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Abstract

Solid organ transplant (SOT) recipients are at high risk for severe disease with severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. Emerging variants

of concern have disproportionately affected this population. Data on severity and out-

comes with the Omicron variant in SOT recipients are limited. Thus we conducted this

single-center, retrospective cohort study of SOT recipients diagnosedwith SARS-CoV-

2 infection from December 18, 2021 to January 18, 2022, when prevalence of the

Omicron variant was more than 80%-95% in the community. Univariate and multi-

variate logistic regression analysis was performed to identify risk factors for hospital

admission. We identified 166 SOT patients: 112 (67.5%) kidney, 22 (13.3%) liver, 10

(6.0%) lung, seven (4.2%) heart, and 15 (9.0%) combined transplants. SARS-CoV-2 vac-

cine series was completed in 59 (35.5%) recipients. Ninety-nine (59.6%) and 13 (7.8%)

recipients received casirivimab/imdevimab and sotrovimab, respectively. Fifty-three

(32%) recipients required hospital admission, of which 19 (35.8%) required inten-

sive care unit level of care. Median follow-up was 50 (interquartile range, 25-59)

days, with mortality reported in six (3.6%) patients. Risk factors identified for hospital

admission were African American race (p < .001, odds ratio [OR] 4.00, 95% confi-

dence interval [CI] 1.84-8.70), history of coronary artery disease (p = .031, OR 3.50,

Abbreviations: AKI, Acute kidney injury; CDC, Centers for Disease Control and Prevention; CI, confidence interval; COVID-19, Coronavirus disease of 2019; IQR, interquartile range; OR, odds

ratio; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SOT, solid organ transplant; TPE, total plasma exchange.
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95% CI 1.12-10.87), and maintenance immunosuppression with corticosteroids (p =

.048, OR 2.00, 95% CI 1.01-4.00). In conclusion, contrary to that in the general pop-

ulation, we found a higher hospital admission rate in SOT recipients with omicron

variant infection. Further studies to investigate the efficacy of newer treatments are

necessary, even as outcomes continue to improve.
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1 INTRODUCTION

Solid organ transplant (SOT) confers an increased risk for mortality

from COVID-19.1 Since the beginning of the pandemic, the transplant

community has tried to continue safe organ transplantation2,3 and pro-

vide appropriate care to those living with organ transplants. However,

a significant number of SOT recipientswere infected andhavehadpoor

outcomes.4

As newer treatments became available, the importance of wearing

masks, social distancing, and hand hygiene remain unchanged. Even

after the development and use of vaccines, SOT recipients were esti-

mated to have an 82-fold higher rate of breakthrough infections.5 This

led to a vaccine booster strategy being recommended.6,7 However, the

vaccine response in this population is still suboptimal. In 2021, several

variants of concern including delta and omicron were detected. The

omicron variant was first identified in South Africa and spread all over

theworld in a relatively short time. It is reported to be less virulent and

more contagious as compared to delta in the general population, but

this has not been confirmed in SOT recipients. Recently, Tixagevimab

co-packaged with cilgavimab, a monoclonal antibody for pre-exposure

prophylaxis was approved by the US Food and Drug Administration,

but the clinical efficacy against new variants is still unknown.8 Since

mid-December, the Miami-Dade metropolitan area has seen a rise in

COVID-19 cases due to the omicron variant.9 Currently, real-world

data on the outcomes in SOT recipients who are infected with omicron

variant have not been reported. Thus, we conducted a retrospective

analysis of cases, at a time when there was community spread and

dominance of the omicron variant.

2 METHODS

2.1 Study design and patient characteristics

Thiswas a single center, retrospective cohort study of adult SOT recipi-

ents who tested positive for severe acute respiratory syndrome coron-

avirus2 (SARS-CoV-2) at JacksonMemorialHospital-MiamiTransplant

Institute, between December 18, 2021 and January 18, 2022. Of note,

between December 18 and 24, 2021, around 80 percent of the ran-

domly sampled specimens were Omicron variant. After December 25,

2021, more than 95% were Omicron variant. We included SOT recipi-

entswhowere18years andolder at the timeofdiagnosis ofCOVID-19.

