
Clinical outcomes associated with 
SARS-CoV-2 Omicron (B.1.1.529) variant and 
BA.1/BA.1.1 or BA.2 subvariant infection in 
southern California

Joseph A. Lewnard, Vennis X. Hong, Manish M. Patel, Rebecca Kahn, Marc Lipsitch & 
Sara Y. Tartof

This is a PDF file of a peer-reviewed paper that has been accepted for publication. 
Although unedited, the content has been subjected to preliminary formatting.  
Nature Medicine is providing this early version of the typeset paper as a service to our 
authors and readers. The text and figures will undergo copyediting and a proof review 
before the paper is published in its final form. Please note that during the production 
process errors may be discovered which could affect the content, and all legal 
disclaimers apply.

Received: 22 February 2022

Accepted: 6 June 2022

Accelerated Article Preview 

Cite this article as: Lewnard, J. A. et al. Clini-
cal outcomes associated with SARS-CoV-2 
Omicron (B.1.1.529) variant and BA.1/BA.1.1 
or BA.2 subvariant infection in southern 
California. Nature Medicine https://doi.
org/10.1038/s41591-022-01887-z (2021).

https://doi.org/10.1038/s41591-022-01887-z

Nature MediciNe | www.nature.com/naturemedicine

Accelerated Article Preview

nature medicine

ACCELE
RATED  

ARTIC
LE  

PREVIEW  

https://doi.org/10.1038/s41591-022-01887-z


ACCELE
RATED ARTIC

LE
 PREVIEW

38 
Clinical outcomes associated with SARS-CoV-2 Omicron (B.1.1.529) variant and BA.1/BA.1.1 or BA.2 subvariant 39 
infection in southern California 40 

41 
Joseph A. Lewnard1,2,3,*, Vennis X. Hong4, Manish M. Patel5, Rebecca Kahn5, Marc Lipsitch5, Sara Y. Tartof4,6,* 42 

43 
1. Division of Epidemiology, School of Public Health, University of California, Berkeley, Berkeley, California 94720, 44 

United States 45 
2. Division of Infectious Diseases & Vaccinology, School of Public Health, University of California, Berkeley, 46 

Berkeley, California 94720, United States 47 
3. Center for Computational Biology, College of Engineering, University of California, Berkeley, Berkeley, California 48 

94720, United States 49 
4. Department of Research & Evaluation, Kaiser Permanente Southern California, Pasadena, California 91101, 50 

United States 51 
5. COVID-19 Response Team, Centers for Disease Control and Prevention, Atlanta, Georgia, 30329, United States 52 
6. Department of Health Systems Science, Kaiser Permanente Bernard J. Tyson School of Medicine, Pasadena, 53 

California 91101, United States 54 
55 

* Addresses for correspondence:  56 
57 

Joseph A. Lewnard Sara Y. Tartof 
2121 Berkeley Way 100 South Los Robles 
Berkeley, California 94720 Pasadena, California 91101 
jLewnard@berkeley.edu Sara.Y.Tartof@kp.org 
510-664-4050 626-564-3001 

58 
Epidemiologic surveillance has revealed decoupling of COVID-19 hospitalizations and deaths from case counts 59 
following emergence of the Omicron (B.1.1.529) SARS-CoV-2 variant globally. However, assessment of the 60 
relative severity of Omicron variant infections presents challenges because of differential acquired immune 61 
protection against Omicron and prior variants, and because longer-term changes have occurred in testing and 62 
healthcare practices. Here we show that Omicron variant infections were associated with substantially reduced 63 
risk of progression to severe clinical outcomes relative to time-matched Delta (B.1.617.2) variant infections within 64 
a large, integrated healthcare system in southern California. Adjusted hazard ratios (aHRs) for any hospital 65 
admission, symptomatic hospital admission, intensive care unit admission, mechanical ventilation, and death 66 
comparing cases with Omicron versus Delta variant infection were 0.59 (95% confidence interval: 0.51-0.69), 0.59 67 
(0.51-0.68), 0.50 (0.29-0.87), 0.36 (0.18-0.72), and 0.21 (0.10-0.44) respectively. This reduced severity could not be 68 
explained by differential history of prior infection among cases with Omicron or Delta variant infection, and was 69 
starkest among cases not previously vaccinated against COVID-19 (aHR=0.40 [0.33-0.49] for any hospital 70 
admission and 0.14 [0.07-0.28] for death). Infections with the Omicron BA.2 subvariant were not associated with 71 
differential risk of severe outcomes in comparison to BA.1/BA.1.1 subvariant infections. Lower risk of severe 72 
clinical outcomes among cases with Omicron variant infection should inform public health response amid 73 
establishment of the Omicron variant as the dominant SARS-CoV-2 lineage globally. 74 

75 
Following its first detection in Southern Africa, the Omicron (B.1.1.529) variant of severe acute respiratory syndrome 76 
coronavirus 2 (SARS-CoV-2) was declared by the World Health Organization (WHO) to be a variant of concern on 77 
November 25, 2021.1 Rapid transmission of the Omicron variant fueled a fourth wave of SARS-CoV-2 infections in South 78 
Africa, during which daily diagnosed infections soon exceeded totals recorded during all previous periods in the country. 79 
Following its initial detection in the United States on 1 December, 2021,2 the Omicron variant rapidly became the 80 
dominant circulating lineage, accounting for 95% of all SARS-CoV-2 infections diagnosed nationwide by the week ending 81 
January 8, 2022.3 Similar patterns have unfolded globally, with the Omicron variant fueling a surge in newly-diagnosed 82 
cases worldwide.4 Across the US, the estimated prevalence of infection-derived antibodies increased from 34% to 58% 83 
during the Omicron wave between December, 2021 and February, 2022, and from 44% to 75% among children aged 0-11 84 
years.5 While BA.2-lineage Omicron infections have subsequently accounted for increased transmission in March and 85 
April, 2022, increases in hospital admissions and deaths have not been commensurate with prior surges.6 86 

87 
Understanding the clinical spectrum of infections associated with novel SARS-CoV-2 variants is crucial to informing public 88 
health responses. Questions about the severity of Omicron variant infections arose soon after its emergence, as the 89 
Omicron genome harbored a constellation of mutations in the SARS-CoV-2 spike protein associated with altered cell entry 90 
as well as immune evasion.7 Reduced neutralization of the Omicron variant has been reported in studies using plasma 91 
specimens from individuals with complete (two- or three-dose) mRNA vaccine series,8 and from patients with prior SARS-92 
CoV-2 infection.9,10 Epidemiologic data from South Africa have suggested higher rates of Omicron variant infections 93 
among persons with prior SARS-CoV-2 infection, as compared to observations with previous variants,11 while early 94 
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observational studies in multiple settings have suggested reduced effectiveness of COVID-19 vaccines against Omicron 95 
variant infection.12–14 Notwithstanding these signs of reduced immune protection against the Omicron variant associated 96 
with prior natural infection or vaccination, increases in SARS-CoV-2 infections following emergence of the Omicron variant 97 
were not associated with increases in hospitalizations and deaths to the extent observed during previous waves.15–18 98 
While reduced risk of hospitalization, intensive care unit (ICU) admission, and death has been reported among individuals 99 
with Omicron variant infection in several large-scale studies linking case data across various nationwide surveillance 100 
platforms,14,19,20 these studies have lacked detailed information about individual-level risk factors that may confound the 101 
relationship between infecting variant and risk of severe clinical outcomes. Understanding of the relative severity of 102 
disease associated with the BA.2 Omicron subvariant, which has become established in transmission despite widespread 103 
immunity from the initial Omicron wave, remains limited as well.21,22 104 

105 
Results 106 

107 
Study setting and variant dynamics. We sought to compare clinical outcomes among cases with Omicron and Delta 108 
variant SARS-CoV-2 infections within the Kaiser Permanente of Southern California (KPSC) healthcare system. As an 109 
integrated healthcare organization serving 4.7 million individuals (~19% of the population of southern California), KPSC 110 
provides comprehensive care to its members across virtual, outpatient, emergency department, and inpatient settings. 111 
Healthcare delivery including diagnoses, laboratory tests and results, and prescriptions are recorded in near real-time via 112 
patients’ electronic health records (EHRs), while out-of-network care is captured through insurance claim reimbursements, 113 
enabling near-complete ascertainment of healthcare interactions for KPSC members. 114 

