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Abstract

The Omicron variant of SARS-CoV-2 is associated with milder symptoms and lower hos-
pitalization and mortality rates than Delta variants, although the impact of Omicron on
immunocompromised patients, especially solid organ transplant (SOT) recipients, is still
unclear. This study compares the hospitalization rate and outcomes between immunocom-
promised, immunocompetent, and SOT patients during the Delta and Omicron periods.
We included adult patients who tested positive for SARS-CoV-2 on PCR or nasopharyn-
geal antigen test between 26 June 2021 to 8 September 2022, at our institution. A total
of 12,401 COVID-19 patients were included, of which 11,055 were immunocompetent,
and 1346 were immunocompromised (375 SOT recipients). Throughout the Delta and
Omicron outbreaks, immunocompromised patients exhibited higher comorbidities and
30-day hospitalizations, but rates of mechanical ventilation and ICU-level care were like
immunocompetent patients. During the Omicron wave, immunocompromised patients had
higher unadjusted relative risk estimates (RR = 2.37, 95% CI 1.96-2.87, p < 0.05) than Delta
(RR =1.58, 95% CI 1.24-2.01, p < 0.05), with higher adjusted relative risk for hospitalization
in Omicron (RR = 1.50, 95% CI 1.10-2.03, p = 0.01). Analyses show increased hospitalization
risk in immunocompromised during the Omicron wave compared to the Delta wave, with
no significant difference in hospitalization outcomes. The relative risk of hospitalization for
SOT patients was higher in both waves.

Keywords: COVID-19; immunocompromised; omicron; delta; solid organ transplant

1. Introduction

Since the first reported case of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) in Wuhan, China [1], the virus has continued to mutate and has given
rise to multiple variants [2]. Of the variants reported by World Health Organization
(WHO), the Alpha (B.1.1.7 and Q lineages), Beta (B.1.351 and descendent lineages), Delta
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(B.1.617.2 and AY lineages), and Omicron (B.1.1.529, BA.1, BA.1.1, BA.2, BA.3, BA.4 and
BA.5 lineages) variants, thus far, are the most concerning, as they were responsible for
major Coronavirus Disease 2019 (COVID-19) outbreaks worldwide [3]. In addition to their
structural differences, these variants differ with regard to their virulence, infectivity, target
population, and response to therapy [4]. Before the emergence of the Omicron variants, data
suggested that the immunocompromised population faced an increased risk of developing
severe COVID-19, requiring hospitalization, admission to the Intensive Care Unit (ICU),
and mortality, especially in solid organ transplant (SOT) recipients [5]. SOT recipients had a
15 times higher incidence of COVID-19 infection as compared to the general population [5].
Prior to vaccine availability, this was associated with at least a 10-fold higher mortality rate
in SOT recipients (20%) compared to immunocompetent patients (0.8-2%) [5].

In late 2021, the SARS-CoV-2 Delta variants were replaced by the Omicron variants.
With more than 40 mutations in the spike protein gene [6,7], the Omicron variants proved
to be more infectious to the general population, with less response to immunity conferred
by neutralizing antibodies from previous infections or vaccinations [7]. Yet, the Omicron
variants were associated with less severe symptoms, a shorter duration of illness, a lower
hospitalization rate, and a lower mortality rate than the Delta variants [8,9]. However,
limited information is available regarding the severity of the Omicron variant in immuno-
compromised patients and SOT recipients. In this retrospective cohort study, we sought
to compare the hospitalization rate and duration, need and duration for ICU stay, and
mortality in hospitalized immunocompromised as well as SOT patients in comparison
to immunocompetent patients between the Delta predominant and Omicron predomi-
nant eras.

2. Materials and Methods
2.1. Study Population

After obtaining approval from the Institutional Review Board, data was extracted
from the Mayo Clinic, FL, USA electronic health record system. Inclusion criteria included
adults 18 years of age or older with a positive polymerase chain reaction (PCR) or na-
sopharyngeal antigen test for SARS-CoV-2 between 26 June 2021 and 8 September 2022 at
Mayo Clinic Florida. Patients were excluded if their SARS-CoV-2 test was performed under
contract through a third party, had one or more Janssen vaccinations against SARS-CoV-2
(removed due to limited sample size and difficulty standardizing data to multi-shot vacci-
nation series), or if the solid organ transplant was performed after the COVID-19 infection
(Figure 1).

The latency period between the Delta-predominant and Omicron-predominant waves
of infection was defined as 18 October 2021 through 17 December 2021. Patients testing
positive during this period were excluded to eliminate any ambiguity due to unavailabil-
ity of genetic sequencing of variants. Eligible patients were identified as immunocom-
promised (as defined by CDC criteria [10]), immunocompromised SOT recipients, and
immunocompetent (if they lacked the above two criteria). Data related to patient demo-
graphics, comorbidities, vaccination status, COVID-19 Risk Score, admission status, type
of solid organ transplant, length of hospital stay, requirement of ICU care, mechanical
ventilation requirements, status of COVID-19 related medications (I.e., Molnupiravir, Nir-
matrelvir/ritonavir, Remdesivir), COVID-19 convalescent plasma, monoclonal antibodies
(Bebtelovimab, Casirivimab and Imdevimab, Sotrovimab), and tixagevimab/cilgavimab
was collected through automatic electronic data pool from patients” medical records. Vacci-
nation status was defined by the total number of COVID-19 vaccinations reported prior
to infection.
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Electronic Health Records were
Reviewed to include eligible
patients

