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Abstract

Background: TheCOVID-19 pandemic has disproportionally affected traditionallymarginalized groups. Both theDelta andOmicron variants
raised concern amongst public health officials due to potentially higher infectivity rates and disease severity than prior variants. This study
sought to compare disease severity between adults infected with the Omicron variant and adults infected with the Delta variant who presented
to the Emergency Department at an academic, safety-net hospital in Virginia.

Methods: This retrospective cohort study used electronic medical record data of patients who presented to the Emergency Department and
received a positive SARS-CoV-2 test between September 1, 2021, and January 31, 2022. Positive tests were stratified by genotypic variant
through whole genome sequencing. Participants with the Omicron variant were propensity scores matched with individuals with the Delta
variant.

Results: Among 500 Delta and 500 Omicron participants, 279 propensity score-matched pairs were identified. Participants were
predominantly unvaccinated, with medical comorbidities, and self-identified as Black. Individuals infected with the Delta variant had more
severe disease compared to those with the Omicron variant, regardless of vaccination status. Patients with kidney, liver, and respiratory
disease, as well as cancer, are at higher risk for severe disease. Patients with 2 doses of COVID-19 immunization trended toward less severe
disease.

Conclusions: Overall, these data further support the literature regarding the disproportionate effects of the COVID-19 pandemic on
vulnerable patient populations – such as those with limited access to care, people of color, and those with chronicmedical conditions – and can
be used to inform public health interventions.

(Received 19 April 2023; accepted 10 August 2023)

Introduction

The World Health Organization (WHO) continues to collect data
on variants of the wild-type novel coronavirus SARS-CoV-2. From
many variants of interest and variants under monitoring, the
WHO identified 5 variants of concern (VOCs) plaguing the
international community in early 2022: Alpha, Beta, Gamma,
Delta, and Omicron.1 Prior to the discovery of Omicron, the Delta
variant was causing concern amongst public health officials as it
was evidenced to be more infectious and generate a higher viral

load than its predecessors.2 With respect to other VOCs, the less
vaccinated an individual (unvaccinated, one dose, or <14 d after
the second dose) the higher risk they were to develop severe
disease. This trend was still generally true for the Delta variant,
however, to a lesser degree.3 The Omicron variant accumulated
additional mutations,4 namely in the spike protein, that further
alter assay accuracy,5 infectivity,6 and vaccine effectiveness.7

Omicron is also capable of reinfecting individuals who have
already developed antibodies through infection or vaccination, a
concept called immune escape.8,9 One study found Omicron to be
twice as infectious and twice as likely to escape vaccine immunity
as the Delta variant.10 While whole genomic sequencing has
provided insights as to how the structure and function of Omicron
may be different from Delta, there has been less reported on
differences in clinical severity. Potential illness severity is of
particular importance to the patient population of urban Virginia
considering widespread reports of higher morbidity and mortality
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in Black and Hispanic populations11,12 as well as communities with
chronic medical conditions.13

This study aims to compare disease severity between adults
infected with the Omicron variant as compared to adults infected
with the Delta variant who presented to the Emergency
Department at an academic center in Virginia.

Methods

Study center

This retrospective cohort study was conducted at a large, urban,
academic, and safety net hospital in Virginia. As such, this hospital
system receives patients from different geographic and socioeco-
nomic statuses somewhat equally.

This study was approved by the Virginia Commonwealth
University (VCU) Institutional Review Board and a waiver for
informed consent was granted. No grant funding was used.

Study participants

All patients age 18 and older presenting to the Emergency
Department who received a positive SAR-CoV-2 test between
September 1, 2021, and January 31, 2022, were eligible to
participate. Positive tests were then stratified by genotypic variant
through whole genome sequencing. The first 500 patients with
Delta variant samples and the first 500 patients with Omicron
variant samples were included in the study to minimize selection
bias. Transfers from outside hospitals as well as samples from
subsidiary hospitals were not included.

