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Abstract

The Omicron variant of SARS CoV-2 is associated with milder symptoms and lower hospitalization
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 immunocompromised, immunocompetent, and SOT
patients during the Delta and Omicron periods. We included adult patients who tested positive for
SARS-CoV-2 on PCR or nasopharyngeal antigen test between June 26, 2021 to September 8, 2022, at
our institution. 12,401 COVID-19 patients were included, of which 11,055 were immunocompetent,
and 1,346 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 (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 regards to their virulence, infectivity, target
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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 immunocompromised 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 Delta predominant and Omicron predominant eras.

2. Materials and Methods

2.1. Study Population

After obtaining approval from the Institutional Review Board, data was extracted from the Mayo
Clinic electronic health record system. Inclusion criteria included adults 18 years of age or older with
a positive polymerase chain reaction (PCR) or nasopharyngeal antigen test for the SARS-CoV-2
between June 26, 2021, and September 8, 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
vaccination against SARS-CoV-2 (removed due to limited sample size and difficulty standardizing
data to multi-shot vaccination 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 October 18, 2021, through December 17, 2021. Patients testing positive
during this period were excluded to eliminate any ambiguity due to unavailability of genetic
sequencing of variants. Eligible patients were identified as immunocompromised (as defined by CDC
criteria [10], immunocompromised SOT recipients, and immunocompetent (if they lacked the above
two criteria). Data related to patient demographics, 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 (lLe.,
Molnupiravir, Nirmatrelvir/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. Vaccination
status was defined by the total number of COVID-19 vaccinations reported prior to infection.

2.2. Analysis

Patient demographics, comorbidities, and vaccination status, along with disease characteristics
and treatment information, were analyzed using descriptive statistics. Comparisons 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 x2 test. 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.
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To estimate the relative risk for hospital admission in SOT recipients during various waves, we
constructed an adjusted relative risk regression model for hospital admission using the interaction of
SOT 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. Finally, to examine the relationship between SOT and hospital admission,
a random forest analysis was constructed in order to allow for the inclusion of a larger number of
covariates and interactions between these covariates. Variables of interest included: type of SOT, age
at positive SARS-CoV-2 test, gender, existing 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 the
predominant-variant wave.

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, gender, predominant-variant wave, and number of COVID-19
vaccinations. Analyses were conducted using R version 4.0.3. Reported p-values were two-tailed and
not adjusted for multiple comparisons. 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 1,346 were immunocompromised. Of the immunocompromised cohort,
375 patients were SOT recipients (heart, kidney, liver, lung, pancreas, or multi-organ) (Figure 1)

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 ene or mere Janssen Vaccination against SARS-CoV-2

- Solid organ transplant performed after COVID-19 infection

[ 12,401 COVID-19 cases ]

~C
/ \\\
/ \‘\\
/ N -
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.
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3.2. Thirty-Day Hospitalization Rate and Hospital Resource Utilization in Immunocompetent vs.
Immunocompromised Patients

Table 1 summarizes the comparison of baseline demographics, comorbidities, monoclonal
antibody use, and hospital resource utilization between all immunocompromised versus
immunocompetent patients. Immunocompromised patients had more comorbidities, 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 compared to immunocompetent
patient. 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.
Immunocompetent Immunocompromised Total P value
(N=11055) (N=1346) (N=12401)
Age at COVID-19 Test <0.001
Median (Range) 52.0 (18.0, 102.3) 60.0 (18.7, 99.3) 535);1;’0'
Q1,Q3 36.8, 65.2 489,704 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 11055 971 12026
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 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 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%)
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ICU Level of Care

N-Miss

0

1
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4(0.0%)
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135 (1.1%)
58 (0.5%)
10 (0.1%)
1 (0.0%)

<0.001

3448 (27.8%)
391 (3.2%)
4218 (34.0%)
4344 (35.0%)
0.11
599
911 (7.7%)
10891 (92.3%)
<0.001
496

30 (0.3%)

672 (5.6%)
1234 (10.4%)

34 (0.3%)

9704 (81.5%)

231 (1.9%)

975 (7.9%)  <0.001
1033 (8.3%) <0.001

<0.001

11368
384 (37.2%)
492 (47.6%)
157 (15.2%)
32(0.3%)  <0.001
18(0.1%)  0.021
447 3.6%)  0.81
3 (0.0%) 0.21
0.019
11426
858 (88.0%)
117 (12.0%)
0.090
11426
918 (94.2%)
57 (5.8%)
0.62
5.0 (1.0, 178.0)
3.0,8.0
0.22
11428
864 (88.8%)
109 1.2%)
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As demonstrated in Supplemental Tables S1.1 and S1.2, during both waves,
immunocompromised patients had higher rates of comorbidities, COVID-19 risk score, 30 days
hospitalization rate (Delta predominant wave: 21.2% vs. 13.4% [p<0.001], Omicron predominant
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 of 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 S1.2).