115 
Our primary analyses included all cases first ascertained via outpatient SARS-CoV-2 reverse transcription-polymerase 116 
chain reaction (RT-PCR) testing between 15 December, 2021 and 17 January, 2022, whose tests were processed using 117 
the ThermoFisher TaqPath COVID-19 Combo Kit (Figure 1; details on testing procedures are provided in the Methods). 118 
We selected these dates to define an analysis period with mixed circulation of the two variants; Omicron accounted for 119 
99% of daily incident cases in the state of California by 17 January, 2022. Previous evidence has indicated that the Δ69-120 
70 amino acid deletion in the spike (S) protein of Omicron variant specimens causes a failure in PCR probes targeting the 121 
S gene, whereas the Orf1ab and nucleocapsid (N) probes retain sensitivity; in contrast, S-gene target failure (SGTF) is 122 
rare in Delta variant SARS-CoV-2 infections (Table S1);20,23,24 thus, we used SGTF as a proxy for Omicron vs. Delta 123 
variant identification. Delta variant detections receded in late January as BA.2 Omicron subvariant infections began to 124 
account for an increasing proportion of all cases detected through February and March. We therefore also sought to 125 
investigate differences in risk of severe clinical outcomes among outpatient-detected cases of BA.2 vs. BA.1/BA.1.1 126 
(BA.1*) Omicron subvariant infections over the period of 3 February to 17 March, 2022, when reductions in Delta variant 127 
detection to <0.1% of incident cases made S gene detection a reliable proxy for BA.2 subvariant determination, consistent 128 
with observations in other settings.21,22 129 

130 
Characteristics of cases, by infecting variant. From 15 December, 2021 to 17 January, 2022, outpatient-diagnosed 131 
cases with Omicron variant infection (N=222,688) were concentrated among adults aged 20-39 years, and had lower 132 
odds of being either very young or very old in comparison to contemporaneously-identified cases with Delta variant 133 
infection (N=23,305; Table 1; Table S2; Table S3). Cases with Omicron variant infection were also more often white and 134 
of non-Hispanic ethnicity, lived in higher-income communities, and tended to have lower prior-year rates of healthcare 135 
utilization across outpatient, emergency department, and inpatient settings, as well as lower burden of chronic comorbid 136 
conditions, in comparison to Delta variant cases (Table 1; Table S2). These associations held in analyses adjusting for all 137 
measured demographic and clinical attributes of cases, which further included sex, current/former cigarette smoking, body 138 
mass index, and documented prior SARS-CoV-2 infection and COVID-19 vaccination. Adjusted odds of a prior 139 
documented SARS-CoV-2 infection ≥90 days before cases first tested positive during the study period were 1.75 (1.39-140 
2.19) fold higher among cases with Omicron variant infection than among cases with Delta variant infection. Additionally, 141 
cases with Omicron variant infection tended to have received vaccine series associated with greater degrees of immune 142 
protection. For instance, adjusted odds of receipt of ≥3 mRNA vaccine doses were 2.60 (2.47-2.75) fold higher among 143 
cases with Omicron variant infection as compared to cases with Delta variant infection, whereas adjusted odds of prior 144 
receipt of a single mRNA vaccine dose and a single Ad.26.COV2.S dose were only 1.38 (1.27-1.51) and 1.56 (1.44-1.70) 145 
fold higher among cases with Omicron as compared to Delta variant infection, respectively (Table S2; Table S4). 146 

147 
From 3 February to 17 March, 2022, among individuals tested as outpatients, BA.2 Omicron subvariant cases (N=1,905) 148 
did not differ from BA.1* subvariant cases (N=12,756) in demographic or clinical attributes, with the exception that BA.1* 149 
detection was more concentrated among cases aged 20-49-years than BA.2, which was comparatively more common 150 
among both children and older adults; additionally, cases with BA.2 subvariant infection had higher rates of prior-year 151 
emergency department utilization than cases infected with BA.1* lineages (Table 1; Table S5). Consistent differences in 152 
anti-SARS-CoV-2 immunity among cases with BA.2 or BA.1* infection—based on number or timing of vaccine doses 153 
received, or documented history of infection—were not apparent (Table S6). 154 

155 
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Risk of severe outcomes associated with infecting variant. Following an outpatient diagnosis, cumulative 30-day risks 156 
of hospital admission, symptomatic hospital admission (defined as new inpatient admission ≤14 days after new-onset 157 
acute respiratory symptoms), intensive care unit (ICU) admission, onset of mechanical ventilation, and death among 158 
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 159 
between 15 December, 2021 and 17 January, 2022 (Figure 2a-e). For cases with Omicron variant infection over the 160 
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 161 
whether these differences in risk could be explained by observed demographic, clinical, and immunological characteristics 162 
of cases with Delta and Omicron variant infection, we estimated adjusted hazard ratios (aHRs) for progression to each of 163 
these endpoints using Cox proportional hazards models, stratified on cases’ testing dates to further account for potential 164 
changes in clinical or testing practices over time (detailed in the Methods). Over the 30 days following an outpatient 165 
diagnosis, aHRs comparing progression to any hospital admission and symptomatic hospital admission among Omicron 166 
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 167 
interpreted as a weighted average of instantaneous aHRs comparing cases testing positive for Omicron and Delta variant 168 
infections on the same date, over their full follow-up period.25 For higher-acuity endpoints of ICU admission, mechanical 169 
ventilation, and mortality, aHR estimates comparing Omicron to Delta variant cases over the 60 days following outpatient 170 
detection were 0.50 (0.29-0.87), 0.36 (0.18-0.72), and 0.21 (0.10-0.44), respectively. 171 

172 
Similar estimates held in analyses that included cases diagnosed on or after their hospital admission date (Table S7), and 173 
in analyses restricted to cases who were asymptomatic at the point of testing (Table S8), among whom Omicron variant 174 
infection was also associated with modestly lower risk of subsequent symptoms onset (aHR=0.88 [0.81-0.96] for cases 175 
with Omicron vs. Delta variant infection tested in outpatient settings, without symptoms at the point of testing). Estimates 176 
of the aHR were also consistent in analyses restricted to cases with either complete data on measured covariates or 177 
those enrolled in KPSC health plans ≥1 year before their positive test date (Table S9); moreover, our findings held within 178 
subgroups defined on the basis of cases’ age, sex, presence of comorbidities, and history of documented SARS-CoV-2 179 
infection (Table S10). Estimates of the adjusted relative risk (aRR) of hospital admission and symptomatic hospital 180 
admission (30-day) as well as ICU admission, mechanical ventilation, and mortality (60-day) based on log-binomial 181 
regression closely resembled aHR estimates from Cox proportional hazards models in the primary analysis (aRR=0.63 182 
[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; Table183 
S11). Findings of reduced risk of progression to hospital admission and symptomatic hospital admission further held 184 
within sensitivity analyses that additionally accounted for the possibility of differential prevalence of undiagnosed prior 185 
SARS-CoV-2 infection among cases with Omicron or Delta variant infection, who were or were not hospitalized, and who 186 
were or were not vaccinated (Figure S1; Figure S2).     187 

188 
We did not identify evidence of differences in risk of severe outcomes associated with BA.2 or BA.1* Omicron subvariant 189 
infection among cases diagnosed in outpatient settings over the period of 3 February to 17 March, 2022 (Table S12). 190 
Among cases with BA.1* Omicron subvariant infection diagnosed over this period, 30-day risks of hospital admission, 191 
symptomatic hospital admission, ICU admission, mechanical ventilation, and mortality were 13.3, 11.5, 0.4, 0.0, and 1.0 192 
per 1000 persons, respectively (Figure 2f-j). Among cases with BA.2 infection, 30-day risks of the same outcomes were 193 
14.7, 12.6, 0.5, 0.5, and 0.5, respectively per 1000 persons. 194 

