severe clinical outcomes compared with per-
sons who complete a primary series plus an additional
dose in the Delta period (Supplemental tables 3-7). Demo-
graphic (age, sex) and clinical characteristics (Charlson
comorbidity index score, select comorbidities, body
mass index) were associated with increased risk of
severe clinical outcomes in both the Omicron and Delta
periods; the magnitudes of these associations were simi-
lar during the Omicron and Delta periods, suggesting
that individual-level risk factors for severe clinical out-
comes have not changed substantially between the Omi-
cron and Delta periods.
Influence of sex, age, and race/ethnicity for Omicron
vs. Delta periods
The risk of a severe clinical outcome varied significantly
by sex during both the Omicron and Delta periods (Sup-
plemental Tables 3-7). For example, during both periods,
male compared with female patients were at a greater
risk for both hospitalization with IMV (aHR 2.21; CI
1.33-3.68 during Omicron and 1.71; CI 1.43-2.04 during
Delta) and for death (aHR 2.29; CI 1.47-3.59 during
Omicron and 2.01; CI 1.66-2.43 during Delta).

In contrast, differences in risk for many severe clini-
cal outcomes by race/ethnicity differed during the
5



Characteristic All,
N = 118,078
n (%)

Omicron period,
N = 48,101
n (%)

Delta period,
N = 69,977
n (%)

p-value2

Age, years1 37 (23, 52) 37 (24, 51) 37 (22, 53) 0.002

Age, years <0.001

0-17 21,208 (18%) 7,339 (15%) 13,869 (20%)

18-39 43,310 (37%) 19,285 (40%) 24,025 (34%)

40-49 19,588 (17%) 8,352 (17%) 11,236 (16%)

50-59 15,907 (13%) 6,694 (14%) 9,213 (13%)

60-69 10,662 (9.0%) 3,946 (8.2%) 6,716 (9.6%)

70-79 4,967 (4.2%) 1,681 (3.5%) 3,286 (4.7%)

80+ 2,331 (2.0%) 699 (1.5%) 1,632 (2.3%)

Sex <0.001

Female 64,416 (55%) 27,280 (57%) 37,136 (53%)

Male 53,662 (45%) 20,821 (43%) 32,841 (47%)

Race/Ethnicity <0.001

LatinX/Hispanic Ethnicity 33,047 (28%) 13,428 (28%) 19,619 (28%)

Black/African Descent 12,564 (11%) 5,321 (11%) 7,243 (10%)

Asian Descent 17,221 (15%) 9,564 (20%) 7,657 (11%)

White/European or Middle Eastern Descent 46,118 (39%) 15,876 (33%) 30,242 (43%)

Other/Unknown 9,128 (7.7%) 3,912 (8.1%) 5,216 (7.5%)

Charlson co-morbidity index scores <0.001

Missing (no visits in prior year) 10,836 (9.2%) 3,769 (7.8%) 7,067 (10%)

Score 0 80,886 (69%) 33,837 (70%) 47,049 (67%)

Score 1 15,119 (13%) 6,285 (13%) 8,834 (13%)

Score 2 4,760 (4.0%) 1,857 (3.9%) 2,903 (4.1%)

Score 3+ 6,477 (5.5%) 2,353 (4.9%) 4,124 (5.9%)

Chronic obstructive pulmonary disease 12,718 (11%) 5,218 (11%) 7,500 (11%) 0.5

Diabetes 10,334 (8.8%) 4,031 (8.4%) 6,303 (9.0%) <0.001

Atherosclerotic cardiovascular disease 8,141 (6.9%) 2,832 (5.9%) 5,309 (7.6%) <0.001

Renal disease 3,820 (3.2%) 1,389 (2.9%) 2,431 (3.5%) <0.001

Cancer 1,938 (1.6%) 739 (1.5%) 1,199 (1.7%) 0.019

Rheumatologic disease 972 (0.8%) 364 (0.8%) 608 (0.9%) 0.036

Dementia 599 (0.5%) 196 (0.4%) 403 (0.6%) <0.001

Body mass index, kg/m2 <0.001

<25 35,300 (33%) 14,849 (34%) 20,451 (32%)

25-29.9 31,284 (29%) 13,122 (30%) 18,162 (29%)

30-34.9 21,781 (20%) 8,696 (20%) 13,085 (21%)

35-39.9 10,328 (9.6%) 4,050 (9.2%) 6,278 (10.0%)

