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Summary

Background SARS-CoV-2 infections and hospitalizations are rising in the US and other
countries after the emergence of the Omicron variant. Currently, data on infection rates, severity
and racial/ethnic and gender disparities from Omicron in the USis limited.

Method We performed a retrospective cohort study of alarge, geographically diverse database
of patient electronic health records (EHRS) in the US. The study population comprised 881,473
patients who contracted SARS-CoV-2 infection for the first time between 9/1/2021-1/16/2022,
including 147,964 patients infected when Omicron predominated (Omicron cohort), 633,581
when Delta predominated (Delta cohort) and another 99,928 infected when the Delta
predominated but just before the Omicron variant was detected in the US (Delta-2 cohort). We
examined monthly incidence rates of COVID-19 infections stratified by age groups, gender, race
and ethnicity, compared severe clinical outcomes including emergency department (ED) visits,
hospitalizations, intensive care unit (ICU) admissions, and mechanical ventilation use between
propensity-score matched Omicron and Delta cohorts stratified by age groups (0-4, 5-17, 18-64
and > 65 years), and examined racial/ethnic and gender differencesin severe clinical outcomes.
Findings Among 147,964 infected patients in the Omicron cohort (average age: 39.1 years), 56.7%
were female, 2.4% Asian, 21.1% Black, 6.2% Hispanic, and 51.8% White. The monthly
incidence rate of COVID infections (new cases per 1000 persons per day) was 0.5-0.7 when
Delta predominated, and rapidly increased to 3.8-5.2 when Omicron predominated. In January
2022, the infection rate was highest in children under 5 years (11.0) among all age groups, higher
in Black than in White patients (14.0 vs. 3.8), and higher in Hispanic than in non-Hispanic
patients (8.9 vs. 3.1). After propensity-score matching for demographics, socio-economic
determinants of health, comorbidities and medications, risks for severe clinical outcomesin the
Omicron cohort were significantly lower than in the Delta cohort: ED visits: 10.2% vs. 14.6%
(risk ratio or RR: 0.70 [0.68-0.71]); hospitalizations: 2.6% vs. 4.4% (RR: 0.58 [0.55-0.60]); ICU
admissions: 0.47% vs. 1.00% (RR: 0.47 [0.43-0.51]); mechanical ventilation: 0.08% vs. 0.3%
(RR: 0.25[0.20-0.31]). Similar reduction in disease severity was observed for all age groups.
There were significant racial/ethnic and gender disparities in severe clinical outcomesin the
Omicron cohort, with Black, Hispanic patients having more ED visits and ICU admissions than
White and non-Hispanic patients, respectively and women had fewer hospitalization and ICU
admission than men.

I nter pretation The incidence rate of COVID infection during the omicron predominant period
(prevalence >92%) was 6-8 times higher than during the Delta predominant period that preceded
it congsistent with greater infectivity. The incidence rate was highest among those less than 5
years of age, and in Black and Hispanic patients. COVID infections occurring when the Omicron
predominated were associated with significantly less frequent severe outcomes than in matched
patients when the Delta variant predominated. There were significant racial, ethnic and gender
disparitiesin severe clinical outcomes, with Black and Hispanic patients and men
disproportionally impacted.
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Introduction

SARS-CoV-2 infections and hospitalizations are rising in the US and other countries after the
emergence of the Omicron variant(1). Reports from South Africa(2), Scotland(3), and England(4)
showed lower rates of hospitalization following Omicron infection compared with the Delta
variant infection. Currently, data on disease infection rates, severity, and racial/ethnic and gender
disparity from Omicron in both pediatric and adult populations in the USislacking. Here we
compared incidence rates of COVID-19 infections, severe clinical outcomes including ED visits,
hospitalizations, ICU admissions, and mechanical ventilation use, and racial and ethnic
disparities of infection rates and severe outcomes before and after Omicron emergence in the US,
through aretrospective study of alarge, geographically diverse database of patient electronic
health records (EHRS) in the US. Outcomes in pediatric patients, adults and older adults were
examined separately.

METHODS

Study population

This study used the TriNetX Analytics network platform that contains de-identified EHR data of
90 million unique patients from 63 health care organizations in both inpatient and outpatient
settings across the US(5). TriNetX Analytics provides web-based secure access to patient EHR
data from hospitals, primary care, and specialty treatment providers, covering diverse geographic
locations, age groups, racial and ethnic groups, income levels, and insurance types. Although the
data are fully de-identified, end-users can use built-in statistical functions to perform patient-
level data analysis, including cohort selection, propensity-score matching, time trend analysis,
outcome research, among others. Because this study only queried statistics of de-identified
patient records through web-applications and did not involve retrieval, storage, collection, use, or
transmittal of individually identifiable data, Institutional Review Board approval and informed
consent was not needed or sought.

The study population comprised three cohorts of patients with first time SARS-CoV-2 infections:
(a) Omicron cohort (n = 147,964) — contracted first SARS-CoV-2 infection between 12/26/2021—
1/16/2022. The CDC'’s national genomic surveillance program reports that Omicron accounted
for 92%-99% of all circulating virus variants in the US during the two week period of
12/26/2021-1/20/2022(6); (b) Delta cohort (n = 633,581) — contracted first SARS-CoV-2
infection between 9/1/2021-11/15/2021 when Delta was the predominant variant (99.0%)(6); (c)
Delta-2 cohort (n = 99,928) — contracted first SARS-CoV-2 infection between 11/16/2021—
11/30/2021, immediately before the Omicron variant was detected in the US and when Delta was
the predominant variant (99.0%)(6). This second Delta cohort was created to control for later
time periods and shorter window of infection.

