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Abstract

Background: The COVID-19 pandemic has caused significant morbidity and mortality

in solid organ transplant (SOT) recipients. However, it remains unclearwhether the risk

factor for SOT patients is the immunosuppression inherent to transplantation versus

patient comorbidities.

Methods:We reviewed outcomes in a cohort of SOT (n = 129) and non-SOT (NSOT)

patients (n = 708) admitted to the University of California, Los Angeles for COVID-

19 infection. Data analyses utilized multivariate logistic regression to evaluate the

impact of patient demographics, comorbidities, and transplant status on outcomes.

SOT patients were analyzed by kidney SOT (KSOT) versus nonkidney SOT (NKSOT)

groups.

Results: SOT and NSOT patients with COVID-19 infection differed in terms of patient

age, ethnicity, and comorbidities. NKSOT patients were the most likely to experience

death,with amortality rate of 16.2% comparedwith 1.8% forKSOTand8.3% forNSOT

patients (p= .013).Multivariable analysis of hospitalized patients revealed that patient

age (odds ratio [OR] 2.79, p = .001) and neurologic condition (OR 2.66, p < .001) were

significantly associated with mortality. Analysis of ICU patients revealed a 2.98-fold

increased odds of death in NKSOT comparedwith NSOT patients (p= .013).

Conclusions: This study demonstrates the importance of transplant status in predict-

ing adverse clinical outcomes in patients hospitalized or admitted to the ICU with

COVID-19, especially forNKSOTpatients. Transplant status and comorbidities, includ-

ing age, could be used to risk stratify patients with COVID-19. This data suggests that

immunosuppression contributes to COVID-19 disease severity andmortality andmay

have implications formanaging immunosuppression, especially for critically ill patients

admitted to the ICU.
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1 INTRODUCTION

The COVID-19 pandemic caused by infection with SARS-CoV-2 con-

tinues to demonstrate worldwide impact, with over 400 million cases

and over 5 million deaths.1 Given the demonstrated importance of

the T-cell immune response for control of COVID-19,2,3 it seems

likely that immunosuppression will impact vulnerability to infection

and severe infection, as seen in other community-acquired respira-

tory viral infections such as influenza.4 Conversely, high levels of

pro-inflammatory cytokines are associated with severe COVID-19

disease,5 andanti-inflammatory therapies havebeen shown to improve

clinical outcomes,6 suggesting that the possibility that immunosup-

pression might temporize disease manifestations. However, there

remains a lack of clarity on the impact of immunosuppression on

clinical outcomes, which we sought to address by utilizing a large

patient cohort of solid organ transplant (SOT) and non-SOT patients

hospitalized with COVID-19.

The US Centers for Disease Control and Prevention (CDC) rec-

ognizes immunosuppression as associated with an increased risk

of severe COVID-19 illness.7 Previous case series demonstrated

increased rates of hospitalization, as well as significant morbidity

and mortality in both SOT and stem cell transplant recipients with

rates ranging from 13% to 30%.8–11 Initial case series demonstrated

the highest mortality rates at 30%, significantly higher than that

reported for nontransplant recipients during similar time periods.12,13

A report from the United Kingdom demonstrated increased mortal-

ity of kidney transplant recipients compared with those remaining

on dialysis (25.8% compared with 10.2%).14 In contrast, an analysis

of mortality due to COVID-19 in a US cohort demonstrated a simi-

lar incidence of mortality before and after kidney transplantation.15

These ranges in mortality could be attributable to the various geo-

graphical areas and times during which the COVID-19 pandemic

was peaking in the United States, as well as the introduction of

remdesivir and dexamethasone treatment.16 Recent reports sug-

gest that mortality rates for SOT recipients may be improving with

the advent of new treatment approaches17; however, this retro-

spective cohort did not include a comparison with non-SOT (NSOT)

patients.

