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Abstract

Background While existing evidence suggests less severe clinical manifestations and lower mortality are associated
with the Omicron variant as compared to the Delta variant. However, these studies fail to control for differences

in health systems facilities and providers. By comparing patients hospitalized on a single medical service during

the Delta and Omicron surges we were able to conduct a more accurate comparison of the two varaints'clinical
manifestations and outcomes.

Methods We conducted a prospective study of 364 Omicron (BA.1) infected patients on a single hospitalist service
and compared these findings to a retrospective analysis of 241 Delta variant infected patients managed on the same
service. We examined differences in symptoms, laboratory measures, and clinical severity between the two variants
and assessed potential risk drivers for case mortality.

Findings Patients infected with Omicron were older and had more underlying medical conditions increasing their
risk of death. Although they were less severely ill and required less supplemental oxygen and dexamethasone,
in-hospital mortality was similar to Delta cases, 7.14% vs. 4.98% for Delta (g-value =0.38). Patients older than 60 years
or with immunocompromised conditions had much higher risk of death during hospitalization, with estimated odds
ratios of 17.46 (95% Cl: 5.05, 110.51) and 2.80 (1.03, 7.08) respectively. Neither vaccine history nor variant type played a
significant role in case fatality. The Rothman score, NEWS-2 score, level of neutrophils, level of care, age, and creatinine
level at admission were highly predictive of in-hospital death.

Interpretation In hospitalized patients, the Omicron variant is less virulent than the Delta variant but is associated
with a comparable mortality. Clinical and laboratory features at admission are informative about the risk of death.

*Radhakrishnan, N. and Liu, M. contributed equally to this work.

*Correspondence:
Y.Yang
yy70876@uga.edu
F. Southwick
southf@epi.ufl.edu

Full list of author information is available at the end of the article

©The Author(s) 2023, corrected publication 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other

third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material.
If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http:/creativecommons.org/publicdomain/zero/1.0/) applies to
the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-023-08714-x&domain=pdf&date_stamp=2023-11-16

Radhakrishnan et al. BMC Infectious Diseases (2023) 23:747

Page 2 of 11

[Keywords COVID-19, SARS-CoV-2, Delta variant, Omicron variant, Mortality, Virulence, Clinical manifestations ]

Introduction

The SARS-CoV-2 pandemic has consisted of multiple
surges of infection because of continuous genetic and
antigenic drifting that allowed immune-escape and the
generation of more contagious variants, beginning with
the Alpha variant, followed by the Beta variant and the
Delta variant. In November of 2021 South Africa expe-
rienced a large surge due to a variant designated as the
Omicron (BA1l) variant that was estimated to be 2-3
times more contagious than the Delta variant [1]. How-
ever, the high incidence of infections in South Africa
“was decoupled from the incidences of hospitalization,
recorded death, and excess death:” This decoupling was
partially explained by the high seroprevalence of anti-
SARS-COVID-2 IgG antibodies (56.2-79.7%) prior to the
Omicron wave indicating significant prior exposure and
immunity [2].

Subsequent epidemiology studies in multiple devel-
oped countries [3—14] suggest that the Omicron variant
causes less severe disease and a lower mortality than pre-
vious variants. Analysis of hospitalized patients in South
Africa revealed a lower incidence of severe disease and
reduced mortality [15, 16].

New Omicron variants including BA2 and BA5 and
more recently BQ1l and BQ1.1 contain mutations that
circumvent immunity directed against the SARS-CoV-2
ancestral strain and the original vaccines, and conse-
quently are now spreading throughout the world. To date
these variants have not been shown to differ in clinical
severity as compared to BA1 [17].

To directly compare the severity and differences in the
clinical presentation of Omicron to the Delta variant we
prospectively studied 362 patients admitted during the
peak of the local Omicron surge in North Florida. We
then collected data on a retrospective cohort of 241 ran-
domly selected cases admitted to the same hospitalist
service during the Delta variant surge. All patients were
managed by the same physicians and nurses eliminat-
ing institutional differences in case selection and clinical
resources allowing a more accurate comparison of viru-
lence defined as the severity of disease manifestations as
assessed by the clincal symptoms (fever, chills and short-
ness of breath); vital signs (respiratory rate, heart rate,
blood pressure and room air oxygen saturation); labora-
tory findings (inflammatory markers, d-dimer and cre-
atinine); imaging studies (chest Xray or chest CT scan);
and mortality. Finally we have applied machine learning
to create an accurate predictive model of fatal outcome to
identify patients requiring early escalation of care.

