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: 18 May 2020 Revised: 24 June 2020 Accepted: 28 June 2020

DOI: 10.1111/ajt.16188

ORIGINAL ARTICLE A-]T

Clinical characteristics and outcomes of COVID-19 in solid
organ transplant recipients: A cohort study

Zohra S. Chaudhry* | Jonathan D. Williams™* | Amit Vahia® | Raef Fadel® |
Tommy Parraga Acosta®’ | Rohini Prashar® | Pritika Shrivastava® |

Nadeen Khoury® | Julio Pinto Corrales* | Celeste Williams® | Shunji Nagai®® |
Marwan Abouljoud® | Milagros Samaniego-Picota® | Odaliz Abreu-Lanfranco® |
Ramon del Busto? | Mayur S. Ramesh® | Anita Patel®* | George J. Alangaden®*

'Division of Infectious Diseases, Henry Ford . L. . . .
Hospital, Detroit, Michigan Solid organ transplant recipients (SOTr) with coronavirus disease 2019 (COVID-19)

2Department of Medicine, Henry Ford are expected to have poorer outcomes compared to nontransplant patients because

Hospital, Detroit, Michigan of immunosuppression and comorbidities. The clinical characteristics of 47 SOTr

3Division of Nephrology, Henry Ford

Transplant Institute, Detroit, Michigan (38 kidneys and 9 nonkidney organs) were compared to 100 consecutive hospital-

“Division of Pulmonology, Henry Ford ized nontransplant controls. Twelve of 47 SOTr managed as outpatients were sub-
Transplant Institute, Detroit, Michigan sequently excluded from the outcome analyses to avoid potential selection bias.
[T .

Division of Cardiology, Henry Ford Chronic kidney disease (89% vs 57% P = .0007), diabetes (66% vs 33% P = .0007), and

Transplant Institute, Detroit, Michigan

$Division of Hepatology, Henry Ford hypertension (94% vs 72% P = .006) were more common in the 35 hospitalized SOTr

Transplant Institute, Detroit, Michigan, USA compared to controls. Diarrhea (54% vs 17%, P < .0001) was more frequent in SOTr.
Correspondence Primary composite outcome (escalation to intensive care unit, mechanical ventilation,
George J. Alangaden

- . i . o
Email: galangal@hfhs.org or in-hospital all-cause mortality) was comparable between SOTr and controls (40%

vs 48%, odds ratio [OR] 0.72 confidence interval [CI] [0.33-1.58] P = .42), despite
more comorbidities in SOTr. Acute kidney injury requiring renal replacement therapy
occurred in 20% of SOTr compared to 4% of controls (OR 6 Cl [1.64-22] P = .007).
Multivariate analysis demonstrated that increasing age and clinical severity were as-

Funding information
None.

sociated with mortality. Transplant status itself was not associated with mortality.

KEYWORDS

clinical research/practice, complication: infectious, infection and infectious agents - viral,

infectious disease, kidney transplantation/nephrology, organ transplantation in general

Abbreviations: ACE2, angiotensin-converting enzyme 2; AKI, acute kidney injury; ALC, absolute lymphocyte counts; ARDS, acute respiratory distress syndrome; CKD, chronic kidney
disease; CNls, calcineurin inhibitors; COVID-19, coronavirus disease 2019; CPK, creatine phosphokinase; CRP, C-reactive protein; EMR, electronic medical record; GPU, general practice
unit; HCQ, hydroxychloroquine; HFH, Henry Ford Hospital; HFHS, Henry Ford Health System; ICU, intensive care unit; LDH, lactate dehydrogenase; LOS, length of hospital stay; mTOR,
mammalian target of rapamycin; NEWS, National Early Warning Score; qSOFA, quick sequential organ failure; RAAS, renin-angiotensin-aldosterone system; RT-PCR, reverse-
transcription polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SOT, solid organ transplant.

*Equal contributions first and senior authors

© 2020 The American Society of Transplantation and the American Society of Transplant Surgeons

Am J Transplant. 2020;20:3051-3060. amjtransplant.com 3051


www.amjtransplant.com
https://orcid.org/0000-0002-8733-2264
https://orcid.org/0000-0002-0102-8684
https://orcid.org/0000-0002-7085-2933
https://orcid.org/0000-0003-2612-8427
mailto:﻿
https://orcid.org/0000-0001-8076-776X
mailto:galanga1@hfhs.org

CHAUDHRY ET AL.