Results of the marginal relative risk (RR) regression analysis of the propensity-matched cohort
demonstrated that immunocompromised had a higher risk of hospitalization 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.

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 Omicron 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% CI 1.24-2.01, p<0.05). However,
an overlapping confidence interval was observed (Figure 2).

Loweer Risk of Admissian for Immunocompetent Patiens Higher Risk of Admission for Immunoeompromised/SOT Palients

Delta Wave F—— 1.58(1.24,2.01): N=3.130
Omicron Wave = 2.37 (1,962 87), N=9,271
Pooled estimate fram all Subgroups = 2,03 (1.75,2.35): N=12,401

0.02 0.05 010 0.25 0.50 00 2.00 400 8O0 900

Relative Risk of Hospitalization
Figure 2. Unadjusted Relative Risk in Immunocompromised Patients during Delta and Omicron Wave.

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 immunocompromised patients without SOT. No
statistically significant differences were observed for COVID vaccination dosages, mechanical
ventilation, length of hospital stay, and ICU level care between the two groups (Table 3).
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Table 3. Cohort stratified by SOT and Immunocompromised.
Immunocompromised Immunocompromised Total P value
(N=971) SOT (N=375) (N=1346)

Age at COVID-19 Test 0.95

Median (Range) 59.8 (18.7, 99.3) 60.7 (21.5, 88.1) 60'89(’;;3'7'

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 15,87 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
Chronic Respiratory Condition
COVID Risk Score

O 0 NI O U i W IN -

—_
(e}

11
Number of COVID-19
Vaccinations

0

1

2

3+
Ethnicity

N-Miss

Hispanic or Latino

Not Hispanic or Latino
Race

N-Miss

American Indian/Alaskan
Native

468 (48.2%)
288 (29.7%)

146 (15.0%)
214 (22.0%)
171 (17.6%)
137 (14.1%)
113 (11.6%)
82 (8.4%)
63 (6.5%)
29 (3.0%)
13 (1.3%)
2 (0.2%)
1(0.1%)

192 (19.8%)
26 (2.7%)
279 (28.7%)
474 (48.8%)

27
60 (6.4%)
884 (93.6%)
27

4 (0.4%)

305 (81.3%)
163 (43.5%)

2 (0.5%)
18 (4.8%)
48 (12.8%)
78 (20.8%)
83 (22.1%)
58 (15.5%)
39 (10.4%)
32 (8.5%)
13 (3.5%)
4 (1.1%)

0 (0.0%)

64 (17.1%)
11 (2.9%)
117 (31.2%)
183 (48.8%)

3

27 (7.3%)
345 (92.7%)

1(0.3%)
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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 o o o
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
Monoclonal Antibody Infusion

175 (18.0%)

89 (23.7%)

264 (19.6%) 0.018

0.003

Type

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 3.5,9.5 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, 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).

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). However, the confidence interval
was observed to be overlapping (Figure 3).
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Lower Risk of Admission for SOT Palients Higher Risk of Admission for SOT Patients

Delta Wave —e 2.07 (1.35,3.19); N=292
Omicron Wave —— 3.23 (2.33.4.48); N=1,054
Pooled estimate from all subgroups —— 2.78 (2.14,3.60), N=1,348

0.02 0.05 0.10 0.25 0.50 1.00 2.00 4.00 6.00 8.00

Relative Risk cf Hospitalization

Figure 3. Unadjusted Relative Risk in SOT Patients during Delta and Omicron Wave.

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 interaction between SOT status and 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 risk score, (3) number of vaccinations, (4) chronic
respiratory disease, (5) monoclonal antibody infusion, (6) wave, and (7) absence of a SOT transplant
(Figure S1). 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. 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 lower risk of admission was observed during the Omicron-predominant wave,
no significant difference in risk of 30-day admission was observed across different transplant types
(Figure S2).

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-predominated wave in the immunocompromised population (Table 2). The reasons for this
higher hospitalization rate are unclear but can only be hypothesized. One possible explanation is the
published higher mortality rates in immunocompromised patients with the Delta variant could have
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led to higher rates of precautionary admissions with the emergence of the Omicron wave. Another
possible explanation is that with the less severe symptoms observed with the Omicron variant,
especially in immunocompetent patients, more hospital beds became available for the more
vulnerable immunocompromised patients. A third possibility is related to significant drug-drug
interaction with oral Nirmatrelvir/ritonavir and calcineurin inhibitors which has limited this drug’s
utilization in the SOT and other immunocompromised patients taking calcineurin inhibitors.
Irrespective of the explanation, our results indicated that many of these hospitalizations could have
been avoided, especially given the rates of mechanical ventilation and ICU level of care were very
low and were comparable between the immunocompromised and immunocompetent patients in
both the Delta and Omicron waves.