We excluded all pretransplant candidates or those who had already

lost their graft prior to diagnosis of COVID-19. Testing of nasopha-

ryngeal swab specimensusing either reverse transcriptase-polymerase

chain reaction or antigen testing was done. Antibody testing target-

ing spike protein was performed via the VITROS test to measure IgG

and total antibodies. Antibody testing was performed prior to the

receipt of monoclonal antibody therapy. Data were obtained from the

electronic medical record system.We collected patient demographics,

immunosuppression regimen, serumcreatinine at baseline, 7 days from

COVID-19 diagnosis, and at 30 days fromCOVID-19 diagnosis, as well

as therapies received. Clinical severity was assessed with the help of

criteria suggested by the World Health Organization ordinal scale for

clinical improvement.10 The study was approved by the institutional

research committee and research ethics board of the University of

Miami.

2.2 Treatment strategies

At our center, all actively followed recipients were instructed to con-

tact their transplant coordinator when symptomatic, after exposure or

diagnosis of COVID-19. Mildly symptomatic patients received casiriv-

imab/imdevimab, which was replaced by sotrovimab once it became

available in our institute. Patients who required hospital admission

and no supplemental oxygen received 3 days of remdesivir.11 Once

patients required supplemental oxygen, we started remdesivir for 5

days and dexamethasone.12 In cases where cytokine storm occurred,

and/or clinical symptoms became refractory to remdesivir and dexam-

ethasone, we gave tocilizumab, baricitinib or performed total plasma

exchange (TPE).13

2.3 Clinical outcomes

Outcomes measured include severity of disease, hospital admission,

and all-causemortality within 1month after diagnosis.

2.4 Statistical analysis

Demographics were analyzed with descriptive statistics. Categori-

cal variables were reported as number and percentage. Continuous
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variables were reported as median and interquartile range (IQR). To

analyze the trends in serum creatinine, we conducted a paired t-test.

We conducted risk factor analysis for hospital admission. For categor-

ical variables, we used fisher’s exact test or chi-square test, whichever

appropriate.We performedMann–WhitneyU test for continuous vari-

ables. After univariate analysis, we developed a logistic regression

model with backward elimination to identify the risk factors for hospi-

tal admission. To develop model, we checked the correlation between

risk factors and then put the variables whose p values were less than

.2 into the model. All statistics were performed using SPSS (version

27.0.x). A p value of less than .05 was recognized as statistically sig-

nificant. The supplementary figure was created using GraphPad Prism

version 9.3.1 for Windows, GraphPad Software, San Diego, California

USA, www.graphpad.com.

3 RESULTS

3.1 Patient characteristics

During the study period, we identified 166 recipients who were

actively followed at our institute and diagnosed with SARS-CoV-2

infection. Of those, 112 (67.5%) kidney, 22 (13.3%) liver, 15 (9.0%)

heart, 10 (6.0%) lung, and 15 (9.0%) combined transplants, which

included two (1.2%) multivisceral transplant recipients, were found

(Table 1). Eighteen (10.8%) patients had documented re-infection.

Median time of follow-up was 50 days (IQR, 25–59) from diagnosis

of COVID-19. One hundred sixteen (69.9%) recipients and one (0.6%)

recipient had 30-day and 90-day follow-up, respectively. The patients

were predominantly male (95, 58.4%) and of Hispanic ethnicity (99,

59.6%), with a median age of 57 (IQR 48–64) years old. The median

time from transplant to diagnosis of COVID-19 was 27 (IQR 0.6–262)

months. At the time of diagnosis, tacrolimus, mycophenolate mofetil,

and prednisone were used as maintenance immunosuppression in 149

(89.7%), 125 (75.3%), and 85 (51.2%) recipients, respectively. Belat-

acept was used as maintenance immunosuppression in eight of 125

(6.4%) of kidney transplant recipients.