Measures

The primary outcome of this study is illness severity as defined by
both medical interventions and composite measures. All outcomes
were collected via chart extraction by trained personnel (authors
LPE, OH) for the duration of the index hospital stay related to
COVID-19. Disease severity outcomes include symptom severity,
non-ICU hospital admission, ICU admission, length of hospital
stay, treatment (≥4 d remdesivir, ≥4 d corticosteroids, ≥1 dose
convalescent plasma, ≥1 dose monoclonal antibody),14 supple-
mental oxygen requirement (nasal cannula), high flow oxygen
requirement: (continuous positive airway pressure, bilevel positive
airway pressure, high-flow nasal cannula), mechanical ventilation,
and death. Composite measures are based on the WHO clinical
severity criteria.15 Mild-moderate illness is defined as non-ICU
hospital admission and/or supplemental oxygen requirement.
Severe illness is defined as any of the following: ICU admission,
high flow oxygen requirement, mechanical ventilation, and death.

The secondary outcomes involved stratifying patients by
vaccination status. As the United States does not have a national
vaccine registry, vaccination status, if available, was obtained from
clinician notes.

Laboratory methods

Patients were diagnosed with COVID-19 at the VCU Health
System Microbiology Laboratory in Richmond, VA. The labo-
ratory accepted anterior nasal or nasopharyngeal flocked swab
specimens and used only polymerase chain reaction-based
methods. Due to the high demand for testing and supply chain
shortages, 3 separate diagnostic systems were utilized throughout
the study. Validation studies performed by the laboratory
confirmed that these systems performed equally for the detection

of SARS-CoV-2. The diagnostic systems used at the time of the
study were the ThermoFisher TaqPath COVID-19 Combo Kit
(Thermo Fisher Scientific, Waltham, MA), The BioFire
Respiratory Pathogen Panel 2.1 (BioMerieux, Marcy-l’Toile,
France), and the Cepheid Xpert Xpress CoV-2/Flu/RSV plus
(Cepheid, Sunnyvale, CA).

Statistical analysis

The baseline characteristics of those infected with the Delta and
Omicron COVID-19 variants were compared using the χ2 or
Mann-Whitney test. For each individual with a confirmed Delta
variant infection, we identified a propensity score-matched control
individual with an Omicron variant infection. Propensity score
matching was done based on demographic and clinical variables
and vaccination status. A propensity score was estimated based on
age, sex, diabetes mellitus, race, hypertension, coronary artery
disease, kidney disease, respiratory disease, cancer, number of
comorbidities, vaccination status (at time of infection), and body
mass index (BMI). We performed nearest neighbor matching with
distance estimates propensity scores using logistic regression.
Furthermore, proportions of persons with each outcome were
calculated and compared between those with the Delta and
Omicron variants and stratified by vaccination status; 95%
Confidence Intervals (CIs) were calculated to express the spread.
Multivariable logistic regression was used to calculate the adjusted
odds ratios (aORs) and 95%CIs for factors associated with primary
and secondary outcomes. Significance was defined at 2-sided
P< 0.05. All analyses were done by the Virginia Commonwealth
Department of Biostatistics (author KH) using R, version 4.2.1.

Results

We identified 500 individuals infected with the Delta variant and
500 individuals infected with the Omicron variant between
September 1, 2021 and January 31, 2022. Out of this sample,
participants were propensity-score matched for a total of 279 pairs.
Demographic factors, except for vaccination status, were similar
between groups (Table 1). The median age for those infected with
the Delta variant was 49 years [18.0, 89.0], while the median age for
those infected with the Omicron variant was 51 years [18.0, 99.0].
Out of the 279 individuals with the Delta variant, 114 (40.9%) were
male and 165 (59.1%) were female. For the Omicron variant, 117
(41.95%) were male and 162 (58.1%) were female. Both Delta and
Omicron populations were predominantly Black [Black 194
(69.5%), White 72 (25.8%), Other 12 (4.3%), Unknown 1
(0.4%); Black 191 (68.5%), White 70 (25.1%), Other 13 (4.7%),
Unknown 5 (1.8%), respectively]. Among individuals with the
Delta variant, 104 (37.3%) had no comorbidities, 72 (25.8%) had 1
comorbidity, 47 (16.8%) had 2 comorbidities, 40 (14.3%) had
3 comorbidities, 11 (3.9%) had 4 comorbidities, and 5 (1.85%) had
5 comorbidities. With regards to the Omicron variant, 98 (35.1%)
had no comorbidities, 72 (28.5%) had 1 comorbidity, 49 (17.6%)
had 2 comorbidities, 42 (15.1%) had 3 comorbidities, 14 (5.9%) had
4 comorbidities, and 4 (1.4%) had 5 comorbidities.