Amidst a challenging need to confer an adequate immune response in the immunocompromised
populations, Evusheld (a combination of two long-acting monoclonal antibodies - tixagevimab co-
packaged with cilgavimab) received emergency use authorization by US Food and Drug
Administration (FDA) on December 8, 2021 [14]. Post-hoc analysis of the ongoing PROVENT trial
and a retrospective cohort study performed by Jurdi et al. showed an effective immune response as
well as a low risk of adverse effects in the immunocompromised and SOT populations [15,16]. Since
SOT recipients and immunocompromised patients without SOT have been receiving
Tixagevimab/Cilgavimab, unlike immunocompetent patients, it is hard to determine the role of this
drug in decline in post-hospitalization outcomes. Since FDA, on January 26, 2023, revised the EUA
for Tixagevimab/Cilgavimab is currently not authorized to be used in USA [17]. This decision was
made to limit its use to when the combined frequency of non-susceptible SARS-CoV-2 variants
nationally is less than or equal to 90%.

A sub-analysis of our immunocompromised patients showed that patients who received 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 past studies, which suggested there
was no difference in COVID-19-associated outcomes in the SOT population compared to the general
population [18-20] but were contrary to Robert et al. findings which demonstrated an increased rate
of hospitalization, ICU requirement, mechanical ventilation, and mortality in their study [21]. In our
study cohort, since we had very few mortalities within the SOT group (1 death during the Omicron
wave) and non-SOT group (3 deaths during the Delta wave and 1 during the Omicron wave), it did
not allow us to make a statistical comparison of mortality rates.

Given the mortality outcomes between SOT recipients and general population were comparable,
despite a higher hospitalization rate in SOT population raises questions about the protective rather
than deleterious effect of immunosuppression in this patient cohort. This perspective was brought
forward by some of the studies that reported comparable mortality, outcomes, and a faster decline in
the severity of COVID-19 in SOT patients compared to the general population [18,19]. This hypothesis
has been explored pre-COVID while exploring the protective role of immunosuppressed status in
septic patients. Cytokine storm in COVID-19 results from a hyper-inflammatory state [22-24]. Cell-
mediated immune system dysfunction due to pre-existing immunosuppression can potentially
attenuate the inflammation and disease severity in the SOT population and has been hypothesized
as the potential reason for the differences in outcomes [25,26]. 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 [26].
Furthermore, Heldman et al. also highlighted that majority of literature focuses on 28-day hospital
mortality for COVID-19, but from their registry-based study, they were able to demonstrate that the
delayed 29-90-day mortality amongst hospitalized SOT recipients with COVID-19 is 23%; in
addition, to the initial 20% within 28-days [27].

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 immunosuppressed
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SOT population [28-31]. 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 another 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 control for confounders [32,33]. 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 [34].

The varying trends with COVID-19-related outcomes in the SOT population over time have been
reported by several studies, which 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 [35]. However, limited
literature is available comparing Delta-wave versus 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 Delta-
wave and Omicron wave except that hospitalized SOT group had a significantly higher rate of
mechanical ventilation during the Delta wave, which was not noted in Omicron wave as well as in
the full cohort analysis. The risk of admission in the SOT group was higher across the Delta wave
[OR: 2.07 (1.35, 3.19)], the Omicron wave [OR: 3.23 (2.33, 4.48)] as well as for the whole cohort [ OR:
2.78 (2.14, 3.60)], thus pointing towards a sustained risk of hospitalization in SOT population despite
the changing virulence in SARS-CoV-2.

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 [36-38]. This has led to a loosening of certain public health measures all
over the world and a general change in the attitude toward the pandemic. The UNOS policy changes
to adjust for COVID-19 associated burden on the transplant waiting list and caregivers that were
introduced in response to earlier COVID waves are also lifted [39,40]. On the background of these
measures, a sustained risk of COVID-19-associated mortality and morbidity outcomes irrespective of
the waves, as seen in our study, raises the question of whether we need to take a closer look at the
impact on this high-risk population. 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.

In conclusion, our analysis shows the increased risk of hospitalization in immunocompromised
patients during Omicron dominant wave with no major difference in hospitalization days, ICU days
and mortality when compared to the Delta predominant wave. The SOT patients had higher risk of
admission compared to non-SOT immunocompromised patients during Delta as well as Omicron
wave although the risk of hospitalization did not statistically vary between the waves. Preventative
strategies such as safe distancing, quarantining sick contacts, masking, booster dose vaccination, etc.,
should be followed aggressively considering the limited efficiency of Tixagevimab/cilgavimab,
previously effective monoclonal antibodies and inability to utilize the current oral antiviral
medications (molnupiravir, nirmatrelvir/ritonavir).

5. Conclusions

Our analyses show increased hospitalization risk in immunocompromised patients 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.
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