Inclusion criteria

« Age 18 years or older

« Patients tested COVID-19 positive (positive polymerase chain reaction or nasopharyngeal
antigen test) at Mayo Clinic Florida between 06/26/2021 and 09/08/2022

Exclusion criteria

« SARS-CoV-2 was performed through a third-party

« Had one or more Janssen Vaccination against SARS-CoV-2

= Solid organ transplant performed after COVID-19 infection

[ 12,401 COVID-19 cases }

11,055 Immunocompetent ’ 1346 Immunocompromised
Cases cases
971 patients who did 375 Solid Organ Transplant
not receive solid organ recipients
transplants (Immunocompromised with
(Immunocompromised) SOT)

Figure 1. Study flowchart describing inclusion and exclusion of patients.

2.2. Analysis

Patient demographics, comorbidities, and vaccination status, along with disease
characteristics and treatment information, were analyzed using descriptive statistics. Com-
parisons of variables between immunocompromised and immunocompetent, as well as
sub-analysis between immunocompromised and immunocompromised secondary to being
a SOT recipient, were explored using Pearson x? test or Fisher’s exact test, as appropriate,
when expected cell counts were <5. Unadjusted rates of 30-day hospital admission were
calculated for each group overall, by wave, and by type of solid organ transplant. The
unadjusted relative risk of admission for SOT patients by predominant variant wave was
also estimated.

To estimate the relative risk for hospital admission in SOT recipients during various
waves, we constructed a multivariable modified Poisson regression model with robust
standard errors that included an interaction term between SOT status and predominant
variant wave. Additionally, we conducted a Cochran—Mantel-Haenszel analysis comparing
immunocompromised and SOT recipients with subgroups defined by the predominant
variant wave. Covariates were selected a priori on clinical grounds and included type of
SOT, age at positive SARS-CoV-2 test, sex, heart and lung conditions, calculated COVID-19
risk score [11], time from transplant to positive test, number of COVID-19 vaccinations,
tixagevimab /cilgavimab use, COVID-19 treatments (e.g., monoclonal antibody treatments,
COVID-19 convalescent plasma, molnupiravir, nirmatrelvir/ritonavir, and remdesivir),
and predominant variant wave. Finally, to examine the relationship between SOT and
hospital admission, a random forest analysis was constructed to allow for the inclusion of a
larger number of covariates and potential interactions between these covariates.

To further explore the effects of different types of SOTs and time from transplant
to COVID-19 diagnosis, we performed additional relative risk regression models within
only the SOT subgroup. Outcomes for hospitalized patients were summarized. Lastly,
we compared the marginal relative risk of admission between all immunocompromised
patients and immunocompetent patients using the results from propensity score matching
with subclassification methods. Patients were matched using age at positive SARS-CoV-2
test, sex, predominant variant wave, and number of COVID-19 vaccinations. Analyses were
conducted using R version 4.0.3. Reported p-values were two-tailed. To reduce the chance
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of false-positive findings in exploratory comparisons, Benjamini-Hochberg false-discovery-
rate correction was applied to secondary and subgroup analyses. Missing data was not
imputed. Analyses were conducted using complete-case analysis, whereby observations
with missing values for variables included in a given analysis were excluded from that
specific analysis. The number of missing observations for each variable is reported in
the tables as N-Miss. Missing values were handled by complete-case analysis for each
variable, and the corresponding N-Miss counts are reported in the tables. All confidence
intervals were calculated at the 95% confidence level. Unadjusted confidence intervals
were calculated using binomial proportions.

3. Results
3.1. Patients

Out of the 12,401 patients who tested positive for COVID-19 during the study period,
11,055 were immunocompetent, and 1346 were immunocompromised. Of the immunocom-
promised cohort, 375 patients were SOT recipients (heart, kidney, liver, lung, pancreas, or
multi-organ) (Figure 1).

3.2. Thirty-Day Hospitalization Rate and Hospital Resource Utilization in Immunocompetent vs.
Immunocompromised Patients

Table 1 summarizes the comparison of baseline demographics, comorbidities, mono-
clonal antibody use, and hospital resource utilization between all immunocompromised
versus immunocompetent patients. Immunocompromised patients had more comorbidi-
ties, a higher COVID-19 risk score (2 or greater), higher rates of 30-day admission (13.8%
vs. 7.1%, p < 0.05), higher rates of monoclonal antibody infusions (19.6% vs. 7.0%, p < 0.05),
and higher rates of tixagevimab/cilgavimab infusion (2.4% vs. 0%, p < 0.05) when com-
pared to immunocompetent patients. No statistically significant differences were observed
for mechanical ventilation needs, length of hospital stay, and ICU-level care between the
two groups (Table 1).

Table 1. Cohort stratified by immunocompromised and immunocompetent for all PCR-positive
patients at Mayo Clinic Florida.