The status of SARS-CoV-2 infection was based on the ICD-10 diagnosis code of “COVID-19”
(UQO7.1) or lab-test confirmed presence of “ SARS coronavirus 2 and related RNA” (9088). The
status of adverse clinical outcomes was based on the Current Procedural Terminology (CPT)
relevant codes for ED visits (“Emergency Department Visits’, code 1013711), hospitalizations
(“hospital inpatient services’, code: 013659), ICU admissions (“Critical Care Services’, code:
1013729), and mechanical ventilation use (“Respiratory ventilation”, codes. 5A1935Z, 5A1945Z,
5A1955Z7, 5A09357, 5A09457, 5A09557).
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Statistical analysis

We examined monthly incidence rate of SARS-CoV-2 infections (new cases per 1,000 person
per day) between 9/1/1021-1/20/2022 among patients who had no prior infections, stratified by
age groups (0-4, 5-17, 18-64 and >65 years old), race and ethnic groups (Black, White, Hispanic
and Non-Hispanic) and gender.

We tested whether severe clinical outcomes among patients in the Omicron cohort differed from
those in the Delta cohort. The two cohorts were propensity-score matched (1:1 using

anearest neighbor greedy matching with acaliper of 0.25 times the standard deviation) for
demographics (age, gender, race/ethnicity); adverse socioeconomic determinants of health
(assessed by ICD-10 codes “Z55-Z65" for “Persons with potential health hazards related to
socioeconomic and psychosocial circumstances’) that include employment, housing, education,
and economic circumstances; comorbidities relevant to COVID-19 risks or outcomes(7,8)
including hypertension, heart diseases, cerebrovascular diseases, cancer, obesity, type 2 diabetes,
chronic respiratory diseases, chronic kidney diseases, liver diseases, HIV infection, dementia,
substance use disorders, depression and anxiety (assessed by ICD-10 codes); behavioral factors
(tobacco smoking, alcohol drinking) (assessed by one or more encounter based on ICD-10 codes);
COVID-19-related medications(9) (assessed by RxNorm codes); and vaccination status
documented in patient EHRs (assessed by CPT or RxNorm codes).

Severe clinical outcomes between the propensity-score matched Omicron and Delta cohorts and
between propensity-matched Delta-2 and Delta cohorts was assessed based on the percentage of
ED visits, hospitalizations, ICU admissions and need for mechanical ventilation in the 3-day
time-window that followed from the first day of SARS-CoV-2 infection. Overall risk, risk ratios,
and 95% confidence interval (Cl) were calculated. Racial, ethnic and gender disparities were
examined by comparing clinical outcomes (ED visits, hospitalization, ICU admission) in the 3-
day time-window that followed from the first day of SARS-CoV-2 infection between matched
Black and White patients, between matched Hispanic and non-Hispanic patients, and between
women and men, for the Omicron, Delta, and Delta-2 cohort respectively. Mechanical ventilation
was not examined due to limited sample sizes. Race, ethnicity and gender stratified cohorts
(Black vs White, Hispanic vs. Non-Hispanic, women vs. men) were propensity-score matched
for other demographics, socioeconomic factors, COVID-19-reated health conditions, and

medi cations, and documented vaccination status. Overall risk, risk ratios, and 95% confidence
interval (Cl) were calculated.

All statigtical tests (incidence rates and outcome comparisons) were conducted on 1/20/2022
within the TriNetX Analytics Platform with significance set at p-value < 0.05 (two-sided).

Results

Patient characteristics

The study population comprised 881,473 patients who contracted SARS-CoV-2 infection for the
first time between 9/1/2021-1/16/2022, including 147,964 in the Omicron cohort, 633,581 in the
Delta cohort, and another 99,928 in the Delta-2 cohort. The characteristics of the Omicron and
Delta cohort before and after propensity-score matching are shown in Table 1. Compared to the
Delta cohort, the Omicron cohort were older (average age: 39.1 vs 36.4 years), differed in gender,
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167 racia and ethnic compositions, had fewer comorbidities and adverse social determinants of
168 health and less vaccination. After propensity-score matching for variates in the table, the
169 differences between the two cohorts decreased with the Omicron cohort having more

170  comorbidities and similar vaccination status.