3.2 Vaccination status

Therewere 129 (77.7%) patients who had received at least one dose of

the COVID-19 vaccine; with 59 (35.5%), 63 (37.9%), seven (4.2%) hav-

ing received 3, 2, and single dose, respectively. Of 129 who received

vaccinations, 123 (95.3%) received messenger RNA (mRNA) vaccines,

with only six (4.6%) adenovirus-vector vaccine recipients. At the time

of diagnosis, COVID-19 antibody testing was performed in 95 (57.2%);

66 of 95 (69.4%) had detectable antibody levels which included 25

(37.8%) fully vaccinated patients. Of note, there were no recipients

who received Tixagevimab-cilgavimab prior to SARS-CoV-2 infection.

TABLE 1 Clinical characteristics, management, and outcomes of
SOT recipients with COVID-19

Clinical characteristics

Variable

All Patients

N= 166 (%)#,*

Demographics

Age, median (IQR) 57 (48–64)

Gender, male 95 (58.4%)

Ethnicity, Hispanic 99 (59.6%)

Race

White 126 (75.9%)

African American 38 (32.8%)

Asian 2 (1.2%)

Comorbidities

Hypertension 129 (77.7%)

Diabetes mellitus 54 (32.5%)

Chronic kidney disease 14 (8.4%)

Coronary artery disease 15 (9.0%)

COPD 10 (6.0%)

HIV 3 (1.8%)

Transplanted organ

Kidney 112 (67.5%)

Liver 22 (13.3%)

Heart 15 (9.0%)

Lung 10 (6.0%)

Combined transplants 15 (9.0%)

Kidney-pancreas 7 (4.2%)

Liver-kidney 5 (3.0%)

Heart-kidney 1 (0.6%)

Multi-visceral 2 (1.2%)

Maintenance immunosuppression

Tacrolimus 149 (89.7%)

Sirolimus 21 (12.6%)

MMF 125 (75.3%)

Belatacept 8/125 (6.4%)

Prednisone 85 (51.2%)

Time from transplant to diagnosis (months), median
(range)

27 (0.6–262)

Days of symptoms on presentation, median (IQR) 3 (2–5)

Prior history of COVID-19 18 (10.8%)

Vaccination status

Completed primary series 59 (35.5%)

Received two vaccine doses 63 (37.9%)

Received one vaccine dose 7 (4.2%)

Unvaccinated 37 (22.2%)

(Continues)
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TABLE 1 (Continued)

Clinical characteristics

Variable All Patients

N= 166 (%)#,*

COVID-19 antibody data**

IgG tested 95 (57.2%)

IgG detected 66/95 (69.4%)

Management

Immunosuppression

No reduction in immunosuppression 89 (53.6%)

MMF held 32/125 (25.6%)

MMF 50% dose reduction 42/125 (25.3%)

WHO ordinal clinical severity score

1. No limitation of activities 105 (63.2%)

2. Limitation of activities 3 (1.8%)

3. Hospitalized, no oxygen therapy 21 (12.6%)

4. Oxygen bymask or nasal prongs 22 (13.2%)

5. Not invasive ventilation or high flowmask 7 (4.2%)

6. Intubation andmechanical ventilation 3 (1.8%)

7. Ventilation+ additional organ support

(vasopressors, RRT, ECMO)

5 (3.0%)

Treatment

Casirivimab-imdevimab 99 (59.6%)

Sotrovimab 13 (7.8%)

Remdesivir 50 (30.12%)

Dexamethasone IV/PO 36 (21.68%)

Tocilizumab 3 (1.80%)

Therapeutic plasma exchange 11 (6.6%)

Outcomes

Overall mortality 6 (3.6%)

30-daymortality 5 (3.0%)

Hospitalized 65 (39%)

Hospitalized due to worsening of COVID-19

symptoms

53 (32%)

ICU 19 (35.8%)

COVIDmedical ward 34 (64.1%)