195 
Omicron and Delta variant severity by vaccination status. Coefficient estimates from Cox proportional hazards 196 
models suggested equivalent numbers of vaccine doses were associated with greater reductions in risk of severe 197 
outcomes among cases with Delta variant infection as compared to Omicron variant infection (for 2 mRNA doses ≤90 198 
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 199 
Omicron variant cases; for 3 mRNA doses vs. 0 doses, aHR=0.14 [0.08-0.24] among Delta variant cases and aHR=0.43 200 
[0.35-0.52] among Omicron variant cases; Table S13), consistent with superior vaccine protection against disease 201 
progression involving the Delta variant. Because variant-specific differences in vaccine protection could thus confound the 202 
relationship between infecting variant and risk of severe clinical outcomes, we further undertook analyses of cases with 203 
Delta and Omicron variant infection stratifying by prior vaccine exposure. For endpoints of hospital admission, 204 
symptomatic hospital admission, ICU admission, mechanical ventilation, and mortality, aHR estimates were 0.40 (0.33-205 
0.49), 0.40 (0.33-0.49), 0.34 (0.17-0.66), 0.24 (0.12-0.48), and 0.14 (0.07-0.28), respectively, among unvaccinated cases 206 
with Omicron versus Delta variant infection (Figure 3; Table S14). In contrast, variant-specific differences in risk of 207 
hospital admission or symptomatic hospital admission were not apparent among individuals who received ≥3 mRNA 208 
vaccine doses. Among individuals who had received 2 mRNA vaccine doses, variant-specific differences in risk of hospital 209 
admission or symptomatic hospital admission were likewise attenuated, with the smallest difference among individuals 210 
most recently vaccinated. We did not identify differences in risk of ICU admission and mechanical ventilation among 211 
vaccinated cases with Omicron or Delta variant infection. However, among vaccinated individuals, Omicron infection 212 
remained associated with a lower risk of mortality than Delta infection (aHR=0.25 [0.09-0.70]). Similar findings held in 213 
analyses that included individuals testing positive on the day of hospital admission (Figure S3). 214 

215 
Changes over time among all cases. Because excluding cases whose tests were not processed using the 216 
ThermoFisher TaqPath COVID-19 combo kit could limit the generalizability of our primary analyses, we also assessed 217 
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changes over the period of 1 November, 2021 (prior to detection of the Omicron variant in the state of California) to 17 218 
January, 2022 in the risk for all cases diagnosed in outpatient settings to progress to severe clinical outcomes. In 219 
analyses using Cox proportional hazards models which allowed for zero, one, or two changepoints in the relationship 220 
between testing date and risk of severe clinical outcomes,26 we identified evidence for a reduction beginning 8-23 221 
December, 2021, in cases’ risk of any hospital admission, symptomatic hospital admission, intensive care unit admission, 222 
and mortality among newly-diagnosed cases (Figure 4a-e; Table S15; changepoint models were not fitted to the 223 
mechanical ventilation endpoint due to sparse observations during the Delta variant-dominated period). This timing 224 
encompasses the period of Omicron’s expansion in the study population, with 5% and 50% of cases tested on 225 
ThermoFisher TaqPath COVID-19 combo kit assays showing SGTF as of 10 and 17 December, 2021, respectively.  226 

227 
Observed reductions in cases’ risk of severe outcomes did not directly align with changes in clinical attributes of cases 228 
testing positive in outpatient settings over this period, suggesting that shifting patterns of healthcare utilization and clinical 229 
practice could not fully account for the observed changes. The proportion of cases reporting symptoms on or before their 230 
testing date held steadily in the range of 72.2-84.3% from 1 November, 2021 to 17 January, 2022 (Figure 4f). While the 231 
mean time from symptoms onset to testing (among symptomatic cases) dipped transiently to 3.2 days between December 232 
19-22 (as compared to 4.2 days in November and mid-January; Figure 4g), time from testing to inpatient admission 233 
(among cases ultimately requiring hospitalization) declined through the month of January, consistent with cases seeking 234 
outpatient testing at a more advanced stage of their illness (Figure 4h). Concurrently, the proportion of all SARS-CoV-2 235 
infections detected in inpatient settings declined from 2.4% to 0.7% between 1 and 31 December, 2021, although this 236 
proportion increased roughly 10-fold to 7.8% as of 7 March, 2022 amid reductions in outpatient testing volume during 237 
2022 (Figure S4).   238 

239 
Lengths of hospital stay. Duration of hospital stay among cases whose illness met the severity threshold for hospital 240 
admission provides additional insight into differences in the clinical course of SARS-CoV-2 variants.27,28 Among 208 cases 241 
testing positive for Delta-variant infection in outpatient settings and admitted to hospital over the period of December 15, 242 
2021 to 17 January, 2022, the proportions with hospital stays lasting ≤5 days, ≤10 days, and ≤15 days were 66.2%, 243 
84.5%, and 89.4%, respectively, in comparison to 84.8%, 91.0%, and 92.2% among 703 cases with Omicron variant 244 
infection tested and admitted over the same period (Figure 5a-f; Table S16). Within this sample, 73.8% and 85.6% of 245 
admitted cases with Delta and Omicron variant infections, respectively, were discharged home within ≤30 days, while 246 
15.5% and 6.0% of admitted cases with Delta and Omicron variant infections, respectively, were referred to other care 247 
settings or discharged against medical advice within the same timeframe. The 30-day probability of death or discharge to 248 
hospice following admission was 1.1% for cases with Delta variant infection and 0.4% for cases with Omicron variant 249 
infection. Using a Cox proportional hazards model stratified on cases’ admission date and controlling for all observed 250 
demographic, clinical, and immunological attributes of cases to compare time to completion of hospital stay (with any final 251 
disposition), the aHR comparing outpatient-diagnosed cases with Omicron vs. Delta variant infection was 1.24 (0.99-1.57; 252 
Table S17). No differences in the duration of hospital stay, or likelihoods of each discharge disposition, were evident 253 
among outpatient-diagnosed cases with BA.2 or BA.1* Omicron subvariant infection tested and admitted between 3 254 
February and 17 March, 2022 (Figure 5g-k). The aHR for completion of hospital stay (with any final disposition) for 255 
outpatient-diagnosed cases with BA.2 vs. BA.1* Omicron subvariant infection was 0.95 (0.41-2.22; Table S17). 256 

257 
Discussion 258 

259 
Among cases followed from an outpatient SARS-CoV-2 diagnosis, infection with the Omicron variant was associated with 260 
substantially lower risk of progression to severe clinical outcomes including hospital admission, symptomatic hospital 261 
admission, ICU admission, mechanical ventilation, and mortality, in comparison to infection with the Delta variant. These 262 
differences in risk among individuals with Omicron versus Delta variant infection were consistent with reductions in the 263 
proportion of all SARS-CoV-2 cases that progressed to severe clinical outcomes during the period of Omicron variant 264 
emergence in the study population. Notably, differences in risk of severe outcomes associated with Omicron versus Delta 265 
variant infection were greatest among unvaccinated cases. Whereas vaccination was associated with reductions in 266 
disease severity for cases with both Omicron and Delta variant infections, the degree of vaccine-associated protection 267 
against progression to severe disease was greater among cases with Delta variant infection. Owing to these combined 268 
effects of infecting variant and vaccination, risk of severe disease with either the Omicron or Delta variant was equivalent 269 
for cases who had received ≥3 mRNA vaccine doses, or who had recently received 2 mRNA vaccine doses. We also 270 
observed shorter durations of hospital stay following inpatient admission among cases with Omicron as compared to Delta 271 
variant infection. Whereas admitted cases with Omicron variant infection had higher likelihood than cases with Delta 272 
variant infection of being discharged to home, those with Delta variant infection had higher probability of mortality and 273 
discharge to skilled care or against medical advice. We did not identify evidence of differences in severity for cases with 274 
BA.2 and BA.1* Omicron subvariant infection, based on either their risk of severe clinical outcomes or their hospital length 275 
of stay and final disposition following inpatient admission, suggesting that the reduced severity of disease associated with 276 
the Omicron variant has persisted following emergence and establishment of the BA.2 subvariant.  277 

278 
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Previous studies have estimated reductions in risk of hospital admission associated with Omicron variant infection across 279 
a range spanning 20-80%.14,19,20,29–32 Variability in prior estimates from database linkage studies may owe in part to intra- 280 
and inter-study differences in immunity, health status, and healthcare-seeking behaviors among cases across settings. As 281 
KPSC serves as a comprehensive healthcare provider to its members, and tracks out-of-network care provision for its 282 
members through insurance claim reimbursements, our study benefited from highly-resolved electronic health records as 283 
a basis for characterizing cases’ clinical history. Similar detail may be lacking in other large-scale studies from throughout 284 
the pandemic, which have varyingly relied on administrative record linkage to identify comorbid conditions,19 had access 285 
to such data only for admitted cases based on in-hospital assessment or record linkage,20,30,33 or have lacked data on 286 
cases’ history of comorbidities and healthcare utilization entirely.14,32,34,35 Despite these differences in specific design 287 
features and estimates across studies, consistency of the finding that Omicron variant infection is associated with reduced 288 
severity relative to Delta variant infection is noteworthy. 289 