3052 | AJT
1 | INTRODUCTION

In December 2019, a cluster of patients with acute respiratory
iliness of unknown origin was reported from the city of Wuhan,
Hubei province, China. It was determined that the causative agent
was a novel coronavirus—severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2).52 As of May 15, 2020, the United States
has over 1.4 million confirmed cases of coronavirus disease 2019
(COVID-19) and 85 000 deaths.® This has created unprecedented
challenges to healthcare systems across the United States par-
ticularly, in large urban areas such as in Detroit, Michigan, which
has 50 079 confirmed cases and 4 825 deaths.* Most patients will
have mild illness, but older persons and those with comorbidities
may develop severe disease necessitating hospitalization and es-
calation of care to the intensive care unit (ICU). The epidemiol-
ogy, clinical characteristics, and outcomes of COVID-19 among
solid organ transplant (SOT) recipients are undefined. Few early
descriptive case reports and case series of SOT recipients with
COVID-19 suggest poor outcomes; however, it is unknown if this
is different from COVID-19 in the nontransplant population.>¢
We report a comparative cohort study of 47 SOT recipients and
100 nontransplant patients diagnosed with COVID-19. The clin-
ical features, severity of disease, and outcomes of the hospital-
ized SOT recipients and non-SOT patients with COVID-19 were
compared.

2 | METHODS
2.1 | Study setting

The study was performed at the Henry Ford Health System (HFHS)
a quaternary-care academic institution that comprises 5 hospitals in
southeast and south-central Michigan. The Henry Ford Transplant
Institute housed in HFHS annually performs approximately 300
organ transplants including kidney, liver, heart, lung, pancreas, intes-
tinal, and multiorgan transplants.

2.2 | Study population

A confirmed case of COVID-19 was defined as a patient with a posi-
tive reverse transcription-polymerase chain reaction (RT-PCR) assay
for SARS-CoV-2 in a nasopharyngeal sample tested by the Michigan
Department of Health and Human Services or the HFHS centralized
clinical microbiology laboratory.

Cases: SOT recipients with the confirmed diagnosis of COVID-19
from March 20, 2020 through April 18, 2020, were eligible for inclu-
sion if they were 18 years of age or older. SOT recipients managed as
outpatients were subsequently excluded from the outcome analyses
to avoid potential selection bias.

Controls: A convenience sample of 100 consecutive non-

transplant patients hospitalized with the confirmed diagnosis of

COVID-19 from March 20, 2020 onwards were eligible for inclusion
if they were 18 years of age or older.

The Henry Ford Hospital (HFH) COVID-19 severity scoring
system was used to risk stratify patients on presentation to the
hospital as mild, moderate, or severe COVID-19. Mild disease was
defined as patients who had normal chest radiography and SpO,
of 294% without the need for supplemental oxygen. Moderate dis-
ease patients were those who had abnormal chest radiography,
SpO, of <94% and needing between 1 and 5 liters/min supple-
mental O,. Patients with severe disease were defined by abnormal
chest radiography, SpO, of <94% and requiring 26 liters/min of
0,.

2.3 | Study design

This was a retrospective cohort study examining epidemiologic, lab-
oratory, and clinical characteristics for adverse outcomes comparing
SOT recipients and nontransplant controls hospitalized for COVID-
19. The study was approved by the institution's institutional review
board (#13739) with waiver of consent.

Both cases and controls received standard care, comprised of
supplemental oxygen, high-flow nasal cannula support, mechanical
ventilation, antibiotics, antiviral agents, immunomodulating medica-
tions, vasopressor support, and renal replacement therapy, as deter-
mined by the primary team.

2.3.1 | Immunosuppression management

The management of immunosuppression was at the discretion of the
transplant team. In general the approach was to decrease overall im-
munosuppression. Typically, antimetabolites were the first to either
be withdrawn or dose reduced with consideration for modification

of calcineurin inhibitors (CNIs).

2.3.2 | Specific COVID-19 treatment (COVID-19
protocol)

HFHS deployed a COVID-19 team during the time of outbreak
in an effort to standardize management. Laboratory tests or-
dered included baseline serum C-reactive protein (CRP), lactate
dehydrogenase (LDH), ferritin, D-dimer, creatine phosphokinase
(CPK), high-sensitivity troponin, and procalcitonin. Additionally,
the protocol also defined the use of antiviral agents and adjuvant
immunomodulation therapies in the treatment of patients with
COVID-19.