Methods

Patient population

All patients were hospitalized on the Hospitalist Service
at the University of Florida Shands Hospital, a major aca-
demic referral center for Northern Florida and Southern
Georgia with 1,162 licensed beds. The Hospitalist Ser-
vice consists of 3 Medical Surgical wards (36 beds each)
and 2 Intermediate Care (IMC) units (30 and 24 beds).
Throughout the study the same selection criteria for hos-
pital admission of COVID-19 were applied to all patients.
(Appendix, Supplementary Methods)

Patient clinical data entry

The prospective Omicron study began on December
30, 2021 and continued through February 15, 2022 dur-
ing the peak of COVID-19 hospital admissions (Fig. 1A).
Patients with either (1) confirmation by genome sequenc-
ing or (2) a positive RTPCR and a symptom onset on or
after Jan. 8, 2022 were consider to be infected with Omi-
cron. This cut-off date was chosen according to the pro-
portions of variants in the southeastern health region of
the US (Appendix, Fig. S1).

Twelve hospitalists were assigned in rotation to review
the charts of all patients admitted to the Hospitalist Ser-
vice with a positive RTPCR test for SARS-COV-2 dur-
ing the period from December 30th to February 15th.
A RedCap data entry form with 64 possible data entries
was filled out (Appendix, Fig. S4) https://www.project-
redcap.org/software/ In addition to standard clinical
parameters, we recorded 2 global measures of clinical
status: NEWS-2 score and Rothman Index. NEWS-2,
National Early Warning Score 2 includes respiratory rate,
O2 saturation, temperature, blood pressure, heart rate,
and level of consciousness. Scores range from 0 to 20 and
the higher the score the higher the risk of a fatal outcome
[18]. The Rothman Index incorporates 26 values includ-
ing 10 nursing functional assessments, vital signs and
basic laboratory values and has been verified in multiple
studies [19, 20]. Scores range from 100 to -91, the lower
the score the poorer the patient’s overall medical condi-
tion and the worse their prognosis. Illness severity was
also classified as mild, moderate, severe or critical using
the WHO criteria as of 12/2022 (Appendix, Supplemen-
tal Methods).

All patients were followed until hospital discharge
or death. Patients who died within 30 days of discharge
were also included. The cause of death was independently
determined by two physicians (NR and FS) who after dis-
cussions achieved 100% agreement (Appendix Supple-
mental Methods). The reason for admission, COVID-19
or other, was determined by the individual reviewer.
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Fig. 1 (A) Daily cases during the period of the prospective study of Omicron-infected patients Bracket marks the period when cases were studied.
Genomic sequencing of 1 out of 3 patients during this time period revealed 99.2% of cases were the Omicron BA1 variant. (B) Percentage of Delta and
Omicron-infected patients who had the reported symptoms associated with their infection. ** p <0.001 (see Table 1 for statistical analysis). (C) Rothman
index scores on admission and at the time of death for Omicron and Delta-infected patients who died in the hospital. Bracket marks the statistically sig-
nificant difference in admission Rothman Index scores, Delta scores being higher (better overall health) than Omicron cases, Mean+SD 582+269 n=8
vs. 34.8+23.0 n=34. *p=0.0158. (D) Percentage of Delta and Omicron-infected patients who received each treatment * p=0.039-0.009. ** p=<0.001

(See Table 1 for statistical analysis)

There was 87.5% agreement as to the cause of admission
between 2 independent duplicate reviewers of 40 charts.

For the retrospective analysis of Delta variant patients
records were randomly selecting from the Electronic
Health Record data base from June 19, 2021 to Octo-
ber 14, 2021 using the search terms COVID-19 and
MHS (hospitalist service). During this period genomic
sequence analysis revealed that over 95% of all COVID-
19 cases were due to the Delta variant in the U.S. [21]
Three additional Delta cases were identified by genomic
sequencing on January 3, 7, and 16, 2022.

Statistical analysis
We summarized the demographic and clinical charac-
teristics for all patients as well as for subgroups defined

by vaccine status (vaccinated vs. unvaccinated) and vari-
ant type (Delta vs. Omicron). The overall research design
could be classified as a retrospective cohort study. Cat-
egorical characteristics were compared between sub-
groups using the Fisher’s exact test, and continuous
variables were compared using the Wilcoxon rank sum
test. Multiple comparisons were adjusted to control the
false discovery rate at 0.05 using the Benjamin-Hochberg
procedure, and both the unadjusted p-values and multi-
comparison-adjusted q-values were reported.

To assess the impact of vaccination and variant on sur-
vival, we fitted multivariable logistic models to the binary
outcome of death, adjusting for demographic features
and chronic conditions. Baseline clinical signs, symp-
toms, severity, treatment and management variables were
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not included as vaccines could change these variables.
Models were generated for four definitions of endpoints:
1) all-cause in-hospital deaths, (2) all-cause deaths that
occurred in-hospital or within 30 days of discharge,(3)
COVID-attributed in-hospital deaths, (4) COVID-attrib-
uted deaths that occurred in-hospital or within 30 days of
discharge; We regard the 1st endpoint as the most clini-
cally relevant. We first screened variables using Fisher’s
exact test for univariable association using the broadest
definition of mortality (all-cause deaths in the hospi-
tal or within 30 days of discharge) as the most inclusive
definition, and variables with p-values<0.1 were retained
for model building. We then fit the models combining
all four endpoints. At each step, the smallest p-value
across all four models was calculated for each variable,
and the variable with the largest p-value was dropped.
This backward selection procedure was stopped when
all remaining variables had a smallest p-value<0.05. We
also conducted backward selection individually for each
model to obtain parsimonious models, variables with
p-values>0.05 being sequentially dropped from each
model.