≥40 8,370 (7.8%) 3,304 (7.5%) 5,066 (8.0%)

COVID-19 vaccination <0.001

None 49,690 (42%) 10,635 (22%) 39,055 (56%)

Complete primary series 52,310 (44%) 24,608 (51%) 27,702 (40%)

Completed primary series + additional dose 11,983 (10%) 11,347 (24%) 636 (0.9%)

Other (partial/mixed/other) 4,095 (3.5%) 1,511 (3.1%) 2,584 (3.7%)

Prior SARS-CoV-2 infection 3,499 (3.0%) 2,786 (5.8%) 713 (1.0%) <0.001

Anti-SARS-CoV-2 antibody outpatient treatment5 1,130 (1.0%) 222 (0.5%) 908 (1.3%) <0.001

Severe clinical outcomes

Any hospitalization 6,624 (5.6%) 1,169 (2.4%) 5,455 (7.8%) <0.001

Hospitalized with low flow oxygen support 5,256 (4.5%) 773 (1.6%) 4,483 (6.4%) <0.001

Hospitalized with high flow oxygen support or

non-invasive mechanical ventilation

2,282 (1.9%) 302 (0.6%) 1,980 (2.8%) <0.001

Hospitalized with invasive mechanical ventilation 591 (0.5%) 70 (0.1%) 521 (0.7%) <0.001

Died 561 (0.5%) 83 (0.2%) 478 (0.7%) <0.001

Table 1 (Continued)
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Characteristic All,
N = 118,078
n (%)

Omicron period,
N = 48,101
n (%)

Delta period,
N = 69,977
n (%)

p-value2

Testing for SARS-CoV-2 variant

Whole genome sequencing confirmed

Delta variant, n/N (%)

12,990/13,470 (96.4%) 03 12,990/13,470

(96.4%)

Whole genome sequencing confirmed

Omicron variant, n/N (%)

6/13,470 (0.04%) 03 6/13,470 (0.04%)

Spike gene target failure confirmed probable

Omicron infection, n/N (%)

12,476/13,344 (93.5%) 12,476/13,344 (93.5%) 04

Table 1: Characteristics of persons with SARS-CoV-2 infection in Northern California stratified by time periods of predominant Omicron
SARS-CoV-2 variant (December 18, 2021-January 7, 2022) and Delta SARS-CoV-2 variant (July 5, 2021-November 30, 2021) transmission.

1 Median (IQR); n (%).
2 Wilcoxon rank sum test; Pearson's Chi-squared test.
3 No valid lineage results available for Omicron time period.
4 Spike gene target failure not tested prior to Omicron time period.
5 Treatment with bamlanivimab plus etesevimab, casirivimab plus imdevimab, or sotrovimab.

Characteristic All,
N = 6,624
n (%)

Omicron period,
N = 1,169
n (%)

Delta period,
N = 5,455
n (%)

p-value2

Age, years1 59 (43, 72) 62 (42, 76) 58 (44, 72) <0.001

Age, years <0.001

0-17 81 (1.2%) 24 (2.1%) 57 (1.0%)

18-39 1,253 (19%) 244 (21%) 1,009 (18%)

40-49 924 (14%) 108 (9.2%) 816 (15%)

50-59 1,184 (18%) 159 (14%) 1,025 (19%)

60-69 1,225 (18%) 220 (19%) 1,005 (18%)

70-79 1,003 (15%) 175 (15%) 828 (15%)

80+ 954 (14%) 239 (20%) 715 (13%)

Sex 0.064

Female 3,339 (50%) 618 (53%) 2,721 (50%)

Male 3,285 (50%) 551 (47%) 2,734 (50%)

Race/Ethnicity <0.001

LatinX/Hispanic Ethnicity 1,756 (27%) 266 (23%) 1,490 (27%)

Black/African Descent 904 (14%) 181 (15%) 723 (13%)

Asian Descent 670 (10%) 171 (15%) 499 (9.1%)

White/European or Middle Eastern Descent 3,036 (46%) 508 (43%) 2,528 (46%)

Other/Unknown 258 (3.9%) 43 (3.7%) 215 (3.9%)

Charlson co-morbidity index scores <0.001

Missing (no visits in prior year) 431 (6.5%) 56 (4.8%) 375 (6.9%)

Score 0 2,567 (39%) 375 (32%) 2,192 (40%)