The groups differed significantly regarding vaccination status
(p = 0.0008). Those infected with the Delta variant were more
likely to be unvaccinated against COVID-19 (59.1% vs 44.4%)
compared to those with the Omicron variant. However, there
was a negligible difference in the number of Delta patients who
received 1 dose (2.2%) compared to the Omicron patients that
received 1 dose (1.4%). Furthermore, individuals infected with
Omicron were more likely to have 2 doses (43.4%) than their Delta
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counterparts (34.4%). This relationship was reflected for 3 doses as
well, where 10.8% of Omicron patients had 3 doses compared to
4.3% of Delta patients. It is important to recognize the degree of
missing vaccination status data (11% Delta, 17% Omicron) given
the United States’ lack of a vaccine registry.

Next, groups were analyzed by COVID-19 variant (Table 2).
Individuals infected with the Delta variant were more likely to be
symptomatic (89.6% vs 78.1%, p = 0.0004), be admitted to the
hospital (47.0% vs 29.0%, p < 0.0001), be admitted to the ICU

(12.9% vs 5.73%, p= 0.0057), have a longer length of stay (7.73 d vs
8.55 d, p= 0.0038), require supplemental oxygen (34.4% vs 22.2%,
p= 0.0019), and require high flow oxygen (15.4% vs 8.60%,
p= 0.0191) compared to those infected with the Omicron variant.
Individuals infected with the Delta variant were also more likely to
have mild-moderate disease (33.7% vs 20.1%, p= 0.0004). Though
there was no difference in rates of severe-critical disease, patients
with the Delta variant were more likely to require treatment with
corticosteroids (83, 29.7%, p = 0.0087) and monoclonal antibodies
(80, 28.6%, p = <0.0001).

Results were further stratified by variant and vaccination status
(Table 3). Regardless of vaccination status, individuals with
Delta variant were more likely to be admitted to the hospital
(≤1 dose: 39.4% vs 22.6%, p = 0.0037; ≥ 2 doses: 57.9% vs 34.2%,
p = 0.0001), require supplemental oxygen (≤1 dose: 31.5% vs
18.5%, p= 0.018;≥ 2 doses: 38.6% vs 25.2%, p=0.026), and to meet
criteria for mild-moderate disease (≤1 dose: 26.7% vs 12.9%,
p = 0.006;≥ 2 doses: 43.9% vs 25.85%, p = 0.002). Amongst
patients who received 2 or more doses, those with Delta were more
likely to be admitted to the ICU (15.8% vs 5.8%, p = 0.012).
Conversely, those who received 2 or more doses and were
then infected with the Omicron variant had longer lengths of stay
(6.00 [0, 33.5] vs 4.68 [1.00, 36.5], p = 0.029.

Lastly, factors potentially contributing to disease severity were
investigated (Table 4). Patients infected with the Omicron variant
were less likely to meet the criteria for mild-moderate disease
Omicron [0.36 (0.23, 0.56) p< 0.0001], however, no effect was
seen in the severe disease outcome. Race was not predictive of
disease severity in either the mild-moderate group [Black 1, White

Table 1. Characteristics of persons infected with SARS-CoV-2 Delta and Omicron
variants

Number of participants, (%),
[95% CI]

P value
Delta variant
(n= 279)

Omicron variant
(n= 279)

Age

Median [Min, Max] 49.0 [18.0, 89.0] 51.0 [18.0, 99.0] 0.3193

Sex

Male 114 (40.9%) 117 (41.9%) 0.8635

Female 165 (59.1%) 162 (58.1%)

Race

Black 194 (69.5%) 191 (68.5%) 0.4304

White 72 (25.8%) 70 (25.1%)

Other 12 (4.3%) 13 (4.7%)

Unknown 1 (0.4%) 5 (1.8%)

Body Mass Index

Underweight 11 (3.9%) 16 (5.7%) 0.7619

Normal 73 (26.2%) 71 (25.4%)

Overweight 65 (23.3%) 68 (24.4%)

Obese 130 (46.6%) 124 (44.4%)