Length of stay, days, median (IQR) 5 (3–8)

Follow-up, days, median (IQR) 50 (25–59)

Abbreviations: COPD, chronic obstructive pulmonary disease; COVID-

19, coronavirus disease of 2019; ECMO, extracorporeal membrane oxy-

genation; HIV, human immunodeficiency virus; ICU, intensive care unit;

IgG, immunoglobulin G; IQR, interquartile range; IV, intravenous; MMF,

mycophenolatemofetil; PO, oral; RRT, renal replacement therapy; SOT, solid

organ transplant;WHO,World Health Organization.
#Data presented as absolute number (percentage), unless specified other-

wise.

*Individual percentage values are rounded andmight not total 100%.

**Antibody testing targeting spike protein was performed via the VITROS

test tomeasure IgG and total antibodies.

3.3 Management

Immunosuppression agents were modified by the transplant team

depending on severity of symptoms. Antimetabolite agents were held

in 32 of 125 (25.6%) recipients; tacrolimuswas continued in themajor-

ity of the recipients (Table 1). Sotrovimab, casirivimab/imdevimab,

remdesivir, and tocilizumab were given in 13 (7.8%), 99 (59.6%), 50

(30.1%), and 3 (1.8%) recipients, respectively. Dexamethasone for

treatment for COVID-19was used in 36 (21.7%). TPEwas reserved for

refractory cases and performed in 11 (6.6%).

3.4 Outcomes

Hospital admission was observed in 65 (39%); with 53 (32%) admitted

due toworseningCOVID-19 symptoms (Table 1). All 65 hospital admis-

sions were seen within 30 days of SARS-Cov-2 diagnosis. The median

length of hospital stay was 5 (IQR, 3–8) days.

Kidney function was compared among patients before COVID-19

diagnosis, 7 days postdiagnosis of COVID-19, and 1-month postdiag-

nosis of COVID-19. Median creatinine was 1.3 mg/dl (range 0.5–9.4),

1.3 mg/dl (range 0.6–10.7), and 1.27 mg/dl (range 0.6–10.4), respec-

tively. Creatinine increased after COVID-19 diagnosis (p < .001);

however 1-month posttransplant, there was no statistical difference

when compared to prior to infection (p= .31) (Figure S1).

Of 53 patients hospitalized for worsening COVID-19 symptoms, 19

(35.8%) patients required intensive care unit (ICU) level of care with

eight of 19 patients (42.1%) required mechanical ventilation. During

follow-up, two (1.2%) recipients had biopsy-proven graft rejection, and

six (3.6%) died. The mortality was seen on day 4, 13, 13, 25, 27, and 31

after diagnosis of COVID-19.

We then conducted risk factor analysis for hospital admission, sum-

marized in supplemental table. In the univariate analysis, for hospital

admission, we found that African American race was statistically sig-

nificant. After that, we developed a logistic regression model with

stepwise backward elimination based on the univariate analysis result.

Statistically significant risk factors identified for hospital admission

were African American race (p < .001, odds ratio [OR] 4.00, 95% con-

fidence interval [CI] 1.84–8.70), history of coronary artery disease

(p= .031, OR 3.50, 95%CI 1.12–10.87), andmaintenance immunosup-

pression with corticosteroids (p = .048, OR 2.00, 95% CI 1.01–4.00)

(Table 2).

4 DISCUSSION

We present a single-center, retrospective cohort study, describing our

experience managing COVID-19 in SOT recipients during the Omi-

cron surge. We observed low mortality and a higher hospital and ICU

admission rate compared to reports fromgeneral population.14 African

American race, history of coronary artery disease, and corticosteroid

usage were identified as risk factors for hospital admission.15,16
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TABLE 2 Univariate andmultivariate analysis of risk factors for hospital admission in patient population