Imn(l;n:;:(l)’r:)lspse)tent Immu:lﬁc:llx;ig;mlsed Total (N = 12,401) p Value
Age at COVID-19 Test <0.001
Median (Range) 52.0 (18.0, 102.3) 60.0 (18.7,99.3) 53.1(18.0, 102.3)
Q1,03 36.8, 65.2 48.9,70.4 37.9,66.0
Gender 0.49
N-Miss 2 0 2
Female 6154 (55.7%) 736 (54.7%) 6890 (55.6%)
Male 4899 (44.3%) 610 (45.3%) 5509 (44.4%)
Solid Organ Transplant 0 (0.0%) 375 (27.9%) 375 (3.0%) <0.001
SOT Type
N-Miss 11,055 971 12,026
Heart 0 58 (15.5%) 58 (15.5%)
Kidney 0 137 (36.5%) 137 (36.5%)
Liver 0 73 (19.5%) 73 (19.5%)
Lung 0 63 (16.8%) 63 (16.8%)
Multi-Organ Transplant 0 41 (10.9%) 41 (10.9%)
Pancreas 0 3 (0.8%) 3 (0.8%)
Time from SOT transplant to
infection (years)
Median (Range) NA 3.9 (0.0, 35.0) 3.9 (0.0, 35.0)
Q1,03 NA 15,8.7 15,8.7
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Table 1. Cont.
Imn:;n:;(l)?:gse;tent Immu?ﬁc:glzzt;mlsed Total (N = 12,401) p Value
Chronic Kidney Disease Score 138 (1.2%) 161 (12.0%) 299 (2.4%) <0.001
Diabetes 1170 (10.6%) 359 (26.7%) 1529 (12.3%) <0.001
Congestive Heart Failure 475 (4.3%) 161 (12.0%) 636 (5.1%) <0.001
Congenital Heart Disease 132 (1.2%) 16 (1.2%) 148 (1.2%) 0.99
Coronary Artery Disease 1174 (10.6%) 246 (18.3%) 1420 (11.5%) <0.001
Hypertension 3610 (32.7%) 773 (57.4%) 4383 (35.3%) <0.001
Chronic Respiratory Condition 1913 (17.3%) 451 (33.5%) 2364 (19.1%) <0.001
COVID-19 Risk Score <0.001
0 2915 (26.4%) 0 (0.0%) 2915 (23.5%)
1 3216 (29.1%) 148 (11.0%) 3364 (27.1%)
2 1646 (14.9%) 232 (17.2%) 1878 (15.1%)
3 1152 (10.4%) 219 (16.3%) 1371 (11.1%)
4 849 (7.7%) 215 (16.0%) 1064 (8.6%)
5 582 (5.3%) 196 (14.6%) 778 (6.3%)
6 383 (3.5%) 140 (10.4%) 523 (4.2%)
7 202 (1.8%) 102 (7.6%) 304 (2.5%)
8 74 (0.7%) 61 (4.5%) 135 (1.1%)
9 32 (0.3%) 26 (1.9%) 58 (0.5%)
10 4 (0.0%) 6 (0.4%) 10 (0.1%)
11 0 (0.0%) 1(0.1%) 1 (0.0%)
Nurr}ber' of COVID-19 <0.001
Vaccinations
0 3192 (28.9%) 256 (19.0%) 3448 (27.8%)
1 354 (3.2%) 37 (2.7%) 391 (3.2%)
2 3822 (34.6%) 396 (29.4%) 4218 (34.0%)
3+ 3687 (33.4%) 657 (48.8%) 4344 (35.0%)
Ethnicity 0.11
N-Miss 569 30 599
Hispanic or Latino 824 (7.9%) 87 (6.6%) 911 (7.7%)
Not Hispanic or Latino 9662 (92.1%) 1229 (93.4%) 10,891 (92.3%)
Race <0.001
N-Miss 468 28 496
American Indian/Alaskan o o o
Native 25 (0.2%) 5 (0.4%) 30 (0.3%)
Asian 630 (6.0%) 42 (3.2%) 672 (5.6%)
Black or African American 1043 (9.9%) 191 (14.5%) 1234 (10.4%)
Native Hawaiian /Pacific o o o
Islander 31 (0.3%) 3 (0.2%) 34 (0.3%)
White 8638 (81.6%) 1066 (80.9%) 9704 (81.5%)
Other 220 (2.1%) 11 (0.8%) 231 (1.9%)
Admission (30-day) 789 (7.1%) 186 (13.8%) 975 (7.9%) <0.001
Monoclonal Antibody Infusion 769 (7.0%) 264 (19.6%) 1033 (8.3%) <0.001
Monoclonal Antibody Infusion
<0.001
Type
N-Miss 10,286 1082 11,368
Bebtelovimab 281 (36.5%) 103 (39.0%) 384 (37.2%)
Casirivimab and Imdevimab 423 (55.0%) 69 (26.1%) 492 (47.6%)
Sotrovimab 65 (8.5%) 92 (34.8%) 157 (15.2%)
Evusheld Infusion 0 (0.0%) 32 (2.4%) 32 (0.3%) <0.001
Outpatient Molnupiravir 13 (0.1%) 5 (0.4%) 18 (0.1%) 0.021
Outpatient Paxlovid 400 (3.6%) 47 (3.5%) 447 (3.6%) 0.81
Remdesivir 2 (0.0%) 1 (0.1%) 3 (0.0%) 0.21
Ventilation 0.019
N-Miss 10,266 1160 11,426
0 685 (86.8%) 173 (93.0%) 858 (88.0%)
1 104 (13.2%) 13 (7.0%) 117 (12.0%)
Mechanical Ventilation 0.090
N-Miss 10,266 1160 11,426
0 738 (93.5%) 180 (96.8%) 918 (94.2%)
1 51 (6.5%) 6 (3.2%) 57 (5.8%)
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Table 1. Cont.
Immunocompetent Immunocompromised _
(N = 11,055) (N = 1346) Total (N = 12,401) p Value
Length of Stay (days) 0.62
Median (Range) 5.0 (1.0, 178.0) 5.0 (1.0, 46.0) 5.0 (1.0, 178.0)
Q1,Q3 3.0,8.0 3.8,9.0 3.0,8.0
ICU Level of Care 0.22
N-Miss 10,267 1161 11,428
0 695 (88.2%) 169 (91.4%) 864 (88.8%)
1 93 (11.8%) 16 (8.6%) 109 (1.2%)