171
Before Matching After Matching
Omicron Delta P- Omicron Delta P-
cohort Cohort value cohort cohort value
;;’ttiﬂqrt‘;‘mber of 147,964 633,581 147,107 147,107
Age (years, mean+SD) 39.1+234 364+252 <.001 39.1+234 38.9+239 0.11
Sex (%)
Female 56.7 54.1 <.001 56.7 56.4 0.07
Male 43.2 45.8 <.001 43.2 43.6 0.07
Ethnicity (%)
Hispanic/Latinx 6.2 8.6 <.001 6.1 6.3 0.13
Not Hispanic/Latinx 51.8 60.5 <.001 51.7 50.9 <.001
Unknown 42.0 30.8 <.001 42.2 429 <.001
Race (%)
Asian 2.4 2.4 0.06 2.4 25 0.16
Black 211 15.8 <.001 211 21.1 0.71
White 60.0 62.5 <.001 60.0 59.3 <.001
Unknown 15.9 18.8 <.001 15.9 16.5 <.001
Adver se Social
determinants of health 2.1 31 <.001 2.2 2.0 0.002
(%)
Comorbidities (%)
Hypertension 17.8 18.3 <.001 17.8 16.9 <.001
Heart diseases 39 4.9 <.001 39 37 0.002
Cereprovascular 28 36 <.001 28 26 <.001
Obesity 115 115 0.93 115 10.7 <.001
Type 2 diabetes 6.9 7.6 <.001 6.9 6.3 <.001
Cancers 12.6 13.7 <.001 12.6 11.9 <.001
Chronic respiratory
diseases 11.1 13.3 <.001 11.2 10.6 <.001
Liver diseases 29 3.7 <.001 29 2.6 <.001
Chronic kidney disease 2.9 34 <.001 29 2.6 0.001
Blood disorders
involving immune 111 13.0 <.001 111 104 <.001
mechanisms
HIV infection 0.17 0.23 <.001 0.17 0.16 0.41
Dementia 0.4 0.6 <.001 0.4 0.4 0.21
Substance use disorders 77 95 <.001 77 7.4 <.001
Depression 8.0 8.7 <.001 8.0 74 <.001
Anxiety 14.0 13.9 0.26 14.0 13.0 <.001
Smoking 2.3 2.4 <.001 2.3 2.1 0.05
Alcohol abuse 1.0 15 <.001 1.0 1.0 0.20
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Organ Transplant

(%) 0.4 0.5 <.001 0.4 0.3 0.09
COVID-19
therapeutics (%)
Dexamethasone 15.2 16.9 <.001 15.2 14.2 <.001
Remdesivir 041 0.37 0.05 0.41 0.40 0.58
Hydrocortisone 6.4 7.8 <.001 6.4 6.0 <.001
I buprofen 21.4 24.1 <.001 21.4 20.7 <.001
Prednisone 12.8 11.2 <.001 12.8 12.0 <.001
M ethylprednisolone 17.9 133 <.001 17.9 16.8 <.001
Prednisolone 31 4.8 <.001 31 3.2 0.29
Naproxen 7.5 6.2 <.001 7.5 7.0 <.001
Huoxetine 25 25 0.96 25 2.2 <.001
Fluvoxamine 0.09 0.08 0.18 0.09 0.08 0.34
Tocilizumab 0.06 0.08 0.05 0.06 0.05 0.16
Casirivimab/ 0.2 06 < 001 0.2 0.2 0.70
Imdevimab
Ritonavir/ Lopinavir 0.07 0.05 0.04 0.07 0.05 0.07
"Vaccination (% of 7.7 136 < 001 7.7 7.7 0.25

age=5years)
172  Table 1. Characteristics of the Omicron cohort and Delta cohort before and after propensity
173  matching. Omicron cohort —patients who first contracted SARS-CoV -2 infection between
174  12/26/2021-1/16/2022 when Omicron was predominant and accounted for 92%-99.5% of all
175 variantscirculating in the US. Delta cohort —patients who first contracted SARS-CoV-2 infection
176  between 9/1/2021-11/15/2021 when Delta was predominant and accounted for 99% of all
177  variantscirculating in the US. Race and ethnicity as recorded in the TriNetX EHR database were
178  included because they have been associated with both infection risk and severe outcomes of
179 SARS-CoV-2 infections. P-value — significance between the two cohorts based on two-tailed
180 two-proportion z-test conducted within the TriNetX Network. * Vaccination rates only include
181 thoseinthe TriNetX EHR database but does not capture all vaccinations outside the health care
182  organizations.
183
184 Monthly incidencerates of first time SARS-CoV-2 infections between 9/1/2021-1/20/2022
185 The monthly incidence rate of SARS-CoV-2 infections (measured by new cases per 1000
186 persons per day) among patients without prior infections was mostly stable between September
187 and November 2021 when Delta was the predominant strain: 0.6, 0.54, 0.7 for September,
188  October, and November, respectively. The incidence rates rapidly increased to 1.3 in the first
189  half of December 2021, coincident with the emergence of Omicron in the US. It reached 3.8 in
190 the second half of December 2021 and 5.2 in January 2022, indicating that infections with
191  Omicron have not plateaued during this period (Figure 1a). The infection rate was the highest in
192  children under 5 years and reached 11.0 in January 2022, which is 6-9 times of the infection rate
193  during the Delta period between September and November and 3 times of infection rate during
194  the Omicron emergence period in the early December. Overall infection rates decreased with
195 increasing age. Accordingly, patients over 65 years old had the lowest incidence rate (Figure 1a).
196 Infection rates were higher in men than in women for both Delta and Omicron periods though
197  differences were small and remained constant (Figure 1b).
198



https://doi.org/10.1101/2022.02.21.22271300
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2022.02.21.22271300; this version posted February 22, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

199  Significant differences were observed between Black and White patients in both the Delta period
200 and Omicron period, and the racia disparity was widened during the Omicron predominance
201 period (Figure 1c). Between 12/26/2021-1/20/2022, the incidence rate among Black patients was
202  8.2-14.0, which were 2.9-3.7 times of the rates in White patients (P <0.001). During the Delta
203  predominance period, the incidence rate among Black patients was 1.3-1.4 times of that in White
204  patients. Significant differences were observed between Hispanic and non-Hispanic patients and
205 the ethnic disparity was widened during the Omicron predominance period (Figure 1d).
206  Between 12/26/2021-1/20/2022, the incidence rate among Hispanic patients was 5.8-8.9, which
207 were 2.6-2.9 times of the rates in non-Higpanic patients (P <0.001). During the Delta
208 predominance period, the incidence rate among Hispanic patients was 1.6-1.8 times of that in
209  non-Hispanic patients. Significant racial and ethnic disparities in infection rate were consistent
210 across all age groups during the Omicron predominance period (data not shown).

