S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Received: 8 August 2020 | Revised: 4 December 2020

Accepted: 4 December 2020

DOI: 10.1111/ajt.16460

ORIGINAL ARTICLE

AT

An early experience on the effect of solid organ transplant
status on hospitalized COVID-19 patients

Vinay Nair?
Sanjaya K. Satapathy?!

| Nicholas Jandovitz? | Jamie S. Hirsc
| Nitzan Roth! | Santiago J. Miyara

h134 | Mersema Abate® |
25 | Sara Guevara® |

Adam M. Kressel® | Alec Xiang® | Grace Wu! | Samuel D. Butensky! | David Lin® |
Stephanie Williams! | Madhu C. Bhaskaran! | David T. Majure'? | Elliot Grodstein’® |
Lawrence Lau*® | Gayatri Nair' | Ahmed E. Fahmy? | Aaron Winnick” |

Nadine Breslin? | llan Berlinrut*® | Christine Molmenti’® | Lance B. Becker
Prashant Malhotra®® | Pranisha Gautam-Goyal' | Brian Lima?®

1,2,6 |

| Simon Maybaum? |

Samit K. Shah? | Ryosuke Takegawa® | Kei Hayashida® | Koichiro Shinozaki®®® |
Lewis W. Teperman® | Ernesto P. Molmenti® | Northwell Health COVID-19 Research

Consortium

'Donald and Barbara Zucker School of
Medicine at Hofstra/Northwell, Northwell
Health, Hempstead, New York

2North Shore University Hospital,
Northwell Health, Manhasset, New York

3Feinstein Institutes for Medical Research,
Northwell Health, Manhasset, New York

“Department of Information Services,
Northwell Health, New Hyde Park, New York

5Department of Surgery, Northwell
Health, Manhasset, New York

5Long Island Jewish Medical Center,
Northwell Health, New Hyde Park, New York

Correspondence

Vinay Nair, Donald and Barbara Zucker
School of Medicine at Hofstra/Northwell,
Northwell Health, Hempstead, NY.

Email: vnairs@northwell.edu

Funding information

National Institute on Aging, Grant/
Award Number: R24AG064191; National
Institutes of Health, Grant/Award
Number: RO1LM012836

We compared the outcome of COVID-19 in immunosuppressed solid organ trans-
plant (SOT) patients to a transplant naive population. In total, 10 356 adult hospital
admissions for COVID-19 from March 1, 2020 to April 27, 2020 were analyzed.
Data were collected on demographics, baseline clinical conditions, medications, im-
munosuppression, and COVID-19 course. Primary outcome was combined death or
mechanical ventilation. We assessed the association between primary outcome and
prognostic variables using bivariate and multivariate regression models. We also
compared the primary endpoint in SOT patients to an age, gender, and comorbidity-
matched control group. Bivariate analysis found transplant status, age, gender, race/
ethnicity, body mass index, diabetes, hypertension, cardiovascular disease, COPD,
and GFR <60 mL/min/1.73 m? to be significant predictors of combined death or
mechanical ventilation. After multivariate logistic regression analysis, SOT status
had a trend toward significance (odds ratio [OR] 1.29; 95% Cl 0.99-1.69, p = .06).
Compared to an age, gender, and comorbidity-matched control group, SOT patients
had a higher combined risk of death or mechanical ventilation (OR 1.34; 95% CI
1.03-1.74, p = .027).

Abbreviations: AKI, acute kidney injury; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; Cl, confidence interval; CKD, chronic kidney disease;
COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; EHR, electronic health record; ESKD, end-stage kidney disease; GFR, glomerular filtration rate;

HTN, hypertension; ICD-10, International Classification of Diseases 10; IL-2, interleukin-2; IQR, interquartile range; KDIGO, Kidney Disease Improving Global Outcomes; OR, odds ratio;
RAAS, renin-angiotensin-aldosterone; RAASI, renin-angiotensin-aldosterone inhibitor; RRT, renal replacement therapy; SD, standard deviation; SOT, solid organ transplant system;

WHO, World Health Organization.
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1 | INTRODUCTION

Since December 2019, the novel coronavirus disease 2019 (COVID-
19) has spread from a single city in Hubei, China to the rest of
the world, overwhelming health-care systems. The World Health
Organization has classified the resulting illness, COVID-19, as a
global pandemic. Multinational studies have addressed the clinical
characteristics of the virus, including risk factors and prognosis, in
the general population.l'2 Patients found to be at higher risk for in-
fection and adverse outcome include the elderly and patients with
comorbid conditions—in particular, cardiovascular disease, diabetes,
and obesity.® An evolutionary genetic predisposition has also been
reported.* Whether immunosuppression constitutes a risk factor for
poor outcome is not clear. Reports in immunocompromised cohorts,
including solid organ transplantation (SOT), rheumatologic disease,
and cancer, have revealed diverse outcomes.> ™

