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Abstract

The Omicron (B.1.1.529) variant of SARS-CoV-2 rapidly achieved global dissemination following
its emergence in southern Africa in November, 2021.1:2 Epidemiologic surveillance has revealed
changes in COVID-19 case-to-hospitalization and case-to-mortality ratios following Omicron
variant emergence,3-9 although interpretation of these changes presents challenges due to
differential protection against Omicron or Delta (B.1.617.2) variant SARS-CoV-2 infections
associated with prior vaccine-derived and naturally-acquired immunity, as well as longer-term
changes in testing and healthcare practices.” Here we report clinical outcomes among 222,688
cases with Omicron variant infections and 23,305 time-matched cases with Delta variant
infections within the Kaiser Permanente Southern California healthcare system, who were
followed longitudinally following positive outpatient tests between 15 December, 2021 and 17
January, 2022, when Omicron cases were almost exclusively BA.1 or its sublineages. Adjusted
hazard ratios of progression to any hospital admission, symptomatic hospital admission, intensive
care unit admission, mechanical ventilation, and death were 0.59 (95% confidence interval:
0.51-0.69), 0.59 (0.51-0.68), 0.50 (0.29-0.87), 0.36 (0.18-0.72), and 0.21 (0.10-0.44) respectively,
for cases with Omicron versus Delta variant infections. In contrast, among 14,661 Omicron cases
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ascertained by outpatient testing between 3 February and 17 March, 2022, infection with the BA.2
or BA.1/BA.1.1 subvariants did not show evidence of differential risk of severe outcomes. Lower
risk of severe clinical outcomes among cases with Omicron variant infection merits consideration
in planning of healthcare capacity needs amid establishment of the Omicron variant as the
dominant circulating SARS-CoV-2 lineage globally, and should inform the interpretation of both
case- and hospital-based surveillance data.

Following its first detection in Gauteng Province, South Africa, the Omicron (B.1.1.529)
variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was declared by
the World Health Organization (WHO) to be a variant of concern on November 25, 2021.1
Rapid transmission of the Omicron variant fueled a fourth wave of SARS-CoV-2 infections
in South Africa, during which daily diagnosed infections soon exceeded totals recorded
during all previous periods in the country. Following its initial detection in the United

States on 1 December, 2021,8 the Omicron variant rapidly became the dominant circulating
lineage, accounting for 95% of all SARS-CoV-2 infections diagnosed nationwide by the
week ending January 8, 2022.9 Similar patterns have unfolded globally, with the Omicron
variant fueling a surge in newly-diagnosed cases worldwide.10 Across the US, prevalence of
infection-derived antibodies increased from 34% to 58% during the Omicron wave between
December, 2021 and February, 2022, and from 44% to 75% among children aged 0-11
years.11 While BA.2-lineage Omicron infections have subsequently accounted for increased
transmission in March and April, 2022, increases in hospital admissions and deaths have not
been commensurate with prior surges.12

Understanding the clinical spectrum of infections associated with novel SARS-CoV-2
variants is crucial to informing public health responses. Questions about the severity

of Omicron variant infections arose soon after its emergence, as the Omicron genome
harbored a constellation of mutations in the SARS-CoV-2 spike protein associated with
altered cell entry as well as immune evasion.!® Reduced neutralization of the Omicron
variant has been reported in studies using plasma specimens from individuals with complete
(two- or three-dose) mRNA vaccine series, 4 and from patients with prior SARS-CoV-2
infection.1>:16 Epidemiologic data from South Africa have suggested higher rates of
Omicron variant infections among persons with prior SARS-CoV-2 infection, as compared
to observations with previous variants,1” while early observational studies in multiple
settings have suggested reduced effectiveness of COVID-19 vaccines against Omicron
variant infection.18-20 Notwithstanding these signs of reduced immune protection against
the Omicron variant associated with prior natural infection or vaccination, increases in
SARS-CoV-2 infections following emergence of the Omicron variant were not associated
with increases in hospitalizations and deaths to the extent observed during previous
waves.38 While reduced risk of hospitalization, intensive care unit (ICU) admission, and
death has been reported among individuals with Omicron variant infection in several
large-scale studies linking case data across various nationwide surveillance platforms,20-22
these studies have lacked detailed information about individual-level risk factors that may
confound the relationship between infecting variant and risk of severe clinical outcomes.
Understanding of the relative severity of disease associated with the BA.2 Omicron
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subvariant, which has become established in transmission despite widespread immunity
from the initial Omicron wave, remains limited as well 2324

Study setting and variant dynamics.

We sought to compare clinical outcomes among cases with Omicron and Delta variant
SARS-CoV-2 infections within the Kaiser Permanente of Southern California (KPSC)
healthcare system. As an integrated healthcare organization serving 4.7 million individuals
(~19% of the population of southern California), KPSC provides comprehensive care

to its members across virtual, outpatient, emergency department, and inpatient settings.
Healthcare delivery including diagnoses, laboratory tests and results, and prescriptions

are recorded in near real-time via patients’ electronic health records (EHRs), while out-of-
network care is captured through insurance claim reimbursements, enabling near-complete
ascertainment of healthcare interactions for KPSC members.

Our primary analyses included all cases first ascertained via outpatient SARS-CoV-2 reverse
transcription-polymerase chain reaction (RT-PCR) testing between 15 December, 2021 and
17 January, 2022, whose tests were processed using the ThermoFisher TagPath COVID-19
Combo Kit (Figure 1; details on testing procedures are provided in the Methods). These
dates comprise a period of mixed circulation of the two variants, with Omicron accounting
for 99% of incident cases in the state of California by 17 January, 2022. Previous evidence
has indicated that the A69-70 amino acid deletion in the spike (S) protein of Omicron variant
specimens causes a failure in PCR probes targeting the S gene, whereas the Orflab and
nucleocapsid (N) probes retain sensitivity; in contrast, S-gene target failure (SGTF) is rare
in Delta variant SARS-CoV-2 infections (Table S1);22:25.26 thus, we used SGTF as a proxy
for Omicron vs. Delta variant identification. Delta variant detections receded in late January
as BA.2 Omicron subvariant infections began to account for an increasing proportion of

all cases detected through February and March. We therefore also sought to investigate
differences in risk of severe clinical outcomes among outpatient-detected cases BA.2 vs.
BA.1* Omicron subvariant infections over the period of 3 February to 17 March, 2022,
when reductions in Delta variant detection to <0.1% of incident cases made S gene detection
a reliable proxy for BA.2 subvariant determination, consistent with observations in other
settings.23:24

Characteristics of cases, by infecting variant.