Comorbidities

Diabetes mellitus 71 (25.4%) 66 (23.7%) 0.694

Hypertension 113 (40.5%) 121 (43.4%) 0.5482

Coronary artery disease 34 (12.2%) 35 (12.5%) 1

Kidney disease 46 (16.5%) 54 (19.4%) 0.4397

Cancer 16 (5.7%) 16 (5.7%) 1

Respiratory disease 54 (19.4%) 60 (21.5%) 0.5996

Total number of
comorbidities

0.9807

0 104 (37.3%) 98 (35.1%)

1 72 (25.8%) 72 (28.5%)

2 47 (16.8%) 49 (17.6%)

3 40 (14.3%) 42 (15.1%)

4 11 (3.9%) 14 (5.9%)

5 5 (1.8%) 4 (1.4%)

Vaccination status at time of infection

No doses 165 (59.1%) 124 (44.4%) 0.0008

>14 days after first dose 6 (2.2%) 4 (1.4%)

>14 days after second dose 96 (34.4%) 121 (43.4%)

>14 days after third dose 12 (4.3%) 30 (10.8%)

Table 2. Propensity score matched disease outcomes of persons infected with
SARS-CoV-2 Delta and Omicron variants

Number of participants, (%)

P value
Delta variant
(n= 279)

Omicron variant
(n= 279)

Individual disease severity measures

Symptomatic 250 (89.6%) 218 (78.1%) 0.0004

Non-ICU hospitalization 131 (47.0%) 81 (29.0%) <0.0001

ICU admission 36 (12.9%) 16 (5.73%) 0.0057

Length of stay – Mean
(SD)

7.73 (7.37) 8.55 (6.79) 0.0038

Supplemental oxygena 96 (34.4%) 62 (22.2%) 0.0019

High flow oxygenb 43 (15.4%) 24 (8.60%) 0.0191

Mechanical ventilation 17 (6.09%) 9 (3.22%) 0.1597

Overall disease severityc

Mild-Moderate 94 (33.7%) 56 (20.1%) 0.0004

Severe-Critical 43 (15.4%) 29 (10.4%) 0.1007

Treatment

≥4 days Remdesivir 63 (22.5%) 56 (20.0%) 0.4694

≥4 days Corticosteroids 83 (29.7%) 57 (20.4%) 0.0087

≥1 dose of monoclonal
antibodies

80 (28.6%) 15 (5.37%) <0.0001

a.Supplemental oxygen is defined as nasal cannula.
bHigh flow oxygen is defined as high flow nasal cannula, bilevel positive airway pressure, and
continuous positive airway pressure.
cMild-moderate disease included hospitalization and/or use of supplemental oxygen; severe-
critical disease included any of the following: intensive care unit admission, use of high-flow
oxygen, need for mechanical ventilation, and death.
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1.62 95%CI (1.01, 2.61) p= 0.0565, Other 1.57 95% CI (0.56, 4.44),
p= 0.345, Unknown 2.39 95% CI (0.26, 21.76) p= 0.4451] or
severe group [Black 1, White 0.91 95% CI (0.47, 1.77) p= 0.7959,
Other 2.08 95% CI (0.54, 8) p= 0.2677, Unknown 2.23 95% CI

(0.22, 22.87) p= 0.5456]. Hypertension [2.98 95% CI (1.92, 4.66)
p< 0.0001] and kidney disease [2.12 95% CI (1.2, 3.78) p= 0.0101]
contributed to the likelihood of contractingmild-moderate disease.
Multiple comorbidities, including kidney disease [4.26 95% CI

Table 3. Clinical severity of persons infected with SARS-CoV-2 Delta and Omicron variants stratified by vaccination status

One or fewer doses

P value

Two or more doses

P value

N (%) N (%)

Variant Delta (N= 165) Omicron (N= 124) Delta (N= 114) Omicron (N= 155)

Individual disease severity measures

Non-ICU hospitalization 65 (39.4%) 28 (22.6%) 0.0037 66 (57.9%) 53 (34.2%) 0.0001

ICU admission 18 (10.9%) 7 (5.6%) 0.172 18 (15.8%) 9 (5.8%) 0.012

Length of stay (days) 6.63 [1.07, 35.6] 6.00 [2.00, 28.0] 0.186 4.68 [1.00, 36.5] 6.00 [0, 33.5] 0.029