COVID-19-positive SOT recipients and controls with moderate
to severe disease as per our severity criteria along with QTc inter-
val of <500 msec received hydroxychloroquine (HCQ) 400mg twice
daily orally for the first 24 hours followed by 200mg twice a day for
4 days in patients as the antiviral agent. Adjuvant therapy included
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an early short course of corticosteroids (methylprednisolone 1mg/
kg in 2 divided doses for 3-7 days).”

2.4 | Data collection

Data were abstracted from the electronic medical record (EMR)
and recorded in a standardized electronic case report form. Data
included patient demographics, clinical symptoms and signs, labora-
tory and radiologic results at the time of presentation. Patient data

were censored on April 26, 2020.

2.5 | Study definitions

The National Early Warning Score (NEWS) and quick sequential
organ failure (qSOFA) were calculated to evaluate baseline illness se-

verity based on vital signs obtained in the emergency department.8*9

2.6 | Outcome measures
2.6.1 | Primary end point

The primary composite end point was escalation to ICU from a gen-
eral practice unit (GPU), progression to respiratory failure requiring
mechanical ventilation, or in-hospital all-cause mortality. This com-
posite end point has been utilized to measure outcomes in COVID-

19 pneumonia previously.z'7

2.6.2 | Secondary end points

Secondary end points included development and severity of acute
respiratory distress syndrome (ARDS), acute kidney injury (AKI) re-
quiring renal replacement therapy, median duration of ventilation,
and length of hospital stay (LOS). ARDS was diagnosed and classified
according to the Berlin Definition.!® AKI and chronic kidney disease
(CKD) were diagnosed according to the Kidney Disease: Improving

Global Outcomes definition.*

2.7 | Statistical analysis

Continuous variables were reported as median and interquartile
range (IQR) and compared using the Mann-Whitney test or t test, as
appropriate. Categorical data were reported as number and percent-
age and compared using the chi-square test or Fisher's exact t test
as appropriate. No imputation was made for missing data points. The
sample size was derived from all eligible consecutive hospitalized
patients during the study period. A 2-sided o <0.05 was considered
statistically significant. Bivariate and multivariable logistic regres-

sion analysis was planned a priori to test the association between
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the individual composite end point components and SOT status.
Clinically observed risk factors for mortality were fit a priori into a
multivariate logistic regression model examining key exposures and
outcomes. Survival curves were modeled using Kaplan-Meier esti-
mation censoring data at the end of follow-up. Statistical analysis
was performed using SAS 9.4 (SAS Institute, Cary, NC).

3 | RESULTS

We enrolled 47 SOT recipients (cases) and 100 consecutive hospital-
ized nontransplant COVID-19-positive patient (controls). All patients
were followed for a median duration of 35 (IQR 20-36) days or until
death.

The clinical characteristics of 47 SOT recipients (38 kidneys and
9 nonkidney organs) were compared to 100 controls. Twelve of 47
SOT recipients managed as outpatients were subsequently excluded

from the outcome analyses to avoid potential selection bias.

3.1 | Clinical characteristics

The demographics, presence of coexisting conditions, clinical symp-
toms, laboratory findings, and severity of illness on presentation
are shown in Tables 1 and 2. We initially compared SOT recipients
with COVID-19 that were hospitalized vs those who were managed
as outpatients (Table 1). Overall 89% of all SOT recipients had un-
dergone transplantation >1 year. Characteristics were compara-
ble across all key demographics and coexisting conditions. Cough,
fever, and shortness of breath were the most common presenting
symptoms. Overall 55% of SOT recipients had diarrhea as a pre-
senting symptom. Hospitalized SOT recipients were more likely to
complain of shortness of breath compared to outpatients (68% vs
33%, P =.04). Hospitalized SOT recipients were more likely to have a
lower median absolute lymphocyte counts (ALC) (0.5 vs 1.6 x 107 per
liter, P = .02) and abnormal chest imaging (83% vs 25%, P = .0005).
Overall, on presentation 28%, 66%, and 6% of SOT recipients were
stratified as having mild, moderate, and severe disease, respectively,
utilizing the HFH COVID-19 severity score. Hospitalized SOT re-
cipients presented with a higher degree of iliness severity, based on
median qSOFA score (1 vs 0, P = .06), median NEWS score (6.5 vs 2,
P =.0009), and HFH COVID-19 severity score.