Score 1 1,045 (16%) 165 (14%) 880 (16%)

Score 2 660 (10.0%) 113 (9.7%) 547 (10%)

Score 3+ 1,921 (29%) 460 (39%) 1,461 (27%)

Chronic obstructive pulmonary disease 1,421 (21%) 297 (25%) 1,124 (21%) <0.001

Diabetes 1,891 (29%) 390 (33%) 1,501 (28%) <0.001

Atherosclerotic cardiovascular disease 2,135 (32%) 484 (41%) 1,651 (30%) <0.001

Renal disease 1,265 (19%) 311 (27%) 954 (17%) <0.001

Cancer 408 (6.2%) 83 (7.1%) 325 (6.0%) 0.14

Rheumatologic disease 166 (2.5%) 33 (2.8%) 133 (2.4%) 0.4

Dementia 346 (5.2%) 93 (8.0%) 253 (4.6%) <0.001

Body mass index, kg/m2 <0.001

<25 1,268 (19%) 282 (24%) 986 (18%)

Table 2 (Continued)
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Characteristic All,
N = 6,624
n (%)

Omicron period,
N = 1,169
n (%)

Delta period,
N = 5,455
n (%)

p-value2

25-29.9 1,797 (27%) 311 (27%) 1,486 (27%)

30-34.9 1,626 (25%) 262 (23%) 1,364 (25%)

35-39.9 889 (14%) 136 (12%) 753 (14%)

≥40 998 (15%) 167 (14%) 831 (15%)

COVID-19 vaccination <0.001

None 4,237 (64%) 472 (40%) 3,765 (69%)

Complete primary series 1,914 (29%) 476 (41%) 1,438 (26%)

Completed primary series + additional dose 248 (3.7%) 184 (16%) 64 (1.2%)

Other (partial/mixed/other) 225 (3.4%) 37 (3.2%) 188 (3.4%)

Prior SARS-CoV-2 infection 149 (2.2%) 52 (4.4%) 97 (1.8%) <0.001

Anti-SARS-CoV-2 antibody outpatient treatment3 74 (1.1%) 14 (1.2%) 60 (1.1%) 0.8

Severe clinical outcomes

Hospitalized with low flow oxygen support 5,256 (79%) 773 (66%) 4,483 (82%) <0.001

Hospitalized with high flow oxygen support or non-invasive

mechanical ventilation

2,282 (34%) 302 (26%) 1,980 (36%) <0.001

Hospitalized with invasive mechanical ventilation 591 (8.9%) 70 (6.0%) 521 (9.6%) <0.001

Died 473 (7.1%) 75 (6.4%) 398 (7.3%) 0.3

Receipt of COVID-19 treatment

Remdesivir 4,701 (71%) 662 (57%) 4,039 (74%) <0.001

Dexamethasone 5,056 (76%) 667 (57%) 4,389 (80%) <0.001

Tocilizumab 1,017 (15%) 153 (13%) 864 (16%) 0.018

Table 2: Characteristics of persons hospitalized after SARS-CoV-2 infection in Northern California stratified by time periods of
predominant Omicron SARS-CoV-2 variant (December 18, 2021-January 7, 2022) and Delta SARS-CoV-2 variant (July 5, 2021-November
30, 2021) transmission.

