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1 | INTRODUCTION

The COVID-19 pandemic has brought unprecedented challenges to the transplant
community. The reduction in transplantation volume during this time is partly due to
concerns over potentially increased susceptibility and worsened outcomes of COVID-
19 in immunosuppressed recipients. The consequences of COVID-19 on patients
waitlisted for kidney transplantation, however, have not previously been character-
ized. We studied 56 waitlisted patients and 80 kidney transplant recipients diagnosed
with COVID-19 between March 13 and May 20, 2020. Despite similar demographics
and burden of comorbidities between waitlisted and transplant patients, waitlisted
patients were more likely to require hospitalization (82% vs. 65%, P = .03) and were at
a higher risk of mortality (34% vs. 16%, P = .02). Intubation was required in one third
of hospitalized patients in each group, and portended a very poor prognosis. The vast
majority of patients who died were male (84% waitlist, 100% transplant). Multivariate
analysis demonstrated waitlist status, age, and male sex were independently associ-
ated with mortality. COVID-19 has had a dramatic impact on waitlisted patients, de-
creasing their opportunities for transplantation and posing significant mortality risk.
Understanding the impact of COVID-19 on waitlist patients in comparison to trans-
plant recipients may aid centers in weighing the risks and benefits of transplantation
in the setting of ongoing COVID-19.
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During the pandemic, transplantation volume in the United States in

March, April, and May of 2020 was severely curtailed, with an over-

The coronavirus disease 2019 (COVID-19) pandemic has brought un- all reduction in deceased donor transplantation of 51%. This effect

precedented challenges to the medical and transplantation community. was largely driven by kidney transplantation, and was echoed in other

countries, including France and Spain where transplantation fell 90%
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tivity was borne, in part, out of concerns over potentially increased

Presbyterian; OR, odds ratio; PCR, polymerase chain reaction; PD, peritoneal dialysis; susceptibility and worsened outcomes of COVID-19 in transplant

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

recipients, as well as concerns over impaired hospital resources for
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caring for posttransplant recipients. Additional challenges that con-
tributed to reduced transplantation volumes included ensuring safe
organ procurement in the setting of unknown risks of transmission,
and difficulties in severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) testing of donors and recipients. This was particularly
challenging in the early stages of the pandemic due to limited testing
capacity, unclear testing reliability, prolonged waiting for test results,
and non-uniform protocols across transplant centers.

This overwhelming impact of COVID-19 on organ donation and
transplantation may have potentially devastating effects on wait-
listed transplant candidates. During this time, transplant programs
have faced the difficult decision of carefully weighing the benefits
of transplantation against the risks of newly immunosuppressing
patients who may subsequently acquire COVID-19. The need for
programs to temporarily cease or to temper transplantation activity
has impacted an already growing national waitlist, with potentially
detrimental effects on waitlist-associated mortality. While a number
of studies have characterized COVID-19 disease in transplant recipi-
ents, the consequences of COVID-19 on waitlisted patients have not
been defined. Simulation models have suggested that kidney trans-
plantation in the context of COVID-19 will provide survival benefit,
unless the COVID-19 mortality of transplant patients significantly
exceeds that of waitlisted patients.3 Here, we describe our center's
experience with COVID-19 in waitlisted patients, and compare their

presentation and outcomes to kidney transplant recipients.

2 | MATERIALS AND METHODS

2.1 | Patients

We studied all adult (>18 years) patients waitlisted for kidney trans-
plantation at our center and kidney transplant recipients who tested
positive for COVID-19 between March 13, 2020 and May 20, 2020.
The establishment of a centralized dashboard that captured all patients
tested for COVID-19 within any of the New York Presbyterian (NYP)
hospital network facilitated the identification of COVID-19 infected
waitlisted patients. Additional patients were identified by transplant
coordinators performing telephone wellness checks and by wait-
list patients notifying their coordinator. Kidney transplant recipients
were initially evaluated by Telemedicine platform and triaged as previ-
ously described by Lubetzky et al.* Those with significant or worsen-
ing symptomology were referred to the Weill Cornell Medicine Fever
Clinic or the NYP/WEeill Cornell Emergency Department. Patients were
evaluated for COVID-19 infection by nasopharyngeal swab testing for
SARS-CoV-2 via Polymerase Chain Reaction (PCR) using one of the fol-
lowing tests (antigen target): Cobas SARS-CoV-2 (ORF1ab and E gene),
Xpert Xpress SARS-CoV-2 (E gene and N2), or Panther Fusion SARS-
CoV-2 assay (ORF1ab region 1 and ORF1ab region 2). Only patients
who tested positive by PCR were included for study. This study was
approved by the Weill Cornell Medicine Institutional Review Board
protocol # 1207012637 entitled Utilizing a Transplant Database for