It has been postulated that an unregulated “cytokine storm” with
features resembling hemophagocytic lymphohistiocytosis is patho-
logically tied to poor outcomes seen in COVID-19.2¢'7 Based on this
rationale, multiple agents with immunomodulatory properties have
been tested as potential therapeutic options.!® It has therefore been
postulated that SOT patients, although at increased risk of infectious
complications, may benefit from a diminished inflammatory response
to the cytokine storm due to chronic immunosuppression. This has di-
rect bearing on how to manage immunosuppression in SOT patients
with COVID-19.

Therefore, the study was designed to compare the outcome of
COVID-19 in SOT patients versus the nontransplant population.
We assessed the association between SOT and death or mechanical
ventilation, acute kidney injury (AKI), and prognostic variables, using
regression models in a large cohort of COVID-19 hospitalizations
across a multihospital health-care system with particular interest
to SOT status. We also evaluated the same endpoints in a nested,
matched case-control study of SOT patients.

2 | MATERIALS AND METHODS

Data for this study were obtained from 12 Northwell Health hos-
pitals in New York using the enterprise inpatient electronic health
record (EHR) Sunrise Clinical Manager (Allscripts). All adult (age 218)
patients who were admitted with a nasopharyngeal sample positive
by polymerase chain reaction for SARS-CoV-2 during the study time
period from March 1, 2020 to April 27, 2020 were eligible. Follow-up
was through June 4, 2020. In cases of multiple qualifying hospital
admissions, only the first hospitalization was included. Patients who

were transferred between hospitals within the health system were
treated as one hospital encounter. COVID-19 treatment guidelines
were distributed throughout the health system with regular updates
as new data emerged. Guidelines were the same for SOT patients and
the general population. In brief, mechanical ventilation was utilized
for patients with oxygen saturation <88% and/or increased work of
breathing on 100% non-rebreather mask. Initially prone positioning
was only used for refractory hypoxia. Later in the pandemic, early
prone positioning became encouraged. Hydroxychloroquine was
used in patients with oxygen saturation <94% and or radiographic
pneumonia. Venous thromboembolism prophylaxis included low
molecular weight heparin and unfractionated heparin for patients
with low GFR. Immunosuppression management for SOT patients
was left to the care team.

The following demographic information was collected: age, sex,
race, Hispanic ethnicity, presence of comorbid conditions, and body
mass index (BMI). Race and ethnicity data were collected by self-re-
port in prespecified fixed categories. Renal function was catego-
rized into three groups based on Kidney Disease Improving Global
Outcomes (KDIGO) stages of chronic kidney disease (CKD) (GFR
260, 30-59, <30 mL/min/1.73 m?). Estimated GFR was calculated
using the CKD EPI formula. Transplant medications and COVID-19
therapeutics (hydroxychloroquine, azithromycin, remdesivir, to-
cilizumab, sarilumab, anakinra, and corticosteroid use >5 mg/day)
were recorded. In instances of variables with more than 5% miss-
ing data (BMI and race/ethnicity with 10.9% and 7.2%, respec-
tively), the missing data were treated as separate groups. The first
laboratory testing results available within 48 hours of presentation
were computed as baseline values. Identification of SOT status was
performed by querying hospital admission physician notes as well
as specialty consultation notes for the following terms: “transplant,”
“txp,” “OHT,” “OLT,” “DDRT,” “LURT," “LRRT,” and “LDT." Problem lists
and past medical history were further searched for the following
International Classification of Diseases 10 (ICD-10) codes that de-
fine patients with transplant: T86.1, T86.10, T86.11, T86.12, T86.13,
T86.19, 794.0, Z94.1, T86.20, T86.2, T86.290, T86.22, T86.21,
T86.298, T86.23, 794.4, T86.40, T86.4, T86.41, T86.42, T86.49,
T86.43, 794.2, T86.819, T86.810, T86.812, T86.811, T86.818, and
Z94.83. The resulting list of patients was manually reviewed by mem-
bers of the transplant team to validate the presence of a function-
ing SOT allograft. Patients with end-stage kidney disease (ESKD) on
dialysis were excluded. This study was supported by the Northwell
Health COVID-19 Research Consortium and was approved by the
Institutional Review Board for the Feinstein Institutes of Medical
Research at Northwell Health as minimal-risk research with waived
requirement for informed consent.
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3 | STUDY POPULATION

3.1 | Transplant group

All SOT recipients of kidney, liver, heart, pancreas, and lung who had
a functioning allograft and were hospitalized with COVID-19 during
the study period.