Previous studies comparing mortality in SOT versus NSOT patients

are generally limited by small cohort sizes, data reported prior to

the widespread use of remdesivir and dexamethasone, and the inclu-

sion of a significant majority of kidney transplant recipients, limiting

extrapolation to nonkidney transplant patients.18–23 Some reports

demonstrated an association between SOT status and risk of clinical

outcomes: As of now, the largest published report on 128 SOT recipi-

ents demonstrated increased rates of mortality and increased rates of

mechanical intubation compared with nontransplant patients.24 Like-

wise, a large study from Italy demonstrated an association between

mortality and transplant status in patients hospitalized with COVID-

19, with a 3.83 adjusted odds ratio (OR) for SOT patients with

COVID-19 infection comparedwithNSOTpatients adjustedbyageand

sex.25 Furthermore, meta-analyses have demonstrated an increased

risk of severe disease with immunosuppression.26,27

In contrast, other retrospective reviews have demonstrated

that comorbidities, but not transplant status, are associated with

mortality,21,28,29 Other reviews of clinical outcomes in cohorts of SOT

patients are limited by the absence of a parallel non-SOT group for

comparison.30,31 Therefore, there is a lack of published data as to

whether SOT status contributes to mortality in hospitalized patients

adjusted for comorbid conditions.

Analyses of specific organ types demonstrate a similar incidence of

mortality in kidney transplant patients compared with nontransplant

patients.32,33 For liver transplantation, one publication demonstrated

increased mortality compared with nontransplant patients,34 whereas

another using a registry analysis approach did not show differences

in outcome compared with other hospitalized patients.35 Studies of

heart transplant patients have either demonstrated a similar incidence

ofmortality comparedwith nontransplant recipients,36,37 or increased

mortality rates.38 In lung transplantation, one study reported a mor-

tality of 25% in a small cohort,39 whereas other small case series have

shown a lower mortality (11%),40 however, without comparison to an

NSOT cohort.

Therefore, given the limitations of previous studies, the study pre-

sented here is uniquely suited to address the question of transplant

status versus comorbidities as the driving factor behind observed

increased mortality in SOT patients using parallel SOT and NSOT

cohorts, including a large number of nonkidney transplant recipients.

2 METHODS

Data regarding the incidence and impact of COVID-19 infection in SOT

recipients was collected as part of an ongoing quality improvement

and retrospective research project at the University of California, Los

Angeles (UCLA). This information was comparedwith data on SOT and

NSOT patients diagnosed with COVID-19 at our center under a UCLA

IRB-approved study (PI: S. Saab).

Study data was extracted from the UCLA electronic medical record.

The data was managed using REDCap (Research Electronic Data Cap-

ture). The database was composed of patients who underwent testing

for SARS-CoV-2 by our ClinicalMicrobiology Laboratory. Data on vari-

ant testing is not available during the period of study. The test usedwas

the FDA-approvedCDCCOVID-19PCR test via nasopharyngeal swab.

For all patients testing positive for SARS-CoV-2, transplant status

and need for hospitalizationwas determined through database review;

symptoms and level of disease severity were not determined for out-

patients.We focused solely on patients admitted to the Ronald Reagan

UCLA Medical Center (RRMC), the UCLA tertiary care center where

the majority of transplant recipients are admitted. Given the different

incidences and manifestations of COVID-19 in the pediatric popula-

tion, patients under the age of 18 were excluded from the analysis.

Stem cell transplant recipients were also not included in the cohort

of transplant patients given our primary focus on SOT and to reduce

the confounder of immunosuppression use in the NSOT population.

Given the small number of intestinal and pancreas transplant recipi-

ents, thesepatientswere excluded from theanalysis. Patients requiring
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F IGURE 1 Consort diagram demonstrating identification of patient cohort for analysis. Abbreviations: ECMO, extracorporeal membrane
oxygenation; NSOT, nonsolid organ transplant; RRMC, Ronald Reagan UCLAMedical Center; SOT, solid organ transplant; UCLA, University of
California, Los Angeles

extracorporeal membrane oxygenation (ECMO) were excluded from

our analysis due to RRMC’s status as a tertiary referral center out-

side of the typical catchment area for UCLA hospitals and therefore

a common location for referrals for patients requiring ECMO and

given the known poor prognosis of patients with COVID-19 on ECMO

(n = 25). Given our center’s status as a specific referral center for

patient’s requiring ECMO, these patients were almost entirely NSOT

patients with critical illness transferred from other hospitals. We addi-

tionally excluded patientswithout full follow-up data available (n=13).