From 15 December, 2021 to 17 January, 2022, outpatient-diagnosed cases with Omicron
variant infection (A=222,688) were concentrated among adults aged 20-39 years, and had
lower odds of being either very young or very old in comparison to contemporaneously-
identified cases with Delta variant infection (AV=23,305; Table S2; Table S3). Cases with
Omicron variant infection were also more often white and of non-Hispanic ethnicity, lived
in higher-income communities, and tended to have lower prior-year rates of healthcare
utilization across outpatient, emergency department, and inpatient settings, as well as lower
burden of chronic comorbid conditions, in comparison to Delta variant cases (Table S2).
These associations held in analyses adjusting for all measured demographic and clinical
attributes of cases, which further included sex, current/former cigarette smoking, body
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mass index, and documented prior SARS-CoV-2 infection and COVID-19 vaccination.
Adjusted odds of a prior documented SARS-CoV-2 infection =90 days before cases first
tested positive during the study period were 1.75 (1.39-2.19) fold higher among cases with
Omicron variant infection than among cases with Delta variant infection. Additionally, prior
receipt of vaccine series associated with greater degrees of immune protection were more
common among cases with Omicron variant infection; for instance, adjusted odds of prior
receipt of a single mMRNA vaccine dose (B162b2/mRna-1273) and a single Ad.26.COV2.S
dose were 1.38 (1.27-1.51) and 1.56 (1.44-1.70) fold higher among cases with Omicron as
compared to Delta variant infection, while adjusted odds of receipt of 23 mMRNA vaccine
doses were 2.60 (2.47-2.75) fold higher among cases with Omicron variant infection (Table
S2; Table S4).

From 3 February to 17 March, 2022, among individuals tested as outpatients, BA.2 Omicron
subvariant cases (/=1,905) did not tend to differ from BA.1* subvariant cases (AM=12,756)
in demographic or clinical attributes, with the exception that BA.1* detection was more
concentrated among cases aged 20-49-years than BA.2, which was comparatively more
common among both children and older adults; additionally, cases with BA.2 subvariant
infection had higher rates of prior-year emergency department utilization than cases infected
with BA.1* lineages (Table S5). Consistent differences in anti-SARS-CoV-2 immunity
among cases with BA.2 or BA.1* infection—based on number or timing of vaccine doses
received, or documented history of infection—were not apparent (Table S6).

Risk of severe outcomes associated with infecting variant.

Following an outpatient diagnosis, cumulative 30-day risks of hospital admission,
symptomatic hospital admission (defined as new inpatient admission <14 days after new-
onset acute respiratory symptoms), intensive care unit (ICU) admission, onset of mechanical
ventilation, and death among cases with Delta variant infection were 10.3, 9.7, 1.1, 0.7, and
0.7 per 1000 cases, respectively, for cases testing positive between 15 December, 2021 and
17 January, 2022 (Figure 2a—¢). For cases with Omicron variant infection over the same
period of time, 30-day risks for the same outcomes were 4.5, 3.9, 0.2, 0.1, and 0.1 per

1000 cases. To understand whether these differences in risk could be explained by observed
demographic, clinical, and immunological characteristics of cases with Delta and Omicron
variant infection, we estimated adjusted hazard ratios (aHRs) for progression to each of
these endpoints using Cox proportional hazards models, stratified on cases’ testing dates to
further account for potential changes in clinical or testing practices over time (detailed in the
Methods). Over the 30 days following an outpatient diagnosis, aHRs comparing progression
to any hospital admission and symptomatic hospital admission among Omicron vs. Delta
variant cases were 0.59 (0.51-0.69) and 0.59 (0.51-0.68), respectively (Table S7). These
estimates should be interpreted as a weighted average of instantaneous aHRs comparing
cases testing positive for Omicron and Delta variant infections on the same date, over

their full follow-up period.2” For higher-acuity endpoints of ICU admission, mechanical
ventilation, and mortality, aHR estimates comparing Omicron to Delta variant cases over
the 60 days following outpatient detection were 0.50 (0.29-0.87), 0.36 (0.18-0.72), and 0.21
(0.10-0.44), respectively.

Nat Med. Author manuscript; available in PMC 2023 May 24.
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Similar estimates held in analyses that included cases diagnosed on or after their hospital
admission date (Table S7), and in analyses restricted to cases who were asymptomatic at
the point of testing (Table S8), among whom Omicron variant infection was also associated
with modestly lower risk of subsequent symptoms onset (aHR=0.88 [0.81-0.96] for cases
with Omicron vs. Delta variant infection tested in outpatient settings, without symptoms at
the point of testing). Estimates of the aHR were also consistent in analyses restricted to
cases with either complete data on measured covariates or those enrolled in KPSC health
plans =1 year before their positive test date (Table S9); moreover, our findings held within
subgroups defined on the basis of cases’ age, sex, presence of comorbidities, and history
of documented SARS-CoV-2 infection (Table S10). Estimates of the adjusted relative risk
(aRR) of hospital admission and symptomatic hospital admission (30-day) as well as ICU
admission, mechanical ventilation, and mortality (60-day) based on log-binomial regression
closely resembled aHR estimates from Cox proportional hazards models in the primary
analysis (aRR=0.63 [0.55-0.72], 0.63 [0.55-0.72], 0.54 [0.31-0.94], 0.35 [0.17-0.71], 0.20
[0.10-0.43] for the five endpoints, respectively; Table S11). Findings of reduced risk of
progression to hospital admission and symptomatic hospital admission further held within
sensitivity analyses that additionally accounted for the possibility of differential prevalence
of undiagnosed prior SARS-CoV-2 infection among cases with Omicron or Delta variant
infection, who were or were not hospitalized, and who were or were not vaccinated (Figure
S1; Figure S2).

We did not identify evidence of differences in risk of severe outcomes associated with

BA.2 or BA.1* Omicron subvariant infection among cases diagnosed in outpatient settings
over the period of 3 February to 17 March, 2022 (Table S12). Among cases with BA.1*
Omicron subvariant infection diagnosed over this period, 30-day risks of hospital admission,
symptomatic hospital admission, ICU admission, mechanical ventilation, and mortality were
13.3,11.5, 0.4, 0.0, and 1.0 per 1000 persons, respectively (Figure 2f—j). Among cases

with BA.2 infection, 30-day risks of the same outcomes were 14.7, 12.6, 0.5, 0.5, and 0.5,
respectively per 1000 persons.

Comparative severity of Delta and Omicron variant infections in subgroups

by vaccination status.