To guide clinical management of patients with a high
risk of death, we developed a prediction model for death
using a machine learning algorithm, the Boosted Regres-
sion Trees (BRT), implemented in the XGBOOST R
package. (Appendix, Supplemental Methods) All statisti-
cal analyses were conducted in the software R version 4.2.

Results

A total of 614 SARS-CoV-2 infected patients admit-
ted during the period from June 19, 2021 to February
15, 2022 were studied. Among these patients, 241 were
considered to be infected with Delta, dates of positive
RTPCR tests spanning June 19, 2021 to January 16, 2022,
of whom 238 were admitted and tested on or before
October 15, 2021 when Delta was the dominant strain
(Appendix, Fig. S2). The remaining three were admitted
in January of 2022 and identified by genome sequenc-
ing. The other 373 patients were admitted and tested
after November 16, 2021, of whom 121 were confirmed
to be Omicron by genome sequencing, and 252 were not
sequenced. During the period of January 8 to February
15, 2022, nearly one third of patients (107/350) under-
went full genomic sequencing, and only one patient
admitted on January 16, 2022 was identified as a Delta
variant. The other 106 sequences identified the Omi-
cron BA.1 variant (99.1%), consistent with the composi-
tion of variants in the southeastern health region of the
US (Appendix, Fig. S1). It is hence reasonable to consider
the 243 unsequenced patients tested during this period
as infected by Omicron. Our analyses were thus based on
241 Delta patients and 364 (121+243) Omicron patients.
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Comparisons of demographics, clinical symptoms,
baseline health conditions, baseline clinical measure-
ments, clinical management, and survival between Delta-
infected and Omicron-infected hospitalized patients
revealed 29 out of 64 (45.3%) statistically meaningful
differences with g-values <0.05 (Table 1). As compared
to Delta, Omicron-infected patients were older (39.84%
vs. 26.56% =70 years), were less likely to be admitted
because of COVID-19 (58.24% vs. 74.69%), more likely
to be vaccinate;d (37.36% >2 doses vs. 12.45%), and more
likely to have chronic conditions such as cardiovascular
disease (29.95% vs. 17.84%) and hypertension (57.42% vs.
42.32%).

As shown in Table 1; Fig. 1B, among major symptoms
(prevalence >20%) the two variants caused similar fre-
quencies of cough, myalgia, loss of appetite, nausea, and
diarrhea. The Omicron patients were less likely to present
with fever (31.59% vs. 53.11%), chills (23.63% vs. 32.78%),
shortness of breath (49.18% vs. 61.41%), and loss of taste
and smell (1.1% vs. 6.64%). The only symptom more likely
in Omicron patients with a q-value <0.05 was sore throat
(15.66% vs. 6.22%).

Respiratory rate, oxygenation, and NEWS-2 scores
at admission were less severely affected in Omicron
patients. Omicron patients had slightly lower Rothman
index (median [IQR]=70 vs. 73). The gap in admission
Rothman index was larger among fatal cases, nearly
24 points lower for Omicron (Mean 58.25 vs. 34.79,
p=0.0158, Fig. 1C) indicating poorer overall health. Lab-
oratory findings demonstrated a lower degree of inflam-
mation as assessed by neutrophil response (74.6 vs. 77.7)
(for confidence intervals see Table 1) and C-reactive pro-
tein (42.97 vs. 70.0) and the reduction in total lympho-
cyte count was less severe in Omicron variant patients
(880 vs. 750). Omicron-infected patients were more
likely to have a clear chest X-ray or CT scan (39.56% vs.
19.5%) and the overall rating of the severity of their infec-
tion was lower as compared to Delta patients (43.69% vs.
62.24% severe or critical). The median delay from symp-
tom onset to admission was 3 days for Omicron patients,
much shorter than 7 days for Delta patients.

As shown in Fig. 1D fewer Omicron patients were pre-
scribed antibiotics (37.36% vs. 46.89%), high flow oxygen
(12.36% vs. 24.48%), Dexamethasone (49.73% vs. 69.29%)
and IL6 inhibitors (0.82% vs. 4.15%). However, a signifi-
cantly higher number were given Remdesivir (71.43% vs.
59.34%) and anticoagulated (81.59% vs. 71.78%), reflect-
ing a systematic change in clinical management. (see
discussion).