As demonstrated in Supplemental Tables S1.1 and S1.2, during both waves, immuno-
compromised patients had higher rates of comorbidities, COVID-19 risk score, 30-day
hospitalization rate (Delta predominant wave: 21.2% vs. 13.4% [p < 0.001], Omicron pre-
dominant wave: 11.8% vs. 5.0% [p < 0.001]), and monoclonal antibody infusion rate (Delta
predominant wave: 20.2% vs. 13.7% [p = 0.003], Omicron predominant wave 19.4% vs.
4.6% [p < 0.001]). The rates of mechanical ventilation and the need for ICU-level care were
comparable between the immunocompromised and immunocompetent patients. However,
during the Omicron predominant wave, the median length of hospital stay was higher in
immunocompromised patients [5 days, IQR: 3.2-8.0 vs. 4 days, IQR: 2.0-6.0 (p = 0.029)]
(Table 51.2).

Results of the marginal relative risk (RR) regression analysis of the propensity-matched
cohort demonstrated that immunocompromised patients had a higher risk of hospitaliza-
tion than immunocompetent patients (Marginal RR: 1.58 [1.24-2.01, p < 0.05]). Results of
the relative risk regression model showed that immunocompromised patients had a higher
adjusted relative risk for hospitalization during the Omicron-predominant wave compared
to the Delta-predominant wave (RR = 1.50, 95% CI 1.10-2.03, p < 0.05) (Table 2).

Table 2. Adjusted relative risk of hospitalization in immunocompromised patients during Omicron
wave. *: Immunocompromised people in Omicron Wave.

Feature Relative Risk p-Value
Immunocompromised 1.58 (1.24, 2.01) <0.001
Omicron Wave 0.37 (0.32, 0.42) <0.001
Immunocompromised*Omicron Wave 1.50 (1.10, 2.03) 0.010

3.3. Comparison of 30-Day Admission Rates After COVID-19 Diagnosis in Immunocompromised
Patients During Delta Versus Omicron Waves

The crude 30-day admission rate in immunocompromised patients during the Omi-
cron wave was much lower compared to the Delta wave (11.8% vs. 21.2%). However, the
unadjusted relative risk point estimates for immunocompromised patients were higher
during the Omicron wave (RR =2.37, 95% CI 1.96-2.87, p < 0.05) than the Delta wave
(RR =1.58, 95% CI1.24-2.01, p < 0.05) [Figure 2]. However, this is not contradictory: the
relative risk compares the admission rate in immunocompromised patients with the con-
temporaneous immunocompetent reference group, so the ratio can increase even when
the absolute admission rate falls. In other words, the Omicron-era decrease in absolute
admissions was accompanied by an even lower reference rate in the comparator group,
which increased the ratio. Accordingly, the relative risk for hospitalization among immuno-
compromised patients was greater during the Omicron wave than the Delta wave, even
though the absolute admission rate was lower.
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Lower Risk of Admissian for Immunocompetent Patients Higher Risk of Admission for Immunocompromised/SOT Patients
Delta Wave —— 1.58 (1.24,2.01): N=3 130
Omicron Wave = 2.37 (1.96,2.87); N=9 271
Pooled estimate from all subgroups = 2.03(1.75,2.35): N=12,401

ooz 0.05 010 025 0.50 00 2.00 400 B00 9.00

Relative Risk of Hospitalization

Figure 2. Unadjusted relative risk in immunocompromised patients during Delta and Omicron waves.

3.4. Baseline Demographics and 30-Day Hospitalization Rate in SOT Recipients Versus
Immunocompromised Without SOT

Solid organ transplant recipients had more comorbidities, a higher COVID-19 risk
score (4 or greater), higher rates of 30-day admission (25.9% vs. 9.2%, p < 0.001), higher
rates of monoclonal antibody infusions (23.7% vs. 18.0%, p = 0.018), and higher rates of
tixagevimab/cilgavimab infusion (4.5% vs. 1.5%, p = 0.001) when compared to immuno-
compromised patients without SOT. No statistically significant differences were observed
for COVID-19 vaccination dosages, mechanical ventilation, length of hospital stay, and
ICU-level care between the two groups (Table 3).