Coefficient estimates from Cox proportional hazards models suggested equivalent numbers
of vaccine doses were associated with greater reductions in risk of severe outcomes

among cases with Delta variant infection as compared to Omicron variant infection (for

2 mRNA doses <90 days prior to testing vs. 0 doses, aHR=0.17 [0.12-0.24] among Delta
variant cases and aHR=0.51 [0.34-0.76] among Omicron variant cases; for 3 mRNA doses
vs. 0 doses, aHR=0.14 [0.08-0.24] among Delta variant cases and aHR=0.43 [0.35-0.52]
among Omicron variant cases; Table S13). Because variant-specific differences in vaccine
protection could thus confound the relationship between infecting variant and risk of
severe clinical outcomes, we further undertook analyses of cases with Delta and Omicron
variant infection stratifying by prior vaccine exposure. For endpoints of hospital admission,
symptomatic hospital admission, ICU admission, mechanical ventilation, and mortality,
aHR estimates were 0.40 (0.33-0.49), 0.40 (0.33-0.49), 0.34 (0.17-0.66), 0.24 (0.12-0.48),

Nat Med. Author manuscript; available in PMC 2023 May 24.
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and 0.14 (0.07-0.28), respectively, among unvaccinated cases with Omicron versus Delta
variant infection (Figure 3; Table S14). In contrast, variant-specific differences in risk of
hospital admission or symptomatic hospital admission were not apparent among individuals
who received =3 mRNA vaccine doses. Among individuals who had received 2 mRNA
vaccine doses, differences in risk of hospital admission or symptomatic hospital admission
were likewise attenuated, with the smallest difference among individuals most recently
vaccinated. We did not identify differences in risk of ICU admission and mechanical
ventilation among vaccinated cases with Omicron or Delta variant infection. However,
among vaccinated individuals, Omicron infection remained associated with a lower risk of
mortality than Delta infection (aHR=0.25 [0.09-0.70]). Similar findings held in analyses that
included individuals testing positive on the day of hospital admission (Figure S3).

Comparing risk of severe clinical outcomes during periods of Delta and

Omicron variant predominance.

Because excluding cases whose tests were not processed using the ThermoFisher TagPath
COVID-19 combo kit could limit the generalizability of our primary analyses, we also
assessed changes over the period of 1 November, 2021 (prior to detection of the Omicron
variant in the state of California) to 17 January, 2022 in the risk for all cases diagnosed

in outpatient settings to progress to severe clinical outcomes. In analyses using Cox
proportional hazards models which allowed for zero, one, or two changepoints in the
relationship between testing date and risk of severe clinical outcomes,28 we identified
evidence for a reduction beginning 8-23 December, 2021, in cases’ risk of any hospital
admission, symptomatic hospital admission, intensive care unit admission, and mortality
among newly-diagnosed cases (Figure 4a—e; Table S15; changepoint models were not fitted
to the mechanical ventilation endpoint due to sparse observations during the Delta variant-
dominated period). This timing encompasses the period of Omicron’s expansion in the study
population, with 5% and 50% of cases tested on ThermoFisher TagPath COVID-19 combo
kit assays showing SGTF as of 10 and 17 December, 2021, respectively.

Observed reductions in cases’ risk of severe outcomes did not directly align with changes in
clinical attributes of cases testing positive in outpatient settings over this period, suggesting
that shifting patterns of healthcare utilization and clinical practice could not fully account
for the observed changes. The proportion of cases reporting symptoms on or before their
testing date held steadily in the range of 72.2-84.3% from 1 November, 2021 to 17 January,
2022 (Figure 4f). While the mean time from symptoms onset to testing (among symptomatic
cases) dipped transiently to 3.2 days between December 19-22 (as compared to 4.2 days in
November and mid-January; Figure 4g), time from testing to inpatient admission (among
cases ultimately requiring hospitalization) declined through the month of January, consistent
with cases seeking outpatient testing at a more advanced stage of their illness (Figure 4h).
Concurrently, the proportion of all SARS-CoV-2 infections detected in inpatient settings
declined from 2.4% to 0.7% between 1 and 31 December, 2021, although this proportion
increased roughly 10-fold to 7.8% as of 7 March, 2022 amid reductions in outpatient testing
volume during 2022 (Figure S4).

Nat Med. Author manuscript; available in PMC 2023 May 24.
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Lengths of hospital stay.

Duration of hospital stay among cases whose illness meets the severity threshold for hospital
admission provides additional insight into differences in the clinical course of SARS-CoV-2
variants.29-30 Among 208 cases testing positive for Delta-variant infection in outpatient
settings and admitted to hospital over the period of December 15, 2021 to 17 January,

2022, the proportions with hospital stays lasting <5 days, <10 days, and <15 days were
66.2%, 84.5%, and 89.4%, respectively, in comparison to 84.8%, 91.0%, and 92.2% among
703 cases with Omicron variant infection tested and admitted over the same period (Figure
5a—f; Table S16). Within this sample, 73.8% and 85.6% of admitted cases with Delta and
Omicron variant infections, respectively, were discharged home within <30 days, while
15.5% and 6.0% of admitted cases with Delta and Omicron variant infections, respectively,
were referred to other care settings or discharged against medical advice within the same
timeframe. The 30-day probability of death or discharge to hospice following admission
was 1.1% for cases with Delta variant infection and 0.4% for cases with Omicron variant
infection. Using a Cox proportional hazards model stratified on cases’ admission date and
controlling for all observed demographic, clinical, and immunological attributes of cases to
compare time to completion of hospital stay (with any final disposition), the aHR comparing
outpatient-diagnosed cases with Omicron vs. Delta variant infection was 1.24 (0.99-1.57,
Table S17). No differences in the duration of hospital stay, or likelihoods of each discharge
disposition, were evident among outpatient-diagnosed cases with BA.2 or BA.1* Omicron
subvariant infection tested and admitted between 3 February and 17 March, 2022 (Figure
5g-k). The aHR for completion of hospital stay (with any final disposition) for outpatient-
diagnosed cases with BA.2 vs. BA.1* Omicron subvariant infection was 0.95 (0.41-2.22;
Table S17).

Discussion.

Among cases followed from an outpatient SARS-CoV-2 diagnosis, infection with the
Omicron variant was associated with substantially lower risk of progression to severe
clinical outcomes including hospital admission, symptomatic hospital admission, ICU
admission, mechanical ventilation, and mortality, in comparison to infection with the Delta
variant. These differences in risk among individuals with Omicron versus Delta variant
infection were consistent with reductions in the proportion of all SARS-CoV-2 cases that
progressed to severe clinical outcomes during the period of Omicron variant emergence

in the study population. We also observed shorter durations of hospital stay following
inpatient admission among cases with Omicron as compared to Delta variant infection.
Whereas admitted cases with Omicron variant infection had higher likelihood than cases
with Delta variant infection of being discharged to home, those with Delta variant infection
had higher probability of mortality and discharge to skilled care or against medical advice.
We did not identify evidence of differences in severity for cases with BA.2 and BA.1*
Omicron subvariant infection, based on either their risk of severe clinical outcomes or their
hospital length of stay and final disposition following inpatient admission. Collectively,
these findings suggest that cases with Omicron variant infections face reduced risk of severe
clinical outcomes, and that this association has held following emergence and establishment
of the BA.2 Omicron subvariant.