To eliminate potential confounding effects of vaccina-
tion on the clinical manifestations, baseline laboratory
measurements, and clinical management and outcome,
we restricted comparisons to unvaccinated hospitalized
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Characteristics Category Delta Omicron p-value g-value

Total 241 (100%) 364 (100%)

Age Group 20-39 years old 43 (17.8) 41 (11.3) 0.001 0.005
40-69 years old 134 (55.6) 78 (48.9)
70 years or older 64 (26.6) 45 (39.8)

Gender Female 118 (49.0) 202 (55.5) 0.134 0.195

Reason of Admission COVID-19 180 (74.7) 212 (58.2) <0.001 <0.001

Vaccination Status None 200 (83.0) 208 (57.1) <0.001 <0.001
1 shot 11 (4.6) 20 (5.5)
2 shots 26 (10.8) 97 (26.6)
3 shots 4(1.7) 39(10.7)

Symptoms Fever 128 (53.1) 115 (31.59) <0.001 <0.001
Chills 79(32.8) 86 (23.6) 0.015 0.039
Headache 0(124) 40 (11.0) 0.605 0.655
Stuffy nose (1 2.9) 41(11.3) 0.608 0.655
Runny nose 5(6.2) 26 (7.1) 0.742 0.766
Sore throat 5(6.2) 57 (15.6) <0.001 0.002
Loss of Taste and Smell 16 (6.6) 4(1.1) <0.001 0.002
Earache 1(04) 0 (0.00) 0.398 0472
Cough 153 (63.5) 201 (55.2) 0.052 0.102
Sputum production 34(14.0) 39(10.7) 0.251 0.321
Shortness of Breath 148 (61.4) 179 (49.2) 0.004 0.013
Fatigue 122 (50.6) 152 (41.8) 0.037 0.076
Myalgia 70(29.0) 83(22.80 0.086 0.150
Loss of Appetite 61 (25.3) 72 (19.8) 0.110 0.172
Nausea 67 (27.8) (25 3) 0510 0.583
Vomiting 40 (16.6) 6(154) 0.733 0.766
Diarrhea 68 (28.2) (2 4) 0.065 0.119
Abdominal pain 21(8.7) 49 (13.5) 0.091 0.151
No Symptoms 10 (4.2) 27 (7.4) 0.119 0.182
Confusion, altered mental status 18 (7.5) 33(9.1) 0.551 0.619
Other 46 (19.1) 81(222) 0361 0436

Baseline Diseases Cardiovascular Disease 43 (17.8) 109 (30.0) <0.001 0.004
Hypertension 102 (42.3) 209 (57.4) <0.001 0.002
Diabetes Mellitus 58 (24.1) 111 (30.5) 0.096 0.153
COPD 27(11.2) 54 (14.8) 0.223 0.298
Obesity 37(154) 42(11.5) 0177 0.242
Sickle Cell Disease 0 (0.00) 4(1.0) 0.155 0.216
Asthma 1(4.6) 28(7.7) 0.132 0.195
Active Cancer 9(3.7) 24 (6.6) 0.146 0.208
Immunocompromised 17 (7.0) 41 (11.3) 0.092 0.151
Other underlying disease 77 (32.0) 143(39.3) 0.070 0.125

CXR or Chest CT Clear 47 (19.5) 144 (39.6) <0.001 <0.001
Unilateral infiltrate 20 (8.3) 49 (13.5)
Multifocal infiltrates 169 (70.1) 157 (43.1)
ARDS (ext. pulmonary edema) 0(0.0) 2(0.6)

Severity Mild 45(18.7) 131 (36,0) <0.001 <0.001
Moderate 46 (19.1) 74 (20.3)
Severe 119 (49.4) 143 (39.3)
Critical 31(129) 16 (4.4)

Level of Care Medical/Surgical Floor 162 (67.2) 270 (74.2) 0.041 0.082
IMC 55(22.8) 76 (20.9)
MICU 24(10.0) 18 (5.0)

Days from Onset to Admission** 7(3,10) 32,7) <0.001 <0.001
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Table 1 (continued)

Characteristics Category Delta Omicron p-value g-value

Days from PCR to Admission*** 0,1 0(0,0) 0.009 0.027

Mean (95% Cl). Mean (95% Cl)

Baseline Laboratory 02 Saturation RA 92.09%(88.0, 95.0) 94.09%(90.0, 96.0) <0.001 0.001

Measurements Respiratory Rate 22.0/min (18.0, 28.0) 20.0(18.0,25.0) 0.012 0.033
NEWS-2 Score 50(3.0,7.0) 4.0(2.0,7.0) 0.036 0.076
WBC 6200/l (4400, 9200) 6900/l (5000, 9800) 0.065 0.119
Neutrophils 77.7% (68.9, 84.0) 74.6% (64.20, 83.0) 0.009 0.026
Lymphocytes 750/ul (500, 1175) 880/l (600, 1425) 0.007 0.025
Creatinine 0.96 mg/dL (0.77,1.27) 1.01 mg/dL (0.79, 1.45) 0.239 0312
CRP 70.0 mg/dL(30.6,135.5)  42.97(12.89,121.16) <0.001 0.003
Procalcitonin 0.10 ng/mL (0.06, 0.24) 0.10 ng/mL (0.05,0.28) 0614 0.655
Baseline Rothman Score 73.0 (59.0, 83.0) 70.0(51.0,81.0) 0.012 0.033
D dimer 1.00 mg/L (0.58, 1.98) 1.08 (0.60, 1.84) 0.832 0.845