Supplemental oxygen 52 (31.5%) 23 (18.5%) 0.018 44 (38.6%) 39 (25.2%) 0.026

High-flow oxygen 24 (14.5%) 11 (8.9%) 0.200 19 (16.7%) 13 (8.4%) 0.059

Mechanical ventilation 9 (5.5%) 2 (1.6%) 0.168 8 (7.0%) 7 (4.5%) 0.538

Overall disease severity

Mild-Moderate 44 (26.7%) 16 (12.9%) 0.006 50 (43.9%) 40 (25.8%) 0.002

Severe-Critical 24 (14.5%) 14 (11.3%) 0.525 19 (16.7%) 15 (9.7%) 0.128

Table 4. Multivariable logistic regression with outcome disease status

Mild-Moderate disease
aOR, [95% CI] P value

Severe disease
aOR, [95% CI] P value

Variant

Delta 1 [Reference] 1 [Reference]

Omicron 0.36 (0.23, 0.56) <0.0001 0.57 (0.32, 1.01) 0.0687

Race

Black 1 [Reference] 1 [Reference]

White 1.62 (1.01, 2.61) 0.0565 0.91 (0.47, 1.77) 0.7959

Other 1.57 (0.56 4.44) 0.345 2.08 (0.54, 8) 0.2677

Unknown 2.39 (0.26, 21.76) 0.4451 2.23 (0.22, 22.87) 0.5456

Comorbidities

Diabetes mellitus 1.06 (0.64, 1.75) 0.815 1.51 (0.78, 2.94) 0.1991

Hypertension 2.98 (1.92, 4.66) <0.0001 1.32 (0.72, 2.44) 0.3933

Coronary artery disease 1.1 (0.6, 2.01) 0.7623 0.54 (0.23, 1.26) 0.1159

Kidney disease 2.12 (1.2, 3.78) 0.0101 4.26 (1.97, 9.21) <0.0001

Cancer 1.55 (0.66, 3.6) 0.3538 6.9 (2.53, 18.73) <0.0001

Respiratory disease 1.37 (0.84, 2.25) 0.2331 5.78 (3.16, 10.59) <0.0001

Liver disease 0.61 (0.27, 1.38) 0.2656 3.91 (1.65, 9.3) 0.0022

Vaccination status

None 1 [Reference] 1 [Reference]

One dose 1 (0.23, 4.44) 0.9963 0 (N/A, N/A) N/A

Two doses 1.24 (0.76, 1.99) 0.3716 0.45 (0.23, 0.88) 0.0102

Three doses 3.2 (1.43, 7.17) 0.0068 0.54 (0.18, 1.62) 0.2801

BMI

Underweight 0.74 (0.23, 2.39) 0.6715 0.12 (0.01, 1.45) 0.0035

Overweight 0.62 (0.34, 1.15) 0.1298 0.89 (0.41, 1.92) 0.7486

Obesity 1.02 (0.61, 1.7) 0.9553 0.74 (0.37, 1.48) 0.3939
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(1.97, 9.21) p< 0.0001, cancer [6.9 95% CI (2.53, 18.73)
p< 0.0001], respiratory disease [5.78 95% CI (3.16, 10.59)
p< 0.0001], and liver disease [3.91 95% CI (1.65, 9.3) p= 0.0022],
greatly increased the risk of severe COVID-related outcomes.
Those who received 2 vaccination doses were 55% less likely to
have severe disease [95% CI (0.23, 0.88), p= 0.0102] compared to
unvaccinated individuals. Conversely, those who received 3
vaccination doses were 3 times as likely to have mild-moderate
disease [aOR: 3.2, 95% CI (1.43, 7.17) p= 0.0068] than their
unvaccinated counterparts. Low BMI contributed to lower risk of
mild-moderate disease [0.12 95% CI (0.01, 1.45) p= 0.0035],
however, sample size was small (n= 27).

Discussion

This study was a retrospective chart review using a stratified
sampling method of Delta and Omicron variant infected patients
who presented to an emergency department at an academic,
safety-net hospital between September 2021 and January 2022.
Analyses revealed worse overall disease outcomes and higher
treatment requirements for patients infected with the Delta variant
compared to propensity score-matched patients infected with the
Omicron variant. Disease burden continued to be higher for Delta
patients after stratifying by vaccination status. A multivariable
model identified medical comorbidities such as kidney, liver, and
respiratory disease along with cancer as predictors of more severe
disease. Further, 2 doses of COVID-19 vaccine were reported to be
protective against severe disease.