211  (a)

Monthly incidence rate of first time SARS-CoV-2 infection

All ages
—— 0-4 years
—— 5-17 years
10 18-64 years
—— >= 65 years

First time infections per 1000 persons per day

September ‘ October ‘ November December 1-15 December 16-31  January 1-20
Month (September 2021 - January 20, 2022)

212
213 (b)
214
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Monthly incidence rate of first time SARS-CoV-2 infection

—— Female
—— Male

First time infections per 1000 persons per day
- ~ w - w1
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215 Month (September 2021 - January 20, 2022)
216  (c)
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219
220 Figurel. Monthly incidence rates of first-time SARS-CoV-2 infections (measured by new cases

221  per 1000 person per day) between 9/1/2021-1/20/2022 in patients stratified by (a) age groups (0-
222 4 years, 5-17 years, 18-64 years, and >65 years), (b) gender (Female, Male), (c) race (Black,
223  White), and (d) ethnicity (Hispanic, Non-Hispanic).

224

225 Fewer severeclinical outcomesin the Omicron than in the matched Delta cohort

226  Therisksfor severe clinical outcomesin the 3-day time-window following initial SARS-CoV-2
227  infection in the Omicron cohort (n=147,107) were significantly lower than in the matched Delta
228  cohort: ED visits: 10.2% vs. 14.6% (risk ratio or RR: 0.70[0.68-0.71]); hospitalizations; 2.6% vs.
229 4.4% (RR: 0.58[0.55-0.60]); ICU admissions: 0.47% vs. 1.00% (RR: 0.47 [0.43-0.51]);

230 mechanical ventilation: 0.08% vs. 0.3% (RR: 0.25 [0.20-0.31]) (Figure 2, top). In contrast, the
231  comparison between the matched Delta-2 and the Delta cohort showed higher prevalence of

232  severe outcomesin the Delta-2 cohort compared to the Delta cohort presumably reflecting

233  waning immunity from vaccination (Figure 2, bottom). Reductions in disease severity in the
234  Omicron compared to the Delta cohort were significant for all age groups except for the 5-17
235  year group in whom the reductions in mechanical ventilation only achieved trend level

236  dignificance. (Figure 3).

237

238
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Comparison of severe clinical outcomes
in matched patients with COVID infections
(Omicron vs. Delta)

Omicron cohort  Delta cohort
Outcome RR (95% CI)
(n=147,107) (n=147,107)

1
ED visits 10.19% (14,983) 14.63% (21,527) H ' 0.70 (0.68-0.71)
]
1
Hospitalizations 2.6% (3,752) 4.44% (6,525) M : 0.58 (0.55-0.60)
1
ICU admissions 0.47% (693) 1.00% (1,474) gl : 0.47 (0.43-0.51)
1
1
Mechanical ventilation 0.08% (110) 0.30% (441) = ' 0.25 (0.20-0.31)
T T f T ]
0 0.5 1 1.5 2
239 <--lower risk for Omicron Risk Ratio higher risk for Omicron-—>

Comparison of severe clinical outcomes
in matched patients with COVID infections
(Delta-2 vs. Delta)

Delta-2 cohort Delta cohort

Outcome RR (95% CI)
(n=98,229) (n=98,229)
1
ED visits 16.64% (16,347)  14.92% (14,652) ' 1.12 (1.09-1.14)
]
1
Hospitalizations 6.71% (6,591) 5.42% (5,324) ! (o] 1.24 (1.20-1.28)
]
ICU admissions 1.45% (1,422) 1.17% (1,145) | 1.24 (1.15-1.34)
]
1
Mechanical ventilation 0.39% (378) 0.36% (358) = 1.06 (0.91-1.22)
T T f T ]
0 0.5 1 1.5 2
240 <——lower risk for Delta-2 Risk Ratio higher risk for Delta-2-—>

241  Figure 2. Comparison of severity of clinical outcomesincluding ED visits, hospitalizations,
242  1CU admissions, and mechanical ventilation use in the 3-day time-window that followed from
243  thefirgt day of SARS-CoV-2 infection between matched Omicron and Delta cohorts (Top panel)
244 and between matched Delta2 and Delta cohorts (Bottom panel). Omicron cohort — patients who
245  first contracted SARS-CoV-2 infection between 12/26/2021-1/16/2022 when Omicron was
246  predominant and accounted for 92-99.5% of all variants circulating in the US. Delta cohort —
247  patients who first contracted SARS-CoV-2 infection between 9/1/2021-11/15/2021 when Delta
248  was predominant and accounted for >99% of all variants circulating in the US. Delta-2 cohort —
249  patients who first contracted SARS-CoV-2 infection between 11/16/2021-11/30/2021, right
250 before the Omicron emergence in the US and when Delta accounted for >99% of all variants.
251  Cohorts were propensity-score matched for demographics (actual age at index event of COVID
252  infection, gender, race/ethnicity), socioeconomic factors, COVID-19-reated health conditions
253  and medications, and documented vaccination status.