Nat Med. Author manuscript; available in PMC 2023 May 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lewnard et al.

Page 8

Previous studies have estimated reductions in risk of hospital admission associated with
Omicron variant infection across a range spanning 20-80%.20-22:31-34 \ariability in prior
estimates from database linkage studies may owe in part to intra- and inter-study differences
in immunity, health status, and healthcare-seeking behaviors among cases across settings.
As KPSC serves as a comprehensive healthcare provider to its members, and tracks out-
of-network care provision for its members through insurance claim reimbursements, our
study benefited from highly-resolved electronic health records as a basis for characterizing
cases’ clinical history. Similar detail may be lacking in other large-scale studies from
throughout the pandemic, which have varyingly relied on administrative record linkage

to identify comorbid conditions,2! had access to such data only for admitted cases based

on in-hospital assessment or record linkage,22:32:35 or have lacked data on cases’ history

of comorbidities and healthcare utilization entirely.20:34:36.37 Degpite these differences in
specific design features and estimates across studies, consistency of the finding that Omicron
variant infection is associated with reduced severity relative to Delta variant infection is
noteworthy.

Several other aspects of our study helped to control for relevant potential differences

in attributes of cases with Delta and Omicron variant infection, which could otherwise
confound comparisons of risk for severe clinical outcomes. Stratification of Cox
proportional hazards models on cases’ testing and admission dates, and inclusion of day-
specific intercepts in logistic regression models, helped to correct for potential differences
in attributes of cases tested or admitted over time unrelated to the infecting variant.
Restriction of primary analyses to cases tested in outpatient settings enabled us to account
for selection on healthcare-seeking behavior among cases infected with either variant. This
strategy further standardized the level of clinical severity associated with the hospital
admission endpoint. Following outpatient testing at KPSC throughout the study period,
cases considered to be at risk of severe illness, but not meeting admission criteria,

were enrolled in a home-based monitoring program with daily clinical interaction and
standardized criteria for emergency department referral and inpatient admission.38 Thus,
clinical severity at the point of admission among outpatient-diagnosed cases may have been
less variable than among cases ascertained at the point of admission. Focusing primary
analyses on outpatient-diagnosed cases also helped to limit inclusion of hospitalizations
attributable to causes other than COVID-19. As the incidence rate of all-cause hospital
admissions is low, few hospitalizations attributable to factors other than COVID-19 would
be expected to occur within the short period of time immediately following a positive
outpatient test; in contrast, a substantial proportion of SARS-CoV-2 infections among
hospitalized cases may be detected simply due to entry screening at the point of admission
for other causes.3? While it is a limitation that no routinely-collected records provide a gold
standard determination of whether SARS-CoV-2 infection was the cause of the decision to
admit a patient to hospital, these factors (together with our consideration of one endpoint
restricted to inpatient admissions occurring on or after the date of symptoms onset) limit the
risk of misclassification of hospital admissions attributable to causes other than COVID-19
to a greater extent than has been possible in prior studies of Omicron as well as other
SARS-CoV-2 variants,417:20-22,32,33,37,40

Nat Med. Author manuscript; available in PMC 2023 May 24.
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Unobserved prior infections are a potential source of bias when comparing risk of

severe outcomes among cases with Omicron or Delta variant infection.#142 Prior to the
Omicron epidemic wave, roughly one in 2.5 infections in the state of California were
estimated to have been caught by testing, indicating cases’ history of infection may be
substantially underestimated in our study population.3 Moreover, because convalescent
sera from previously-infected individuals has shown weaker neutralization activity against
the Omicron variant as compared to Delta (and earlier) variants,**4> prevalence of
unascertained prior infection among cases with Omicron and Delta variant infections may
be differential. We nonetheless identified that findings of reduced severity of Omicron
variant infections held within bias analyses allowing substantially greater-than-observed
prevalence of prior infection among previously-vaccinated cases with Omicron variant
infections who were not hospitalized—the stratum within which unobserved infections
would contribute the greatest degree of bias for our analyses. In agreement with these
findings, sensitivity analyses within prior studies using diverse statistical inference methods
have suggested that differences in risk of severe clinical outcomes among cases with
Omicron and Delta variant infections cannot be explained by unobserved prior infections
alone.1720 Furthermore, the unadjusted HR of hospital admission associated with Omicron
variant detection among cases in our study known to have experienced prior infection

was 0.27 (0.03-2.44) following a positive outpatient test (Table S10); although analyses
within this stratum are underpowered, the direction of association is telling as differential
unobserved prior infection among cases with Omicron and Delta variant infection could not
account for risk of severe outcomes among these cases.

There are several barriers and limitations to causal inference in this study. Because our
analysis aims to compare disease severity among cases following acquisition of Omicron

or Delta variant infection, no real-world trial directly emulates the inferential design
conditioning on acquisition of infection. Observed associations of infecting lineage with
case attributes within our sample should not be considered to represent predictors of
acquisition of a specific infecting SARS-CoV-2 lineage;*® risk factors for exposure to each
variant and for infection, given exposure, are outside the scope of this study. While statistical
adjustment for differences in demographic, clinical, and immunological aspects of cases
supported efforts to define associations of each variant with risk of severe outcomes, given
acquisition of infection, unobserved attributes of cases which predict both their infecting
variant and risk of severe clinical outcomes remain of concern, as in all observational
epidemiologic research.4’ Last, while selecting cases who sought outpatient tests ensures
our primary analysis encompasses individuals meeting a minimum threshold for healthcare-
seeking behavior, further adjustment for this characteristic was limited to cases’ prior-

year frequency of healthcare utilization across outpatient, emergency department, and
inpatient settings. Notwithstanding these limitations, our findings of reduced severity in
Omicron variant infections are consistent with numerous lines of experimental evidence not
susceptible to similar sources of bias. £x vivo studies demonstrate higher replication of the
Omicron variant in the human upper respiratory tract as compared to the small airways

of the lung,*8 while in animal models disease associated with the Omicron variant has be
confined to the large airway.*?