290 
Several other aspects of our study helped to control for relevant potential differences in attributes of cases with Delta and 291 
Omicron variant infection, which could otherwise confound comparisons of risk for severe clinical outcomes. Stratification 292 
of Cox proportional hazards models on cases’ testing and admission dates, and inclusion of day-specific intercepts in 293 
logistic regression models, helped to correct for potential differences in attributes of cases tested or admitted over time 294 
unrelated to the infecting variant. Restriction of primary analyses to cases tested in outpatient settings enabled us to 295 
account for selection on healthcare-seeking behavior among cases infected with either variant. This strategy further 296 
standardized the level of clinical severity associated with the hospital admission endpoint. Following outpatient testing at 297 
KPSC throughout the study period, cases considered to be at risk of severe illness, but not meeting admission criteria, 298 
were enrolled in a home-based monitoring program with daily clinical interaction and standardized criteria for emergency 299 
department referral and inpatient admission.36 Thus, clinical severity at the point of admission among outpatient-300 
diagnosed cases may have been less variable than among cases ascertained at the point of admission. Focusing primary 301 
analyses on outpatient-diagnosed cases also helped to limit inclusion of hospitalizations attributable to causes other than 302 
COVID-19. As the incidence rate of all-cause hospital admissions is low, few hospitalizations attributable to factors other 303 
than COVID-19 would be expected to occur within the short period of time immediately following a positive outpatient test; 304 
in contrast, a substantial proportion of SARS-CoV-2 infections among hospitalized cases may be detected simply due to 305 
entry screening at the point of admission for other causes.37 While it is a limitation that no routinely-collected records 306 
provide a gold standard determination of whether SARS-CoV-2 infection was the cause of the decision to admit a patient 307 
to hospital, these factors (together with our consideration of one endpoint restricted to inpatient admissions occurring on 308 
or after the date of symptoms onset) limit the risk of misclassification of hospital admissions attributable to causes other 309 
than COVID-19 to a greater extent than has been possible in prior studies of Omicron as well as other SARS-CoV-2 310 
variants.11,14,16,19,20,30,31,35   311 

312 
Unobserved prior infections are a potential source of bias when comparing risk of severe outcomes among cases with 313 
Omicron or Delta variant infection.38,39 Prior to the Omicron epidemic wave, roughly one in 2.5 infections in the state of 314 
California were estimated to have been caught by testing, indicating cases’ history of infection may be substantially 315 
underestimated in our study population.40 Moreover, because convalescent sera from previously-infected individuals has 316 
shown weaker neutralization activity against the Omicron variant as compared to Delta (and earlier) variants,41,42 317 
prevalence of unascertained prior infection among cases with Omicron and Delta variant infections may be distinct. We 318 
nonetheless identified that findings of reduced severity of Omicron variant infections persisted within sensitivity analyses 319 
allowing substantially greater-than-observed prevalence of prior infection among previously-vaccinated cases with 320 
Omicron variant infections who were not hospitalized—the stratum within which unobserved infections would contribute 321 
the greatest degree of bias for our primary estimates. In agreement with these findings, sensitivity analyses within prior 322 
studies using diverse statistical inference methods have suggested that differences in risk of severe clinical outcomes 323 
among cases with Omicron and Delta variant infections cannot be explained by unobserved prior infections alone.11,14 324 
Furthermore, the unadjusted HR of hospital admission associated with Omicron variant detection among cases in our 325 
study known to have experienced prior infection was 0.27 (0.03-2.44) following a positive outpatient test (Table S10); 326 
although analyses within this stratum are underpowered, the direction of association is telling as differential unobserved 327 
prior infection among cases with Omicron and Delta variant infection could not account for risk of severe outcomes among 328 
these cases.  329 

330 
There are several barriers to causal inference in this study. Because our analysis aims to compare disease severity 331 
among cases following acquisition of Omicron or Delta variant infection, no real-world trial directly emulates the inferential 332 
design conditioning on acquisition of infection. Observed associations of infecting lineage with case attributes within our 333 
sample should not be considered to represent predictors of acquisition of a specific infecting SARS-CoV-2 lineage;43 risk 334 
factors for exposure to each variant and for infection, given exposure, are outside the scope of this study. While statistical 335 
adjustment for differences in demographic, clinical, and immunological aspects of cases supported efforts to define 336 
associations of each variant with risk of severe outcomes, given acquisition of infection, unobserved attributes of cases 337 
which predict both their infecting variant and risk of severe clinical outcomes remain of concern, as in all observational 338 
epidemiologic research.44 Last, while selecting cases who sought outpatient tests ensures our primary analysis 339 
encompasses individuals meeting a minimum threshold for healthcare-seeking behavior, further adjustment for this 340 
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characteristic was limited to cases’ prior-year frequency of healthcare utilization across outpatient, emergency 341 
department, and inpatient settings. Notwithstanding these limitations, our findings of reduced severity in Omicron variant 342 
infections are consistent with numerous lines of experimental evidence not susceptible to similar sources of bias. Ex vivo 343 
studies demonstrate higher replication of the Omicron variant in explant cultures of human upper respiratory tract tissue 344 
as compared to cultures from the small airways of the lung,45 while in animal models disease associated with the Omicron 345 
variant has been confined to the large airway.46  346 

347 
While attenuation of disease severity in Omicron variant infections—which has held amid emergence of the BA.2 348 
subvariant—is an encouraging finding, evidence of higher transmissibility of Omicron variant infections47 as well as 349 
immune evasion from prior infection and vaccination remain concerning. High rates of infection in the community have 350 
overwhelmed health-care systems within the US and other settings, and have translated to high absolute numbers of 351 
hospitalizations and deaths even with lower severity of infections associated with the Omicron variant. Observations in 352 
settings with previously low prevalence of infection-derived immunity, such as Hong Kong48 and New Zealand,49 353 
underscore the risk for the Omicron variant to cause substantial burden of severe and fatal illness even if cases tend to 354 
experience lower risk of severe clinical outcomes than with Delta variant infection. This observation is also consistent with 355 
the frequent occurrence of severe disease cases and deaths in clinically vulnerable populations such as residents of long-356 
term care facilities in the US, United Kingdom, and Italy with ancestral (Wuhan) variant infections.50 Our findings 357 
underscore the value of monitoring variant-specific infection severity alongside ongoing surveillance efforts aimed at 358 
tracking epidemiologic dynamics of novel variants to inform intervention deployment and healthcare capacity planning.   359 
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Tables 377 

378 
Table 1: Characteristics of cases tested in outpatient settings with and without SGTF, 15 December, 2021 to 17 379 
January, 2022 and 3 February to 17 March, 2022. 380 

Characteristic  Number of cases (%) 
  15 December, 2021 to 17 January, 

2022 
3 February to 17 March, 2022 

  No SGTF (Delta) SGTF (Omicron) No SGTF (BA.2) SGTF (BA.1*) 

  N=23,305 N=222,688 N=1,905 N=12,756 
Age1      
 <1 year 391 (1.7) 1,174 (0.5) 53 (2.8) 157 (1.2) 
 1-4 year 1,023 (4.4) 6,579 (3.0) 104 (5.5) 608 (4.8) 
 5-9 years 1,321 (5.7) 12,235 (5.5) 89 (4.7) 904 (7.1) 
 10-19 years 3,218 (13.8) 28,510 (12.8) 217 (11.4) 1,432 (11.2) 
 20-29 years 3,096 (13.3) 37,894 (17.0) 197 (10.3) 1,393 (10.9) 
 30-39 years 3,942 (16.9) 45,165 (20.3) 315 (16.5) 2,421 (19.0) 
 40-49 years 3,770 (16.2) 37,685 (16.9) 271 (14.2) 2,090 (16.4) 
 50-59 years 3,310 (14.2) 29,205 (13.1) 272 (14.3) 1,624 (12.7) 
 60-69 years 1,973 (8.5) 15,767 (7.1) 230 (12.1) 1,240 (9.7) 
 70-79 years 802 (3.4) 5,946 (2.7) 102 (5.4) 632 (5.0) 
 ≥80 years 264 (1.1) 1,564 (0.7) 39 (2.0) 218 (1.7) 
Sex      
 Female 12,926 (55.5) 123,227 (55.3) 1,040 (54.6) 6,844 (53.7) 
 Male 10,379 (44.5) 99,461 (44.7) 865 (45.4) 5,912 (46.3) 
Race/ethnicity      
 White, non-Hispanic 5,788 (24.8) 49,411 (22.2) 504 (26.5) 3,354 (26.3) 
 Black, non-Hispanic 1,552 (6.7) 17,066 (7.7) 109 (5.7) 737 (5.8) 
 Hispanic 11,792 (50.6) 111,574 (50.1) 858 (45.0) 6,041 (47.4) 
 Asian/Pacific Islander 1,954 (8.4) 23,406 (10.5) 256 (13.4) 1,489 (11.7) 
 Other, mixed race, or unknown race 2,219 (9.5) 21,231 (9.5) 178 (9.3) 1,135 (8.9) 
Community 
median income2 