Hospitalized SOT recipients and nontransplant patients with
COVID-19 (Table 2) had similar demographics. SOT recipients
had a higher proportion of chronic kidney disease (89% vs 57%,
P =.0007), hypertension (94% vs 72%, P = .006), and diabetes mel-
litus (66% vs 33%, P = .0007) compared with nontransplant con-
trols. SOT recipients were more likely to present with diarrhea (54%
vs 17%, P < 0.0001) and had lower median ALC (0.5 vs 0.8 x 107
per liter, P = .006) and lower median hemoglobin (11.9 vs 13.3 mg/
dL, P = .04) compared to controls. SOT recipients presented with
greater severity of illness as compared to controls (mean gSOFA 1.1
vs 0.7, P = .02). Using HFH COVID-19 severity score, the severity
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TABLE 1 Characteristics of hospitalized and nonhospitalized transplant recipients

Characteristics

Demographics
Median age (IQR) -y
Male sex - no. (%)
Black race - no. (%)
Median BMI (IQR) - kg/m?
Coexisting conditions - no. (%)
Chronic obstructive pulmonary disease
Chronic kidney disease
Congestive heart failure
Coronary artery disease
Diabetes
Hypertension
Malignancy
Smoking history
Type of organ transplant (%)*
Kidney
Liver
Heart
Lung
Pancreas
Exposure history

Contact with person with COVID-19 - no
(%)

Symptoms
Altered mentation - no. (%)
Cough - no. (%)
Diarrhea - no. (%)
Fatigue - no. (%)
Fever - no. (%)
Myalgia - no. (%)

Shortness of breath - no. (%)

Median duration from symptom onset to diagnosis

(IQR)-d
Laboratory test - median (IQR)
White blood cell count (x107/L)
Absolute lymphocyte count (x107/L)
Hemoglobin (g/dL)
Platelets (g/dL)
C-reactive protein (mg/dL)°
Imaging of the lungs®
Abnormal - no. (%)
Severity of illness in emergency department
Median qSOFA (IQR)
Median NEWS (IQR)

Total transplant
recipients
(n=47)

61 (52-70)
32(68.1)

39 (83.0)
27.4(25.5-33)

7 (14.9)
42 (89.4)
11 (23.4)
6(12.8)
32 (68.1)
44 (93.6)
4(8.5)
11 (23.4)

38(80.9)
1(2.1)
5(10.6)
4(8.5)
1(2.1)

12 (25.5)

4(8.5)
32(68.1)
26 (55.3)
21(44.7)
29 (61.7)
20 (42.6)
28 (59.6)
7 (3-10)

56(4.1-8.2)
0.65 (0.40-0.80)
11.9 (10.9-13.2
174 (134-258)
6.6 (2.2-13.5)

32(68.1)

1(0-2)
5(3-8)

Hospitalized transplant
recipients
(n=35)

62 (48-71)
23(65.7)
30(85.7)
27.3(24.9-33)

6(17.1)
31(88.6)
10 (28.6)
5(14.29)
23 (65.7)
33(94.3)
4(11.4)
9(25.7)

10 (28.6)

4(11.4)

22(62.9)
19 (54.3)
16 (45.7)
23(65.7)
17 (48.6)
24 (68.6)
7 (3-10)

5.5(4.1-8.1)

0.50(0.3-0.8)
11.9 (10.7-13)
176 (133-261)
7.5(2.2-13.5)

29 (82.8)

1(0.5-2)
6.5 (4-9)

Nonhospitalized

transplant recipients P
(h=12) value
59 (55-67) .92
9 (75) 73
9(75) 40
27.5(26.8-32.2) .95
1(8.3) .66
11(91.7) 1.00
1(8.3) .24
1(8.3) 1.00
9 (75) 73
11(91.7) 1.00
0(0) .55
2(16.7) .70
12 (100) 49
1(8.3)

0(0)

0(0)

0(0)

2(16.7) .70
0(0) .56
10 (83.3) .29
7(58.3) .81
5(41.7) .81
6 (50) 49
3(25) 15
4(33.3) .04
7 (3-10) .76
6.2 (4.7-9.1) 72
1.6 (0.8-2.0) .02
13.5(12.4-14.7) .09
166 (149-225) 97
2.4(2.4-2.4) 74
3(25) .0005
0(0-0) .06
2 (0-4) .0009