3.2 | Total control group
All nontransplant patients who were hospitalized with COVID-19

during the same study period.

3.3 | Matched control group

Exact matching was performed for gender, diabetes, hyperten-
sion, and cardiovascular disease (defined as any of coronary artery
disease, peripheral arterial disease, or heart failure), while caliper
matching was utilized for age (+ 5 years) using the CALIPMATCH
program in Stata® statistical analysis software.

4 | OUTCOMES

Patients were followed from the date of initial hospitalization until
the first outcome of either death, discharge from the hospital, trans-
fer to another center, or end of the study (June 4, 2020). The primary
outcome was the combined endpoint of either death or requirement
of mechanical ventilation. Secondary outcomes included death, me-
chanical ventilation, AKI, and final disposition. AKI was defined ac-
cording to KDIGO criteria.’® Methodology for ascertaining AKI has
been described elsewhere.*’?

5 | STATISTICAL ANALYSIS

Descriptive statistics for normally distributed continuous variables
were expressed as mean * standard deviation (SD) and compared using
t-tests. Variables with nonnormal distribution were expressed as me-
dian (interquartile range [IQR]) and compared using Mann-Whitney-
Wilcoxon test. As appropriate, categorical variables were expressed as
percentages and compared using chi-squared or Fisher's exact tests.
For the primary and secondary outcome analysis, we per-
formed bivariate and multivariate logistic regression on the total
study group and multivariate conditional logistic regression on
the matched cohort (matched control group plus SOT group).
Covariates for the multivariate logistic regression were selected
based on clinical importance as well as differences identified on
bivariate analyses. In the matched cohort, covariates that could
not be successfully included in the matching algorithm but were
felt to be of clinical importance (BMI, race/ethnicity, and GFR)

were added to the final multivariate conditional logistic regres-
sion. In both cohorts, the final multivariate logistic model was ad-
justed for cluster effect of admission hospital (transplant center
vs. nontransplant center).

All tests were two tailed with a significance level of o = 0.05.
Analyses were performed with Stata 16.0 for Mac, StataCorp LP
(College Station, TX).

6 | RESULTS

6.1 | Baseline characteristics

From March 1, 2020 to April 27, 2020, there were 10 869 hospital
admissions to 12 health system hospitals with a diagnosis of COVID-
19. Four hundred thirty patients with ESKD and one liver transplant
with allograft failure (cirrhosis) were excluded. The final study group
was comprised of 10 356 patients in the total control group and 82
SOT patients.

Baseline demographics are depicted in Table 1. The majority
of patients in the transplant and total control group were male
(68.3% vs. 59.4%) and the mean age was 61.8 + 11.7 years vs.
64.9 + 16.2 years, respectively. There were 69 kidney transplants,
six heart transplants, one kidney-liver transplant, two kidney-pan-
creas transplants, three liver transplants, and one lung transplant.
The median time from transplantation to COVID-19 diagnosis was
2592 (IQR 599-4837) days. Most patients were on a calcineurin
inhibitor (86.6%), mycophenolate (79.3%), and prednisone (67.1%).
In the transplant group, the most frequent ethnicity was non-His-
panic black (31.7%) versus non-Hispanic white in the total control
group (34%). BMI was lower in the transplant group (p = .041),
while diabetes mellitus (62.2% vs. 35.6%; p < .001), hypertension
(84.1% vs. 58.9%; p < .001), and coronary artery disease (24.4%
vs. 12.6%; p = .004) were significantly more common among SOT
patients. The majority of SOT patients had reduced GFR <60 mL/
min/1.73 m? (85.4% vs. 38.4%, p < .001). There was no differ-
ence in patients on a renin-angiotensin-aldosterone inhibitor
(RAASI [ACE inhibitor, angiotensin receptor blocker]) at the time
of hospital admission (22.4% vs. 31.5%; p = .11) or smoking status,
peripheral vascular disease, heart failure, asthma, and COPD. A
similar number of SOT patients and total control group patients
were admitted to a tertiary hospital (73.2% vs. 66.3%; p = .19).
More SOT patients were admitted to a transplant center (45.1%
vs. 18.2%; p < .001).