Management IV fluids 67 (27.8) 104 (28.6) 0.854 0.854
Antibiotics 113 (46.9) 136 (374) 0.023 0.050
Nasal 02 104 (43.2) 122 (33.5) 0.020 0.048
High flow O2 59 (24.5) 45(124) <0.001 0.001
Remdesivir 143 (59.3) 260 (71.4) 0.003 0.011
Dexamethasone 167 (69.3) 181 (49.7) <0.001 <0.001
IL6 inhibitor 10 (4.2) 3(0.8) 0.008 0.026
Other 17 (7.0) 48(13.2) 0.022 0.050
Anticoagulation 173 (71.8) 297 (81.6) 0.005 0.019

Death (All Cause) In-hospital 12 (5.0) 26 (7.1) 0.309 0.381
In-hospital or <30 days of discharge 15 (6.2) 45(124) 0018 0.043

Death (COVID-19) In-hospital 10 (4.2) 21 (5.8) 0453 0.527
In-hospital or >of discharge 12 (5.0) 26(7.1) 0.309 0.381

* Frequency (percent) for qualitative and median (IQR) for quantitative characteristics,. g-values<0.05 (bolded) control the false discovery rate to be <5%

** Interval from first symptom to the time of admission
**%* Interval from the time the RTPCR was positive to the time of admission

patients and identified similar statistically significant dif-
ferences. (Appendix, Table S1).

Despite the reduced severity of COVID-19 in hospital-
ized patients infected with the Omicron variant, all-cause
mortality during hospitalization or within 30 days of hos-
pital discharge was higher in Omicron compared to Delta
infected patients (12.36% vs. 6.22%, q=0.043). However,
this difference did not achieve statistical significance for
all cause in-hospital mortality (7.14% vs. 4.98% q=0.381),
COVID-19 attributable mortality in-hospital (5.77% vs.
4.15%), or COVID-19 attributable mortality in-hospital
or within 30 days of discharge (7.14% vs. 4.98%). A higher
percentage of hospitalized Omicron patients died outside
the hospital within 30 days of discharge (42.22% vs. 20%);
however this difference did not achieve statistical signifi-
cance (p=0.215).

Multivariable regression analyses of the drivers for the
risk of death among hospitalized Delta and Omicron
patients are shown in Table 2. For all cause in-hospital
death an elevated risk was associated with an age older
than 60 years (OR=17.46) (95% CI, see Table 2) immu-
nocompromised condition (OR=2.80), diabetes mellitus
(OR=2.15) and positive RT-PCR test before admission

(OR=2.17). A reduced risk of death was associated
with chronic hypertension (OR=0.39). Neither vaccine
nor viral variant played a significant role in the risk of
death among hospitalized patients. When deaths were
expanded to include deaths within 30 days of discharge,
the conclusions were comparable, but somewhat less
significant. When the endpoint was restricted to deaths
attributed to COVID-19, only age group and hyperten-
sion remained statistically significant with similar odds
ratios. Admission unrelated to COVID-19 was associ-
ated with up to 5-fold lower risk of COVID-19-attributed
death, with odds ratios of 0.14 for in-hospital death and
0.31 for deaths in the hospital and within 30 days of dis-
charge. We performed a sensitivity analysis by resctrict-
ing Omicron patients to the 121 individuals confirmed by
full genomic sequencing. This restriction was not applied
to Delta patients as full genomic sequences were not
started until the end of December of 2021. The results
are qualitatively similar, although the age effects differ in
magnitude, e.g., the odds ratio for age group regarding
all-cause in-hospital death decreased from 17.46 to 9.75
(Appendix, Table S2).
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Table 2 Logistic regression analysis of deaths among
hospitalized patients infected by the Omicron and Delta Variants.
Showing Odds Ratios' (95% confidence intervals)
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Table 3 Logistic regression of death outcome among
hospitalized patients infected with Omicron. Odds ratios' (95%
confidence intervals)