     

 <$50,000 3,427 (15.0) 34,364 (15.7) 306 (16.5) 1,950 (15.6) 
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 $50,000-$99,999 14,271 (62.4) 133,710 (60.9) 1,059 (57.1) 7,459 (59.7) 
 $100,000-$149,999 4,613 (20.2) 45,318 (20.6) 445 (24.0) 2,694 (21.6) 
 ≥$150,000 551 (2.4) 6,131 (2.8) 46 (2.5) 390 (3.1) 
Cigarette 
smoking2 

     

 Never smoker 14,172 (81.3) 134,059 (81.7) 1,120 (79.0) 7,796 (80.8) 
 Current smoker 723 (4.1) 6,865 (4.2) 63 (4.4) 340 (3.5) 
 Former smoker 2,535 (14.5) 23,150 (14.1) 234 (16.5) 1,512 (15.7) 
Body mass index2      
 Underweight (<18.5) 1,808 (10.2) 14,647 (8.8) 156 (10.4) 1,226 (12.0) 
 Normal weight (18.5-24.9) 4,138 (23.3) 41,117 (24.8) 374 (24.9) 2,436 (23.8) 
 Overweight (25.0-29.9) 4,955 (27.9) 46,796 (28.2) 441 (29.4) 2,895 (28.3) 
 Obese (≥30) 6,863 (38.6) 63,212 (38.1) 530 (35.3) 3,669 (35.9) 
Prior year 
outpatient visits 

     

 0-4 7,973 (34.2) 80,388 (36.1) 480 (25.2) 3,518 (27.6) 
 5-9 6,190 (26.6) 61,656 (27.7) 465 (24.4) 3,343 (26.2) 
 10-14 3,504 (15.0) 31,883 (14.3) 333 (17.5) 1,990 (15.6) 
 15-19 1,948 (8.4) 17,634 (7.9) 183 (9.6) 1,270 (10.0) 
 ≥20-29 3,690 (15.8) 31,127 (14.0) 444 (23.3) 2,635 (20.7) 
Prior year ED 
visits 

     

 0 18,402 (79.0) 184,658 (82.9) 1,434 (75.3) 10,264 (80.5) 
 1 3,340 (14.3) 27,489 (12.3) 302 (15.9) 1,704 (13.4) 
 2 957 (4.1) 6,632 (3.0) 98 (5.1) 467 (3.7) 
 ≥3 606 (2.6) 3,909 (1.8) 71 (3.7) 321 (2.5) 
Prior year 
inpatient 
admissions 

     

 0 22,497 (96.5) 216,532 (97.2) 1,829 (96.0) 12,265 (96.2) 
 1 431 (1.8) 3,330 (1.5) 34 (1.8) 254 (2.0) 
 2 209 (0.9) 1,388 (0.6) 19 (1.0) 115 (0.9) 
 ≥3 168 (0.7) 1,438 (0.6) 23 (1.2) 122 (1.0) 
Charlson 
comorbidity index 

     

 0 18,502 (79.4) 181,317 (81.4) 1,455 (76.4) 9,884 (77.5) 
 1-2 3,836 (16.5) 34,691 (15.6) 336 (17.6) 2,231 (17.5) 
 3-5 710 (3.0) 5,051 (2.3) 74 (3.9) 466 (3.7) 
 ≥6 257 (1.1) 1,629 (0.7) 40 (2.1) 175 (1.4) 
Prior SARS-CoV-
2 infection3 

     

 No documented previous infection 23,221 (99.6) 221,525 (99.5) 1,898 (99.6) 12,681 (99.4) 
 Documented previous infection 84 (0.4) 1,163 (0.5) 7 (0.4) 75 (0.6) 
COVID-19 
vaccination 

     

 Unvaccinated 9,802 (42.1) 65,480 (29.4) 594 (31.2) 3,858 (30.2) 
 Ad.26.COV2.S—1 dose 717 (3.1) 6,874 (3.1) 34 (1.8) 273 (2.1) 
 Ad.26.COV2.S—with any booster dose 170 (0.7) 2,329 (1.0) 38 (2.0) 203 (1.6) 
 BNT162b2 or mRNA-1273—1 dose 646 (2.8) 6,266 (2.8) 33 (1.7) 287 (2.2) 
 BNT162b2 or mRNA-1273—2 doses (≥180 days prior) 7,492 (32.1) 81,266 (36.5) 424 (22.3) 2,826 (22.2) 
 BNT162b2 or mRNA-1273—2 doses (91-180 days prior) 1,600 (6.9) 18,409 (8.3) 94 (4.9) 863 (6.8) 
 BNT162b2 or mRNA-1273—2 doses (≤90 days prior) 622 (2.7) 8,548 (3.8) 47 (2.5) 625 (4.9) 
 BNT162b2 or mRNA-1273—3 doses 2,256 (9.7) 33,516 (15.1) 641 (33.6) 3,821 (30.0) 

SGTF: S gene target failure, here interpreted as a proxy for SARS-CoV-2 variant; CI: Confidence interval. 381 
1Logistic regression models control for all variables listed in the table, and define intercepts for testing date for both unadjusted and adjusted analyses. 382 
2Multiple imputation was used to address missing data; numbers may not add to column totals where missing values occur. The number of missing 383 
observations for each variable is specified in Table S21. 384 
3Previous infection defined by any positive test result or diagnosis ≥90 days prior to the date of the current test. 385 

386 
Figure captions 387 

388 
Figure 1: SARS-CoV-2 infections during follow-up within the study cohort. Plots illustrate total SARS-CoV-2 testing 389 
undertaken within the KPSC healthcare system across all clinical settings (a, along with the proportion of tests with 390 
positive results [inset]); total outpatient SARS-CoV-2 testing implemented using the ThermoFisher TaqPath COVID-19 391 
Combo Kit assay along with the proportion of tests with SGTF identified (b; blue for SGTF detections and red for non-392 
SGTF detections, with cases from 17 February to 17 March presented on an expanded scale for clarity [inset]); and new 393 
inpatient admissions of cases with SARS-CoV-2 infection (c; pink for new detections on or after the admission date and 394 
green for cases first ascertained by outpatient testing). Plotted data include 382,971 cases diagnosed over the study 395 
period, including 375,642 were tested in outpatient settings and 316,785 had samples processed using the ThermoFisher 396 
TaqPath COVID-19 Combo Kit assay. 397 

398 
Figure 2: Severe clinical outcomes among cases. Plots illustrate cumulative 30-day risk of severe clinical outcomes 399 
among cases first ascertained in outpatient settings, stratified by SGTF status for infecting variant or subvariant. Panels in 400 
the top row compare cases with Delta (non-SGTF; red) or Omicron (SGTF; blue) variant infections testing positive in an 401 
outpatient setting between 15 December, 2021 and 17 January, 2022, for endpoints of any hospital admission (a); 402 
symptomatic hospital admission (b); intensive care unit admission (c); mechanical ventilation (d), and death (e). Panels in 403 
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the bottom row compare cases with BA.2 (non-SGTF; yellow) and BA.1* (SGTF; blue, comprising BA.1/BA.1.1/BA.1.1.529 404 
lineages) subvariant Omicron infections diagnosed in an outpatient setting between 3 February and 17 March, 2022, for 405 
endpoints of any hospital admission (f); symptomatic hospital admission (g); intensive care unit admission (h); and death 406 
(i). Mechanical ventilation among BA.2 and BA1* Omicron subvariant cases is not included due to sparse observations. 407 
Shaded areas denote 95% confidence intervals around median estimates (center lines). Analyses include 23,305 cases 408 
with Delta variant infection and 222,688 cases with Omicron variant infection over the period of 15 December, 2021 to 17 409 
January, 2022, and 1,905 cases with BA.2 Omicron subvariant infection and 12,756 cases with BA.1* Omicron subvariant 410 
infection over the period of 3 February to 17 March, 2022. Confidence intervals are obtained via bootstrap resampling.  411 