Nat Med. Author manuscript; available in PMC 2023 May 24.
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While attenuation of disease severity in Omicron variant infections—which has held

amid emergence of the BA.2 subvariant—is an encouraging finding, evidence of higher
transmissibility of Omicron variant infections®0 as well as immune evasion from prior
infection and vaccination remain concerning. High rates of infection in the community have
overwhelmed health-care systems within the US and other settings, and have translated to
high absolute numbers of hospitalizations and deaths even with lower severity of infections
associated with the Omicron variant. Observations in settings with low prevalence of
infection-derived immunity, such as Hong Kong®! and New Zealand,52 underscore the risk
for the Omicron variant to cause substantial burden of severe and fatal illness even if cases
tend to experience lower risk of severe clinical outcomes than with Delta variant infection.
This observation is also consistent with the frequent occurrence of severe disease cases and
deaths in settings such as long-term care facilities in the US, United Kingdom, and Italy
with ancestral (Wuhan) variant infections.>3 Our findings underscore the value of monitoring
variant-specific infection severity alongside ongoing surveillance efforts aimed at tracking
epidemiologic dynamics of novel variants to inform intervention deployment and healthcare
capacity planning.

METHODS

Setting, procedures, and study population.

Care delivery and EHR data capture in the KPSC healthcare system have been described
previously.>* Briefly, members of KPSC receive care through employer-provided, pre-paid,
or federally sponsored insurance plans and closely resemble the sociodemographic profile of
the surrounding geographic area in terms of age, racial/ethnic composition, and community
characteristics.>® Within-network care delivery encompassing diagnoses, laboratory tests
and results, and prescriptions is captured in real time through patients’ EHR, while out-
of-network care is captured through insurance reimbursements. COVID-19 vaccines were
provided at no cost to KPSC members following emergency use authorization and were
therefore captured in the EHR. Vaccinations administered outside KPSC were captured

via the California Immunization Registry, to which providers are required to report all
COVID-19 vaccine administrations within 24 hours. The study protocol was approved by the
KPSC Institutional Review Board.

Polymerase chain reaction (PCR) testing for SARS-CoV-2 occurred in a variety of clinical
settings within KPSC during the study period. A majority of tests conducted in outpatient
settings are submitted to regional laboratories, where >90% of samples are processed using
the ThermoFisher TagPath COVID-19 Combo Kit. Samples collected in hospitals (including
some tests conducted in emergency department settings) are processed using in-house tests,
without SGTF readout. In total, 329,195 of 389,896 (84.4%) cases detected in outpatient
settings from 1 November, 2021 to 17 March, 2022 had samples processed using the
ThermoFisher TagPath COVID-19 Combo Kit. Attributes of outpatient cases processed
using the ThermoFisher TagPath COVID-19 Combo Kit or other assays are presented

in Table S18. Analyses comparing cases with Delta and Omicron variant infection were
restricted to cases testing positive between 15 December, 2021 and 17 January, 2022,
encompassing the period during which both variants were detected at >1% prevalence
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statewide in California, and preceding emergence of the BA.2 Omicron subvariant as a likely
cause of S gene detection.56 Analyses comparing cases with BA.2 and BA.1* Omicron
subvariant infection were restricted to cases testing positive between 3 February and 17
March, 2022, following the emergence of BA.2 at 21% frequency among all cases (while
Delta accounted for <0.1%) and yielding =45 days of follow-up for all cases before the final
database lock.

To assess variant-specific differences in risk of progression to severe endpoints in a time-to-
event framework, our primary analyses included all cases diagnosed in outpatient settings
with a positive PCR test processed on a ThermoFisher TagPath COVID-19 combo kit during
the study period, who were continuously enrolled in KPSC health plans through the relevant
follow-up periods (detailed below) or until their death, whichever was earlier. Restricting

to outpatient-diagnosed cases aimed to address two potential sources of bias, including

(1) selecting on healthcare-seeking behavior to mitigate confounding that may occur with
individuals who deferred testing to more severe stages of illness; and (2) limiting the
inclusion of hospital admissions where SARS-CoV-2 infection was detected incidentally, for
instance through entry screening. Because hospital admission is a rare event, the number of
admissions attributable to factors other than COVID-19 in the time immediately following a
positive SARS-CoV-2 test was expected to be low. To ensure our analyses addressed newly-
acquired SARS-CoV-2 infections and not PCR-positive detections of remote infections, we
excluded individuals with a prior positive SARS-CoV-2 testing result within <90 days before
their first eligible positive result during the study period.

Outcome measures.

As primary endpoints, we considered five markers of clinically severe illness: any hospital
admission, hospital admission associated with new-onset acute respiratory symptoms, ICU
admission, mechanical ventilation, and mortality. Hospital admissions were considered to
be COVID-19-related if they occurred between 7 days before to 30 days after the date of
each patient’s positive SARS-CoV-2 RT-PCR test; we included ICU admissions, mechanical
ventilation events, and deaths occurring up to 60 days after the date of each positive test

in the analysis (or up to 45 days after the positive test date for analyses of cases with

BA.2 or BA.1* Omicron subvariant infection). Symptomatic hospital admissions were those
with acute respiratory infection symptoms beginning on or <14 days before the admission
date; we ascertained presence of symptoms and dates of symptoms onset via natural
language processing of open-text EHR fields including clinical notes and patient-provided
questionnaire responses, which are submitted by all KPSC patients who seek SARS-CoV-2
testing regardless of test setting.>* We considered new-onset respiratory symptoms following
a positive test as a secondary endpoint for further exploratory analyses among cases who
were asymptomatic at the time of their original test.

Last, for a duration-of-hospital-stay analysis, we recorded dates of discharge and discharge
disposition, in-hospital mortality, or censoring for all hospitalized patients. Analyses were
restricted to cases who were tested and admitted to hospital during the periods of 15
December, 2021 to 17 January, 2022 (for comparisons of cases with Delta and Omicron
variant infection) and 3 February to 17 March, 2022 (for comparisons of cases with BA.2
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and BA.1* Omicron subvariant infection); inclusion of cases diagnosed within these two
periods ensured =60 days and =45 days follow-up for all cases from the point of admission.
Duration-of-stay analyses included all eligible outpatient-diagnosed cases from the primary
analysis cohort, whose samples were processed using the ThermoFisher TagPath COVID-19
Combo Kit, and who experienced acute new-symptoms onset respiratory symptoms on or
before their admission date.

Considerations for hospital admission.