No patients remained in the ICU at the end of the follow-up period.

We subsequently identified patients who had previously received a

SOT as identified by ICD-10 coding (Figure 1). Dual organ trans-

plant recipients were classified based on their primary (nonkidney)

organ.

Comorbidities were defined as follows using review of recorded

past medical history and ICD-10 codes: Cardiovascular conditions

included hypertension, hyperlipidemia, arrhythmia, myocardial infarc-

tion, congestive heart failure, or peripheral vascular disease; neuro-

logic conditions included cerebrovascular disease, dementia, chronic

neurologic disorder, paraplegia; lung disease was defined as asthma,

obstructive sleep apnea, chronic pulmonary disease; gastrointestinal

disease was defined as gastroesophageal reflux disease, peptic ulcer

disease, irritable bowel syndrome, chronic diarrhea, chronic consti-

pation, celiac disease, prior pancreatitis; hepatobiliary disease was

defined as prior biliary disease or liver disease; and cancer was defined

as any malignancy except for skin neoplasms. The majority of patients

classified as having neurologic disease were due to cerebrovascular

disease.BasedonCDCguidelines, a cutoff ofBMI30wasused todefine

obesity.

Data was extracted between December 13, 2019 and February 2,

2021. We used a cutoff date of July 1, 2020 as the beginning of a ‘sec-

ond wave’ of COVID-19 infection due to a new peak of SARS-CoV-2

infection, as well as marking a time when remdesivir and dexametha-

sone were used routinely for inpatient clinical care. Numeric values

wereanalyzedbymeanandstandarddeviation (SD). Long lengthof stay

(LOS) was defined as greater than 6 days and the median LOS in our

cohort. Deathwas defined as either death or discharge on hospice care

while hospitalized for COVID-19 infection.

Patient characteristics and study variables were summarized using

mean (SD) or frequency (%) and compared between groups using the t-

test or chi-square test. Prespecified outcomes of interest were defined

as LOS, ICU admission, intubation, and death as previously described

markers of clinical outcomes in hospitalized patients with COVID-19.

Univariable and multivariable (stepwise reduced) logistic regression

models were constructed for our outcomes of interest (long LOS, ICU

admission, intubation, mortality) and results presented with ORs (95%

confidence interval [CI]). We used forward stepwise selection with

entry criteria (0.05) and exit criteria (0.10) based on theWald p-value.

For exploratory purposes (e.g., Table 2A),we took the stepwise reduced

model and forced in transplant status in order to assess the impact on

outcome. Statistical analyses were run using IBM SPSS V27 (Armonk,

NY) and p-values< .05 were considered statistically significant.
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TABLE 1A Demographic and clinical characteristics of kidney versus non-kidney solid organ transplant recipients comparedwith
non-transplant patients hospitalized with COVID-19 (n (%))

Kidney solid organ

transplant (KSOT)

n= 55

Non-kidney solid

organ transplant

(NKSOT) n= 74

Non-Solid Organ

Transplant (NSOT)

n= 708 p-Value

Age older than 60 years 19 (34.5%) 50 (67.6%) 358 (50.6%) .001

Female sex 25 (45.5%) 27 (36.5%) 318 (44.9%) .374

White 18 (32.7%) 29 (39.2%) 304 (42.9%) .296

Black 4 (7.3%) 8 (10.8%) 63 (8.9%) .776

Asian 6 (10.9%) 2 (2.7%) 63 (8.9%) .153

Hispanic 37 (67.3%) 45 (60.8%) 279 (39.4%) <.001

Diabetes mellitus 34 (61.8%) 47 (63.5%) 227 (32.1%) <.001

Cardiovascular condition 20 (36.4%) 47 (63.5%) 181 (25.6%) <.001

Neurologic condition 7 (12.7%) 23 (31.1%) 145 (20.5%) .031

Obesity 18 (36.0%) 18 (25.4%) 266 (41.4%) .028

Lung disease 10 (18.2%) 42 (56.8%) 147 (20.8%) <.001

Gastrointestinal disease 4 (7.3%) 8 (10.8%) 20 (2.8%) .001

Hepatobiliary disease 11 (20.0%) 44 (59.5%) 90 (12.7%) <.001

Chronic kidney disease 54 (98.2%) 53 (71.6%) 118 (16.7%) <.001

Rheumatologic disorder 2 (3.6%) 8 (10.8%) 35 (4.9%) .870

Cancer 6 (10.9%) 20 (27.0%) 82 (11.6%) .001

Secondwave (admit July

2020 or later)