Quality Assessment and Performance Improvement and Clinical
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Outcomes and protocol # 20-05022154 entitled Impact of COVID-19
lliness on Kidney Transplant Candidates and Recipients.

2.2 | Data collection

Baseline patient demographics and co-morbidities, transplantation
characteristics, immunosuppressive regimens, concomitant infec-
tions, COVID-19 treatment approaches, and clinical course were ex-
tracted from the electronic medical record. For patients who were not
admitted to our institution, information was obtained from electronic
medical records, their dialysis center, and by Transplant provider and
coordinator phone calls to patients and their family. As clinical prac-
tices and knowledge evolved during the pandemic, testing of in-
flammatory markers possibly associated with COVID-19 was more
frequently performed; however, early in the course, laboratory testing
was not uniformly employed, and laboratory data were not available
for all patients admitted to other centers. The percentage of trans-
plant and waitlisted patients who had data available for analysis is in-
dicated in Table S1. Early findings of 54 of the 80 transplant patients
with COVID-19 were included in a prior publication by Lubetzky et al.*

2.3 | COVID-19 treatment

Hospitalized transplant patients were evaluated by a Transplant
physician and a Transplant Infectious Disease specialist who guided
anti-viral, anti-inflammatory, and anti-bacterial therapies. Likewise,
hospitalized waitlisted patients were managed by Nephrology and
Infectious Disease specialists. Patients were evaluated on a case-by-
case basis by Infectious Disease physicians for inclusion in ongoing
clinical trials at our institution, including for remdesivir, tocilizumab,
selinexor, and convalescent plasma. The general approach to im-
munosuppressive therapy for hospitalized transplant patients in-
volved decreasing mycophenolate mofetil dosage by 50% or more,
and reducing tacrolimus dosage to trough levels of 4-6 ng/mL.
Immunosuppressive dosing adjustments were generally not made
for patients managed at home. Active (status 1) patients on the wait-
list who were diagnosed with COVID-19 were made inactive (status
7) and monitored for symptom resolution prior to re-activation.

2.4 | Statistical analysis

Baseline characteristics were compared between all COVID-19-
positive waitlist and transplant patients (Table 1). The subset of pa-
tients who required hospitalization were further analyzed in a more
detailed study of their baseline characteristics, presenting symp-
toms and labs, COVID-19 treatments, and outcomes (Tables 2, 3, 4).
Continuous variables were expressed as median and interquartile
range (IQR) and compared using Student's t test or Mann-Whitney
U test as appropriate. Categorical variables were reported as num-

ber (%) and compared using Fisher's exact t test or chi-square test as
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TABLE 1 Characteristics of all waitlisted and kidney transplant
recipients with COVID-19