1 Median (IQR); n (%).
2 Wilcoxon rank sum test; Pearson's Chi-squared test.
3 Treatment with bamlanivimab plus etesevimab, casirivimab plus imdevimab, or sotrovimab.
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Omicron and Delta periods (Supplemental Tables 3-7).
During the Delta period, for example, compared with
non-Hispanic Whites, there were higher risks of hospi-
talization with IMV and death for patients who were
Hispanic (aHR 1.57; CI 1.27-1.95 and 1.36; CI 1.08-1.72,
respectively) and Asian (aHR 2.6; CI 1.91-3.54 and 2.15;
CI 1.56-2.98, respectively). In contrast, during the Omi-
cron period, these same comparisons for IMV and for
death were not statistically different or inverse for
patients who were Hispanic (aHR 0.52; CI 0.25-1.05
and 0.74; CI 0.42-1.29, respectively) or Asian (aHR
1.03; CI 0.48-2.21 and 0.39; CI 0.16-0.95, respectively).
No significant differences were found for comparisons
with Black patients for either period for these severe
outcomes; Black patients were at an increased risk for
any hospitalization and for any hospitalization with low-
flow oxygen support during the Delta but not during
the Omicron periods (Supplemental Tables 3-7).
Discussion
This analysis provides several key insights into the risks
of severe clinical outcomes associated with the Omicron
variant SARS-CoV-2 infection. First, we found that
despite a higher number of diagnosed infections per
day during the Omicron period, persons with SARS-
CoV-2 infection during the Omicron period were signif-
icantly and substantially less likely to progress to severe
clinical outcomes, including hospitalization and death.
Second, persons hospitalized during the Omicron
period with SARS-CoV-2 infection were significantly
and substantially less likely to require higher intensity
oxygen support or receive SARS-CoV-2 inpatient treat-
ment than persons with SARS-COV-2 infection during
the Delta period. Third, persons who received any
COVID-19 vaccination were significantly and substan-
tially less likely to experience severe clinical outcomes
compared with those who did not receive a vaccination,
during both the Omicron and Delta periods, and an
additional dose was associated with a further significant
and substantial reduction in risk. Fourth, the risk fac-
tors for severe clinical outcomes remained similar dur-
ing the Omicron and Delta periods and include factors
such as increasing age, overall comorbidity score, and
certain comorbidities such as diabetes, atherosclerotic
cardiovascular disease and obesity.

The risk of all severe clinical outcomes is signifi-
cantly lower for persons with SARS-CoV-2 infection
during the Omicron period. Our findings are similar to
those that have been previously reported.1-9 However,
www.thelancet.com Vol 12 Month August, 2022



Any Hospitalization Hospitalization with low-flow
oxygen support

Hospitalization with high-flow
oxygen support or NIPPV

Hospitalization with invasive
mechanical ventilation

Death

Characteristic n
(%)

aHR
(CI)

n
(%)

aHR
(CI)

n
(%)

aHR
(CI)

n
(%)

aHR
(CI)

n
(%)

aHR
(CI)

Time period

Delta,

July 5, 2021-Nov 30, 2021

5,445

(7.8%)

1.0 4,483

(6.4%)

1.0 1,980

(2.8%)

1.0 521

(0.7%)

1.0 398

(0.7%)

1.0

Omicron,

Dec 18, 2021-Jan 7, 2022

1,169

(2.4%)

0.55

(0.51, 0.59)

773

(1.6%)

0.46

(0.43, 0.5)

302

(0.6%)

0.47

(0.41, 0.54)

70

(0.1%)

0.43

(0.33, 0.56)

83

(0.2%)

0.54

(0.42, 0.7)

Age, years

0-17 81

(0.4%)

0.12

(0.1, 0.16)

39

(0.2%)

0.09

(0.07, 0.13)

16

(0.1%)

0.13

(0.08, 0.21)

3

(0.0%)

0.11

(0.04, 0.37)

2

(0.0%)

0.2

(0.05, 0.87)

18-39 1,253

(2.9%)

1.0 812

(1.9%)

1.0 285

(0.7%)

1.0 52

(0.1%)

1.0 18

(0.0%)

1.0

40-49 924

(4.7%)

1.61

(1.48, 1.76)

778

(4.0%)

2.07

(1.87, 2.29)

360

(1.8%)

2.69

(2.3, 3.15)

85

(0.4%)

3.49

(2.47, 4.95)

35

(0.2%)

4.23

(2.36, 7.59)

50-59 1,184

(7.4%)

2.67

(2.46, 2.9)

1,023

(6.4%)

3.6

(3.27, 3.97)

494

(3.1%)

5

(4.3, 5.81)

134

(0.8%)

7.36

(5.3, 10.22)

74

(0.5%)

11.2

(6.56, 19.12)

60-69 1,225

(11.5%)

3.94

(3.6, 4.3)

1,042

(9.8%)

5.5

(4.97, 6.09)

521

(4.9%)

8.23

(7.04, 9.63)

164

(1.5%)

13.66

(9.78, 19.06)

94

(0.9%)

19.65

(11.51, 33.57)

70-79 1,003

(20.2%)

5.86

(5.27, 6.52)

831

(16.7%)

8.32

(7.36, 9.39)

370

(7.4%)

11.77

(9.77, 14.19)

111

(2.2%)

17.27

(11.75, 25.37)

133

(2.7%)

45.8

(26.42, 79.38)

80+ 954

(40.9%)

10.99

(9.75, 12.39)