254
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Comparison of severe clinical outcomes
in matched patients with COVID infections
(age 0—4 years, Omicron vs. Delta)

Omicron cohort Delta cohort

Outcome RR (95% CI)
(n=11,556) (n=11,556)
1
ED visits 20.41% (2,359) 23.96% (2,769) - : 0.85 (0.81-0.89)
]
1
Hospitalizations 1.55% (179) 3.00% (347) — : 0.52 (0.43-0.62)
1
ICU admissions 0.10% (12) 0.42% (49) —— : 0.25 (0.13-0.46)
1
1
Mechanical ventilation 0.09% (10) 0.20% (23) _— 0.44 (0.21-0.91)
T T f T ]
0 0.5 1 15 2
255 <—-lower risk for Omicron Risk Ratio higher risk f or Omicron-—>

Comparison of severe clinical outcomes
in matched patients with COVID infections
(age 5-17 years, Omicron vs. Delta)

Omicron cohort Delta cohort

Outcome RR (95% CI)
(n=18,715) (n=18,715)
1
ED visits 10.09% (1,889) 13.07% (2,446) - 0.77 (0.73-0.82)
1
1
Hospitalizations 0.77% (144) 1.37% (257) = ! 0.56 (0.46-0.69)
1
ICU admissions 0.23% (43) 0.38% (71) —_— 0.61 (0.42-0.88)
1
1
Mechanical ventilation 0.05% (10) 0.06% (11) ' : 1 0.91 (0.39-2.14)
T T f T 1
0 0.5 1 1.5 2
256 <——lower risk for Omicron Risk Ratio higher risk f or Omicron-—>

11


https://doi.org/10.1101/2022.02.21.22271300
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2022.02.21.22271300; this version posted February 22, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Comparison of severe clinical outcomes
in matched patients with COVID infections
(age 18-64 years, Omicron vs. Delta)

Omicron cohort  Delta cohort

Outcome RR (95% CI)
(n=91,528) (n=91,528)
1
ED visits 8.99% (8,230) 14.35% (13,136) W ! 0.63 (0.61-0.64)
]
1
Hospitalizations 1.80% (1,651) 3.75% (3,434) - : 0.48 (0.45-0.51)
1
ICU admissions 0.36% (329) 0.87% (795) g : 0.41 (0.36-0.47)
1
1
Mechanical ventilation 0.06% (55) 0.23% (212) i ' 0.26 (0.19-0.35)
| T i T 1
0 0.5 1 15 2
257 <——lower risk for Omicron Risk Ratio higher risk for Omicron-—>

Comparison of severe clinical outcomes
in matched patients with COVID infections
(age >=65 years, Omicron vs. Delta)

Omicron cohort Delta cohort

Outcome RR (95% CI)
(n=25,215) (n=25,215)
1
ED visits 9.90% (2,497) 13.75% (3,466) ! 0.72 (0.69-0.76)
1
1
Hospitalizations 7.06% (1,779) 10.09% (2,545) g ! 0.70 (0.66-0.74)
1
ICU admissions 1.22% (308) 2.02% (509) — : 0.61 (0.53-0.70)
1
1
Mechanical ventilation 0.19% (48) 0.70% (176) = X 0.27 (0.20-0.38)
T T f T 1
0 0.5 1 1.5 2
258 <——lower risk for Omicron Risk Ratio higher risk f or Omicron-—>

259  Figure3. Age-stratified comparison of severe clinical outcomes in the 3-day time-window that
260 followed from thefirst day of SARS-CoV-2 infection between Omicron and Delta cohorts that
261  were propensity-score matched for demographics (actual age at the time of COVID infection,

262  gender, race, ethnicity), socioeconomic factors, COVID-19-reated health conditions, medications,
263  and documented vaccination status.

264

265 Racial and ethnic disparitiesin severeclinical outcomes for the Delta and Omicron cohorts
266  There was significant difference in ED visits in the 3-day time-window after COVID infections
267 between infected Black and White patients after propensity-score matching for age, gender,
268  socioeconomic factors, morbidities, medications, and documented vaccination status. In the
269  Omicron cohort, the rate for ED visits in Black patients was 14.4%, higher than 7.8% in the
270  matched White patients (RR: 1.83 [1.75-1.92]). Smilar racia disparity in ED visits was for the
271 Deta and Delta-2 cohorts (Figure 4a). Significant difference in ED visits were observed
272  between matched Hispanic and non-Hispanic patients in the Omicron, Delta and Delta-2 cohorts.
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273  In the Omicron cohort, the rate for ED visits in Hispanic patients was 25.2%, higher than 12.8%
274 in the matched non-Hispanic patients (RR: 1.98 [1.85-2.11]) (Figure 4a). Hospitalization risk
275  did not differ between matched Black and White patients in the Omicron cohort but was higher
276 in Black patients than White patients in the Deta cohort (RR: 1.22 [1.17-1.26]) and Delta-2
277  cohorts (RR: 1.23 [1.14-1.34]) (Figure 4b). The overal lower risks for hospitalizations and
278 smaller sample sizes in the Omicron could accounted for the trend level difference between
279 Black and White patients. No marked difference in hospitalizations was observed between
280 Hispanic and non-Hispanic patients after matching for age, gender, socioeconomic factors,
281 morbidities, medications, and documented vaccination status (Figur e 4b). There was significant
282  difference in ICU admissions between matched Black and White patients in the Omicron, Delta
283 and Ddta cohorts (Figure 4c). In the Omicron cohort, the risk for ICU admissions in Black
284  patients was 0.43%, higher than 0.28% in the matched White patients (RR: 1.54 [1.17-2.01]).
285 Similar difference in ICU admissons were observed between matched Hispanic and non-
286  Hispanic patients. In the Omicron cohort, the risk for ICU admissions in Hispanic patients was
287  0.75%, higher than 0.51% in the matched non-Hispanic patients (RR: 1.48[1.01-2.16]).