In the matched control group, unmatched variables were similar
in terms of race/ethnicity, asthma, chronic obstructive pulmonary
disease (COPD), and smoking status to the SOT group. Within the
cardiovascular disease category, groups had a similar percentage
of PVD, heart failure, and coronary artery disease. SOT patients
were less likely to be obese (26.8% vs. 42.1%; p < .001) and had
lower use of RAASI (22.4% vs. 48.8%, p < .001). The majority of
SOT patients had reduced GFR <60 mL/min/1.73 m? (85.4% vs.
40.7%; p < .001).
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TABLE 1 Baseline characteristics
Matched
Transplant Total control control
N =82 N =10 356 p value N = 1625 p value

Age, mean = SD 61.8 +£11.7 64.9 +16.2 0.081 62.7 +11.5 0.50
Gender

Male 56 (68.3%) 6151 (59.4%) 0.11 1117 (68.7%) 0.93
Race/Ethnicity

Non-Hispanic white 19 (23.2%) 3521 (34%) 0.043 477 (29.4%) 0.34

Hispanic 17 (20.7%) 2185 (21.1%) 335(20.6%)

Non-hispanic black 26 (31.7%) 2075 (20%) 385 (23.7%)

Other 17 (20.7%) 1824 (17.6%) 312 (19.2%)

Unknown 3(3.7%) 751 (7.3%) 116 (7.1%)
BMI

18.5-29.9 51 (62.2%) 5486 (53%) 0.042 783 (48.2%) <0.001

<18.5 4 (4.9%) 193 (1.9%) 9 (0.6%)

>30.0 22 (26.8%) 3544 (34.2%) 684 (42.1%)

Unknown 5(6.1%) 1133 (10.9%) 149 (9.2%)
Diabetes 51(62.2%) 3688 (35.6%) <0.001 1005 (61.8%) 0.95
Hypertension 69 (84.1%) 6098 (58.9%) <0.001 1365 (84%) 0.97
PVD/PAD 3(3.7%) 238 (2.3%) 0.44 59 (3.6%) 0.99
Heart failure 10 (12.2%) 818 (7.9%) 0.15 163 (10%) 0.51
CAD 20 (24.4%) 1305 (12.6%) 0.004 335 (20.6%) 0.40
Asthma 3(3.7%) 869 (8.4%) 0.12 154 (9.5%) 0.099
COPD 2(2.4%) 640 (6.2%) 0.16 117 (7.2%) 0.96
Initial serum creatinine (mg/dL) 1.8 (1.3-2.9) 1(0.8-1.4) <0.001
GFR (mL/min/1.73?)

> 60 12 (14.6%) 6359 (61.4%) <0.001 964 (59.3%) <0.001

30-59 39 (47.6%) 2630 (25.4%) 447 (27.5%)

<30 31(37.8%) 1346 (13%) 214 (13.2%)

Missing 0 (0%) 21(0.2%)
Tobacco Status

Smoker (current or former) 15(18.3%) 2055 (19.8%) 0.93 370 (22.8%) 0.64

Never smoked 62 (75.6%) 7646 (73.8%) 1165 (71.7%)

Unknown 5(6.1%) 655 (6.3%) 90 (5.5%)
RAASI 17 (22.4%) 2969 (31.5%) 0.11 740 (48.8%) <0.001
Admission hospital

Nontransplant center 45 (54.9%) 8468 (81.8%) <0.001 1327 (81.7%) <0.001

Transplant center
Organ type

Kidney

Heart

Liver

Lung

Kidney/Pancreas

Kidney/Liver

Induction agent

37 (45.1%)

69 (84.2%)

1888 (18.2%)

298 (18.3%)

(Continues)
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TABLE 1 (Continued)
Matched
Transplant Total control control
N =82 N =10 356 p value N = 1625 p value
Antithymocyte globulin (rabbit) 8(9.8%)
Basiliximab 14 (17%)
None 4 (4.9%)
Unknown 56 (68.3)
Calcineurin inhibitor 71 (86.6%)
Mycophenolate 65 (79.3%)
Prednisone 55 (67.1%)
Belatacept 2 (2.4%)
mTOR inhibitor 3(3.7%)

Immunosuppression reduced 66 (80.5%)

Transplant to COVID-19 infection, days
(median [IQR])

All data presented as n (%), unless otherwise noted.

2592 (599-4837)

Cardiovascular disease defined as coronary artery disease, peripheral vascular disease, or heart failure.