412 
Figure 3: Adjusted hazard ratios of severe clinical endpoints within strata defined by vaccination status. Points 413 
and lines denote median estimates and accompanying 95% confidence intervals for the adjusted hazard ratio of each 414 
endpoint, comparing cases with Omicron versus Delta variant infection, in case strata defined by history of COVID-19 415 
vaccination. Analyses are restricted to individuals tested diagnosed in outpatient settings by RT-PCR testing using the 416 
ThermoFisher TaqPath COVID-19 combo kit; adjusted hazard ratios are estimated using Cox proportional hazards 417 
regression models, controlling for covariates listed in Table S2 and stratifying on positive test date. Analyses include 418 
23,305 cases with Delta variant infection and 222,688 cases with Omicron variant infection. Confidence intervals are 419 
obtained using Cox proportional hazards regression models. 420 

421 
Figure 4: Changes in risk of severe clinical outcomes and in symptoms history among cases during the study 422 
period. Panels illustrate proportions of cases experiencing each clinical outcome over the course of follow-up (30 days for 423 
endpoints of hospital admission [a] or symptomatic hospital admission [b]; 60 days for ICU admission [c], mechanical 424 
ventilation [d], and mortality [e]). Gray vertical lines in panels a-e denote 95% confidence intervals around proportions for 425 
each day based on bootstrap resampling; 7-day moving averages are plotted by red lines. Polygons at the bottom of 426 
panels a-e illustrate probability densities of change point timings (blue), while inset panels illustrate fitted slopes for 427 
adjusted hazard ratio (aHR) estimates for each endpoint as a function of testing date (red lines indicating median 428 
estimates, with pink shaded polygons delineating 95% confidence intervals, as generated by Cox proportional hazards 429 
models). Bottom panels illustrate the proportion of cases tested in outpatient settings indicating symptoms onset on or 430 
before their testing date (f); mean time from symptoms onset to outpatient testing, among symptomatic cases (g); and 431 
mean time from the testing date to hospital admission, among admitted cases (h). Grey vertical lines in panels f-h denote 432 
95% confidence intervals around proportions for each day based on bootstrap resampling; 7-day moving averages are 433 
plotted by red lines. Changes in the proportion of cases ascertained in inpatient settings are plotted separately in Figure434 
S4. Analyses include 316,038 outpatient-diagnosed cases. 435 

436 
Figure 5: Durations of hospital stay. Top panels illustrate times from hospital admission to discharge to home without 437 
skilled care (a), discharge to skilled care or against medical advice (b), and in-hospital death or discharge to hospice (c) 438 
among cases testing positive in outpatient settings and subsequently admitted to hospital on or after the date of 439 
symptoms onset over the period from 15 December, 2021 to 17 January, 2022; lines and polygons indicate median 440 
estimates and 95% confidence intervals, respectively, based on bootstrap resampling for cases with Delta (red) and 441 
Omicron (blue) variant infection. Below, panels illustrate histograms of the total length of stay for cases with Delta variant 442 
infection (d) and Omicron variant infection (e) within this sample, as well as distributions of the likelihood ratio for cases 443 
with Delta vs. Omicron infection to have hospital stays lasting >5 days, >10 days, >15 days, and >20 days (f). The bottom 444 
set of panels illustrates times from admission to discharge to home (g), and discharge to skilled care or against medical 445 
advice (h), among cases testing positive in outpatient settings and subsequently admitted to hospital on or after the date 446 
of symptoms onset over the period from 3 February to 17 March, 2022; center lines and polygons indicate median 447 
estimates and 95% confidence intervals, respectively, based on bootstrap resampling for cases with BA.2 (yellow) and 448 
BA.1* (blue) Omicron subvariant infection. Below, panels illustrate histograms of the total length of stay for cases with 449 
BA.2 Omicron subvariant infection (i) and BA.1* Omicron subvariant infection (j) within this sample, as well as 450 
distributions of the likelihood ratio for cases with BA.2 vs. BA.1* Omicron subvariant infection to have hospital stays 451 
lasting >5 days, >10 days, >15 days, and >20 days (k). Analyses include 208 cases with Delta variant infection and 703 452 
cases with Omicron variant infection for the period of 15 December, 2021 to 17 January, 2022, and 23 cases with BA.2 453 
Omicron subvariant infection and 146 cases with BA.1* Omicron subvariant infection for the period of 3 February to 17 454 
March, 2022. Confidence intervals are computed via bootstrap resampling. 455 
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613 
METHODS 614 

615 
Ethics, setting, and procedures. The study protocol was reviewed and approved by the KPSC Institutional Review 616 
Board for ethical compliance. A waiver of informed consent was obtained for this observational study as data were 617 
collected administratively in the course of routine clinical care delivery. A waiver for written Health Insurance Portability 618 
and Accountability Act authorization was obtained for research involving use of patient electronic health records.  619 

620 
Care delivery and EHR data capture in the KPSC healthcare system have been described previously.51 Briefly, members 621 
of KPSC receive care through employer-provided, pre-paid, or federally sponsored insurance plans and closely resemble 622 
the sociodemographic profile of the surrounding geographic area in terms of age, racial/ethnic composition, and 623 
community characteristics.52 Within-network care delivery encompassing diagnoses, laboratory tests and results, and 624 
prescriptions is captured in real time through patients’ EHR, while out-of-network care is captured through insurance 625 
reimbursements. COVID-19 vaccines were provided at no cost to KPSC members following emergency use authorization 626 
and were therefore captured in the EHR. Vaccinations administered outside KPSC were captured via the California 627 
Immunization Registry, to which providers are required to report all COVID-19 vaccine administrations within 24 hours.  628 

629 
Polymerase chain reaction (PCR) testing for SARS-CoV-2 occurred in a variety of clinical settings within KPSC during the 630 
study period. A majority of tests conducted in outpatient settings are submitted to regional laboratories, where >90% of 631 
samples are processed using the ThermoFisher TaqPath COVID-19 Combo Kit. Samples collected in hospitals (including 632 
some tests conducted in emergency department settings) are processed using in-house tests, without SGTF readout. In 633 
total, 329,195 of 389,896 (84.4%) cases detected in outpatient settings from 1 November, 2021 to 17 March, 2022 had 634 
samples processed using the ThermoFisher TaqPath COVID-19 Combo Kit. Attributes of outpatient cases processed 635 
using the ThermoFisher TaqPath COVID-19 Combo Kit or other assays are presented in Table S18. Analyses comparing 636 
cases with Delta and Omicron variant infection were restricted to cases testing positive between 15 December, 2021 and 637 
17 January, 2022, encompassing the period during which both variants were detected at >1% prevalence statewide in 638 
California, and preceding emergence of the BA.2 Omicron subvariant as a likely cause of S gene detection.53 Analyses 639 
comparing cases with BA.2 and BA.1* Omicron subvariant infection were restricted to cases testing positive between 3 640 
February and 17 March, 2022, following the emergence of BA.2 at ≥1% frequency among all cases (while Delta 641 
accounted for <0.1%) and yielding ≥45 days of follow-up for all cases before the final database lock. 642 

643 
To assess variant-specific differences in risk of progression to severe endpoints in a time-to-event framework, our primary 644 
analyses included all cases diagnosed in outpatient settings with a positive PCR test processed on a ThermoFisher 645 
TaqPath COVID-19 combo kit during the study period, who were continuously enrolled in KPSC health plans through the 646 
relevant follow-up periods (detailed below) or until their death, whichever was earlier. Restricting to outpatient-diagnosed 647 
cases aimed to address two potential sources of bias, including (1) selecting on healthcare-seeking behavior to mitigate 648 
confounding that may occur with individuals who deferred testing to more severe stages of illness; and (2) limiting the 649 
inclusion of hospital admissions where SARS-CoV-2 infection was detected incidentally, for instance through entry 650 
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screening. Because hospital admission is a rare event, the number of admissions attributable to factors other than 651 
COVID-19 in the time immediately following a positive SARS-CoV-2 test was expected to be low. To ensure our analyses 652 
addressed newly-acquired SARS-CoV-2 infections and not PCR-positive detections of remote infections, we excluded 653 
individuals with a prior positive SARS-CoV-2 testing result within ≤90 days before their first eligible positive result during 654 
the study period. 655 