(Continues)
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TABLE 1 (Continued)
Total transplant Hospitalized transplant Nonhospitalized
recipients recipients transplant recipients P
Characteristics (n=47) (n=35) (n=12) value
Intubated at arrival - no. (%) 1(2.1) 1(2.9) — —
Direct admission to ICU - no. (%) 5(14.3) 5(14.3) — —
HFH COVID-19 Severity Score
Mild - no. (%) 13(27.7) 4(11.4) 9(75) .0001
Moderate - no. (%) 31 (65.9) 28 (80) 3(25)
Severe - no (%) 3(6.4) 3(8.6) 0(0)
Changes in immunosuppression (%)¢ 32 (69.5) 28(82.4) 4 (33) .006
Reduction or cessation of antimetabolite 27 (84) 23(82) 4 (100) .08
Reduction or cessation of CNI 5(15) 5(17) 0(0 —
Reduction or cessation of mTOR 1(3) 1(3) 0(0) —
inhibitor
Reduction or cessation of belatacept 1(3) 1(3) 0 (0) —

Abbreviations: BMI, body mass index; CNI, calcineurin inhibitor; COVID-19, coronavirus disease 2019; CRP, C-reactive protein; HFH, Henry Ford
Hospital; ICU, intensive care unit; IQR, interquartile ratio; mTOR, mammalian target of rapamycin; NEWS, National Early Warning Score; g SOFA,

quick sequential organ assessment.
*Three SOT recipients had dual transplant.

POnly 1 patient in the transplant nonhospitalized group had CRP level done.

‘Imaging of the lungs included chest X-ray or a chest computed tomography (CT) scan.

4Total of 46 SOT recipients were on immunosuppressive therapy. One hospitalized SOT patient not receiving immunosuppression was excluded. Two

patients had CNI reduced in addition to discontinuation of antimetabolite.

of illness among hospitalized transplant and nontransplant patients
was comparable.

Additional subgroup analysis among kidney transplant recipients
and recipients of other organs showed that demographics, clinical
parameters, severity of illness at presentation, and outcomes were
similar. (Table S1).

3.2 | Management

Laboratory parameters including serum CRP, D-dimer, ferritin, LDH,
procalcitonin, and abnormal chest radiography were comparable in
hospitalized SOT recipients and nontransplant controls (Table 2).
Immunosuppression was reduced in 70% of all SOT recipients,
more often in hospitalized patients than outpatients (Table 1).
Withdrawal or dose reduction occurred in 84%, 15%, 3%, and 2%
of patients receiving antimetabolite, CNIs, mammalian target of
rapamycin (MTOR) inhibitors, and belatacept, respectively. Antiviral
therapy with HCQ and adjunctive therapies with corticosteroids or

tocilizumab was comparable (Table 2).

3.3 | Outcomes

Overall mortality was 17% (8/47), in our transplant cohort, 23%
(8/35) among those hospitalized and 58% (7/12) requiring mechani-

cal ventilation. The primary composite outcome of ICU admission,

mechanical ventilation, or death was comparable between hos-
pitalized SOT recipients and nontransplant patients (Table 3).
Overall, mortality between these 2 groups was comparable (23%
vs 25% odds ratio [OR] 0.88 confidence interval [CI] [0.36-2.21]
P = .8). Beyond the first week of hospitalization, fewer deaths oc-
curred in the transplant cohort compared to the controls (Figure 1).
Increasing HFH COVID-19 severity score was associated with
greater risk of mortality, with no deaths among patients with mild
disease (Figure S1).

Secondary outcome analysis showed both groups had similar
median duration of mechanical ventilation, degree of ARDS, LOS,
and readmissions. However, AKI (47% vs 43%, OR 2.24 Cl [1.02-
4.95] P =.05) and AKI requiring renal replacement therapy (20% vs
4%, OR 6.0 Cl [1.64-21.98] P = .007) were more frequent in SOT
recipients.