Abbreviations: CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate; mTOR, mammalian
target of rapamycin; PVD/PAD, peripheral vascular disease/peripheral artery disease; RAASI, renin-angiotensin-aldosterone receptor inhibitor.

6.2 | Laboratory results in the SOT versus matched
control group

Initial laboratory values at the time of hospital admission can
be seen in Table 2. SOT patients had a lower lymphocyte count
(0.7 cells/uL [IQR 0.3-0.9] vs. 0.9 cells/uL [IQR 0.6-1.3]; p < .001),
hemoglobin, and lower alanine aminotransferase (ALT) and as-
partate aminotransferase (AST) levels. There was no difference
in D-dimer or C-reactive protein. Serum ferritin was higher in
SOT patients (881.5 ng/mL [IQR 499.5-2115.5] vs. 753.1 ng/mL
[IQR 395-1379]; p = .038). Mean admission serum creatinine was
higher in SOT patients (2.4 + 1.8 mg/dL vs. 1.5 + 1.2; p < .001).

6.3 | COVID-19-specific treatment in the SOT
versus matched control group

Table 3 shows COVID-19-specific treatment received in the groups.
There was no difference in treatment aside from corticosteroid use,
which was higher in the transplant population (81.7% vs. 47.9%;
p < .001). Fifty-five SOT patients were on prednisone 5 mg daily as
part of their immunosuppression while 29 patients received meth-
ylprednisolone. The median maximum daily dose of methylpred-
nisolone was 40 mg/day (IQR 40-50). No patient was treated for
presumed or biopsy proven rejection. Steroid dosing for control
patients was unable to be obtained due to limitations of our data
warehouse and the large number of control patients. The majority
of transplant patients (80.5%) had their immunosuppression re-

duced during treatment as defined by either stopping/lowering the

calcineurin inhibitor, stopping the mTOR inhibitor, or stopping/re-
ducing mycophenolate (Table ).

6.4 | Outcomes in the SOT versus matched
control group

Primary and secondary outcomes can be seen in Table 4. Eighty-one
SOT patients were matched to 20 controls each and one SOT patient
was matched to eight controls. Thirty-five SOT patients (42.7%) reached
the primary outcome of death or mechanical ventilation (31 kidney,
three heart, and one lung transplant) versus 509 patients (31.3%) in the
matched control group (OR = 1.63, 95% Cl 1.04-2.56; p = .03). Twenty-
six (31.7%) SOT patients died versus 391 (24.1%) in the matched con-
trol group (OR = 1.47; p = .12) and 28 (34.2%) SOT patients required
mechanical ventilation versus 399 (24.6%) in the matched control group
(OR =1.59,95% Cl10.99-2.55; p =.05). There was no significant difference
between time to ventilation (5 vs. 2 days; p = .12) or time to death (12 vs.
8 days; p = .12) between SOT patients and matched controls. AKI was
more common in SOT patients (58.5% vs. 42.8%; p = .009) and more SOT
patients required renal replacement therapy as compared to matched
controls (18.3% vs. 8.5%; [OR = 2.4, 95% 95% Cl 1.34-4.34; p = .002]).
There were significant differences in final disposition between the SOT
and matched control group (p < .001). At the end of the study period, 49
(59.8%) SOT patients versus 1175 (72.3%) of the matched control group
were discharged from the hospital alive, 26 (31.7%) versus 391 (24.1%)
died, 2 (2.4%) versus 52 (3.2%) were transferred to another center, and
5 (6.1%) versus 7 (0.4%) remained hospitalized. Median time to discharge
was the same in SOT and non-SOT patients (6 vs. 6.2 days; p =.79).
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TABLE 2 Initial laboratory values in SOT versus matched control TABLE 4 Outcomesin SOT versus matched control
Transplant Matched control Transplant Matched control
p
N =82 N = 1625 value N =82 N = 1625 p value
Lymphocyte .7(0.3-0.9) .9(0.6-1.3) <.001 Primary outcome
count (cells/ Death or 35(42.7%) 509 (31.3%) 03
uL) mechanical
Neutrophil 5.2 (4-6.6) 5.7 (4-8.1) .071 ventilation
cc|>_1)mt (cells/ Secondary outcomes
W
. Death 26 (31.7%) 391 (24.1%) 1
Hemoglobin (g/ 11.9 (10.6-13) 13.3(12-14.4) <.001
dL) Mechanical 28 (34.2%) 399 (24.6%) .05
ventilation
Platelet (K/uL) 193 (155-275) 212 (162-273) .27
i AKIl stage
Albumin (g/dL) 3.4(2.8-3.8) 3.4 (3-3.8) .59
AKI 1 22 (26.8%) 276 (17%) .008
ALT (U/L) 20 (14-29) 35 (23-55) <.001
AKI 2 5(6.1%) 154 (9.5%)
AST (U/L) 32(22-42) 47 (32-70) <.001
AKI 3 21 (25.6%) 266 (16.4%)
Total bilirubin .4 (0.3-0.6) .5(0.4-0.7) .055
(mg/dl) No AKI 34(41.5%)  892(54.9%)
D-dimer assay 496 (280-1981) 455 (263-874) 25 Unknown AKI (0%) 37 (2.3%)
(ng/mL) Need for RRT 15(18.3%) 138 (8.5%) .002
C-reactive 10.1 (5-15.9) 11.2 (5.9-19) .074 Final disposition®
E’“’t/‘:)” Discharged 49 (59.8%) 1,175 (72.3%) <001
mg
. Currently admitted 5(6.1%) 7 (0.4%)
Ferritin (ng/mL) 881.5 (499.5- 753.1 (395-1379) .038
2115.5) Deceased 26 (31.7%) 391 (24.1%)
Admission 24+18 1.5+1.2 <.001 Transfer 2 (2.4%) 52(3.2%)
(crea/tdirlji)ne All data presented as n (%) unless otherwise noted.
mg