Table 3. Cohort stratified by SOT and immunocompromised.

Immunocompromised Immunocompromised

(N = 971) SOT (N = 375) Total (N = 1346) p Value

Age at COVID-19 Test 0.95

Median (Range) 59.8 (18.7,99.3) 60.7 (21.5, 88.1) 60.0 (18.7,99.3)

Q1,Q3 48.6,71.0 50.3, 69.1 489,704
Gender 409 (42.1%) 201 (53.6%) 610 (45.3%) <0.001
SOT Type

N-Miss 971 0 971

Heart 0 58 (15.5%) 58 (15.5%)

Kidney 0 137 (36.5%) 137 (36.5%)

Liver 0 73 (19.5%) 73 (19.5%)

Lung 0 63 (16.8%) 63 (16.8%)

Multi-Organ Transplant 0 41 (10.9%) 41 (10.9%)

Pancreas 0 3 (0.8%) 3 (0.8%)
Time from SOT transplant to infection
(years)

Median (Range) NA 3.9 (0.0, 35.0) 3.9 (0.0, 35.0)

Q1,Q3 NA 1.5,8.7 1.5,8.7
Chronic Kidney Disease Score 33 (3.4%) 128 (34.1%) 161 (12.0%) <0.001
Diabetes 157 (16.2%) 202 (53.9%) 359 (26.7%) <0.001
Congestive Heart Failure 70 (7.2%) 91 (24.3%) 161 (12.0%) <0.001
Congenital Heart Disease 7 (0.7%) 9 (2.4%) 16 (1.2%) 0.011
Coronary Artery Disease 154 (15.9%) 92 (24.5%) 246 (18.3%) <0.001
Hypertension 468 (48.2%) 305 (81.3%) 773 (57.4%) <0.001
Chronic Respiratory Condition 288 (29.7%) 163 (43.5%) 451 (33.5%) <0.001
COVID-19 Risk Score <0.001

1 146 (15.0%) 2 (0.5%) 148 (11.0%)

2 214 (22.0%) 18 (4.8%) 232 (17.2%)

3 171 (17.6%) 48 (12.8%) 219 (16.3%)

4 137 (14.1%) 78 (20.8%) 215 (16.0%)

5 113 (11.6%) 83 (22.1%) 196 (14.6%)

6 82 (8.4%) 58 (15.5%) 140 (10.4%)

7 63 (6.5%) 39 (10.4%) 102 (7.6%)

8 29 (3.0%) 32 (8.5%) 61 (4.5%)

9 13 (1.3%) 13 (3.5%) 26 (1.9%)

10 2 (0.2%) 4 (1.1%) 6 (0.4%)

11 1(0.1%) 0 (0.0%) 1(0.1%)
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Table 3. Cont.
Immulzgczn;;);)omlsed Imn;ug;c((&mfgt;rsr;lsed Total (N = 1346) p Value
Number of COVID-19 Vaccinations 0.64
0 192 (19.8%) 64 (17.1%) 256 (19.0%)
1 26 (2.7%) 11 (2.9%) 37 (2.7%)
2 279 (28.7%) 117 (31.2%) 396 (29.4%)
3+ 474 (48.8%) 183 (48.8%) 657 (48.8%)
Ethnicity 0.55
N-Miss 27 3 30
Hispanic or Latino 60 (6.4%) 27 (7.3%) 87 (6.6%)
Not Hispanic or Latino 884 (93.6%) 345 (92.7%) 1229 (93.4%)
Race <0.001
N-Miss 27 1 28
American Indian/Alaskan Native 4 (0.4%) 1 (0.3%) 5(0.4%)
Asian 30 (3.2%) 12 (3.2%) 42 (3.2%)
Black or African American 96 (10.2%) 95 (25.4%) 191 (14.5%)
Native Hawaiian /Pacific Islander 2 (0.2%) 1 (0.3%) 3 (0.2%)
White 804 (85.2%) 262 (70.1%) 1066 (80.9%)
Other 8 (0.8%) 3 (0.8%) 11 (0.8%)
Admission (30-day) 89 (9.2%) 97 (25.9%) 186 (13.8%) <0.001
Monoclonal Antibody Infusion 175 (18.0%) 89 (23.7%) 264 (19.6%) 0.018
Monoclonal Antibody Infusion Type 0.003
N-Miss 796 286 1082
Bebtelovimab 68 (38.9%) 35 (39.3%) 103 (39.0%)
Casirivimab and Imdevimab 56 (32.0%) 13 (14.6%) 69 (26.1%)
Sotrovimab 51 (29.1%) 41 (46.1%) 92 (34.8%)
Evusheld Infusion 15 (1.5%) 17 (4.5%) 32 (2.4%) 0.001
Outpatient Molnupiravir 1 (0.1%) 4 (1.1%) 5 (0.4%) 0.009
Outpatient Paxlovid 44 (4.5%) 3 (0.8%) 47 (3.5%) <0.001
Remdesivir 0 (0.0%) 1 (0.3%) 1(0.1%) 0.11
Ventilation 0.11
N-Miss 882 278 1160
0 80 (89.9%) 93 (95.9%) 173 (93.0%)
1 9 (10.1%) 4 (4.1%) 13 (7.0%)
Mechanical Ventilation 0.077
N-Miss 882 278 1160
0 84 (94.4%) 96 (99.0%) 180 (96.8%)
1 5 (5.6%) 1(1.0%) 6 (3.2%)
Length of Stay (days) 0.94
Median (Range) 5.0 (1.0, 46.0) 5.0 (1.0, 42.0) 5.0 (1.0, 46.0)
Q1,Q3 35,95 4.0,9.0 3.8,9.0
ICU Level of Care 0.75
N-Miss 883 278 1161
0 81 (92.0%) 88 (90.7%) 169 (91.4%)
1 7 (8.0%) 9 (9.3%) 16 (8.6%)