As routine data capture does not include a “gold standard” indication as to whether
COVID-19 or another factor served as the primary cause of physicians’ decision to admit

a patient, we caution that factors other than SARS-CoV-2 infection (or in conjunction

with SARS-CoV-2 infection) may have contributed to hospital admission outcomes as well
as ICU admission, use of mechanical ventilation, and death, including among individuals
with new-onset respiratory symptoms before their admission date, consistent with prior
COVID-19 studies using hospital admission endpoints.#17:20-22,32,33.37.40 However, several
measures implemented by KPSC to preserve hospital capacity during the COVID-19
pandemic may have lessened the capture of incidental admission events among outpatient-
diagnosed cases within our sample. Outpatient administration of remdesevir and monoclonal
antibody therapies was prioritized so that access to treatment would not be grounds for
admission. In addition, KPSC used a scoring system to standardize admission versus
outpatient management decisions throughout the study period based on cases’ clinical
history and comorbidities (electrolyte disorders, cardiac arrhythmia, neurological disorders,
weight loss disorders, congestive heart failure, coagulopathy, diabetes), body mass index,
vital signs (oxygen saturation, respiratory rate, systolic blood pressure, fever, and heart
rate), age, and sex.38 Based on the resulting scores at the point of testing, cases were
recommended for one of three levels of care provision. Patients not recommended for
inpatient admission were either sent home with a telemedicine follow-up from their primary
care provider (lowest-risk patients) or enrolled in a home-based monitoring program,

for which patients were provided a medical-grade pulse oximeter and thermometer, and
instructed to enter readings daily into a mobile application to alert physicians in the event
of clinical deterioration. Standardized criteria were used for subsequent emergency room
referral and hospital admission during subsequent follow-up.

Case attributes.

Recorded characteristics of cases included: age (defined for all analyses as bands of <1, 1-4,
5-9, 10-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, and =80 years), sex, race/ethnicity
(white, black, Hispanic of any race, Asian/Pacific Islander, and other/mixed/unknown race),
census tract-level median household income (defined on the log scale for all analyses);
smoking status (current, former, or never smoker); body mass index (BMI; underweight,
normal weight, overweight, and obese); Charlson comorbidity index (0, 1-2, 3-5, and

=6); prior-year emergency department visits and inpatient admissions (each defined as 0,

1, 2, or =23 events); prior-year outpatient visits (0-4, 5-9, 10-14, 15-19, 20-29, or =30
events); documented prior SARS-CoV-2 infection; and history of COVID-19 vaccination
(unvaccinated, Ad.26.COV2.S as one dose or with a booster; and 1, 2, or 3 mRNA vaccine
doses, disaggregating 2-dose recipients by time since receipt of the second dose as <90 days,
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91-180 days, or =181 days). We compared the distribution of these attributes among cases
with Delta and Omicron variant infection, and among cases with BA.2 or BA.1* Omicron
subvariant infection, using logistic regression models defining intercepts for cases’ testing
date and multiple imputation for missing values (as described below in the description of the
primary analysis).

of SGTF with risk of severe clinical outcomes.

Within the primary analysis population, we compared times from the first positive test

to each outcome event among patients who tested positive for SARS-CoV-2 by RT-PCR,
with and without SGTF. We censored observations at 30 days for hospital admission and
symptomatic hospital admission, and at 60 days for ICU admission, mechanical ventilation,
and death (or at 45 days for these endpoints among cases included in the BA.2/BA.1*
analyses). We used Cox proportional hazards models to estimate the aHR for each endpoint
associated with SGTF, adjusting for all available demographic and clinical covariates
according to the definitions provided above. We defined strata for cases’ testing date to
account for potential secular changes in testing and healthcare practices over the study
period, noting that testing dates were jittered at random by 0, +1, or —1 days to preserve
anonymity of protected health information; lengths of time to event or censoring were
preserved for analysis integrity. We additionally fit models allowing for interactions of
SGTF sample status with cases’ vaccination history to assess variation in the estimated
association of SGTF with vaccination status, as described in the primary results above.

Sensitivity analyses.

We repeated analyses of the symptomatic hospital admission endpoint within subgroups
defined by patient age, sex, Charlson comorbidity index, and history of documented
SARS-CoV-2 infection and vaccination, controlling for all other risk factors via covariate
adjustment. We also conducted secondary analyses including all patients whose tests were
processed using the ThermoFisher TagPath COVID-19 combo kit, regardless of diagnosis
setting. In these analyses, times to events were recorded as 0.5 days for patients experiencing
study endpoints on or before the date of their test. These sensitivity analyses aimed to
address any bias that could result from exclusion of cases who progressed rapidly to
clinically-severe illness; results are presented in Table S7 and Figure S3. We also conducted
subgroup analyses within the sample of cases who did not experience symptoms onset on
or before their testing date. As a greater likelihood of symptoms among cases infected with
either of the two variants could obscure differences in variant-associated clinical severity
(i.e., selecting on a differential subset of cases with the otherwise less-severe variant),

these analyses aimed to capture a broader spectrum of the clinical course by monitoring
cases from a point preceding symptoms onset. Results are presented in Table S8. We
summarize symptoms prevalence at the point of presentation to various care settings in
Table S19, and present attributes of cases who were tested in outpatient settings with and
without symptoms in Table S20. Finally, in conjunction with our time-to-event analyses, we
estimated aRRs for each clinical outcome using log-binomial regression models defining,
as outcomes, any hospital admission or symptomatic hospital admission within 30 days

of cases’ testing date, and any ICU admission, mechanical ventilation, or mortality within
60 days of cases’ testing date. Such analyses controlled for all covariates included in Cox
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proportional hazards models used in the primary analyses, and defined intercepts for testing
date. Results comparing aHR and aRR estimates are presented in Table S11.

We conducted multiple (/77=5) imputation of missing covariate values and pooled results
obtained with each imputed dataset via Rubin’s rules® for our primary analyses (Table
S21). To verify our analysis results were not sensitive to the results of imputation, we
compared aHR estimates for the association of Omicron vs. Delta variant infection with
risk of severe outcomes from the primary analysis to results from analyses subset to cases
with complete information on all measured characteristics (AV=221,325, or 67.3% of the
sample), and to results from analyses subset to cases with =1 year of enrollment in KPSC
health plans before their diagnosis date (A=283,453, 86.1% of the sample), among whom
fewer observations were missing (Table S9). To further demonstrate that missing data did
not substantially affect analysis results, we also present estimates of the association of each
imputed variable with the outcome of symptomatic hospital admission across the same three
analysis strategies in Table S22, again identifying similar estimates of association in the
primary analysis, in the complete-case analysis, and in the analysis subset to cases with =1
year of enrollment in KPSC health plans.

Bias analysis addressing unrecorded prior infection.