47 (85.5%) 63 (85.1%) 574 (81.1%) .525

P values<0.05 are in bold.

3 RESULTS

3.1 Demographic and clinical characteristics of
solid organ transplant and non-SOT patients

We identified 129 SOT patients who were diagnosed with COVID-19

by SARS-CoV-2 PCR testing and hospitalized at RRMC. We compared

these patients with 708 NSOT patients, who were hospitalized at

RRMC during the same period.

We observed that of the 6874 patients who tested positive for

SARS-CoV-2 during the period of data analysis, SOT patients were

more likely to be hospitalized compared with nontransplant patients

regardless of symptom severity. Specifically, 63% of SOT patients test-

ing positive for SARS-CoV-2were hospitalized for COVID-19 infection

compared with 21% NSOT patients (p < .001). The total group of 129

SOT patients hospitalized at RRMC included kidney (n = 55), liver

(n= 33), lung (n= 24), and heart (n= 17) transplant recipients.

Given that kidney transplant recipients represented the largest

group of SOT patients in our cohort, we repeated analyses to deter-

mine the differences among NSOT, kidney SOT (KSOT) recipients, and

nonkidney SOT (NKSOT) groups (Table 1A). This division revealed that

NKSOT patients were older, with 67.6% above the age of 60 years,

whereas 50.6% of the NSOT and 34.5% of the KSOT patients were

over 60-year old (p = .001). Significant differences were also seen in

the frequency of comorbidities (Table 1A). Both KSOT and NKSOT

patients demonstrated a significantly higher proportion of Hispanic

patients and an increased incidence of diabetes compared with NSOT

patients. Both KSOT and NSOT patients were more likely to be obese

comparedwith NKSOT patients (Table 1A).

3.2 Clinical outcomes in kidney transplant
(KSOT), nonkidney solid organ transplant (NKSOT),
and nonsolid organ transplant (NSOT) patients

Analyses of outcomes by a patient group revealed that the NKSOT

group had more severe clinical outcomes, whereas the KSOT patients

often did as well, or for some outcomes, better, compared with the

NSOT patient group (Table 1B). The incidence of intubation was not

significantly different between the NSOT and KSOT patients, at 14.3%

and 5.5%, respectively. In addition, the incidence of death was similar

between NSOT (8.3%) and KSOT (1.8%) patients. In contrast, NKSOT

patients had a significantly increased rate of long LOS (54.1%, p= .032),

intubation (23.0%, p= .019), andmortality (16.2%, p= .013), compared

with both the KSOT and NSOT groups (Table 1B). In terms of comor-

bidities and outcomes, direct comparisons between the NKSOT and

NSOTpatient groups demonstrated similar findings to the three-group

analysis presented above (Table S1).
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TABLE 1B Clinical outcomes of kidney versus nonkidney solid organ transplant recipients comparedwith nontransplant patients hospitalized
with COVID-19, n

Kidney solid organ

transplant (KSOT)

n= 55

Non-kidney solid organ

transplant (NKSOT)

n= 74

Non-solid organ

transplant (NSOT)

n= 708 p-Value

Long length of staya 23 (41.8%) 40 (54.1%) 272 (38.4%) .032

ICU admission 11 (20.0%) 28 (37.8%) 249 (35.2%) .060

Intubation 3 (5.5%) 17 (23.0%) 101 (14.3%) .019

Death 1 (1.8%) 12 (16.2%) 59 (8.3%) .013

aLong length of stay defined as greater than 6 days.

P values<0.05 are in bold.