Data are presented as median (IQR) or mean + SD.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase.

TABLE 3 COVID-19 treatment in SOT versus matched control

Transplant Matched control

N =82 N = 1625 calue
HCQ 60 (73.2%) 1290 (79.4%) .18
Azithromycin 36 (43.9%) 839 (51.6%) 17
Remdesivir 2(2.4%) 5(0.9%) .18
Tocilizumab 11 (13.4%) 239 (14.7%) Vo)
Sarilumab (0%) 1(0.1%) .82
Anakinra 9 (11%) 220 (13.5%) .51
Corticosteroids 67 (81.7%) 779 (47.9%) <.001

Abbreviation: HCQ, hydroxychloroquine.

6.5 |

Bivariate and multivariate analysis

In the total study population (transplant and total control group),
bivariate analysis found SOT status, older age, male gender, non-
Hispanic white race/ethnicity, BMI <18.5, diabetes, hypertension,
coronary artery disease, heart failure, peripheral vascular disease,

Abbreviations: AKI, acute kidney injury; RRT, renal replacement
therapy.

@ Final disposition at the end of the study period.

GFR <60 mL/min/1.73 m?, and COPD to be significant predictors of
death or mechanical ventilation (Table 5 and Figure 1). SOT status
was also predictive of need for mechanical ventilation (OR 2.04, 95%
Cl 1.28-3.22; p = .002) and AKI requiring dialysis (OR 3.49, 95% Cl
1.98-6.15; p < .001), but not death alone (OR 1.43, 95% CI 0.89-
2.27;p = .13).

After multivariate logistic regression and adjusting for cluster
effect of admission hospital, SOT status showed a trend toward the
primary outcome of combined death or need for mechanical ven-
tilation (OR 1.29, 95% Cl 0.98-1.69; p = .06). Similar analysis per-
formed on secondary outcome measures showed SOT status was
a risk factor for requirement of mechanical ventilation (OR = 1.59,
95% Cl 1.03-2.46; p = .036) and AKI requiring dialysis (OR = 1.96,
95% Cl 1.37-2.81; p < .001) but not death alone (OR 1.17, 95% Cl
0.78-1.88; p = .52). Additional independent risk factors for death
or mechanical ventilation in the multivariate model were older
age, male gender, obesity with BMI >30, diabetes, heart failure,
COPD, Hispanic ethnicity, and low GFR <60 mL/min/1.73 m? on
admission. Multivariate conditional logistic regression on the
matched cohort (transplant and matched control group) yielded
an odds ratio of 1.34 for the primary outcome (combined death
or mechanical ventilation) that was statistically significant after
adjustment for BMI, race/ethnicity, GFR, and cluster effect of ad-
mission hospital (95% Cl 1.03-1.74; p = .027). GFR below 30 mL/
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TABLE 5 Bivariate and multivariate analyses of risk factors associated with death or mechanical ventilation in patients hospitalized with