It has been proposed elsewhere that differential observed severity between Omicron

and Delta infections may reflect that Omicron infections occur more commonly among
individuals with (often unobserved) prior infection, who thus are protected by that prior
infection against severe outcomes.” We simulated analysis results under scenarios of
differential prevalence of unobserved prior infection across case strata to determine whether
our findings of reduced severity among cases with Omicron variant infection could be
explained by this circumstance. We defined strata based on the joint distribution of infecting
variant 7 (in recognition of reduced protection against Omicron variant infection conferred
by naturally-acquired immunity from prior variants##4%), outcome of hospital admission

or symptomatic hospital admission / (considering that prior infection would be expected

to reduce risk of these outcomes,17:58 even if such protection differed by variant), and
receipt of any COVID-19 vaccine doses & (assuming that reduced severity of infections
acquired after vaccination could lead to reduced likelihood of testing and detection®9:60),
Here, defining strata based on Omicron variant infection and hospital admission status
allowed us to assess how unobserved prior infections could directly impact the primary
association of interest to this study. Allowing for an enhanced likelihood that prior infections
among vaccinated cases went unobserved was of interest due to the higher prevalence of
prior vaccination among cases with Omicron variant infection, and the possibility that the
likelihood of detection of prior infection in a vaccinated individual could be reduced due to
the lower severity of post-vaccination infections and relaxed requirements for SARS-CoV-2
testing as a condition for entry into workplaces and indoor public spaces among vaccinated
individuals in California in 2021 (per the observed data, prevalence of documented prior
infection was 0.80% and 0.38% among cases who received 0 COVID-19 vaccine doses and
>1 COVID-19 vaccine dose, respectively). Thus, unobserved infections among vaccinated
cases constituted an additional mechanism by which naturally-acquired immunity, if present,
could be differentially unaccounted for in association with cases’ infecting variant.”
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Defining p,; as the observed prevalence of prior infection within any stratum, and 6 as a
multiplier conveying the proportion of infections that would be expected to go unobserved
in the stratum of unvaccinated cases with Delta variant infection admitted to hospital, the
probability of unobserved prior infection within the / j, &1 stratum was p,,.(6¢,w, — 1) for
values of 9 = (1,2,3,4,5), ¢ = (1,2,3), 5; = (1,2, 3), and w, = (1,2, 3). Within each imputed
dataset, we assigned prior infection to additional cases who did not have known prior
infection at random according to the probabilities p,.(6¢,0,w, — 1), given their observed
outcome and characteristics, and repeated the primary analysis approach using stratified Cox
proportional hazards models to estimate the aHR of hospital admission and symptomatic
hospital admission outcomes associated with Omicron variant detection. We plot estimates
of the resulting aHR for outcomes of any hospital admission and symptomatic hospital
admission in Figure S1 and Figure S2, respectively.

Comparing risk of severe clinical outcomes during periods of Delta and Omicron variant
predominance.

To address concerns about possible bias in our primary analysis that was limited to cases
tested using the ThermoFisher TagPath COVID-19 Combo Kit, we further sought to verify
whether the reduced risk of severe clinical outcomes among cases with Omicron variant
infection in the primary analysis was reflected by changes severe outcomes from Delta-
predominant to Omicron-predominant periods. Among all cases ascertained in outpatient
settings (without restriction to cases tested using ThermoFisher TagPath COVID-19 Combo
Kit assays) over the period of 1 November, 2021 to 17 January, 2022, we fit aHRs relating
the risk of severe clinical endpoints to cases’ testing date via Cox proportional hazards
models. As the goal of these analyses was to relate changes in risk of severe clinical
outcomes to timing of the emergence of the Omicron variant in the study population, testing
dates were defined as covariates rather than as model strata, as detailed below.

Models were defined allowing for up to two changepoints in the slope of associations
between testing date and risk of clinical endpoints, with changepoints defined at all dates
in the study period between 15 November, 2021 and 10 January, 2022. Model formulations
with zero, one, and two changepoints specified conditional hazards of each outcome given
each case’s observed covariates and testing date, A(¢| X, z;), according to

A1] Xi, 7)) o exp| fi7i + X a,

Mt| X)) & exp[ Bz + Bz — 0)I(z: > 6)) + X[ al,

and

M| X)) < exp|piti + Bolmi — O)I(z, > 6,) + Bs(z — 0)(z; > 6) + X[ a,

respectively. Here, , defines the testing date, 1(z, > 6,) serves an indicator that the testing
date occurred after a changepoint in the slope at time 6,, and X/« is the product of all
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other covariates and their respective regression coefficients. We fit models defining change
points at each day (or combination of days) through the time series, and used the Bayesian
information criterion to define model weights:28.61

w,, = exp|—(BIC,, — min BIC,)/2
kel

for a given model /m from the state space of all candidate models, .#. Posterior model
weights divided w, by the number of models fitted with the same number of change
points, thereby assigning equal prior probability to models with 0, 1, or 2 changepoints.
We defined testing date-specific hazards, and date-specific changepoint probabilities, by
sampling models according to their posterior weights. As the sporadic occurrence of
mechanical ventilation during the early study period hindered estimation of slopes in risk
of this outcome, analyses addressed endpoints of hospital admission, symptomatic hospital
admission, ICU admission, and death only.

Hospital duration of stay analysis.

Software:

For admitted cases diagnosed in outpatient settings with Delta or Omicron variant infection
(from 15 December, 2021 to 17 January, 2022) and BA.2 or BA.1* Omicron subvariant
infection (from 3 February to 17 March, 2022), we compared times from cases’ admission
date to each of three possible outcomes: discharge home (without skilled care), discharge
to any skilled care setting (comprising skilled nursing facilities, residential care facilities,
rehabilitation facilities, other acute inpatient hospitals, or home with skilled care providers)
or to home against medical advice, and in-hospital death or discharge to hospice. To
compare overall rates of exit from the hospital among by infecting lineage, we additionally
fit Cox proportional hazards models estimating the aHR of hospital exit (with any final
disposition) associated with SGTF status, defining strata on admission date to adjust for
any changes in clinical practice over time and controlling for all covariates included in the
primary analysis.

We conducted all analyses using R (version 4.0.3; R Foundation for Statistical Computing,
Vienna, Austria). We used the survival 52 package for time-to-event analyses, and the
Amelia Il package for multiple imputation. Analysis code is available from github.com/
joelewnard/omicronSeverity. Individuals wishing to access individual-level patient data
should contact the Kaiser Permanente Southern California Institutional Review Board at
IRB.KPSC@kp.org to enter into a data access agreement.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1: SARS-CoV-2 infections during follow-up within the study cohort.