During both waves, 30-day admission rates after COVID-19 diagnosis (Delta-

predominant wave: 33.3% vs. 16.1% [p < 0.001], Omicron-predominant wave: 23.6%

vs. 7.3% [p < 0.001]) were higher in SOT patients. No differences were noted in vaccination

status, mechanical ventilation, length of stay, and ICU level of care status between the two

cohorts. While no difference was evident for monoclonal antibody infusion rates between

SOT patients and immunocompromised groups during the Delta wave, the monoclonal

antibody infusion rate was higher during the Omicron wave in SOT patients (26.7% vs.
16.7%, p < 0.001) (Tables S2.1 and S2.2).
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3.5. Comparison of 30-Day Admission Rates After COVID-19 Diagnosis in SOT During Delta
Versus Omicron Waves

The crude 30-day admission rate in SOT patients during the Omicron wave was
much lower compared to the Delta wave (23.6% vs. 33.3%). On the other hand, the
unadjusted relative risk point estimates showing risk of hospitalization for SOT patients,
compared to non-SOT immunocompromised patients, were higher during the Omicron
wave (RR =3.23, 95% CI 2.33-4.48, p < 0.05) than the Delta wave (RR = 2.07, 95% CI
1.35-3.19, p < 0.05). The 95% confidence intervals for these two relative risk estimates
overlap; however, overlapping confidence intervals do not by themselves establish that the
two relative risks are not significantly different from each other, so this overlap should not
be interpreted as evidence of equivalence between the Delta- and Omicron-wave estimates

(Figure 3).
Lower Risk of Admission for SOT Patients Higher Risk of Admission for SOT Patients
Delta Wave —— 2.07 (1.35,3.19); N=292
Omicron Wave —— 3.23 (2.33,4.48); N=1,054
Pooled estimate from all subgroups —e— 278 (2.14,3.60): N=1,346
0.02 0.05 0.10 025 050 1.00 2.00 4.00 6.00 9.00

Relative Risk of Hospitalization

Figure 3. Unadjusted relative risk in SOT patients during Delta and Omicron waves.

A pooled estimate from all subgroups using the Cochran-Mantel-Haenszel technique
showed an overall higher relative risk of admission in SOT patients compared to non-SOT
immunocompromised patients [RR = 2.78 (95% CI: 2.14-3.60)]. Results of the relative
risk regression model similarly showed an increased risk of admission for SOT patients,
decreased risk during Omicron, and no significant SOT-by-wave interaction, indicating
that the elevated SOT admission risk was present in both waves rather than being confined
to one wave.

Based on the random forest model, the most important features (based on Gini-
decrease) to predict 30-day admission were (1) age, (2) COVID-19 risk score, (3) number of
vaccinations, (4) chronic respiratory disease, (5) monoclonal antibody infusion, (6) wave,
and (7) absence of an SOT transplant (Figure S1). These predictors are clinically intuitive
and suggest that baseline age and comorbidity burden were the dominant drivers of
admission risk in this cohort, whereas transplant type and time from transplant appeared
less influential. The random forest also indicated there were no meaningful interactions
between solid transplant type and time from transplant to positive test.

Of the 186 hospitalized immunocompromised and SOT patients, only five patients
died in the hospital (four immunocompromised and one SOT). Three deaths occurred
during the Delta-predominant wave and two during the Omicron-predominant wave.
Because the event count was very small, mortality analyses were descriptive only and
should be interpreted cautiously. Our event rate was too small to estimate predictors
of mortality.

3.6. Effect of Organ Transplant Type on 30-Day Admission Rate in the Delta Versus
Omicron Waves

Most SOT recipients had received a kidney transplant (N = 137), followed by liver
(N =73), lung (N = 63), and heart (N = 58). The remaining 41 patients were classified as
recipients of multi-organ transplants. Although a lower risk of admission was observed dur-
ing the Omicron-predominant wave, no significant difference in risk of 30-day admission
was observed across different transplant types (Figure S2).
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4. Discussion

Since the emergence of the COVID-19 pandemic in 2019, SARS-CoV-2 variants have
continued to evolve, which has affected the overall viral infectivity, virulence, and resistance
to therapeutic interventions [3,4]. Efforts to combat the spread of SARS-CoV-2 have also
evolved with the availability of vaccinations, prophylactic antibody infusions such as
tixagevimab/cilgavimab, and treatment regimens for treatment of both outpatient and
hospitalized patients. The aim of our study was to compare the more virulent Delta variant
to the highly infectious but less virulent Omicron variant and determine its effects on
30-day hospitalization and hospital resource utilization in the immunocompromised versus
immunocompetent populations in a tertiary care center with a large population of SOT
recipients and immunocompromised patients without SOT.