COVID-19 infection

Total study group unadjusted model

Total study group adjusted model

Matched cohort adjusted model

OR 95% Cl p value OR

SOT 1.65 1.06-2.55 .025 1.29
Age 1.03 1.03-1.04 <.001 1.03
Male 1.25 1.15-1.36 <.001 1.47
Diabetes 1.37 1.25-1.49 <.001 1.18
Hypertension 1.5 1.37-1.63 <.001 .89
CAD 1.65 1.46-1.85 <.001 .96
PVD/PAD 1.88 1.46-2.43 <.001 1.15
Heart failure 2.35 2.03-2.71 <.001 1.43
COPD 1.65 1.4-1.94 <.001 1.15
Race/Ethnicity

Hispanic Ref Ref

Non-Hispanic 1.28 1.14-1.43 <.001 .81

White

Non-Hispanic Black .86 .76-0.99 .03 .64

Other 1.05 92-1.2 .54 .96

Unknown 1.03 .86-1.23 .76 .86
BMI

18.5-29.9 Ref Ref

<18.5 1.55 1.16-2.07 .003 1.12

230 .94 .86-1.03 .21 1.26

Unknown 1.19 1.04-1.37 .01 1.34
GFR (mL/min/1.73 m?)

260 Ref Ref

30-59 1.53 1.26-1.86 <.001 1.74

<30 3.19 2.61-3.89 <.001 2.79

95% CI p value OR 95% CI Calue
.99-1.69 .064 1.34 1.03-1.74 .027
1.02-1.03 <.001
1.39-1.55 <.001
1.12-1.24 <.001
.88-0.89 <.001
.9-1.03 .27
91-1.47 .25
1.16-1.76 .001
1.02-1.3 .02
Ref
.71-0.92 .001 .83 .26-2.69 .76
.63-0.66 <.001 .85 .33-2.19 .74
.87-1.52 4 .88 .23-3.35 .85
.78-0.94 .001 .96 .51-1.81 91
Ref
.82-1.52 47 1.51 1.19-1.91 .001
1.19-1.34 <.001 1.19 1.03-1.38 .021
1.25-1.43 <.001 97 .87-1.08 .55
Ref
1.61-1.88 <.001 1.4 .88-2.23 15
2.74-2.84 <.001 1.9 1.55-2.33 <.001

Abbreviations: BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate;
PVD/PAD, peripheral vascular disease/peripheral artery disease; SOT, solid organ transplant.

min/1.73 m? and BMI 230 and <18.5 were also associated with
the primary endpoint. SOT transplant status did not predict AKI
requiring renal replacement therapy (OR = 1.7; p = .11), mechanical
ventilation (OR = 1.41; p =.188), or death (OR = 1.12; p = .58) when
tested separately.

7 | DISCUSSION

Studies of SOT patients suggest worse outcome and higher mortal-
ity than the general hospitalized population, although biased by dif-
ferences in comorbid conditions. In an attempt to better understand
COVID-19 outcomes in SOT patients, we performed logistic regres-
sion in a large population of hospitalized patients and in a matched
cohort. Upon adjusting for demographics and several comorbid
conditions, our findings suggest a higher morbidity in SOT patients
manifested by the need for mechanical ventilation in the total study

population and a trend toward the combined endpoint of death or
mechanical ventilation. When compared to the matched cohort
(transplant and matched controls), SOT patients had an increased
risk of the combined endpoint of death or mechanical ventilation.
Mortality alone was not increased in either analysis.

Recent studies found transplant patients to be at increased risk for
COVID-19 with a reported 20%-30% in-hospital mortality rate.>%8
10 This may be attributed to prevalent comorbidities in the transplant
population such as diabetes, cardiovascular disease, hypertension, and
obesity.1'3’20 Our study suggests that comorbid conditions account for
much of the reported mortality risk, but SOT patients still appear to
have a greater risk of a combined endpoint of death or mechanical ven-
tilation. At this time it is unclear what role immunosuppression plays
in these findings. Standard transplant immunosuppression targets the
adaptive immune system by predominantly inhibiting interleukin-2 (IL-
2), resulting in impaired T cell function and lymphopenia. T cell func-
tion is relevant in controlling viral replication, and prior studies have
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FIGURE 1 Forest plot of bivariate (A) and multivariate (B, C) analyses demonstrating factors associated with death or mechanical
ventilation in patients hospitalized with COVID-19 infection. SOT, solid organ transplant; HTN, hypertension; CAD, coronary artery disease;
PVD/PAD, peripheral vascular disease/peripheral arterial disease; HF, heart failure; COPD, chronic obstructive pulmonary disease; GFR,
glomerular filtration rate. Reference group for Race/Ethnicity = Hispanic. Reference group for BMI = BMI 18.5-29.9. Reference group for
GFR = GFR 260 mL/min/1.73 m? [Color figure can be viewed at wileyonlinelibrary.com]