Plots

illustrate total SARS-CoV-2 testing undertaken within the KPSC healthcare system

across all clinical settings (a, along with the proportion of tests with positive results

[/inseq]); total outpatient SARS-CoV-2 testing implemented using the ThermoFisher TagPath
COVID-19 Combo Kit assay along with the proportion of tests with SGTF identified (b;
blue for SGTF detections and red for non-SGTF detections, with cases from 17 February to
17 March presented on an expanded scale for clarity [/nsed]); and new inpatient admissions
of cases with SARS-CoV-2 infection (c; pink for new detections on or after the admission
date and green for cases first ascertained by outpatient testing). Plotted data include 382,971

cases

diagnosed over the study period, including 375,642 were tested in outpatient settings

and 316,785 had samples processed using the ThermoFisher TagPath COVID-19 Combo Kit

assay.
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Comparison of Delta and Omicron variant detections, 15 December, 2021 to 17 January, 2022
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Comparison of BA.1* and BA.2 Omicron subvariant detections, 3 February to 17 March, 2022
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Figure 2: Severe clinical outcomes among cases.
Plots illustrate cumulative 30-day risk of severe clinical outcomes among cases first

ascertained in outpatient settings, stratified by SGTF status for infecting variant or
subvariant. Panels in the top row compare cases with Delta (non-SGTF; red) or

Omicron (SGTF; blue) variant infections testing positive in an outpatient setting between

15 December, 2021 and 17 January, 2022, for endpoints of any hospital admission

(a); symptomatic hospital admission (b); intensive care unit admission (c); mechanical
ventilation (d), and death (€). Panels in the bottom row compare cases with BA.2 (non-
SGTF; yellow) and BA.1* (SGTF; blue, comprising BA.1/BA.1.1/BA.1.1.529 lineages)
subvariant Omicron infections diagnosed in an outpatient setting between 3 February and 17
March, 2022, for endpoints of any hospital admission (f); symptomatic hospital admission
(9); intensive care unit admission (h); and death (i). Mechanical ventilation among BA.2 and
BA1* Omicron subvariant cases is not included due to sparse observations. Shaded areas
denote 95% confidence intervals around point estimates. Analyses include 23,305 cases with
Delta variant infection and 222,688 cases with Omicron variant infection over the period

of 15 December, 2021 to 17 January, 2022, and 1,905 cases with BA.2 Omicron subvariant
infection and 12,756 cases with BA.1* Omicron subvariant infection over the period of 3
February to 17 March, 2022. Confidence intervals are obtained via bootstrap resampling.
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Figure 3: Adjusted hazard ratios of severe clinical endpointswithin strata defined by vaccination
status.

Points and lines denote estimates and accompanying 95% confidence intervals for the
adjusted hazard ratio of each endpoint, comparing cases with Omicron versus Delta

variant infection, in case strata defined by history of COVID-19 vaccination. Analyses are
restricted to individuals tested diagnosed in outpatient settings by RT-PCR testing using the
ThermoFisher TagPath COVID-19 combo kit; adjusted hazard ratios are estimated using
Cox proportional hazards regression models, controlling for covariates listed in Table S2 and
stratifying on positive test date. Analyses include 23,305 cases with Delta variant infection
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and 222,688 cases with Omicron variant infection. Confidence intervals are obtained using
Cox proportional hazards regression models.
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Figure 4: Changesin risk of severe clinical outcomesand in symptoms history among cases
during the study period.

Panels illustrate proportions of cases experiencing each clinical outcome over the course

of follow-up (30 days for endpoints of hospital admission [a] or symptomatic hospital
admission [b]; 60 days for ICU admission [c], mechanical ventilation [d], and mortality

[€]). Gray lines denote 95% confidence intervals around estimates for each day based on
bootstrap resampling; 7-day moving averages are plotted in red lines. Polygons at the bottom
of panels a-e illustrate probability densities of change point timings (blue), while inset
panels illustrate fitted slopes for adjusted hazard ratio (aHR) estimates for each endpoint as
a function of testing date (red; lines indicating point estimates and polygons delineating 95%
confidence intervals). Bottom panels illustrate the proportion of cases tested in outpatient
settings indicating symptoms onset on or before their testing date (f); mean time from
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symptoms onset to outpatient testing, among symptomatic cases (g); and mean time from
the testing date to hospital admission, among admitted cases (h). Changes in the proportion
of cases ascertained in inpatient settings are plotted separately in Figure S4. Analyses
include 316,038 outpatient-diagnosed cases. Confidence intervals around proportions of
cases experiencing severe outcomes, by testing date, are obtained by bootstrap resampling;
confidence intervals in inset plots around the adjusted hazard ratio of severe outcomes are
obtained using Cox proportional hazards regression models.
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Comparison of cases admitted following outpatient Delta and Omicron variant detection,
15 December, 2021 to 17 January, 2022
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3 February to 17 March, 2022

G: To home H: To skilled care/home against advice
= 100 1 2 504 Delta/Omicron comparison
_g' 80 'é 401 Delta variant admissions
:‘)- 60 :-J. 30 4 = Omicron variant admissions
'% 40 - % 204 B S BA.2/BA.1* comparison
g 204 g 101 —— BA.2 subvariant admissions
8 04 8 04 — BA. 1" subvariant admissions
PP P
Days from admission Days from admission
1. BA.2 subvariant admissions J. BA.1* subvariant admissions K. BA.2 vs. BA.1* length of stay
s M = 37 23] 3365
£h Hh &% 2 e
CLU .,,.,‘T[.—|.,..,..,\n——n-0 = DO
NTR A S e K Nk AL R 1.\43 o oF N9 D
Length of stay (days) Length of stay (days) Likelihood ratio

Figure5: Durations of hospital stay.
Top panels illustrate times from hospital admission to discharge to home without skilled

care (@), discharge to skilled care or against medical advice (b), and in-hospital death or
discharge to hospice (¢) among cases testing positive in outpatient settings and subsequently
admitted to hospital on or after the date of symptoms onset over the period from 15
December, 2021 to 17 January, 2022; lines and polygons indicate point estimates and 95%
confidence intervals, respectively, based on bootstrap resampling for cases with Delta (red)
and Omicron (blue) variant infection. Below, panels illustrate histograms of the total length
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of stay for cases with Delta variant infection (d) and Omicron variant infection (€) within
this sample, as well as distributions of the likelihood ratio for cases with Delta vs. Omicron
infection to have hospital stays lasting >5 days, >10 days, >15 days, and >20 days (f).

The bottom set of panels illustrates times from admission to discharge to home (g), and
discharge to skilled care or against medical advice (h), among cases testing positive in
outpatient settings and subsequently admitted to hospital on or after the date of symptoms
onset over the period from 3 February to 17 March, 2022; lines and polygons indicate

point estimates and 95% confidence intervals, respectively, based on bootstrap resampling
for cases with BA.2 (yellow) and BA.1* (blue) Omicron subvariant infection. Below, panels
illustrate histograms of the total length of stay for cases with BA.2 Omicron subvariant
infection (i) and BA.1* Omicron subvariant infection (j) within this sample, as well as
distributions of the likelihood ratio for cases with BA.2 vs. BA.1* Omicron subvariant
infection to have hospital stays lasting >5 days, >10 days, >15 days, and >20 days (k).
Analyses include 208 cases with Delta variant infection and 703 cases with Omicron variant
infection for the period of 15 December, 2021 to 17 January, 2022, and 23 cases with

BA.2 Omicron subvariant infection and 146 cases with BA.1* Omicron subvariant infection
for the period of 3 February to 17 March, 2022. Confidence intervals are computed via
bootstrap resampling.
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