3.3 Differences in presentation and outcomes by
transplant organ type

Kidney transplant recipientswere themost common type of transplant

patient diagnosed with COVID-19. This was an expected finding given

that the larger numbers of kidney transplant recipients comparedwith

other transplant types (Table S2A). Sex, race, and ethnicitywere similar

across transplant types. In addition, there was no difference by organ

type in terms of time posttransplantation. However, both heart and

lung transplant recipients were more likely to be older, whereas kid-

ney transplant recipients were more likely to be younger (p < .001).

Furthermore, there was a nonsignificant higher proportion of kidney

and liver transplant patients having higher incidences of obesity com-

pared with heart and lung transplant recipients (p = .095). Incidence

of diabetes was similar across organ types (p = .303). Heart trans-

plant recipients weremore likely to have cardiac disease (p< .001) and

lung transplant recipients lung disease (p< .001) compared with other

transplant types. The time posttransplant did not differ significantly by

SOT type, with amean of 4 years or greater in each group (Table S2A).

Incidence of intubation and death was different by organ type. Lung

and liver transplant recipients had the highest incidences of intubation

and death, whereas both outcomes were significantly lower in kid-

ney transplant recipients (p = .021 and p = .010, respectively) (Table

S2B). LOS did not differ significantly by transplant organ type. How-

ever, a nonsignificant higher proportion of lung transplant recipients

were admitted to the ICU compared with other organ types (p= .067).

Overall, kidney transplant recipients demonstrated the best clinical

outcomes comparedwith other organ transplant recipients.

3.4 Evaluation of NKSOT (lung, heart, liver SOT)
patients compared with NSOT patients and corrected
for comorbidities

Given the differences seen between KSOT and NKSOT patients as

described earlier, we set out to evaluate the differences between these

patient groups to better understand the risk factors for heart, lung,

and liver transplant recipients (NKSOT) compared with nontransplant

patients. As shown in Table 1A, NKSOT patients were more likely to be

older than NSOT patients, and they were more likely to have multiple

comorbid conditions, including diabetes, heart disease, lung disease,

and chronic kidney disease.

Analysis of predictors of long LOS identified several comorbidi-

ties associated with LOS, including age, Hispanic ethnicity, diabetes,

cardiac disease, neurologic disease, lung disease, chronic kidney dis-

ease, earlier wave of COVID-19 hospitalization, and transplant status

(all p < .05). In a multivariable analysis, older age (OR 1.95 [95% CI

1.42–2.67] p < .001), Hispanic ethnicity (OR 1.63 [95% CI 1.19–2.23]

p= .002), chronic kidneydisease (OR1.80 [95%CI1.23–2.65]p= .003),

and wave of disease (OR 0.57 [95% CI 0.39–0.82] p = .003 for later

wave) were all associated with longer LOS.

In terms of other clinical outcomes, we also constructed a multi-

variable to predict intubation. This analysis demonstrated that only

transplant status was found to be statistically significant for both uni-

variate and multivariable analyses, with an OR of 1.79 for intubation

(95%CI [1.00–3.20] p= .049).

Given the observed contribution of increased patient age and

comorbidities tomortality inNKSOTandNSOTpatients,weperformed

a multivariable analysis in order to understand the contribution of

transplantation and immunosuppression to outcomes as separate from

differences in patient demographic and comorbidity characteristics.

Analysis of the NSOT versus NKSOT groups controlling for comor-

bid conditions demonstrated a strong association between older age

and death in both the univariate and multivariate models (OR 2.79

[95% CI 1.51–5.16], p = .001) (Table 2A). When transplant status was

included in themultivariate model, we noted anOR of 1.75 for NKSOT

patient status, although this did not reach statistical significance (95%

CI 0.87–3.50, p = .114). Repeating this analysis with neurologic con-

dition eliminated, given that it was colinear with age, demonstrated

similar results, with increased patient age as the primary variable asso-

ciatedwith death (OR3.25 [95%CI 1.78–5.92], p< .001), and nowwith

the addition of heart disease in the multivariate model (OR 1.94 [95%

CI 1.16–3.26], p= .012).