In our study, we found that the hospital admission rate for COVID-19 was higher in
immunocompromised patients compared to their immunocompetent counterparts during
both the Delta and Omicron waves (Tables S1.1 and S1.2). These results were consistent with
several other studies, including COVID-NET (US COVID-19 Associated Hospitalization
Surveillance Network), that identified immunosuppression as an independent risk factor
for hospitalization following SARS-CoV-2 infection [12,13]. The novel finding of our
current study is the result of the regression model that demonstrated 50% higher rate
of hospitalization during the Omicron-predominant wave than the Delta-predominant
wave in the immunocompromised population (Table 2). Recent transplant-focused studies
provide data-supported reasons for this finding: Omicron-era kidney and liver transplant
cohorts still reported meaningful hospitalization rates, with admission risk concentrated
among older patients, those with higher comorbidity burden, and those with weaker anti-
spike antibody responses [14,15]. In addition, outpatient use of nirmatrelvir/ritonavir in
SOT recipients remains constrained by clinically important drug—-drug interactions with
calcineurin inhibitors, which can delay or preclude treatment [16,17]. Taken together, these
findings suggest that persistent host vulnerability and treatment constraints may help
explain the higher adjusted hospitalization risk that we observed, even though the rates of
mechanical ventilation and ICU-level care remained low.

Amidst a challenging need to confer an adequate immune response in the im-
munocompromised populations, Evusheld (a combination of two long-acting monoclonal
antibodies—tixagevimab co-packaged with cilgavimab) received emergency use autho-
rization by the US Food and Drug Administration (FDA) on 8 December 2021 [18]. The
PROVENT trial and a cohort study by Jurdi et al. reported effective immune response
and low adverse-effect risk with this agent in immunocompromised and SOT popula-
tions [19,20]. Since SOT recipients and immunocompromised patients without SOT in
our cohort were both receiving tixagevimab/cilgavimab, unlike immunocompetent pa-
tients, we could not isolate its contribution to the sustained elevated admission risk we
observed in either group. This exposure was effectively removed nationally when the FDA
revised the EUA on 26 January 2023 because circulating variants had become largely non-
susceptible [21], and our finding that admission risk remained elevated into the Omicron
wave is consistent with reports that updated 2023-2024 vaccines provide only moder-
ate protection against hospitalization in immunocompromised adults, underscoring the
importance of keeping vaccination current [22].

A sub-analysis of our immunocompromised patients showed that patients who re-
ceived SOT had a higher 30-day admission rate, but their post-hospitalization outcomes,
such as mechanical ventilation, length of hospital stay, and need for ICU level of care, did
not vary significantly between the two groups (Table 3). These findings were consistent with
recent transplant cohorts, which also found that most Omicron-era SOT patients survived
and that worse outcomes were concentrated in older, more comorbid recipients [14,15].
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In our study cohort, since we had very few mortalities within the SOT group (one death
during the Omicron wave) and non-SOT group (three deaths during the Delta wave and
one during the Omicron wave), it did not allow us to make a statistical comparison of
mortality rates.

Given that the mortality outcomes between SOT recipients and the general population
were comparable despite a higher hospitalization rate in the SOT population, one possible
explanation is a blunted hyperinflammatory response in some immunosuppressed patients.
However, this mechanistic explanation remains speculative and does not exclude residual
confounding, differential admission thresholds, or unmeasured access-to-care factors. This
perspective was brought forward by some of the studies that reported comparable mortal-
ity, outcomes, and a faster decline in the severity of COVID-19 in SOT patients compared
with the general population [23,24]. Cytokine storm in COVID-19 results from a hyperin-
flammatory state [25-27]. Cell-mediated immune system dysfunction due to pre-existing
immunosuppression can potentially attenuate inflammation and disease severity in the
SOT population and has been hypothesized as a potential reason for the differences in out-
comes [28,29]. However, Maggiore et al. suggested that comparable in-hospital mortality
percentages between SOT and the general population may not accurately reflect the true
mortality in the SOT population being studied, as an increased hospitalization rate may
indicate elevated absolute mortality in the SOT population [29]. Furthermore, Heldman
et al. also highlighted that the majority of literature focuses on 28-day hospital mortality
for COVID-19, but their registry-based study was able to demonstrate that delayed 29- to
90-day mortality among hospitalized SOT recipients with COVID-19 is 23%, in addition to
the initial 20% within 28 days [30].