288

289  Women had lower risks than men for ED visits, hospitalizations and ICU admissions in the
290 Omicron, Delta and Delta-2 cohorts, after matching for race, ethnicity, socioeconomic factors,
291 morbidities, medications, and documented vaccination status. This gender difference was
292  especialy profound for ICU admissions in all cohorts. In the Omicron cohort, the risk for ICU
293  admissionsin women was 0.35%, compared to 0.57% in men (RR:0.63 [0.54-0.75]) (Figure 4c).
294

Disparities in ED visits
in patients with COVID infections
(9/1/2021-1/16/2022)

295

Cohort Cohort
RR (95% CI)
(matched) (matched)
Omicron
Black (14.36%) White (7.83%) bud 1.83 (1.75-1.92)
Hispanic (25.21%) Not Hispanic (12.76%) = 1.98 (1.85-2.11)
Women (11.10%) Men (10.52%) " 0.96 (0.93-0.99)
Delta
Black (26.52%) White (14.38%) H 1.84 (1.81-1.88)
Hispanic (25.70%) Not Hispanic (14.86%) e 1.73 (1.69-1.77)
Women (14.84%) Men (15.86%) H 0.94 (0.94-0.95)
Delta-2
Black (29.74%) White (16.64%) b 1.79 (1.71-1.87)
Hispanic (28.60%) Not Hispanic (15.63%) = 1.83 (1.72-1.95)
Women (16.00%) Men (17.24%) 4 0.93 (0.90-0.96)
T T
0.5 1 1.5
Risk Ratio
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Disparities in hospitalizations
in patients with COVID infections
(9/1/2021-1/16/2022)

Cohort Cohort
RR (95% CI
(matched) (matched) (95% CD)
Omicron
Black (2.09%) White (1.92%) = 1.09 (0.98-1.22)
Hispanic (3.42%) Not Hispanic (3.26%) = 1.05 (0.89-1.23)
Women (2.18%) Men (2.71%) o 0.81 (0.75-0.86)
Delta
Black (5.94%) White (4.88%) ] 1.22 (1.17-1.26)
Hispanic (4.95%) Not Hispanic (4.38%) ! 1.13 (1.07-1.20)
Women (4.27%) Men (4.99%) ] 0.86 (0.84-0.88)
Delta—-2
Black (8.40%) White (6.80%) b= 1.23 (1.14-1.34)
Hispanic (6.46%) Not Hispanic (5.88%) fr=— 1.10 (0.97-1.25)
Women (5.70%) Men (6.78%) el 0.84 (0.80-0.89)
T T 1
0.5 1 1.5 2
Risk Ratio
296
Disparities in ICU admissions
in patients with COVID infections
(9/1/2021-1/16/2022)
Cohort Cohort
RR (95% CI
(matched) (matched) (95% 1)
Omicron
Black (0.43%) White (0.28%) —— 1.54 (1.17-2.01)
Hispanic (0.75%) Not Hispanic (0.51%) F—— 1.48 (1.01-2.16)
Women (0.36%) Men (0.57%) b 0.63 (0.54-0.75)
Delta
Black (1.39%) White (1.04%) = 1.34 (1.23-1.45)
Hispanic (0.99%) Not Hispanic (0.89%) = 1.12 (0.98-1.27)
Women (0.86%) Men (1.26%) i 0.68 (0.65-0.72)
Delta-2
Black (1.84%) White (1.43%) F—=— 1.29 (1.07-1.55)
Hispanic (1.48%) Not Hispanic (1.00%) P 1.48 (1.10-2.00)
Women (1.06%) Men (1.70%) IF-I | | 0.63 (0.56-0.71)
0.5 1 15 2
Risk Ratio
297

298 Figure4. Comparison of ED vigts, hospitalization, ICU admission in the 3-day time-window
299 that followed from thefirst day of SARS-CoV-2 infection between matched Black vs White

300 patients, Hispanic vs non-Hispanic patients, women vs men in the Omicron, Delta, and Delta-2
301 cohorts, respectively. Race, ethnicity, or gender stratified cohorts were propensity-score matched
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302 for other demographics, socioeconomic factors, COVID-19-reated health conditions,

303  medications, and documented vaccination status.