For NSOT and NKSOT patients admitted to the ICU (n= 277), anal-

ysis was performed for intubation and death to evaluate the impact

of transplant status (Table 2B). Both hepatobiliary disease (p = .001)

and transplant status (p = .005) were predictive of intubation in

a univariate analysis, with hepatobiliary disease retaining statistical

significance in the multivariate model (OR 2.47 [95% CI 1.17–5.22]

p = .017). Transplant status demonstrated a nonsignificant increase in
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TABLE 2A Risk factors for mortality in non-kidney transplant (NKSOT) and non-transplant recipients (NSOT) hospitalized with COVID-19
(OR [95%CI])

OR for univariate analysis p-Value OR formultivariate analysis p-Value

Older age 3.81 (2.11–6.86) <.001 2.79 (1.51–5.16) .001

Female sex 0.81 (0.49–1.33) .405

White race 1.19 (0.73–1.94) .487

Hispanic ethnicity 0.75 (0.45–1.25) .266

Diabetes 1.23 (0.75–2.03) .416

Cardiovascular condition 2.61 (1.59–4.28) <.001

Neurologic condition 3.71 (2.24–6.12) <.001 2.66 (1.57–4.50) <.001

Obesity 0.59 (0.34–1.05) .073

Lung disease 1.81 (1.08–3.04) .024

Gastrointestinal disease 0.36 (0.05–2.70) .322

Hepatobiliary disease 0.88 (0.45–1.72) .700

Chronic kidney disease 2.59 (1.55–4.31) <.001

Rheumatologic disorder 1.68 (0.68–4.13) .257

Cancer 1.40 (0.73–2.71) .221

Secondwave (admit July 2020 or later) 0.70 (0.39–1.24) .221

Nonkidney transplant recipient (NKSOT) 2.13 (1.09–4.17) .028 1.75 (0.87–3.50) .114

Note: Multivariate analysis represents results from a stepwise selected approach, those with p < 0.05 included in multivariate model with the addition of

transplant status for exploratory purposes.

P values<0.05 are in bold.
Abbreviations: CI, confidence interval; OR, odds ratio.

TABLE 2B Risk factors for mortality in nonkidney transplant and nontransplant recipients admitted to the ICU for COVID-19 infection (OR
[95%CI])

OR for univariate analysis p-Value OR formultivariate analysis p-Value

Older age 3.53 (1.87–6.67) <.001 3.11 (1.58–6.12) .001

Female sex 0.93 (0.53–1.64) .808

White race 1.22 (0.70–2.12) .486

Hispanic ethnicity 0.57 (0.32–1.00 .052

Diabetes 0.72 (0.41–1.27) .261

Cardiovascular condition 2.40 (1.37–4.22) .002

Neurologic condition 3.06 (1.70–5.49) <.001 2.19 (1.18–4.07) .013

Obesity 0.42 (0.23–0.79) .006

Lung disease 1.72 (0.95–3.12) .076

Gastrointestinal disease 0.27 (0.03–2.16) .220

Hepatobiliary disease 1.23 (0.58–2.61) .597

Chronic kidney disease 2.14 (1.19–3.85) .011

Rheumatologic disorder 1.78 (0.63–5.01) .275

Cancer 1.87 (0.82–4.28) .138

Secondwave (admit July 2020 or later) 0.82 (0.43–1.56) .556

Nonkidney transplant recipient 2.65 (1.18–5.92) .018 2.98 (1.25–7.09) .013

Note: Multivariate analysis represents results from a stepwise selected approach, those with p< .05 included inmultivariatemodel.

P values<0.05 are in bold.
Abbreviations: CI, confidence interval; OR, odds ratio.
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odds of intubation (OR 2.03 [95% CI 0.84–4.89] p = .114). An anal-

ysis of risk for death in patients admitted to the ICU identified age

(p< .001), cardiac condition (p= .002), neurologic condition (p< .001),

obesity (p = .006), chronic kidney disease (.010), and transplant sta-

tus (p = .0115) to be statistically significant in the univariate model

(Table 2B). Multivariable analysis revealed that older age (OR 3.11

[95% CI 1.58–6.12] p = .001), neurologic disease (OR 2.19 [95% CI

1.18–4.07] p = .013), and transplant status (OR 2.98 [95% CI 1.25–

7.09] p = .013) were all predictive of mortality in patients admitted

to the ICU. Repeating this analysis without the inclusion of neurologic

disease demonstrated that age, cardiac disease, and transplant sta-

tus were all associated with death. These analyses demonstrate that

both comorbidities and transplant status contribute to adverse clinical

outcomes.