Waitlisted Transplant P
(n=56) (n=80) value
Age, years (range) 60 (38-86) 57 (28-83) .07
Male 37 (66%) 56 (70%) 71
Race/Ethnicity
Asian 9 (16%) 9 (11%) 45
Black 26 (46%) 21 (26%) .02
Hispanic 14 (25%) 24 (30%) .57
White 6 (11%) 25 (31%) .006
BMI, kg/m? 279 28.1 91
Cause of ESRD
Diabetes 23 (41%) 22 (27%) 14
Hypertension 18 (32%) 20 (25%) 44
Glomerulonephritis 6(11%) 18 (22%) 11
Lupus 0 (0%) 3 (4%) 27
Polycystic Kidney 3(5%) 4 (5%) 1.0
Disease
Other 6 (11%) 13 (16%) 45
Cardiovascular disease 26 (46%) 26 (32%) A1
Pulmonary disease 8 (14%) 11 (14%) 1.0
Smoking history 19 (34%) 16 (20%) .08
Diabetes 26 (46%) 27 (34%) 16
History of stroke 8 (14%) 9 (11%) .62
ACE inhibitor or ARB 19 (34%) 26 (32%) 1.0
Presenting symptoms
Fever 38/50 (76%) 53/75 (71%) .55
Cough/upper 34/44 (77%) 44/74 (59%) .07
respiratory
symptoms
Shortness of breath 25/44 (57%) 36/74 (49%) 45
Fatigue/myalgia 33/43 (77%) 34/73 (47%) .002
Diarrhea 18/44 (41%) 25/73(34%) .55
Nausea/vomiting 6/42 (14%) 5/73 (7%) .21
Headache/confusion 10/45 (22%) 13/73 (18%) .63
Hospitalized 46 (82%) 52 (65%) .03
Graft loss — 4 (5%)
Died 19 (34%) 13 (16%) .02

appropriate. Univariate and multivariate logistic regression were per-
formed to test the association between hospitalization or mortality
and baseline patient characteristics. Factors that were significant on
univariate analysis (P < .1) were entered into the multivariate model
to identify independent predictors (P < .05). Results were expressed
as odds ratios (OR) and 95% confidence intervals (Cl). Patient cumula-
tive mortality incidence following COVID-19 diagnosis of all waitlist
patients was compared to that of all kidney transplant patients using
Kaplan Meier survival estimates and log-rank test. The survival of

the waitlist and transplant groups were compared after adjusting for

age, sex, and diabetes using the Cox proportional hazards regression
model. The United Network for Organ Sharing Standard Transplant
Analysis and Research (STAR) file was used to determine waitlist re-

movals due to death for Region 9.

3 | RESULTS

3.1 | Characteristics of waitlisted and transplant
patients with COVID-19

Fifty-six patients waitlisted for kidney transplantation and 80 kidney
transplant recipients tested positive for COVID-19 between March
13 and May 20, 2020. COVID-19 infected waitlisted and transplant
patients were of similar age (60 vs. 57 years) and were predominantly
male (66% vs. 70%). African Americans comprised a higher propor-

tion of the waitlisted group than of the transplant group (46% vs.

TABLE 2 Admission laboratory values for waitlisted and
transplant patients hospitalized with COVID-19

Waitlisted Transplant
(n =46) (n=52) P value
Acute kidney injury - 25/45 (56%)
Baseline creatinine — 1.3(1.0-1.9)
(mg/dL)
Admission creatinine — 1.9(1.1-3.2)
(mg/dL)
White blood cell 6.3 (4.5-10.0) 5.7 (4.0-7.4) 16
count (x10%/uL)
Absolute lymphocyte 0.8 (0.5-1.1) 0.6 (0.3-1.0) .02
count (x10%/uL)
Albumin (g/dL) 3.4(2.8-3.9) 3.1 (2.7-3.6) 48
Troponin (ng/mL) 0.07 (0.04-0.2) 0.04 (0.03-0.08) .05
Lactate 319.0 329.5 71
dehydrogenase (233.5-444.0) (252.5-386.3)
(U/L)
Creatine kinase (U/L) 334.0 74.0 (47.5-155.5) .38
(77.0-421.0)
C-reactive protein 32.0(8.1-63.5) 12.3(7.2-30.2) 44
(mg/dL)
Erythrocyte 88.0 (63.0-117.0) 73.5(49.5-104.8) .39

sedimentation
rate (mm/hr)

Procalcitonin (ng/mL) 1.7 (0.9-4.2) 0.3(0.1-0.6) .002

D-Dimer (ng/mL) 507.0 388.0 .39
(253.5-786.5) (244.5-558.5)

Ferritin (ng/mL) 2317.0(1662.6- 1524.0 .005
3612.5) (503.7-2428.0)

Interleukin 6 (pg/mL) 30.8 (21.6-65.4) 11.0(5.3-48.3) .88

Chest X-ray with 31/35 (89%) 39/45 (87%) 1.0

opacities c/w
COVID-19
infection
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TABLE 3 COVID-19 management and outcomes for hospitalized
waitlist and kidney transplant patients