suggested worse COVID-19 outcomes in the setting of lymphopenia, a
well-known side effect of immunosuppression.?* Alternatively, a recent
publication (after our study period) demonstrated benefit with dexa-
methasone.?? Our database was not designed to differentiate among
steroid dose and outcome, therefore could not confirm or disprove this
finding. However, despite SOT patients being more likely to receive
corticosteroids, outcomes were worse.

Several factors were found to impact our primary endpoint of death
or mechanical ventilation. In the total study group, after regression
analysis, age, male gender, BMI 230, diabetes, heart failure, COPD,
and GFR <60 mL/min/1.73 m? were all associated with worse out-
comes. Although non-Hispanic ethnicity had a better outcome, race/
ethnicity lost significance after regression analysis of the matched
cohort. Unexpectedly HTN was associated with better outcome. In
the matched cohort GFR less than 30 mL/min/1.73 m? remained a
strong predictor of death or mechanical ventilation along with either
extremes of BMI.

The primary outcome of this study was death or mechanical
ventilation. This choice was based on several factors unique to our
study: (1) a diminished hyper-inflammatory reaction from immuno-
suppression may theoretically decrease pulmonary complications,
including the need for mechanical ventilation; (2) based on the time
frame we suspected a portion of the population would still be ad-
mitted; (3) previous COVID-19 studies had also included combined
endpoints.?® In addition we also looked at death and mechanical
ventilation separately as secondary endpoints.

The high incidence of AKl is an important secondary finding in our
study. Recent study suggests AKI temporally occurs at the time of venti-
lation and is associated with worse outcomes.? Higher disease severity
and baseline renal dysfunction in SOT patients likely resulted in more
AKI than controls, although the significance was lost after regression
analysis of the matched cohort. Although no kidney transplant biopsies
were obtained, manual chart review did not identify any SOT patient
with suspected rejection after reduction of immunosuppression.
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It should be acknowledged that our experience comes from an
early and particularly hard hit region of the United States. Since
then, treatment paradigms have shifted and several large studies
have revealed disparate mortality rates among SOT patients. One
large multicenter study had a similar morality rate as ours, 32%,
while another had a lower rate of 20.5%.2425 Two studies have com-
pared SOT patients to a control group and found no difference in
mortality.2?” These studies along with ours have differed in terms
of study design and volume. They are similar, however, as even our
study did not reveal a difference in mortality alone, and suggested a
higher incidence of AKI requiring dialysis.

Although the large volume of COVID-19 hospitalizations was a
major strength of our study, it also has limitations. The study was
retrospective and relied on chart review and ICD-10 coding, which
may have led to misclassification of patients. We were unable to de-
termine specific doses or duration of therapy for control patients
treated with corticosteroids. Transplant patients were more likely
to receive corticosteroids, though 67% were only on 5 mg of pred-
nisone. We utilized admission creatinine to calculate baseline GFR,
though manual review of 61 SOT patients suggested a small but sig-
nificant lower baseline creatinine (data not shown). Since GFR was
lower in SOT patients, GFR, BMI, and race were unable to fit into
the matching algorithm. However, to account for these confound-
ers, we performed logistic regression on the entire matched cohort
(SOT patients plus matched controls). Follow-up stopped at hospital
discharge and patients could have theoretically been readmitted or
died later. In our large cohort of control patients it is possible that
few were on immunosuppressants for other indications. In addition
we were not able to manually extract symptoms before admission or
determine the cause of death. Finally, renin-angiotensin-aldosterone
system (RAAS) blockade has been postulated as potentially having
an effect on COVID-19. Although it is not included in our analysis
because of incomplete data, no study, to our best knowledge, has
yet confirmed any benefit or harm associated with this drug class.?

In conclusion, we found an increased risk among hospitalized SOT
patients of (1) the combined primary endpoint of death or mechanical
ventilation than a matched control group and (2) mechanical ventilation
and AKI requiring RRT compared to a large population of hospitalized
COVID-19 patients. The role of immunosuppression in these findings is
unclear, and although biopsies were not performed, there were no cases
of suspected rejection. SOT patients infected with COVID-19 should be
monitored closely with careful consideration to renal dysfunction.
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