Variables COVID-attributed Deaths All-Cause Deaths Variables COVID-attributed Deaths All-Cause Deaths
In-hospital  In-hospi- In-hospital  In-hospi- In-hospital  In-hospi- In-hospital  In-hospi-
tal+ <30 days tal+<30 tal+<30 tal+<30
of discharge days of days of days of
discharge discharge discharge
Age group  13.10(3.71, 8.04(3.06, 17.46 (5.05, 9.66 Age group 14.79 (2.85, 9.73 (2.74, 20.07 (3.97, 11.26
(>=60vs.  83.60) 27.75) 110.51) (4.06, (>=60vs. 273.54) 62.28) 367.73) (3.82,
<60) 28.70) <60) 48.59)
Immuno- 2.58 (0.87, 1.90 (0.68,4.77) 2.80(1.03, 2.26 (0.95, Immuno- 4.01(1.18, 2.57(0.82, 4.17 (1.37, 3.13
compro- 7.02) 7.08) 5.06) compro- 12.87) 7.31) 11.98) (1.21,
mised (Yes mised (Yes 7.76)
vs. No) vs. No)
Diabetes 1.77 (0.74, 136 (0.64,2.81) 2.15(1.01, 1.67 (0.90, Hyperten- 0.39(0.15, 0.42(0.19, 0.42(0.18, 0.66 (0.34,
Mellitus 4.09) 4.51) 3.04) sion (Yesvs.  1.01) 0.95) 0.99) 1.30)
(Yes vs. No) No)
Hyperten-  0.37(0.16, 0.42(0.21, 0.39(0.18, 0.61(0.34, Other 1.81(0.69, 1.71(0.76, 1.96 (0.84, 245
sion (Yesvs. 0.83) 0.85) 0.80) 1.09) underlying  4.83) 3.85) 4.73) (1.26,
No) diseases 4.85)
Other 132(059,  143(0.72,280) 132(0.64, 1.77 (1.0, (Yes vs. No)
underlying  2.90) 2.67) 3.13) Reason of 0.16 (0.025, 0.39(0.14, 0.61(0.22, 1.11(0.56,
diseases admission 0.58) 0.96) 1.49) 2.18)
(Yes vs. No) (Other vs.
Reasonof  0.14(0.022, 0.31(0.11, 067 (0.29, 0.98(0.53, COVID-19)
admission 0.48) 0.71) 1.47) 1.78) Vaccinated 1.51(0.56, 1.30(0.57, 1.55 (0.65, 1.19(0.60,
(Other vs. (=1vs.0 4.13) 2.97) 3.79) 2.33)
COVID-19) doses)
Positive 2.04 (091, 146 (0.70,2.95) 2.17(1.03, 1.65(0.87, t Results are stratified by whether death was attributed to COVID-19 and
RT-PCR 4.50) 4.51) 3.06) whether death occurred during hospitalization. Results with statistical
test before significance are bolded
admission®
(Yes vs.No) Using the XGBOOST algorithm, we identified initial
Van‘am 082(034,  067(031,1.39) 086(039,  059(0.30, Rothman score and neutrophils as the two most influen-
E)Driitcarg;') 187) 183 110 tial predictors for the risk of death regardless of the end-
Vaccinated  138(060, 121 (059,245) 133 (063, 1,09 (060, point definition. (Table 4) We used a traditional cut-off of
(=1vs.0 3.14) 278) 1.96) 5 for the importance score, i.e., an importance score >5
doses) was considered an important predictor. The importance

1 Odds Ratios stratified by whether death was attributed to COVID-19 and
whether death occurred during hospitalization. Results with statistical
significance are bolded

# Positive RT-PCR test before admission vs. after admission correspond to days
from RT-PCR+to admission>0 vs. <0

When the logistic models were solely applied to Omi-
cron patients (Table 3), similar estimates were obtained;
however, the OR estimates increased from 17.46 to 20.08
for age group and from 2.80 to 4.17 for immunocom-
promised condition when we restricted the analysis to
all-cause in-hospital deaths. These higher OR estimates
suggest that age and immuncompromised conditions are
more influential for Omicron patients compared to Delta
patients.

To obtain models that were as parsimonious as pos-
sible, we also conducted backward selection for each
endpoint separately. Results in Tables S3 and S4 in the
appendix closely resembled those for the corresponding
variables and models in Tables 2 and 3.

scores ranged 15.88-39.66 for initial Rothman score and
9.11-10.86 for neutrophils across the four endpoints.
Creatinine, age group and CRP were also important pre-
dictors for three of four endpoints. NEWS2 score, he
level of care, days from positive RTPCR to admission,
and O, saturation were important for two endpoints.
When restricted to all cause in-hospital death, all eight
factors mentioned above except for O, saturation were
important. The predictive performance was satisfactory
for all endpoint definitions, with the areas under curve
(AUC) reaching 95.74-98.81% for the training sets and
78.45-85.47% for the testing sets. We plotted the average
response curves for the important predictors for all cause
in-hospital death (appendix, Fig. S2) demonstrating a
higher risk of death in association with admission to the
MICU, an older age (>70 years), a lower initial Rothman
score (<40), and higher levels of NEWS2 score (=10), cre-
atinine ((=2.7) and neutrophils (=90%).
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Table 4 Machine learning algorithm identifying the importance predictive performance (%) for death in-hospitalized patients