This study oversampled Black patients consistent with overall
hospital demographics. As race is a social construct that is not
representative of biological differences, it is important to analyze
the ways structural racism has impacted the Black community
throughout the COVID-19 pandemic. In New York City, the first
epicenter of the pandemic, a higher population density of Black
residents was the strongest predictor of neighborhood COVID-19
test positivity, even after controlling for socioeconomic status,
comorbidities, and age.16 Later analyses of possible contributing
factors reported that Blacks in New York City comprise a large
sector of frontline jobs, increasing exposure to the virus.17 Another
study found a decrease in the death rate in Black communities with
higher unemployment, possibly due to ability to shelter in place.18

Racial/ethnic minorities as a whole are more likely to have positive
COVID-19 test results and require admission to the hospital and
ICU in the United States.12,13,18,19 This study was underpowered to
detect inequities between racial groups, hence it is not surprising
that race was not predictive of disease severity in the multivariable
model. The study outcomes, however, largely represent a Black,
urban patient population with unique vulnerabilities to the effects
of COVID-19.

The COVID-19 literature has demonstrated that vaccination
status plays a role in illness severity. Given the lack of standardized
vaccine registry in the United States, the current study was not
powered to detect a difference in disease severity by vaccination
status. This study did, however, detect a trend toward protection
from severe disease, regardless of variant, in patients who received
2 doses of the COVID-19 vaccine. Further, patients with 3 vaccine
doses trended toward more mild-moderate disease compared to
their unvaccinated counterparts. The study population who had
received 3 doses was small (n= 42) and may represent a higher-
risk group who was eligible for booster doses before the general
public. Additionally, Black Americans have had the slowest uptake
of the primary vaccine series and the second slowest uptake of the

booster dose.20 Black participants in a survey conducted in the
United States reported being the least likely racial/ethnic group to
vaccinate themselves or those in their care, due to mistrust and
perception of risk and severity.21 A large study conducted across
American hospitals reported that 3 doses were necessary to achieve
the same protection against the Omicron variant as 2 doses
provided against the Delta variant.22 The authors note that in the
unvaccinated population, the Delta variant drove higher disease
severity. Therefore, the increased disease severity in the Delta
variant population may be driven by higher proportion of
unvaccinated and undervaccinated individuals. Furthermore, the
effect of Delta on disease severity existed after controlling for
vaccination status.

Disease severity was further compounded by medical
comorbidities, which also display unsettling patterns of racial
inequity. Patients with preexisting kidney disease and hypertension
were roughly 2 and 3 times as likely to develop mild-moderate
disease, respectively. Effects were greater in the severe disease cohort.
Patients with kidney disease (aOR: 4.26), cancer (aOR: 6.9),
respiratory disease (aOR: 5.78), and/or liver disease (aOR: 3.91)
were at a substantially higher risk of suffering from severe disease
outcomes, like ICU admission or requiring high-flow oxygen.
The health inequity literature acknowledges several important
trends in the COVID-19 pandemic. In a Black, urban population,
participants were more likely to have hypertension, diabetes, and a
higher number of comorbidities overall, regardless of age.17 Black
patients are also over-represented in the asthmatic population,
leading to more hospitalization secondary to COVID-19.23 Despite
reported differences in baseline comorbidity rates, Black participants
are underrepresented in COVID-19 prevention strategy trials.24

There is, however, equal representation of Black Americans in
COVID-19 treatment trials.

This study has several strengths that add to the existing
literature. Namely, a lower socioeconomic status, Black, and urban
population were oversampled. Though insurance information
was not readily available for all participants, it is reasonable to
extrapolate socioeconomic status given typical hospital demo-
graphics, especially in the Emergency Department. Therefore, this
study captures a particularly vulnerable population. The study time
period was carefully selected to include the peak of both Delta and
Omicron waves at the institution. The trends presented here
regarding comorbidities, vaccination status, and disease outcomes
inform the national discourse on how to protect a disproportion-
ately affected sector of the United States population in the setting of
another potential surge.