Risk factor

Univariate

p value
Multivariate

p value Odds ratio

95% confidence

interval

Age .52

Gender .63

African American race .001 <.001 4.00 1.84–8.70

Hypertension .44

Diabetes .17

Coronary artery disease .16 .031 3.50 1.12–10.87

Chronic obstructive pulmonary disease .83

Maintenance immunosuppression

Tacrolimus .69

Mycophenolate .44

Corticosteroids .077 .048 2.00 1.01–4.00

Everolimus .072

Early in the pandemic, high mortality and hospital admission rates

have been reported in SARS-CoV-2 infected in SOT.4 With the avail-

ability of new treatments, outcomes have significantly improved.17 In

a prospective study conducted by Solera et al., assessing outcomes in

SOT patients during the omicron wave, hospitalization rate was found

to be 24%, with a mortality rate of 4.4%. Use of sotrovimab early and

receiving three or more doses of the vaccine significantly decreased

length of hospital stay and disease severity.18

In theUnitedStates,monoclonal antibodies andCOVID-19vaccines

were available since November 2020 and early 2021, respectively.

Thus, compared to existing literature in SOT patients, our cohort is

a mix of vaccinated, unvaccinated, and patients who have received

monoclonal antibodies despite limited supply of sotrovimab. This con-

tributes to the relatively lower hospital admission rate (39%) and

mortality (3.6%). However, as compared to the general population,14

we experienced a higher hospital admission rate, which affects the

transplant community significantly. Similar findingswere also reported

by Villanego et al., in their multicenter study conducted in Spain.19

Additionally, of the six deaths in our patient cohort, the majority

(5/6, 83.3%) occurred within 30 days of COVID-19 diagnosis—a find-

ing in contrast with Heldman et al.,20 which reported >20% of deaths

occurring between 28 and 90 days following COVID-19 diagnosis. This

difference could likely be due to the the availability of vaccines, newer

COVID-19 therapies, and difference in SARS-CoV-2 variants thatwere

prevalent during the time-periods captured by our study.

In the risk factor analysis, African American race, coronary artery

disease, and steroid usage were identified as risk factors for hospi-

tal admission.15 Disparities in access to and utilization of monoclonal

antibodies have been reported, with the African American popula-

tion having low uptake.21,22 We also have checked the distribution of

monoclonal antibody usage among races at our center. There was no

statistically significant difference; however, AfricanAmerican racewas

identified as an independent risk factor. The reasonmight be not only a

biological mechanism but also other unmeasurable variables, such as

accessibility to other medical care. These social and cultural factors

need to be better studied in transplant patients.

To our knowledge, this is the first report identifying risk factors

for hospital admission in SOT recipients infected with SARS-CoV-2

albeit limited to the omicron variant. COVID-19 is disproportionately

affecting African American communities, including SOT recipients. Of

note, at least one dose of the vaccine was given in 28/38 (73.6%) and

101/126 (80.1%) for African American and Caucasian, respectively,

which is not statistically different (p > .05). Ensuring equitable access

to newer treatment modalities, and prevention education should be

prioritized in SOT patients.

The current study has several limitations. First, whole genome

sequencing data were not done routinely to identify the Omicron vari-

ant.With this knowledge, the study periodwas cautiously selected and

limited to a time when more than 80% of the cases in the community

were due to Omicron. Second, we have a relatively short follow-up

period to identify other complications such as rejection, secondary fun-

gal infection, or even death. Finally, given the small sample size, we

could not conduct risk factor analysis for mortality. Even for risk fac-

tor analysis for hospital admission, we should take into consideration

that type 2 error might exist.

In conclusion, we found a low mortality but a high hospital and

ICU admission rate in our cohort during the Omicron surge. While the

Omicron variant is reported to be less virulent, and more transmis-

sible, the hospital admission rate is higher in SOT patients compared

to that reported in national data,14 which continues to burden trans-

plant centers. Further studies are needed to assess the effectiveness of

early treatment with sotrovimab, and 3 days of remdesivir in prevent-

ing hospitalization in this population. Also, studying different variants

is needed for a better understanding of SARS-CoV-2 infection in SOT

recipients, to prepare for emerging variants of concern.
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