Past research has shown a diminished immune response in the form of lower anti-spike
antibodies and breakthrough infection following COVID-19 vaccination in the immuno-
suppressed SOT population [31-34]. However, the mortality and morbidity outcomes
associated with vaccination status in the SOT population are yet to be fully explored. A
large-scale registry database-based retrospective study done by Ravanan et al. and an-
other registry-based study done by Aslam et al. suggested a decline in mortality rates
associated with vaccination in the SOT population, although their studies did not con-
trol for confounders [35,36]. Hailey et al. performed a single-center propensity-matched
analysis on kidney transplant recipients based on historical data and found a five-fold
risk of mortality in the unvaccinated cohort, although their results did not reach statistical
significance [37]. For clinicians, these data support maintaining up-to-date vaccination,
counseling patients that protection is incomplete, and arranging early testing and treatment
pathways—particularly when calcineurin inhibitor interactions may complicate antiviral
selection [17,22].

The varying trends with COVID-19-related outcomes in the SOT population over time
have been reported by several studies, which have also explored the possible factors behind
such differences. An improvement in resource utilization, vaccination, and fluctuating
virulence of the variants of concern has contributed to some improvements in mortality
and morbidity metrics [38]. However, limited literature is available comparing the Delta
wave versus the Omicron wave in terms of outcome in the SOT population. In our cohort,
outcomes in the SOT group and non-SOT group did not vary across the Delta wave and the
Omicron wave, except that the hospitalized SOT group had a significantly higher rate of
mechanical ventilation during the Delta wave, which was not noted in the Omicron wave,
as well as in the full-cohort analysis. Consistent with the unadjusted estimates reported
in Sections 3.3 and 3.5, the adjusted relative risk of admission in the SOT group, derived
from our modified Poisson regression model, was higher across the Delta wave [RR: 2.07
(1.35, 3.19)], the Omicron wave [RR: 3.23 (2.33, 4.48)], and the whole cohort [RR: 2.78
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(2.14, 3.60)]; together, these estimates reinforce that SOT recipients carried a persistently
elevated admission risk that did not abate as viral virulence changed. The random forest
results were consistent with this interpretation: age and COVID-19 risk score were the
strongest predictors of admission, whereas transplant subtype and time from transplant
were less influential.

Infection with the Omicron variant has been associated with diminished morbidity
and mortality for the general population, most likely due to vaccination coverage, and
altered pathogenicity of the variant [9,39,40]. This has led to a loosening of certain public
health measures all over the world and a general change in the attitude toward the pan-
demic. Earlier UNOS policy accommodations for the COVID-19-associated burden on the
transplant waiting list and on caregivers have likewise been withdrawn [41]. Our finding
that admission risk for immunocompromised and SOT patients remained elevated rather
than declining as these protective measures were lifted suggests that this high-risk popula-
tion warrants continued, rather than relaxed, clinical attention. Moreover, the increased
virus circulation in the general population due to the inherent capacity of the virus and the
aforementioned changes in public health policy amplifies the risk to the SOT population.
This study also has important limitations: it is retrospective and single-center, variant
assignment was based on calendar wave rather than sequencing, mortality events were
sparse, and missing data were handled by complete-case analysis. We also did not capture
neighborhood-level socioeconomic status, insurance, or access-to-care variables, so the race
and ethnicity differences observed in the tables should be interpreted cautiously and may
reflect structural rather than biological factors.

In conclusion, our analysis shows the increased risk of hospitalization in immuno-
compromised patients during the Omicron-dominant wave, with no major difference in
hospitalization days, ICU days and mortality when compared to the Delta-predominant
wave. Admission risk for SOT recipients remained consistently elevated relative to non-SOT
immunocompromised patients across both waves, with no statistically significant change
in that risk between Delta and Omicron. Given the 50% higher adjusted hospitalization
risk we observed during the Omicron wave, preventative strategies such as safe distancing,
quarantining sick contacts, masking, and booster-dose vaccination should be followed ag-
gressively, particularly in light of the limited efficacy of tixagevimab/cilgavimab (no longer
authorized) and the constraints on the current oral antiviral nirmatrelvir/ritonavir, whose
ritonavir component has clinically important drug-drug interactions with calcineurin in-
hibitors that can delay or preclude its use in transplant recipients; molnupiravir, in contrast,
has no significant interaction with calcineurin inhibitors and remains a viable oral option
for this population. For clinicians, our findings support keeping vaccinations current,
maintaining a low threshold for testing and early treatment, and reviewing drug-drug
interactions specifically before prescribing nirmatrelvir/ritonavir, rather than oral antivirals
as a class.

5. Conclusions

Our analyses show that, although crude hospitalization rates were lower during
Omicron, immunocompromised patients had a higher adjusted relative risk of admission
than during Delta, while post-hospital outcomes were similar. SOT recipients remained at
elevated admission risk in both waves.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/covid6070111/s1, Figure S1. Based on the random forest model,
description of the most important variables (based on Gini-decrease) to predict 30-day admission.
Figure S2. Relative Risk Comparison based on the type of Organ Transplant. Table S1.1. Cohort
stratified by immunocompromised and immunocompetent-Delta. Table S1.2. Cohort stratified by
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COVID-19 Coronavirus Disease 2019.

FDA Food and Drug Administration.
ICU Intensive Care Unit.
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SARS-CoV-2  Severe Acute Respiratory Syndrome Coronavirus 2.
SOT Solid Organ Transplant.
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