This study is limited in its generalizability. It was conducted at a
single academic center at a cross-section in time. Vaccination
status was based on patient report and provider documentation,
which limits reliability and contributes to missing data. To control
variables, this study evaluated only patients who presented to
the emergency department and may be more symptomatic with
greater numbers of comorbidities than other patient populations.
However, it is the anecdotal observation of the authors during
chart review that the ED was being used inappropriately by
patients as an asymptomatic testing center at this stage of the
pandemic. It has also been reported that Black patients are more
likely to get COVID-19 testing in the ED or inpatient than in the
ambulatory setting.25

Overall, these data support reports of higher morbidity due to
the COVID-19 pandemic in minority populations and those
suffering from chronic medical conditions. Disease severity was
worse in the Delta variant cohort regardless of vaccination status.
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Illness severity was further mediated by medical comorbidities. This
work serves to inform public health efforts to serve especially
vulnerable patient populations withmultiple medical comorbidities,
such as the low socioeconomic status, predominantly Black urban
population described here.

Acknowledgments. None.

Financial support. None reported.

Competing interests.All authors report no conflicts of interest relevant to this
article.

References

1. Tracking SARS-CoV-2 variants. https://www.who.int/emergencies/what-
we-do/tracking-SARS-CoV-2-variants. Accessed December 28, 2021.

2. Teyssou E, Delagrèverie H, Visseaux B, et al.TheDelta SARS-CoV-2 variant
has a higher viral load than the Beta and the historical variants in
nasopharyngeal samples from newly diagnosed COVID-19 patients. J Infect
2021;83:e1–e3.

3. Nasreen S, Chung H, He S, et al. Effectiveness of mRNA and ChAdOx1
COVID-19 vaccines against symptomatic SARS-CoV-2 infection and severe
outcomes with variants of concern in Ontario, 2021. https://www.medrxiv.
org/content/10.1101/2021.06.28.21259420v3. Accessed December 31, 2021.

4. Kannan SR, Spratt AN, Sharma K, Chand HS, Byrareddy SN, Singh K.
Omicron SARS-CoV-2 variant: Unique features and their impact on pre-
existing antibodies. J Autoimmun 2022;126:102779.

5. Lippi G, Adeli K, Plebani M. Commercial immunoassays for detection of
anti-SARS-CoV-2 spike and RBD antibodies: urgent call for validation
against new and highlymutated variants.Clin ChemLabMed (CCLM) 2021.
http://www.degruyter.com/document/doi/10.1515/cclm-2021-1287/html.
Accessed December 30, 2021.

6. Pawłowski P. SARS-CoV-2 variant Omicron (B.1.1.529) is in a rising trend
of mutations increasing the positive electric charge in crucial regions of the
spike protein S. Acta Biochimica Polonica 2021. https://ojs.ptbioch.edu.pl/
index.php/abp/article/view/6072. Accessed December 30, 2021.

7. He X, Hong W, Pan X, Lu G, Wei X. SARS-CoV-2 Omicron variant:
Characteristics and prevention. MedComm 2021;2:838–845. http://doi.org/
10.1002/mco2.110.

8. Pulliam JRC, Schalkwyk C van, Govender N, et al. Increased risk of SARS-
CoV-2 reinfection associated with emergence of the Omicron variant in
South Africa, 2021. https://www.medrxiv.org/content/10.1101/2021.11.11.
21266068v2. Accessed December 30, 2021.

9. Zhang X, Wu S, Wu B, et al. SARS-CoV-2 Omicron strain exhibits potent
capabilities for immune evasion and viral entrance. Signal Transduct Target
Ther 2021;6:430.

10. Chen J, Wang R, Gilby NB, Wei G-W. Omicron variant (B.1.1.529):
Infectivity, vaccine breakthrough, and antibody resistance. J Chem Inf
Model 2022;62:412–422. http://doi.org/10.1021/acs.jcim.1c01451

11. ImC,Munasinghe LL,Martínez JM, et al.Themagnitude of Black/Hispanic
disparity in COVID-19 mortality across United States Counties during the
first waves of the COVID-19 pandemic [published correction appears in Int
J Public Health. 2021 Dec 20;66:1604486]. Int J Public Health 2021;
66:1604004. http://doi.org/10.3389/ijph.2021.1604004

12. Mackey K, Ayers CK, Kondo KK, et al. Racial and ethnic disparities in
COVID-19–related infections, hospitalizations, and deaths.Ann InternMed
2021;174:362–373.