731

(31.4%)

15.13

(13.18, 17.37)

236

(10.1%)

16.16

(12.96, 20.14)

42

(1.8%)

14.16

(8.76, 22.86)

205

(8.8%)

127.58

(72.86, 223.39)

Sex

Female 3,339

(5.2%)

1.0 2,524

(3.9%)

1.0 964

(1.5%)

1.0 253

(0.4%)

1.0 231

(0.4%)

1.0

Male 3,285

(6.1%)

1.29

(1.23, 1.36)

2,732

(5.1%)

1.42

(1.34, 1.5)

1,318

(2.5%)

1.84

(1.69, 2.01)

338

(0.6%)

1.77

(1.49, 2.09)

330

(0.6%)

2.06

(1.73, 2.46)

Race/Ethnicity

LatinX/Hispanic Ethnicity 1,756

(5.3%)

1.24

(1.16, 1.31)

1,394

(4.2%)

1.24

(1.16, 1.33)

620

(1.9%)

1.36

(1.22, 1.5)

154

(0.5%)

1.41

(1.15, 1.72)

123

(0.4%)

1.24

(1, 1.53)

Black/African Descent 904

(7.2%)

1.24

(1.15, 1.34)

690

(5.5%)

1.15

(1.06, 1.26)

273

(2.2%)

1.06

(0.93, 1.22)

71

(0.6%)

1.08

(0.82, 1.41)

60

(0.5%)

0.93

(0.7, 1.24)

Asian Descent 670

(3.9%)

1.54

(1.41, 1.68)

498

(2.9%)

1.51

(1.36, 1.67)

243

(1.4%)

2.15

(1.86, 2.48)

63

(0.4%)

2.26

(1.69, 3)

52

(0.3%)

1.62

(1.19, 2.21)

1.0 1.0 1.0 1.0 1.0

Table 3 (Continued)
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Any Hospitalization Hospitalization with low-flow
oxygen support

Hospitalization with high-flow
oxygen support or NIPPV

Hospitalization with invasive
mechanical ventilation

Death

Characteristic n
(%)

aHR
(CI)

n
(%)

aHR
(CI)

n
(%)

aHR
(CI)

n
(%)

aHR
(CI)

n
(%)

aHR
(CI)

White/European or Middle

Eastern Descent

3,036

(6.6%)

2,468

(5.4%)

1,034

(2.2%)

269

(0.6%)

303

(0.7%)

Other/Unknown 258

(2.8%)

0.94

(0.82, 1.07)

206

(2.3%)

0.94

(0.81, 1.08)

112

(1.2%)

1.2

(0.98, 1.46)

34

(0.4%)

1.42

(0.99, 2.04)

23

(0.3%)

1.38

(0.9, 2.12)

Charlson Co-Morbidity

Index Score

Missing

(no visits in prior year)

431

(4.0%)

1.28

(1.15, 1.42)

369

(3.4%)

1.34

(1.19, 1.5)

180

(1.7%)

1.39

(1.18, 1.63)

62

(0.6%)

2.23

(1.67, 2.98)

35

(0.3%)

2.71

(1.83, 4.03)

Score 0 2,567

(3.2%)

1.0 1,979

(2.4%)

1.0 860

(1.1%)

1.0 190

(0.2%)

1.0 89

(0.1%)

1.0

Score 1 1,045

(6.9%)

1.21

(1.1, 1.32)

846

(5.6%)

1.09

(0.98, 1.21)

396

(2.6%)

1.07

(0.92, 1.25)

99

(0.7%)

1.09

(0.8, 1.48)

77

(0.5%)

1.81

(1.28, 2.55)

Score 2 660

(13.9%)

1.45

(1.29, 1.64)

543

(11.4%)

1.29

(1.13, 1.47)

232

(4.9%)

1.11

(0.91, 1.36)

58

(1.2%)

1.06

(0.71, 1.59)

64

(1.3%)

2.07

(1.39, 3.07)

Score 3+ 1,921

(29.7%)

1.88

(1.61, 2.19)

1,519

(23.5%)

1.54

(1.29, 1.84)

614

(9.5%)

1.3

(0.99, 1.71)

182

(2.8%)

1.62

(0.97, 2.69)

296

(4.6%)

3.02

(1.91, 4.76)

Chronic obstructive

pulmonary disease

1,421

(11.2%)

1.13

(1.05, 1.21)

1,191

(9.4%)