infected with Delta or Omicron*

Variable or Dataset

COVID-attributed Deaths

All-Cause Deaths

In-hospital In-hospital + <30 In-hospital In-hospi-
days of discharge tal+<30
days of
discharge
Importance Initial Rothman Score 16.41 39.66 15.88 36.35
News-2 Score 12.56 4.88 13.60 3.90
Neutrophils 9.11 9.96 10.86 10.61
Level of Care 7.73 3.19 9.47 3.88
Days from PCR+to Adm. 6.51 341 5.62 3.08
O, Saturation 5.31 7.31 4.19 4.27
Creatinine 6.81 3.15 7.97 5.95
Age Group 5.63 4.99 9.51 6.41
Respiratory Rate 444 2.39 447 4.84
CRP 8.08 6.12 5.08 4.88
Lymphocytes 344 3 5.43
WBC 4.34 6.08 4.25 433
Procalcitonin 388 4.90 349 3.84
Initial Severity 262 249
Days from symptom onset to 3.1 3.95
PCR+
Confusion/altered mental status 222
AUC Training 97.1 95.7 98.8 96.8
Testing 83.8 81.7 855 784

*based on the XGBOOST algorithm. Importance scores >5 are bolded

Discussion

The assessment of intrinsic virulence of different SARS-
CoV-2 variants is critical for determining future public
health needs for hospital resources and for informing
the managing clinicians’ expectations for hospital course
and therapeutic needs. Studies on the intrinsic virulence
of the Omicron variant in hamsters and human ACE-2
expressing mice revealed milder disease manifestations
and reduced inflammation in the naso-olfactory region
and lungs as compared to infection with the Delta variant
[22-25].

However, animal studies are difficult to extrapolate to
humans. Population-level studies are fraught with poten-
tial confounding issues and must be interpreted with cau-
tion, particularly when it comes to the Omicron variant
because of the marked variability of immunity in different
populations [26]. The marked dissociation between infec-
tion rate and hospitalization and death rates in South
Africa has been attributed to the high level of immunity
within the population rather than differences in virulence
[2, 15, 27, 28]. Additional population studies from other
countries including Canada [3], Denmark [4], France [5],
Germany [6], Sweden [7], United Kingdom [8-10] and
the United States [11-14], have confirmed the lower hos-
pitalization and death rates for Omicron versus earlier
variants, particularly the Delta variant, but these studies

have been cautious with regards to inferring reduced
intrinsic virulence.

Hospital-based clinical series provide more direct evi-
dence. In addition to the Los Angeles study reported
early in the U.S. Omicron surge that reported a reduced
mortality (4% versus 8.3% for Delta) [29] a series of
infected pregnant women from Parkland Health in Dal-
las revealed a much lower percentage of severe disease
among the women infected with Omicron as compared
with those infected with Delta, (0.9% vs. 11.8%,) [30]. A
comparison of patients with genotype proven Omicron
(n=274) and Delta (n=35) hospitalized at Stanford Uni-
versity Hospital in California revealed less severe disease
among Omicron patients (23.1% vs. 57.0%); however, the
number of Delta cases was small [31]. Recent studies of
hospitalized patients in Belgium and Norway also found
Omicron-infected patients had lower likelihood of place-
ment in the MICU [32, 33], and both studies found lower
mortality rates among Omicron-infected hospitalized
patients; however, this difference did not achieve statisti-
cal significance in the Belgium study [33].

Large studies that include multiple hospitals or mul-
tiple clinical services fail to control for differences in
staff expertise, admission criteria, and capacity for
timely treatment. A strength of our study was the abil-
ity to achieve maximal control of these variables. Both
Omicron and Delta patients were admitted and treated
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on the same university hospitalist service. Our study
supports previous conclusions that Omicron infection
results in less severe clinical manifestations as compared
to the Delta variant. We identified 9 statistically signifi-
cant differences consistent with milder disease: oxygen
saturation at room air, respiratory rate, NEWS2 score,
neutrophil count, lymphocyte count, C-reactive protein,
CXR infiltrates, WHO illness severity score and assigned
level of care. (Table 1). This reduction in clinical severity
was accompanied by a reduced need for high flow oxygen
supplementation and anti-inflammatory treatment with
corticosteroids and IL6 inhibitors.

With regards to clinical differentiation of Omicron and
Delta based on symptoms, our findings matched those
of an extensive United Kingdom survey of 4,990 Delta
and 4,990 Omicron patients using a smart phone app.
As observed in this study we found extensive overlap of
symptoms with only fever, chills, loss of taste and smell,
and shortness of breath being more prevalent in Delta
patients and sore throat being more common among
Omicron patients [34]. This close agreement suggests our
patient population accurately reflected the clinical char-
acteristics of COVID-19 patients in developed countries.