304

305 Discussion

306 Thisstudy, using a nation-wide database of EHRsin the US, showed that the monthly COVID
307 infection rate among patients who had no prior infections was stable between September and
308 November 2021 when Delta predominated. Starting December 2021, the infection rate increased,
309 coincident with the emergence of the more transmissible Omicron variant and reached 6 times
310 that of the earliest time period by the second half of December, when Omicron predominated.
311 Theseresults are cons stent with Omicron being more infectious than the original SARS-CoV-2
312  virus(10) and provide new evidence that Omicron is more infectious and spreads more easily
313 compared to Delta. Theinfection rate in January 2022 (1/1-1/20) was 5.2 new cases per 1000
314  persons per day, higher than 3.8 in second half of December 2021, indicating that infections with
315 Omicron had not yet plateaued. Children under 5 years had the highest incidence rate of COVID
316 infection among the four age groups during both Delta and Omicron time, which could reflect
317  lower immunity due to their ineligibility for COVID-19 vaccines. Overall infection rates

318  decreased with increasing age, which correlated with the higher vaccination and booster rates
319 among older age groups. Accordingly, patients over 65 years old had the lowest infection rate,
320  which may reflect high vaccination or booster rates and more preventive measure adoptions

321 among older adults. Close monitoring of infection rates among all age groups are necessary

322  given the potential for further viral mutations and emergence of other variants.

323

324  Significant racial and ethnic disparitiesin COVID infection rates were observed, with highest
325 ratesin Black patients, followed by Hispanic patients across all age groups. The disparities

326  further widened during the Omicron time. During the Delta period, the infection rate in Black
327 patientswas 1.3-1.4 times of that in White patients, and the incidence rate in Hispanic patients
328 was 1.6-1.8 times of that in non-Hispanic patients. During the Omicron period, the incidence rate
329 inBlack patients was 3-4 times of that in White patients, and the incidence rate in Hispanic

330 patientswas 3 times of that in non-Hispanic patients. Studies showed that Black patients had
331 higher risksfor COVID infection compared to White patientsin the early stages of the pandemic
332  when vaccines were not available(11-16). However among the fully vaccinated patients, the risk
333 for breakthrough COVID-19 infection did not differ between Black and White patients(17).

334  Reasons underlying the profound racial and ethnic disparity in the COVID infection rates during
335 the Omicron predominance period need to be examined, which could include differential

336  vaccination uptake by racial and ethnic groups, living situations, occupations that might expose
337 themto greater risk of infections among others.

338

339 SARS-CoV-2infected patients in the Omicron cohort were demographically different from and
340 had fewer adverse health conditions than in the Delta cohort. After matching for age, gender,
341 racelethnicity, adverse socio-economic determinants of health, COVID-related comorbidities and
342  medications, and EHR-documented vaccination status, the risks for severe clinical outcomesin
343  the 3-day time-window following initial SARS-CoV-2 infection in the Omicron cohort were
344  dignificantly lower than in Delta cohort, with 30% reduction for ED visits, 42% reduction for
345  hospitalizations, 53% reduction for ICU admissions and 75% reduction for mechanical

346  ventilation use, even when after matching the Omicron cohort had more comorbidities than the
347 Detacohort. Propensity score matching indicates that the milder disease severity for the
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Omicron cohort compared to the Delta cohort was not confounded by age, race/ethnicity, overall
health of those infected, socioeconomic factors, medications, and vaccination status. Control
studies comparing the matched Delta-2 and Delta cohorts showed no such reductions in disease
severity, suggesting that the findings were not confounded by other factors such as timing, colder
weather, holiday seasons, and more vaccination and boosters for later times. Similarly,
significantly lower disease severity was observed for Omicron compared to Deltain children
under 5 years old. Since vaccines are not available to children under 5 years, there were no
confounding effects from vaccination. In addition, the study population comprised patients who
had no prior COVID-19 infection, therefore confounding effects from previous infections were
minimized. Taken together, these results suggest that the differences in disease severity between
the Omicron cohort and the Delta cohort resulted from inherent properties of the variant itself.
Future studies are needed to examine how vaccination and pre-existing immunity from prior
infections further alter the clinical course and outcomes of COVID infections with Omicron.

There were significant racial and ethnic differencesin ED visitsin 3-day time-window that
followed from the first day of SARS-CoV-2 infection in both the Omicron and Delta cohorts,
with higher rates in Black and Hispanic patients compared with White and Non-Hispanic
patients respectively. A previous study reported racial and ethnic disparitiesin ED visits for
COVID-19 between October and December 2020, with Black and Hispanic persons experienced
1.4-1.7 times the rate of ED visits than White persons(18). Our study showed that these racial
and ethnic disparitiesin ED visits persisted and widened during the Delta and Omicron
predominance periods, with Black patients experincing 1.8 times the rate of ED visits than White
patients, and Hispanic patients experiencing 2.0 times the rate of ED visits than non-Hispanic
patients, even after propensity-score matching for other demographics, comorbidities,
socioeconomic factors, morbidities, medications, and documented vaccination status. The
reasons underlying this persist racial and ethnic disparity in ED visits associated with COVID-19
warrant further investigation, including racial/ethnic inequity in health status and disease
outcomes, lack of primary care in health disparity groups