1.31

(1.21, 1.42)

512

(4.0%)

1.39

(1.23, 1.57)

137

(1.1%)

1.33

(1.05, 1.69)

173

(1.4%)

1.2

(0.98, 1.47)

Diabetes 1,891

(18.3%)

1.22

(1.13, 1.32)

1,556

(15.1%)

1.3

(1.19, 1.42)

706

(6.8%)

1.37

(1.2, 1.57)

208

(2.0%)

1.48

(1.14, 1.93)

227

(2.2%)

1.15

(0.93, 1.43)

Atherosclerotic cardiovascular

disease

2,135

(26.2%)

1.39

(1.27, 1.51)

1,684

(20.7%)

1.34

(1.22, 1.49)

669

(8.2%)

1.26

(1.09, 1.47)

193

(2.4%)

1.47

(1.11, 1.95)

314

(3.9%)

1.14

(0.88, 1.47)

Renal disease 1,265

(33.1%)

1.44

(1.31, 1.58)

990

(25.9%)

1.43

(1.29, 1.59)

398

(10.4%)

1.44

(1.23, 1.7)

113

(3.0%)

1.41

(1.04, 1.89)

201

(5.3%)

1.39

(1.09, 1.76)

Cancer 408

(21.1%)

1.26

(1.13, 1.41)

320

(16.5%)

1.3

(1.14, 1.48)

133

(6.9%)

1.36

(1.11, 1.66)

36

(1.9%)

1.24

(0.85, 1.81)

72

(3.7%)

1.62

(1.23, 2.14)

Rheumatologic disease 166

(17.1%)

1.21

(1.03, 1.41)

146

(15.0%)

1.37

(1.16, 1.63)

58

(6.0%)

1.41

(1.08, 1.85)

14

(1.4%)

1.18

(0.68, 2.04)

19

(2.0%)

1.18

(0.74, 1.89)

Dementia 346

(57.8%)

2.01

(1.78, 2.27)

250

(41.7%)

1.74

(1.5, 2)

76

(12.7%)

1.32

(1.02, 1.7)

13

(2.2%)

0.95

(0.53, 1.7)

74

(12.4%)

1.91

(1.45, 2.51)

Body mass index

<25 1,268

(3.6%)

1.0 896

(2.5%)

1.0 308

(0.9%)

1.0 85

(0.2%)

1.0 156

(0.4%)

1.0

Table 3 (Continued)

A
rticles

10
w
w
w
.th

elan
cet.com

V
ol12

M
on

th
A
ug

ust,2022



Any Hospitalization Hospitalization with low-flow
oxygen support

Hospitalization with high-flow
oxygen support or NIPPV

Hospitalization with invasive
mechanical ventilation

Death

Characteristic n
(%)

aHR
(CI)

n
(%)

aHR
(CI)

n
(%)

aHR
(CI)

n
(%)

aHR
(CI)

n
(%)

aHR
(CI)

25-29.9 1,797

(5.7%)

1.09

(1.01, 1.18)

1,388

(4.4%)

1.17

(1.07, 1.27)

556

(1.8%)

1.28

(1.11, 1.48)

123

(0.4%)

0.91

(0.69, 1.21)

141

(0.5%)

0.78

(0.62, 0.99)

30-34.9 1,626

(7.5%)

1.39

(1.29, 1.5)

1,348

(6.2%)

1.56

(1.43, 1.71)

604

(2.8%)

1.94

(1.68, 2.25)

147

(0.7%)

1.48

(1.12, 1.96)

116

(0.5%)

1.07

(0.82, 1.38)

35-39.9 889

(8.6%)

1.7

(1.55, 1.86)

752

(7.3%)

1.98

(1.79, 2.2)

360

(3.5%)

2.68

(2.28, 3.14)

102

(1.0%)

2.39

(1.77, 3.23)

72

(0.7%)

1.59

(1.18, 2.14)

>=40 998

(11.9%)

2.54

(2.32, 2.78)

837

(10.0%)

2.96

(2.67, 3.28)

444

(5.3%)

4.53

(3.87, 5.31)

134

(1.6%)

4.11

(3.06, 5.51)

73

(0.9%)

2.37

(1.74, 3.22)

COVID-19 vaccination

None 4,237

(8.5%)

8.34

(7.25, 9.6)

3,582

(7.2%)

9.88

(8.3, 11.76)