656 
Analyses included all cases meeting the eligibility criteria defined above, and did not use statistical methods to define pre-657 
determined sample sizes. Cases and healthcare providers did not have access to SGTF determinations in the clinical 658 
setting; however, investigators were not blinded to this information, or to other case attributes and outcomes, for analyses. 659 

660 
Outcome measures. As primary endpoints, we considered five markers of clinically severe illness: any hospital 661 
admission, hospital admission associated with new-onset acute respiratory symptoms, ICU admission, mechanical 662 
ventilation, and mortality. Hospital admissions were considered to be COVID-19-related if they occurred between 7 days 663 
before to 30 days after the date of each patient’s positive SARS-CoV-2 RT-PCR test; we included ICU admissions, 664 
mechanical ventilation events, and deaths occurring up to 60 days after the date of each positive test in the analysis (or 665 
up to 45 days after the positive test date for analyses of cases with BA.2 or BA.1* Omicron subvariant infection). 666 
Symptomatic hospital admissions were those with acute respiratory infection symptoms beginning on or ≤14 days before 667 
the admission date; we ascertained presence of symptoms and dates of symptoms onset via natural language processing 668 
of open-text EHR fields including clinical notes and patient-provided questionnaire responses, which are submitted by all 669 
KPSC patients who seek SARS-CoV-2 testing regardless of test setting.51 We considered new-onset respiratory 670 
symptoms following a positive test as a secondary endpoint for further exploratory analyses among cases who were 671 
asymptomatic at the time of their original test.  672 

673 
Last, for a duration-of-hospital-stay analysis, we recorded dates of discharge and discharge disposition, in-hospital 674 
mortality, or censoring for all hospitalized patients. Analyses were restricted to cases who were tested and admitted to 675 
hospital during the periods of 15 December, 2021 to 17 January, 2022 (for comparisons of cases with Delta and Omicron 676 
variant infection) and 3 February to 17 March, 2022 (for comparisons of cases with BA.2 and BA.1* Omicron subvariant 677 
infection); inclusion of cases diagnosed within these two periods ensured ≥60 days and ≥45 days follow-up for all cases 678 
from the point of admission. Duration-of-stay analyses included all eligible outpatient-diagnosed cases from the primary 679 
analysis cohort, whose samples were processed using the ThermoFisher TaqPath COVID-19 Combo Kit, and who 680 
experienced acute new-symptoms onset respiratory symptoms on or before their admission date.681 

682 
Considerations for hospital admission. As routine data capture does not include a “gold standard” indication as to 683 
whether COVID-19 or another factor served as the primary cause of physicians’ decision to admit a patient, we caution 684 
that factors other than SARS-CoV-2 infection (or in conjunction with SARS-CoV-2 infection) may have contributed to 685 
hospital admission outcomes as well as ICU admission, use of mechanical ventilation, and death, including among 686 
individuals with new-onset respiratory symptoms before their admission date, consistent with prior COVID-19 studies 687 
using hospital admission endpoints.11,14,16,19,20,30,31,35 However, several measures implemented by KPSC to preserve 688 
hospital capacity during the COVID-19 pandemic may have lessened the capture of incidental admission events among 689 
outpatient-diagnosed cases within our sample. Outpatient administration of remdesevir and monoclonal antibody 690 
therapies was prioritized so that access to treatment would not be grounds for admission. In addition, KPSC used a 691 
scoring system to standardize admission versus outpatient management decisions throughout the study period based on 692 
cases’ clinical history and comorbidities (electrolyte disorders, cardiac arrhythmia, neurological disorders, weight loss 693 
disorders, congestive heart failure, coagulopathy, diabetes), body mass index, vital signs (oxygen saturation, respiratory 694 
rate, systolic blood pressure, fever, and heart rate), age, and sex.36 Based on the resulting scores at the point of testing, 695 
cases were recommended for one of three levels of care provision. Patients not recommended for inpatient admission 696 
were either sent home with a telemedicine follow-up from their primary care provider (lowest-risk patients) or enrolled in a 697 
home-based monitoring program, for which patients were provided a medical-grade pulse oximeter and thermometer, and 698 
instructed to enter readings daily into a mobile application to alert physicians in the event of clinical deterioration. 699 
Standardized criteria were used for subsequent emergency room referral and hospital admission during subsequent 700 
follow-up.   701 

702 
Case attributes. Recorded characteristics of cases included: age (defined for all analyses as bands of <1, 1-4, 5-9, 10-703 
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, 704 
Asian/Pacific Islander, and other/mixed/unknown race), census tract-level median household income (defined on the log 705 
scale for all analyses); smoking status (current, former, or never smoker); body mass index (BMI; underweight, normal 706 
weight, overweight, and obese); Charlson comorbidity index (0, 1-2, 3-5, and ≥6); prior-year emergency department visits 707 
and inpatient admissions (each defined as 0, 1, 2, or ≥3 events); prior-year outpatient visits (0-4, 5-9, 10-14, 15-19, 20-29, 708 
or ≥30 events); documented prior SARS-CoV-2 infection; and history of COVID-19 vaccination (unvaccinated, 709 
Ad.26.COV2.S as one dose or with a booster; and 1, 2, or 3 mRNA vaccine doses, disaggregating 2-dose recipients by 710 
time since receipt of the second dose as ≤90 days, 91-180 days, or ≥181 days). We compared the distribution of these 711 
attributes among cases with Delta and Omicron variant infection, and among cases with BA.2 or BA.1* Omicron 712 
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subvariant infection, using logistic regression models defining intercepts for cases’ testing date and multiple imputation for 713 
missing values (as described below in the description of the primary analysis). 714 

715 
Association of SGTF with risk of severe clinical outcomes. Within the primary analysis population, we compared 716 
times from the first positive test to each outcome event among patients who tested positive for SARS-CoV-2 by RT-PCR, 717 
with and without SGTF. We censored observations at 30 days for hospital admission and symptomatic hospital admission, 718 
and at 60 days for ICU admission, mechanical ventilation, and death (or at 45 days for these endpoints among cases 719 
included in the BA.2/BA.1* analyses). We used Cox proportional hazards models to estimate the aHR for each endpoint 720 
associated with SGTF, adjusting for all available demographic and clinical covariates according to the definitions provided 721 
above. We defined strata for cases’ testing date to account for potential secular changes in testing and healthcare 722 
practices over the study period, noting that testing dates were jittered at random by 0, +1, or -1 days to preserve 723 
anonymity of protected health information; lengths of time to event or censoring were preserved for analysis integrity. We 724 
additionally fit models allowing for interactions of SGTF sample status with cases’ vaccination history to assess variation 725 
in the estimated association of SGTF with vaccination status, as described in the primary results above. 726 

727 
Sensitivity analyses. We repeated analyses of the symptomatic hospital admission endpoint within subgroups defined by 728 
patient age, sex, Charlson comorbidity index, and history of documented SARS-CoV-2 infection and vaccination, 729 
controlling for all other risk factors via covariate adjustment. We also conducted secondary analyses including all patients 730 
whose tests were processed using the ThermoFisher TaqPath COVID-19 combo kit, regardless of diagnosis setting. In 731 
these analyses, times to events were recorded as 0.5 days for patients experiencing study endpoints on or before the 732 
date of their test. These sensitivity analyses aimed to address any bias that could result from exclusion of cases who 733 
progressed rapidly to clinically-severe illness; results are presented in Table S7 and Figure S3. We also conducted 734 
subgroup analyses within the sample of cases who did not experience symptoms onset on or before their testing date. As 735 
a greater likelihood of symptoms among cases infected with either of the two variants could obscure differences in variant-736 
associated clinical severity (i.e., selecting on a differential subset of cases with the otherwise less-severe variant), these 737 
analyses aimed to capture a broader spectrum of the clinical course by monitoring cases from a point preceding 738 
symptoms onset. Results are presented in Table S8. We summarize symptoms prevalence at the point of presentation to 739 
various care settings in Table S19, and present attributes of cases who were tested in outpatient settings with and without 740 
symptoms in Table S20. Finally, in conjunction with our time-to-event analyses, we estimated aRRs for each clinical 741 
outcome using log-binomial regression models defining, as outcomes, any hospital admission or symptomatic hospital 742 
admission within 30 days of cases’ testing date, and any ICU admission, mechanical ventilation, or mortality within 60 743 
days of cases’ testing date. Such analyses controlled for all covariates included in Cox proportional hazards models used 744 
in the primary analyses, and defined intercepts for testing date. Results comparing aHR and aRR estimates are presented 745 
in Table S11.  746 