Univariate analysis of all hospitalized patients showed age
>60 years, higher qSOFA, NEWS, HFH COVID-19 severity score,
and ferritin >500 ng/mL were associated with mortality (Table S2).
In all hospitalized patients and SOT recipients, ICU stay was signifi-
cantly associated with death. Multivariate modeling was performed
adjusting for age, coexisting conditions, transplant status, and HFH
COVID-19 severity score. It showed that age >60 years, and HFH
COVID-19 severity score were significantly associated with both
the primary composite outcome and mortality (Table 4). Transplant
status itself was not associated with mortality in univariate (OR 0.9
Cl [0.36-2.2] P = .8) or multivariate analysis (OR 1.11 CI [0.37-3.31]
P =.85).
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TABLE 2 Characteristics of hospitalized transplant recipients and nontransplant controls
Transplant recipients Nontransplant controls
Characteristics (n =35) (n=100) P value
Demographics
Median age (IQR) -y 62 (48-71) 60 (51-72) 45
Male sex - no. (%) 23(65.7) 50 (50.0) A1
Black race - no. (%) 30(85.7) 79 (79) .39
Median BMI (IQR) - kg/m? 27.2 (24.9-33) 32.3(28.0-37.9) .02
Coexisting conditions - no. (%)
Chronic kidney disease 31 (88.6) 57 (57) .0007
Chronic lung disease 6(17.1) 13 (13) .54
Congestive heart failure 10 (28.6) 14 (14) .05
Coronary artery disease 5(14.3) 12 (12) 77
Diabetes 23 (65.7) 33(33) .0007
Hypertension 33(94.3) 72 (72) .006
Malignancy 4 (11.4) 13 (13) 1.00
Smoking history 9(25.7) 25 (25) 94
Exposure history
Contact with person with COVID-19 - no (%) 10 (28.6) 28 (28) 95
Symptoms
Altered mentation - no. (%) 5(14.3) 8(8) .32
Cough - no. (%) 22 (62.9) 74 (74) 21
Diarrhea - no. (%) 19 (54.3) 17 (17) <.0001
Fever - no. (%) 23 (65.7) 69 (69) 72
Myalgia - no. (%) 17 (48.6) 35(35) 16
Shortness of breath - no. (%) 24 (68.6) 73 (73) .62
Median duration of symptoms (IQR) - d 7 (3-10) 5(3-7) 45
Laboratory test median (IQR)
White blood cell count (x10/L) 5.5(4.1-8.1) 6.05 (4.45-7.6) 77
Absolute lymphocyte count (x107/L) 0.5(0.3-0.8) 0.8 (0.6-1) .006
Hemoglobin (g/dL) 11.9 (10.7-13) 13.3(11.5-14.5) .04
Platelets (g/dL) 176 (133-261) 178 (150-229) 77
C-reactive protein (mg/dL) 10.1 (5-15.8) 7.5(2.2-13.5) .51
D-dimer (ug/mL) 1.02(0.49-2.83) 1.18(0.75-2.13) .70
Ferritin, serum (ng/mL) 617.5 (353-2314) 586.5(227-1130) 73
Lactate dehydrogenase serum (IU/L) 288 (248-423) 334 (245-443.5) 16
Lactic acid, plasma (mg/dL) 1.5(1.05-1.85) 1.3 (1-1.8) 75
Procalcitonin (ug/L) 0.23(0.14-0.43) 0.15(0-0.44) .50
Imaging of lungs
Chest X-ray abnormal 29 (85.3) 79 (81.4) .61
Severity of illness in emergency department
Median qSOFA (IQR) 1(0.5-2) 1(0-1) .02
Median NEWS (IQR) 6.5(4-9) 6.5(4-9) .75
Intubated on admission - no. (%) 1(2.9) 12 (12) .18
Direct admission to ICU - no. (%) 5(14.3) 16 (16) .81
HFH COVID-19 Severity Score
Mild - no. (%) 4(11.4) 13 (13) .32

(Continues)
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Transplant recipients
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Nontransplant controls

Characteristics (n =35) (n=100) P value
Moderate - no. (%) 28 (80) 68 (68)
Severe - no. (%) 3(8.6) 19 (19)
Treatment
Empiric antibiotic - no. (%) 26 (74.3) 72 (72) .80
Antiviral therapy?®
Hydroxychloroquine - no. (%) 32(91.4) 79 (79) .10
Adjunctive therapy
Corticosteroid use - no. (%)° 23 (65.7) 65 (65) 94
Tocilizumab use - no. (%) 3(8.6) 18 (18) 19

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019; HFH, Henry Ford Hospital; ICU, intensive care unit; IQR, interquartile
ratio; NEWS, National Early Warning Score; q SOFA, quick sequential organ assessment.

2At the time of the study, neither remdesivir nor convalescent plasma was administered to any patients.

bCorticosteroids include methylprednisolone, prednisone, hydrocortisone, and dexamethasone.

4 | DISCUSSION

In our cohort study, mortality, need for ICU care, and mechani-
cal ventilation support were comparable between COVID-19-
positive hospitalized SOT recipients and nontransplant controls.
Furthermore, our study demonstrates that transplant status by it-
self does not confer an increased risk for mortality. Additionally, we

showed that our HFH COVID-19 severity score was strongly predic-
tive of mortality.