1,684

(3.4%)

13.71

(10.2, 18.42)

463

(0.9%)

11.65

(6.78, 20.02)

366

(0.7%)

12.18

(7.32, 20.26)

Complete primary series 1,914

(3.7%)

1.72

(1.49, 1.97)

1,343

(2.6%)

1.63

(1.37, 1.95)

473

(0.9%)

1.75

(1.29, 2.36)

97

(0.2%)

1.1

(0.63, 1.93)

152

(0.3%)

1.82

(1.08, 3.06)

Completed primary series +

additional dose

248

(2.1%)

1.0 162

(1.4%)

1.0 53

(0.4%)

1.0 16

(0.1%)

1.0 18

(0.2%)

1.0

Other

(partial/mixed/other)

225

(5.5%)

3.63

(3.01, 4.38)

169

(4.1%)

3.86

(3.08, 4.84)

72

(1.8%)

4.75

(3.28, 6.89)

15

(0.4%)

3.14

(1.51, 6.52)

25

(0.6%)

6.21

(3.3, 11.67)

Prior SARS-CoV-2 infection 149

(4.3%)

1

(0.85, 1.18)

76

(2.2%)

0.67

(0.53, 0.84)

21

(0.6%)

0.4

(0.26, 0.61)

3

(0.1%)

0.23

(0.07, 0.7)

10

(0.3%)

0.72

(0.38, 1.36)

Anti-SARS-CoV-2 antibody

outpatient treatment

74

(6.5%)

0.33

(0.26, 0.41)

58

(5.1%)

0.31

(0.24, 0.41)

15

(1.3%)

0.21

(0.13, 0.35)

1

(0.1%)

0.05

(0.01, 0.37)

1

(0.1%)

0.04

(0.01, 0.31)

Table 3: Factors associated with severe clinical outcomes among persons with SARS-CoV-2 infection in Northern California, stratified by time periods of predominant Omicron SARS-CoV-2 variant
(December 18, 2021-January 7, 2022, n=48,101) and Delta SARS-CoV-2 variant (July 5, 2021-November 30, 2021, n=69,977) transmission.
aHR = adjusted hazard ratio using cox proportional hazards models to assess the association between SARS-CoV-2 infection during a period with predominant Omicron variant circulation versus predominant Delta variant circula-

tion adjusted for demographics, clinical comorbidities and vaccination status.

*Treatment with bamlanivimab plus etesevimab, casirivimab plus imdevimab, or sotrovimab as an outpatient.

Abbreviations: NIPPV = Non-invasive positive pressure mechanical ventilation.
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Figure 2. Cumulative incidence of severe clinical outcomes among persons with SARS-CoV-2 infection in Northern California strati-
fied by time periods of predominant Omicron SARS-CoV-2 variant (December 18, 2021-January 7, 2022) and Delta SARS-CoV-2 vari-
ant (July 5, 2021-November 30, 2021) transmission.
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all current work-to-date to elucidate the risk of severe
clinical outcomes associated with the Omicron variant
is based on persons diagnosed with SARS-CoV-2 infec-
tion and thus these estimates possibly overestimate the
true risk of severe clinical outcomes, as persons with
undiagnosed or unreported Omicron variant infection
are excluded from the denominator.26 Many health sys-
tems, including KPNC, test all persons for SARS-CoV-2
infection on admission to the hospital, and thus persons
hospitalized with SARS-CoV-2 infection are unlikely to
be undiagnosed or unreported, and the proportion of
those hospitalized among those tested for the virus will
be overestimated. Thus, the absolute risk of severe clini-
cal outcomes among those with SARS-CoV-2 infection
might be substantially lower than reported here or in
other studies. During the Omicron period, this bias
may be even more pronounced if SARS-CoV-2 is less
likely to cause substantial symptoms and people with
less severe symptoms are less likely to seek testing. The
reduced risk of severe disease is also supported by bio-
logical studies. For example, prior studies have sug-
gested the Omicron variant is less likely to infect the
respiratory epithelium and thus less likely to cause lung
injury.27,28
www.thelancet.com Vol 12 Month August, 2022
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Our study also provides additional detail on key
events during hospitalization and documents the
reduced intensity of treatment in terms of COVID-19-
specific inpatient therapies such as antivirals or immu-
nomodulators as well as oxygen support. The reduced
intensity of treatment further supports the reduced
severity of Omicron versus Delta SARS-CoV-2 variant
infection, but is balanced by the increased number of
cases per day during the Omicron period, leading to an
increased overall number of hospitalizations of persons
with SARS-CoV-2 infection. The increased number of
hospitalizations continues to put substantial strain on
hospital resources even if intensity of treatment is lower
during the hospitalization.