Racial and ethnic disparities for COVID-related hospitalizations and mortality were observed in
the early stages of the pandemic before vaccines were available(11). Findings from this study
show significant racial and ethnic differencesin ICU admissionsin 3-day time-window that
followed from the first day of SARS-CoV-2 infection. During the Omicron predominance period,
Black patients experienced 1.5 times the rate of ICU admissions than White patients, and
Hispanic patients experienced 1.48 times the rate of ICU admissions than non-Hispanic patients,
after propensity-score matching for other demographics, comorbidities, socioeconomic factors,
morbidities, medications, and documented vaccination status. Potential explanations given for
these disparities include disproportionate burden of health conditions, socioeconomic status,
genetic or other biological factors, community characteristics, air pollution, among others. A
recent study showed racial and ethnic disparitiesin receipt of medications for treatment of
COVID-19, with lower use of monoclonal antibody, remdesivir and dexamethasone among
Black and Hispanic patients than White and Non-Hispanic patients(19). Though our study
adjusted for comorbidities, socioeconomic status, behavioral factors including smoking and
alcohol drinking, COVID medication usage and documented vaccination status, certain residual
and unmeasured confounding factors (e.g., life-style factors, neighborhood, community living,
genetics) may have contributed to the observed racial and ethnic disparitiesin COVID-19
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outcomes. This study showed marked racial and ethnic disparitiesin short-term clinical
outcomes of COVID-infections. Studies are needed to investigate the longer-term effects of
COVID-19 on health disparities and to understand risk factors for the differential outcomesin
disproportionately affected racial/ethnic groups.

Research and clinical data on gender disparitiesin COVID-19 infection and severe clinical
outcomes are limited(20,21). Early pandemic data from Europe and China showed that COV ID-
19 was associated with more death in men than in women(22,23). Findings from our study
showed that the COVID infection rates were consistently lower in women than in men during
both the Delta and Omicron periods. In addition, women had lower risks for ED visits,
hospitalizations and ICU admissions compared to men, after matching for race, ethnicity,
socioeconomic factors, morbidities, medications, and documented vaccination status. A prior
study showed that women had a lower likelihood to be admitted to ICU than men regardless of
disease severity, despite being more severely ill(24). Our study shows that in the context of
COVID-19, women consistently reported lower infection rates and experienced fewer ED visits,
hospitalizations and ICU admissions. Future studies are needed to disentangle the impacts of
gender-specific factors such as health status and biological factors, healthcare usage, lifestyle,
psychological stress, socioeconomic conditions, and treatments.

Our study has several limitations: First, the observational, retrospective nature of this study of
patient EHR data could introduce case selection biases, over representation of symptomatic
testing, reporting and follow up issues. However, because we compared the different cohort
populations all from the TriNetX dataset, these issues should not substantially affect the relative
risk analyses. Second, patientsin the TriNetX EHR database are those who had medical
encounters with healthcare systems contributing to the TriNetX Platform and do not necessarily
represent the entire US population. Therefore, results from the TriNetX platform need to be
validated in other populations. Third, both the Omicron and Delta cohortsin our study were
defined based on CDC’ s national genomic sequence surveillance and not by variant
identification in individual patients. Therefore, the Omicron cohort likely contained afew
infections with the Delta variant. However, our findings of reduced disease severity in the
Omicron cohort compared to the Delta cohort are consistent with findings from Africa(2),
Scotland(3), and England(4) that were based on individual genomic sequences. The fact that no
reduction in severe disease frequency was observed between the two Delta cohorts further
suggest that the differences resulted from inherent properties of the variant itself. Moreover the
increase in severity outcomes for the Delta-2 compared to the Delta cohort, if anything, points to
waning immunity from vaccination during this time period, though thisis confounded by uptick
in boosters(25). Fourth, the vaccination status of the infected individualsin TriNetX databaseis
incomplete. The vaccination rate documented in TriNetX is only about 8-14%, whereas the
reported vaccination rates during thistime period(26) indicate that most patientsin the study
population were likely to have been vaccinated. The incompleteness of vaccination status
information may have not significantly affect the relative risk analyses, as the percentages of
vaccination among propensity-score matched Omicron and Delta cohorts were similar and
cohorts were matched for demographics, adverse socioeconomic determinants of health and
comorbidities, many of which are associated with vaccination acceptance(27,28). However we
were unable to examine how vaccination impacted disease severity of Omicron. Finally, the
findings apply only to infections that occurred in the US between 12/26/2021— 1/16/2022 when
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Omicron accounted for more than 92% of all variants. Given the potential for further viral
mutations, future studies are needed to closely follow up disease severity as well aslonger term
outcomes associated with infections from Omicron or other variants.

In conclusion, the incidence rate of COVID infection during the omicron predominant period
(prevalence >92%) was 6-8 times higher than during the Delta predominant period that preceded
it consistent with greater infectivity. The incidence rate was highest among those less than 5
years of age, Black patients and Hispanic patients. COVID infections occurring when the
Omicron predominated were associated with significantly |ess frequent severe outcomes than in
matched patients when the Delta variant predominated. There were significant racial, ethnic and
gender disparitiesin severe clinical outcomes, with Black and Hispanic patients and men
disproportionally impacted. Though the lower severity observed in the Omicron cohort is
encouraging, further studies are needed to monitor longer-term acute consequences from
Omicron infection, especially mortality, the propensity for development of “long COVID”, the
rapidity of spread, potential for mutation, how prior infections and vaccination alter clinical
responses and to characterize the factors that underly the vulnerability for severe outcomesin
Blacks and Hispanics. Additionally, although severe infections from the Omicron variant, based
on thisanalysis, appear to be less frequent, because of Omicron’sincreased transmissibility,
many more individuals have been infected, so the overall number of ED vidits, hospitalizations,
ICU admissions, and mechanical ventilator usein infected people may still be greater with the
Omicron variant than the Delta variant.
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