4 DISCUSSION

A review of outcomes in contemporaneous cohorts of SOT and NSOT

patients demonstrated increased rates of intubation and death in

nonkidney transplant recipients.Most notably, in ourmultivariate anal-

yses corrected for comorbid conditions and age, transplant status was

significantly associated with death in patients admitted to the ICU

in liver, heart, and lung transplant recipients. These findings highlight

the importance of analyzing kidney transplant patients apart from

nonkidney transplant patients given their different clinical trajecto-

ries. Differences in KSOT versus NKSOT patients may at least partially

explain the varying results reported in the literature in terms of impact

of transplant status on clinical outcomes.

As seen in other previous publications, we observed that comorbid

conditions, including cardiovascular disease, lung disease, and chronic

kidney disease, contributed to ICU admission and death.41–43 Similar

comorbid conditionshavebeenpreviously identified as associatedwith

mortality in SOT patients as well.19 Interestingly, we found that neu-

rologic disease remained significant for the prediction of death in a

multivariatemodel,which is not a comorbid condition that has received

significant attention in the literature. However, given that cerebrovas-

cular disease was the major component in our cohort, this association

is presumably related to the adverse effect of cardiovascular disease

as described in other publications. Surprisingly, in contrast to other

published reports, diabetes was not associated with death. This could

be due to the fact that patients identified with this medical condition

included bothmild and severe conditions.

Patient age is another key component shown to be associated with

adverse outcomes in patients with COVID-19 across a multitude of

studies.44 The impact of age may be manifold, including association

with a greater number of comorbidities, association with frailty, or

association with immune senescence and other components of age-

related immune dysfunction.44,45 It is important to note that age has

been found to be associated with poor outcomes in other studies of

SOT patients with COVID-19, including relatively small studies on lung

transplant recipients.46,47 This observation may partially explain the

relatively low incidence of death on our KSOT cohort.

One important strength of our study is the racial and ethnic diver-

sity of our SOT patient cohort. Of note, although previous studies

have demonstrated an increased incidence of COVID-19 in non-White

patients as well as worse clinical outcomes,48–50 in our cohort of

patients hospitalized with COVID-19, neither race nor ethnicity was

associated with intubation or death, although Hispanic ethnicity was

associated with longer LOS in SOT patients. This lack of association

between race and ethnicity and death was also observed in a mul-

ticenter registry of SOT patients with COVID-19,16 confirming the

importance of studying patient outcomes in diverse patient groups.

Future studies should explore the root cause of these differences to

identify effective approaches to address this issue.

A review of the literature on SOT versus NSOT patient outcomes

revealed a variety of conclusions, with some authors demonstrating

that SOT status is associated with mortality independent of age and

comorbidities,24,25 whereas others not finding an associationwith SOT

status when models were corrected for comorbidities.16,22 Given the

known worse outcomes in lung transplant recipients compared with

other transplant organ types, the inclusion of larger percentages of

nonkidney transplant patients within the SOT cohort may also be a

factor.8 Although a cohort of kidney transplant recipients in France

demonstrated that transplant status was significantly associated with

mortality in multivariate analysis,51 many cohorts containing a major-

ity ofKSOTpatients havedemonstratedoutcomesmore comparable to

the NSOT population.16,22 Our analysis demonstrated that there were

significant differences in ICU admission, intubation, and death in the

KSOT versus NKSOT patient groups. We hypothesize that although

our multivariable analysis corrected for age, the increased median

age of NKSOT patients compared with KSOT patients may imply an

increased level of patient frailty that was not captured in this analysis,

given that frailty has been shown to play a role in worse outcomes in

patients hospitalizedwithCOVID-19.52 Further studies should explore

this potential factor.