In our transplant cohort, age >60 years and severity of COVID-
19 on presentation strongly correlated with mortality, similar to
what has been previously reported in the general population.?13
Observational studies to date, as summarized in Table S3, report

variable mortality in COVID-19-positive transplant recipients

TABLE 3 Outcomes in hospitalized transplant recipients and nontransplant controls

Transplant recipients

(n=35)
Primary composite outcome - no. (%) 14 (40)
Death - no. (%) 8(22.8)
ICU admission - no. (%) 13(37.1)
Mechanical ventilation - no. (%) 12 (34.3)
Median duration of mechanical ventilation 8(3-18)
(IQR)-d
Failure to extubate® - no. (%) 9 (75)
ARDS - no. (%) 12(35.3)
Mild 0
Moderate 4(33)
Severe 8 (66)
Shock - no. (%) 8(22.9)
Acute kidney injury 22 (46.8)
Acute kidney injury requiring RRT - no. (%)° 7 (20)
Median hospital length of stay (IQR) - d 4 (2-13)
Discharged from hospital - no. (%) 24 (75)
Remains hospitalized - no. (%) 3(8.6)
Readmission within 30 d - no. (%) 6(19.4)

Nontransplant controls Odds ratio (95% P

(n =100) Cl) value
48 (48) 0.72(0.33, 1.58) 42
25(25) 0.88(0.36, 2.21) .80
43 (43) 0.78(0.35, 1.73) .55
36 (36) 0.93(0.41, 2.08) .86
8.5 (4-14) 77
17 (47.2) 3.73(0.87, 15.83) .07
34 (34) 1.06 (0.47,2.39) .89
3(8.3)

9 (25)

22 (61.1) 1.05 (0.42, 2.64) 92
17 (17) 0.69 (0.27,1.78) 44
43 (43) 2.24(1.02, 4.95) .05
4(4) 6.0 (1.64,21.98) .007
8 (5-14) .22
72(72) 1.04(0.42,2.61) 93
3(3) 3.03(0.58, 15.7) 19
9(11.8) 1.78 (0.57, 5.53) .31

Abbreviations: ARDS, acute respiratory distress syndrome; Cl, confidence interval; ICU, intensive care unit; IQR, interquartile ratio; RRT, renal

replacement therapy.

dIncludes patients on mechanical ventilation that either died while ventilated or remained ventilated at the end of follow-up period.

bOf the 7 transplant recipients (5 out 7 were kidneys): 2 died, 2 were discharged, and 3 remain hospitalized. Of the 4 controls: 1 died and 3 were

discharged.
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Time to Death Stratified by Transplant Status of Inpatients

FIGURE 1 Survival curvesin

% Survival
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hospitalized transplant recipients and
nontransplant controls [Color figure can
be viewed at wileyonlinelibrary.com]
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between 0% and 30%.>%'42! Our observed overall mortality rate
of 17% in our transplant cohort is comparable to rates reported
from urban centers. Lower mortality rates in other studies may be
explained by smaller sample size, lesser severity of illness, limited
follow-up, and population demographics.>*'*2* In our hospitalized
transplant cohort, those requiring ICU care and mechanical ven-
tilation had a significantly higher mortality rate of 23% and 58%,
respectively. This is comparable to recent reports from New York
City.?°

Of note, in our predominantly kidney transplant population, rates
of AKI were high, 47%, comparable to rates of 25%-57% in other
studies.'*7¥ Of those who had AKI, about a third needed RRT, sim-

ilar to previous reports.>*®> The high incidence of kidney injury in

Non-Transplant = = = = Transplant Recipient

patients with COVID-19 may be multifactorial, including binding and
direct renal injury caused by SARS-CoV-2 suggested by renal histo-
pathological studies. Hua Su et al demonstrated virus nucleoprotein
antigens in the renal tubules and clusters of coronavirus particles in
the tubular epithelium and podocytes.22 Furthermore, the receptor
of SARS-CoV-2, angiotensin-converting enzyme 2 (ACE2) found on
renal epithelial cells, was found to be upregulated in patients with
COVID-19. Modulators of the renin-angiotensin-aldosterone system
(RAAS) including ACE2 and angiotensin receptor blockers may have
a potential role in mitigating the risk for AK1L.Z The high proportion
of CKD, diarrhea, and CNIs use in our transplant cohort may also
have contributed to AKI. It is notable, matched controls had similar
rates of AKI as our SOT cohort.