13. Tai DBG, Shah A, Doubeni CA, Sia IG, Wieland ML. The disproportionate
impact of COVID-19 on racial and ethnic minorities in the United States.
Clin Infect Dis 2021;72:703–706.

14. Butt AA, Yan P, Shaikh OS, Mayr FB. Outcomes among patients with
breakthrough SARS-CoV-2 infection after vaccination in a high-risk
national population. EClinicalMedicine 2021;40:101117.

15. World Health Organization. Clinical management of severe acute
respiratory infection (SARI) when COVID-19 disease is suspected.
Interim guidance. Pediatr Med Rodz 2020;16:9–26.

16. DiMaggio C, Klein M, Berry C, Frangos S. Black/African American
Communities are at highest risk of COVID-19: spatial modeling of New
York City ZIP Code–level testing results. Ann Epidemiol 2020;51:7–13.

17. ArastehK. Prevalence of comorbidities and risks associated with COVID-19
among Black and Hispanic populations in New York City: an examination
of the 2018 New York City Community Health Survey. J Racial Ethn Health
Disparities 2021;8:863–869.

18. Boserup B, McKenney M, Elkbuli A. Disproportionate Impact of COVID-19
Pandemic on Racial and Ethnic Minorities. Am Surg 2020;86:1615–1622.

19. Khanijahani A, Iezadi S, Gholipour K, Azami-Aghdash S, Naghibi D.
A systematic review of racial/ethnic and socioeconomic disparities in
COVID-19. Int J Equity Health 2021;20:248.

20. Baker L, Phillips B, Faherty LJ, Ringel JS, Kranz AM. Racial and ethnic
disparities in COVID-19 booster uptake.Health Affairs 2022;41:1202–1207.

21. Viswanath K, Bekalu M, Dhawan D, Pinnamaneni R, Lang J, McLoud R.
Individual and social determinants of COVID-19 vaccine uptake. BMC
Public Health 2021;21:818.

22. Lauring AS, Tenforde MW, Chappell JD, et al. Clinical severity of, and
effectiveness of mRNA vaccines against, covid-19 from omicron, delta, and
alpha SARS-CoV-2 variants in the United States: prospective observational
study. BMJ 2022;376:e069761.

23. Chhiba KD, Patel GB, Vu THT, et al. Prevalence and characterization of
asthma in hospitalized and nonhospitalized patients with COVID-19.
J Allergy Clin Immunol 2020;146:307–314.e4.

24. Xiao H, Vaidya R, Liu F, Chang X, Xia X, Unger JM. Sex, racial, and
ethnic representation in COVID-19 clinical trials: a systematic review and
meta-analysis. JAMA Intern Med 2023;183:50–60.

25. Azar KMJ, Shen Z, Romanelli RJ, et al. Disparities in outcomes among
COVID-19 patients in a large health care system in California. Health
Affairs 2020;39:1253–1262.

6 Laura Peyton Ellis et al

https://doi.org/10.1017/ash.2023.453 Published online by Cambridge University Press

https://www.who.int/emergencies/what-we-do/tracking-SARS-CoV-2-variants
https://www.who.int/emergencies/what-we-do/tracking-SARS-CoV-2-variants
https://www.medrxiv.org/content/10.1101/2021.06.28.21259420v3
https://www.medrxiv.org/content/10.1101/2021.06.28.21259420v3
http://www.degruyter.com/document/doi/10.1515/cclm-2021-1287/html
https://ojs.ptbioch.edu.pl/index.php/abp/article/view/6072
https://ojs.ptbioch.edu.pl/index.php/abp/article/view/6072
http://doi.org/10.1002/mco2.110
http://doi.org/10.1002/mco2.110
https://www.medrxiv.org/content/10.1101/2021.11.11.21266068v2
https://www.medrxiv.org/content/10.1101/2021.11.11.21266068v2
http://doi.org/10.1021/acs.jcim.1c01451
http://doi.org/10.3389/ijph.2021.1604004
https://doi.org/10.1017/ash.2023.453

	A comparison of severity of illness between the SARS-CoV-2 Omicron variant and Delta variant
	Introduction
	Methods
	Study center
	Study participants
	Measures
	Laboratory methods
	Statistical analysis

	Results
	Discussion
	References