747 
We conducted multiple (m=5) imputation of missing covariate values and pooled results obtained with each imputed 748 
dataset via Rubin’s rules54 for our primary analyses (Table S21). To verify our analysis results were not sensitive to the 749 
results of imputation, we compared aHR estimates for the association of Omicron vs. Delta variant infection with risk of 750 
severe outcomes from the primary analysis to results from analyses subset to cases with complete information on all 751 
measured characteristics (N=221,325, or 67.3% of the sample), and to results from analyses subset to cases with ≥1 year 752 
of enrollment in KPSC health plans before their diagnosis date (N=283,453, 86.1% of the sample), among whom fewer 753 
observations were missing (Table S9). To further demonstrate that missing data did not substantially affect analysis 754 
results, we also present estimates of the association of each imputed variable with the outcome of symptomatic hospital 755 
admission across the same three analysis strategies in Table S22, again identifying similar estimates of association in the 756 
primary analysis, in the complete-case analysis, and in the analysis subset to cases with ≥1 year of enrollment in KPSC 757 
health plans. 758 

759 
Bias analysis addressing unrecorded prior infection. It has been proposed elsewhere that differential observed 760 
severity between Omicron and Delta infections may reflect that Omicron infections occur more commonly among 761 
individuals with (often unobserved) prior infection, who thus are protected by that prior infection against severe 762 
outcomes.7 We simulated analysis results under scenarios of differential prevalence of unobserved prior infection across 763 
case strata to determine whether our findings of reduced severity among cases with Omicron variant infection could be 764 
explained by this circumstance. We defined strata based on the joint distribution of infecting variant i (in recognition of 765 
reduced protection against Omicron variant infection conferred by naturally-acquired immunity from prior variants41,42), 766 
outcome of hospital admission or symptomatic hospital admission j (considering that prior infection would be expected to 767 
reduce risk of these outcomes,11,55 even if such protection differed by variant), and receipt of any COVID-19 vaccine 768 
doses k (assuming that reduced severity of infections acquired after vaccination could lead to reduced likelihood of testing 769 
and detection56,57). Here, defining strata based on Omicron variant infection and hospital admission status allowed us to 770 
assess how unobserved prior infections could directly impact the primary association of interest to this study. Allowing for 771 
an enhanced likelihood that prior infections among vaccinated cases went unobserved was of interest due to the higher 772 
prevalence of prior vaccination among cases with Omicron variant infection, and the possibility that the likelihood of 773 
detection of prior infection in a vaccinated individual could be reduced due to the lower severity of post-vaccination 774 
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infections and relaxed requirements for SARS-CoV-2 testing as a condition for entry into workplaces and indoor public 775 
spaces among vaccinated individuals in California in 2021 (per the observed data, prevalence of documented prior 776 
infection was 0.80% and 0.38% among cases who received 0 COVID-19 vaccine doses and ≥1 COVID-19 vaccine dose, 777 
respectively). Thus, unobserved infections among vaccinated cases constituted an additional mechanism by which 778 
naturally-acquired immunity, if present, could be differentially unaccounted for in association with cases’ infecting variant.7 779 

780 
Defining  as the observed prevalence of prior infection within any stratum, and  as a multiplier conveying the 781 
proportion of infections that would be expected to go unobserved in the stratum of unvaccinated cases with Delta variant 782 
infection admitted to hospital, the probability of unobserved prior infection within the i, j, kth stratum was ( − 1) 783 
for values of = (1, 2, 3, 4, 5), = (1, 2, 3), = (1, 2, 3), and = (1, 2, 3). Within each imputed dataset, we assigned 784 
prior infection to additional cases who did not have known prior infection at random according to the probabilities 785 ( − 1), given their observed outcome and characteristics, and repeated the primary analysis approach using 786 
stratified Cox proportional hazards models to estimate the aHR of hospital admission and symptomatic hospital admission 787 
outcomes associated with Omicron variant detection. We plot estimates of the resulting aHR for outcomes of any hospital 788 
admission and symptomatic hospital admission in Figure S1 and Figure S2, respectively.   789 

790 
Period-based analysis. To address concerns about possible bias in our primary analysis that was limited to cases tested 791 
using the ThermoFisher TaqPath COVID-19 Combo Kit, we further sought to verify whether the reduced risk of severe 792 
clinical outcomes among cases with Omicron variant infection in the primary analysis was reflected by changes severe 793 
outcomes from Delta-predominant to Omicron-predominant periods. Among all cases ascertained in outpatient settings 794 
(without restriction to cases tested using ThermoFisher TaqPath COVID-19 Combo Kit assays) over the period of 1 795 
November, 2021 to 17 January, 2022, we estimated aHRs relating the risk of severe clinical endpoints to cases’ testing 796 
date by fitting Cox proportional hazards models. As the goal of these analyses was to relate changes in risk of severe 797 
clinical outcomes to timing of the emergence of the Omicron variant in the study population, testing dates were defined as 798 
covariates rather than as model strata, as detailed below.  799 

800 
Models were defined allowing for up to two changepoints in the slope of associations between testing date and risk of 801 
clinical endpoints, with changepoints defined at all dates in the study period between 15 November, 2021 and 10 January, 802 
2022. Model formulations with zero, one, and two changepoints specified conditional hazards of each outcome given each 803 
case’s observed covariates and testing date, ( | , ), according to   804 

805 ( | , ) ∝ exp + , 806 
807 ( | ) ∝ exp + ( − )I( > ) + , 808 
809 

and 810 
811 ( | ) ∝ exp + ( − )I( > ) + ( − )I( > ) + , 812 
813 

respectively. Here,  defines the testing date, I( > ) serves an indicator that the testing date occurred after a 814 
changepoint in the slope at time , and  is the product of all other covariates and their respective regression 815 
coefficients. We fit models defining change points at each day (or combination of days) through the time series, and used 816 
the Bayesian information criterion to define model weights:26,58 817 

818 = exp −(BIC −min∈ℳ BIC )/2  819 
820 

for a given model m from the state space of all candidate models, ℳ. Posterior model weights divided  by the number 821 
of models fitted with the same number of change points, thereby assigning equal prior probability to scenarios with 0, 1, or 822 
2 changepoints. We defined testing date-specific hazards, and date-specific changepoint probabilities, by sampling 823 
models according to their posterior weights. As the sporadic occurrence of mechanical ventilation during the early study 824 
period hindered estimation of slopes in risk of this outcome, analyses addressed endpoints of hospital admission, 825 
symptomatic hospital admission, ICU admission, and death only. 826 

827 
Hospital duration of stay analysis. For admitted cases diagnosed in outpatient settings with Delta or Omicron variant 828 
infection (from 15 December, 2021 to 17 January, 2022) and BA.2 or BA.1* Omicron subvariant infection (from 3 February 829 
to 17 March, 2022), we compared times from cases’ admission date to each of three possible outcomes: discharge home 830 
(without skilled care), discharge to any skilled care setting (comprising skilled nursing facilities, residential care facilities, 831 
rehabilitation facilities, other acute inpatient hospitals, or home with skilled care providers) or to home against medical 832 
advice, and in-hospital death or discharge to hospice. To compare overall rates of exit from the hospital among by 833 
infecting lineage, we additionally fit Cox proportional hazards models estimating the aHR of hospital exit (with any final 834 
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disposition) associated with SGTF status, defining strata on admission date to adjust for any changes in clinical practice 835 
over time and controlling for all covariates included in the primary analysis. 836 

837 
Software. We conducted all analyses using R (version 4.0.3; R Foundation for Statistical Computing, Vienna, Austria). 838 
We used the survival59 package for time-to-event analyses, and the Amelia II60 package for multiple imputation. 839 

840 
Data availability. Individual-level data reported in this study are not publicly shared. Upon reasonable request and 841 
subject to review, KPSC may provide the de-identified data that support the findings of this study. De-identified data may 842 
be shared upon approval of an analysis proposal and a signed data access agreement. Individuals wishing to access data 843 
should contact the Kaiser Permanente Southern California Institutional Review Board at IRB.KPSC@kp.org to enter into a 844 
data access agreement. 845 

846 
Code availability: Analysis code is available from github.com/joelewnard/omicronSeverity.847 
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