In our analyses, COVID-19 vaccination is associated
with a lower risk of severe clinical outcomes during both
the Omicron and Delta periods. Among those with SARS-
CoV-2 infection, vaccinated persons are significantly less
likely to develop severe clinical outcomes compared to
those who are unvaccinated. Our analysis suggests a dose-
response relationship, as those who have completed a pri-
mary series plus an additional dose had reduced risk of
severe disease compared to those who received a primary
series only; both groups had reduced risk compared to the
unvaccinated. Interestingly, the reduced risk of severe
clinical outcomes among those who received a primary
series plus an additional dose is statistically significant
during the Omicron period, but not the Delta period.
Thus, vaccination, including additional doses, is a key
strategy to reduce the risk of severe COVID-19 and is
associated with significant protection for severe disease
even among those who are infected with Omicron SARS-
CoV-2 variant.5,13-15,29-31 These data support the current
recommendations for an additional or booster dose of
COVID-19 vaccine.

Risk factors for severe clinical outcomes with SARS-
CoV-2 infection have been well-described and have impor-
tant clinical applications for identifying persons who
might benefit from outpatient therapies to prevent severe
outcomes or to prioritize receipt of these interventions
when there are logistical or supply constraints; many rec-
ommended therapies (e.g., sotrovimab, nirmatrelvir/rito-
navir) are in short supply.16 This study confirms that the
risk factors for severe COVID-19 among persons with
SARS-CoV-2 infection have not changed substantially
despite the emergence of the Omicron variant. Key risk
factors continue to include age, certain comorbidities,
obesity and vaccination status. Most importantly, as stated
above, we found that vaccination status continues to
reduce the risk of severe COVID-19 despite reports of
immune evasion by the Omicron SARS-CoV-2 variant.31

This study has several key strengths. First, we used
data from a large, integrated health system with over
4.5 million community-based members with access to
robust and stable SARS-CoV-2 testing and COVID-19 vac-
cination programs. KPNC members receive almost all
their healthcare in the system and thus we have almost
www.thelancet.com Vol 12 Month August, 2022
complete ascertainment of clinical events, including hospi-
talizations and deaths, as well as demographics, comorbid-
ities, and vaccination status. Testing and treatment
practices are standardized throughout the health system
and were stable during the study periods. Second,
although we do not have complete sequencing data on all
SARS-CoV-2 infections within KPNC, we have established
mechanisms to understand SARS-CoV-2 variants circulat-
ing during each time period. Third, we have near complete
ascertainment of recorded clinical risk factors for severe
outcomes, allowing adjustment of our estimates by demo-
graphics, clinical characteristics, and vaccination status.
The limitations of this analysis are: 1) we do not have com-
plete sequencing or variant identification on all SARS-
CoV-2 infections; there is a possibility for bias in these esti-
mates if there are other SARS-CoV-2 variants circulating
within KPNC during the selected time periods. 2) We use
SGTF to define the Omicron period and although SGTF
is closely associated with the Omicron variant, we do not
have confirmation using whole genome sequencing
within our system. However, our definition of the Omi-
cron period, starting December 18, 2021, corresponds well
with that used by the Centers for Disease Control and Pre-
vention in their recent analyses of health care utilization
comparing the Omicron period to earlier periods of the
SARS-CoV-2 pandemic, in which they used December 19,
2021.2 3) In our analysis we assumed that the multiple
clinical severity events experienced by a single patient dur-
ing the same hospitalisation are independent of each
other. This approach can overestimate the overall clinical
severity of SARS-CoV-2 infection, however, it would
equally affect the Delta and Omicron periods.

In summary, SARS-CoV-2 infection during the Omi-
cron period is associated with significantly reduced severe
clinical outcomes including hospitalization and death.
COVID-19 vaccination including a primary series as well
as primary series with additional dose reduce risk of severe
outcomes even during the Omicron period and remains a
key preventive strategy to reduce the risk of severe
COVID-19. Lastly, risk factors for severe clinical outcomes
remain similar during the Omicron period and include
age, clinical comorbidities, obesity and vaccination status.
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