Limitations of our study include the modest num-
ber of cases and investigation of patients from a single
geographic location, Northern Florida, a region that
has an older population (21% >65 years) as compared
to the overall U.S population (17%), but comparable to
many European countries (19-24%). Secondly, the vari-
ant type was not confirmed by full genomic sequenc-
ing for most patients. Misclassification between Alpha
and Delta before mid-July of 2021 was possible, but the
Alpha variant has been found to have nearly comparable
virulence to Delta and slight contamination would not be
expected to compromise the comparisons. Misclassifica-
tion between Delta and Omicron after January 8th, 2022
was highly unlikely as shown by both public virological
surveillance (Appendix, Fig. S1) and our own sequence
samples (Appendix, Fig. S2). In addition, the sensitiv-
ity analysis restricted to Omicron patients confirmed by
genome sequencing showed qualitatively similar results.
Thirdly, our study included only the BA1 Omicron vari-
ant, and it is possible that other Omicron variants may be
associated with changes in virulence. Fourthly Omicron
infected patients were hospitalized earlier in their course
of illness possibly as a consequence of the repeated pub-
lic health messages encouraging early medical evalua-
tion. The earlier presentation of Omicron patients could
in part explain the milder clinical manifestations of
Omicron. However, in comparing changes in the Roth-
man Index over the duration of hospitalization there
were no significant differences between the two variants
(mean change in RI from admission to discharge, Omi-
cron — 1.9, Delta —1.2) indicating that Omicron patients’
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clinical condition did not show greater deterioration than
Delta patients during hospitalization. Finally, the Divi-
sion of Hospital Medicine made two major changes in
management protocols before the Omicron surge. Given
the wide availability of Remdesivir we administered
this medication within the first 12 h of admission for all
symptomatic individuals. In addition, we emphasized the
importance of ordering prophylactic anticoagulation for
all patients hospitalized with COVID-19. These condi-
tions would be expected to improve outcome and cannot
explain our higher mortality rate as compared to previ-
ous Omicron studies.

A major difference between Delta and Omicron
patients in our study and in previous studies was the level
of vaccination. In the present study, Omicron patients
had a much higher vaccination rate as compared to Delta
patients (37.36% vs. 12.45%.) as expected. During 2022,
more people would have been offered and taken the vac-
cines. This difference could explain the less severe clini-
cal manifestations of patients infected with the Omicron
variant. To avoid this potential confounder, we con-
ducted a sensitivity analysis restricted to patients who
had not been vaccinated and found similar differences in
clinical manifestations between the two variants, indicat-
ing that prior immunity alone could not explain the less
severe clinical manifestations of the Omicron variant and
strongly suggesting that this variant has lower intrinsic
virulence as compared to the Delta variant. Furthermore,
logistic regression analysis revealed that vaccination was
not a predictor of survival in our hospitalized Omicron
patients (Tables 2 and 3). Our findings seemingly con-
tradict a recent study in Finland reporting high vaccine
efficacy in elderly patients against Omicron-associated
hospitalization and ICU admission; [35] However, we
assessed a different measure of vaccine efficacy preven-
tion of death in hospitalized Omicron infected patients.

Finally, we created a predictive model for case fatality
among hospitalized patients using a machine-learning
approach (Table 4). The Rothman index score, NEWS2
score, the percentage of neutrophils in the peripheral
smear, and age were identified as important predic-
tors, while vaccination status and variant were not. This
model achieved a high level of accuracy for both training
(AUC 96-99) and testing (AUC 84 to 85) for predicting
in-hospital mortality, providing a helpful prognostic tool
for clinicians who may take early interventions to avert
potentially fatal outcomes. Our model is in agreement
with recent publications documenting the value of both
the NEWS2 score (AUC 74) [36] and Rothman Index
(AUC 81 to 84) [37, 38] for predicting in-hospital mortal-
ity in COVID-19 infection.

Despite the decreased virulence of Omicron we found
this variant resulted in mortality rates comparable to
the Delta variant. This seemingly contradictory finding
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can be explained by the debilitated state of our hospi-
talized Omicron patients. As compared to hospitalized
Delta patients, Omicron patients were older (39.84% vs.
26.56% > 70 years of age) and were more likely to have
underlying cardiovascular disease (29.95% vs. 17.84%).
Among fatal COVID-19 patients the overall medical
condition at the time of admission for Omicron infected
patients was significantly lower than for those who died
from the Delta variant (Rothman Index 58.25+26.87 vs.
34.79+22.96, Fig. 1C). This score objectively documented
the weakened medical condition of fatal Omicron-
infected patients at the time of admission and warned of
a poor prognosis [37, 38].

In conclusion the comparison of Delta versus Omicron
variant infected patients on the same clinical service con-
firms the lower virulence or clinical severity of the Omi-
cron variant. However, the less virulent Omicron variant
demonstrated higher levels of person to person spread
resulting in a higher percentage of elderly, debilitated and
immunocompromised being admitted to our hospital
with SARS-CoV-2 infections. As a consequence we found
that the in-hospital mortality rates for Omicron variant
were comparable to Delta variant infection. These find-
ings emphasize the importance of continued surveillance
and infection control prevention measures for reducing
mortality.
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