These findings underscore the importance of consideringKSOTver-

sus NKSOT patients separately in transplant center policies for patient

testing and triaging during the COVID-19 pandemic. This difference

appeared to primarily be driven by lung transplant and liver trans-

plant recipients, whose outcomes were significantly worse compared

to other patient groups.

Evaluation of our data in the context of other published studies

suggests that both transplant status and medical comorbidities play

a role in adverse patient outcomes. Given the increased frequency

of medical issues, including cardiovascular disease, neurologic condi-

tions, and lungdisease in the SOTpopulation, our analyses highlight the

importance of risk stratifying transplant recipients by age and comor-

bid conditions. However, the impact of NKSOT status for patients

admitted to the ICU suggests that for patients with severe disease,

immunosuppression appears to increase risk for death independent

of comorbidities. This hypothesis is supported by observations that

SOT patients demonstrate impaired antibody and T-cell response to

both natural and vaccine-induced antigen exposure compared with

NSOT patients.53–55 This observation supports the recommendation

by national transplant organizations, such as the American Society
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of Transplantation and the International Society for Heart and Lung

Transplantation, to reduce immune suppression for transplant patients

with severe COVID-19.56

The apparent paradox that immune suppressive therapies such as

dexamethasone may meliorate disease suggests the importance of

differentiating types of immune suppression. Transplant recipients

are on chronic T- and B-cell-directed therapies, including calcineurin

inhibitors and mycophenolate mofetil to prevent alloantibody for-

mation and rejection, leading to impaired response to vaccination

and infection, especially due to novel antigens. These medications

impair T-cell response and are likely associated with persistent

viral replication, a known factor in severe or fatal COVID-19.57 In

contrast, immunomodulating therapies with benefits in COVID-19

infection, such as dexamethasone or tocilizumab, act primarily as

an anti-inflammatory intervention, stemming the cytokine storm

associated with severe COVID-19.58 Whether anti-inflammatory

therapy provides additional benefit to patients on chronic anti-cellular

immune suppression remains unknown but does raise the possibility

of additional clinical complications, including secondary bacterial or

fungal infections.

Previous studies have not shown an impact of specific immunosup-

pression regimen, although these studies have generally not included

measurement of calcineurin inhibitor levels.59 Other laboratory-based

analysis has demonstrated improved antiviral T-cell response with

reduction in immunosuppression supporting this approach60; further

study is needed to better understand T-cell dysfunction and antiviral

antibody production in the setting of immunosuppression.

From a quality assurance and performance improvement perspec-

tive, the observations presented may have important information for

triaging KSOT and NKSOT patients in outpatient settings. In addition,

the observation regarding the impact of age and comorbidities may

have implications in terms of remote monitoring, patient follow-up

and education, hospital admission, and advocacy for booster vaccina-

tion and preventativemonoclonal antibody therapies. This information

can also be used to improve care for transplant patients at risk for

COVID-19, as well as to prepare for future pandemic infections.

A strength of this study is that SOT and NSOT cohorts were exam-

ined during the same timeperiod in a single center, so that SARS-CoV-2

transmission and treatment patternswere equivalent between groups.

As discussed earlier, study limitations include that the threshold for

hospitalization may have differed between groups and that sever-

ity of illness at the time of testing or admission was not available.

We attempted to address this issue by performing a prespecified

analysis on patients admitted to the ICU with similar disease sever-

ity. Another potential limitation is that as a tertiary care referral

center, NSOT patients are often referred from other hospitals with

severe infection. We have tried to address this potentially confound-

ing issue by restricting our analysis to patients not requiring ECMO,

thereby allowing for a more equitable comparison between patient

groups.

In many regards, despite vaccination and other preventative strate-

gies, the COVID-19 pandemic continues to exercise a significant toll

on transplant recipients, with unknown times ahead given the likely

advent of new variants with unpredictable patterns of transmissibility

and virulence. The data presented in this study identifies that patient

age and certain comorbid conditions are associated with adverse clin-

ical outcomes. This provides evidence that for patients requiring ICU

admission, NKSOT status provides additional risk for patient death

independent from the impact of age and comorbidities.
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