TABLE 4 Multivariate analysis of all

etz e e hospitalized patients - Odds of mortality
Odds  95% Confidence P Odds 95% Confidence P and composite outcome as a function of
Variable ratio interval value ratio interval value clinically relevant risk factors
Age > 60y 5.01 1.71 14.67 .003 1.06 1.03 1.09 .0007
Coexisting
conditions
Diabetes 1.48 0.55 3.93 44 4.07 1.52 10.89 .005
Chronic kidney 0.84 0.29 2.49 76 1.32 0.47 3.65 .60
disease
Severity of
illness in the
emergency
department
HFH COVID- 5.98 2.26 15.85 .0003 18.35 4.19 80.36 .0001
19 Severity
Score
Transplant 1.11 0.37 3.31 .85 0.51 0.17 1.51 .23
status

Abbreviations: COVID-19, coronavirus disease 2019; HFH, Henry Ford Hospital.
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Early reports have suggested poorer outcomes in SOT recipients
with COVID-19 because of chronic immunosuppression and higher
rates of comorbidities. In our study, a greater proportion of COVID-
19-positive SOT recipients had coexisting conditions, particularly con-
gestive heart failure, diabetes, CKD, and hypertension compared to
nontransplant patients. Interestingly, despite this observation, mortal-
ity and other adverse outcomes did not occur more frequently among
SOT recipients. The reasons for this are currently unknown but may be
related to blunting of inflammatory cascades and cytokine release due
to chronic immune suppression in transplant recipients. More research
is needed to elucidate these theories further.

Similar to other studies, fever, cough, and fatigue were the most
common presenting symptoms in our entire cohort. Interestingly,
diarrhea was the presenting symptom in more than half of our trans-
plant recipients. Previous studies estimate incidence of diarrhea to
range from 14% to 50% in COVID-19-positive transplant patients
(Table S3). Diarrhea may be a direct consequence of infection with
SARS-CoV-2 that uses ACE2 for entry and serine protease TMPRSS2
for protein priming. Both ACE2 and TMPRSS2 are expressed in the
epithelium of the small intestine.?* Diarrhea in our kidney transplant
recipients may also be due to agents such as mycophenolate.

Hospitalized transplant patients were more likely to present with
severe disease and COVID-19 pneumonia characterized by short-
ness of breath, hypoxia, and abnormal chest X-ray on presentation.
Lymphopenia and anemia were more common among our hospital-
ized SOT recipients in comparison to nontransplant patients and may
be the consequence of chronic immune suppression, and chronic
disease 1:212:13.25-29

All of our hospitalized patients who qualified for treatment re-
ceived HCQ as the antiviral agent. HCQ has been hypothesized to
possess direct antiviral activity against SAR-COV-2 by increasing in-
tracellular pH resulting in decreased phagolysosome fusion, impairing
viral receptor glycosylation. In addition, it also has immune-modu-
lating effect by inhibiting toll-like receptor signaling, and decreasing
production of cytokines especially interleukin (IL)-1 and 1L-6.%° Most
of our transplant patients who had infectious complications during
their hospitalization were managed in the usual fashion of reducing
immune suppression in stepwise fashion and prompt antimicrobial
therapy when needed. As per institutional COVID-19 treatment pro-
tocol, the majority of patients received corticosteroids early in their
clinical course to mitigate the hyperinflammatory syndrome.” Other
immunomodulatory agents or other antiviral agents such as remde-
sivir may have a role in the management of COVID-19.3%2

This study has limitations. It is a single-center retrospective
study with convenience sampling. Almost all SOT recipients were
hospitalized for moderate or severe COVID-19 and so the spectrum
of COVID-19 including mild disease is undefined. Most SOT recipi-
ents were remote (> lyear) from transplantation and were receiving
maintenance immunosuppression. This is similar to other reports
and consequently the impact of COVID-19 in the early posttrans-
plant period remains undefined. Our cohort of hospitalized trans-
plant patients was composed of mostly kidney transplant recipients,

and when compared to nonkidney transplant recipients there was
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no difference in presenting symptoms, comorbidities, laboratory
markers, severity of disease, and mortality. However, the lack of a
large cohort of nonkidney transplant limits extrapolation of these
findings. Even though our median follow-up was more than 28 days,
long-term outcomes such as graft function in our SOT cohort need
further study.

In conclusion, hospitalized SOT recipients with COVID-19 have
comparable mortality to nontransplant patients, despite a greater
proportion of coexisting conditions and immune suppression.
Mortality in COVID-19-positive SOT recipients is driven by the se-

verity of iliness at presentation, independent of transplant status.
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