Waitlisted Transplant
(n=46) (n=52)
Respiratory support?
None 5/35 (14%) 16 (31%)
Nasal Cannula 16/33 (48%) 16 (31%)
BiPap/Nonrebreather 7/33 (21%) 3(6%)
Intubation 11/38 (29%)° 16 (31%)
Renal replacement therapy - 4/47 (9%)
Adjustment in Mycophenolate
mofetil dose
No change - 5/47 (11%)
Reduced = 12/47
(26%)
Withheld = 30/47
(64%)
Azithromycin or Doxycycline 16/33 (48%) 18/45
(40%)
Additional antibiotics 27/35 (77%) 28/44
(64%)
Bolus steroids 4/30 (13%) 8/45 (18%)
Experimental therapies (%)
Hydroxychloroquine 18/35 (51%) 34/45
(76%)
Remdesivir 0/30 (0%) 6/45 (13%)
Tocilizumab 1/30 (3%) 2/45 (4%)
Selinexor 0/30 (0%) 2/45 (4%)
Convalescent plasma 0/30 (0%) 1/45 (2%)
Length of admission, days (IQR) 11 (5-14) 9 (5-19)
Remains inpatient 2 (4%) 1(1.9%)
Graft loss — 4/47 (9%)
Died 19 (41%) 13 (25%)

dIndicates the highest level of respiratory support required during
hospitalization

®Included are all patients who were known to be intubated (n = 9) and
who were recommended to be intubated but who elected to be DNR/
DNI (n = 2). Not included are seven patients who died at other hospitals
and presumably were intubated but confirmatory data are not available.

26%, P = .02). Baseline comorbidities of both groups are displayed in
Table 1. Waitlisted patients tended to have a higher incidence of dia-
betes (46% vs. 34%) and end-stage renal disease (ESRD) secondary to
diabetes (41% vs. 27%), although these differences did not reach sta-
tistical significance. Rates of cardiovascular disease were 46% wait-
list versus 32% transplant (P = .11) and smoking history 34% waitlist
versus 20% transplant (P = .08). Pulmonary disease, history of stroke,
body mass index (BMI), and angiotensin-converting enzyme (ACE) in-
hibitor or angiotensin receptor blocker (ARB) use were similar.
Transplantation specific characteristics are displayed in Tables S2
and S3. The majority received a living donor transplant (64%), thymo-
globulin induction (82%), and 17% had a history of a prior kidney trans-
plant. The median time from transplantation to COVID-19 diagnosis

AJT

was 4.7 years, with 21% of patients within 1 year of transplantation.
Nearly all patients were on a tacrolimus and mycophenolate mofetil
regimen, and 41% were on steroid maintenance. For the waitlist pa-
tients, the median waitlist qualifying time was 4.9 years (IQR 3.4-
7.3 years). In-center hemodialysis was the regimen for 86% (n = 48),
while five were on peritoneal dialysis (PD), one was switched from HD

to PD during COVID-19 iliness, and two were not yet on dialysis.

3.2 | Clinical presentation

The most common presenting symptom reported in both groups was
fever (76% waitlist, 71% transplant) and cough (77% waitlist, 59%
transplant). More waitlisted patients reported fatigue and myalgias
(77% vs. 47%), and the remaining symptoms were similar between
the groups (Table 1). Hospitalization was required for 82% of the
COVID-19-positive waitlist patients and for 65% of the kidney trans-
plant patients (P = .03).

Laboratory values at the time of hospital admission are displayed in
Table 2. While the median white blood cell count at presentation was
normal and similar between waitlist and transplant groups, patients were
generally lymphopenic (waitlist 0.8 x 10%/uL vs. transplant 0.6 x 10%/uL,
P =.02). A number of inflammatory markers associated with COVID-19
severity, including procalcitonin, C-reactive protein, erythrocyte sed-
imentation rate, ferritin, D-dimer, and interleukin-6, were elevated in
both groups of admitted patients. These laboratory markers trended
higher in the waitlist group, with procalcitonin and ferritin significantly
elevated compared to transplant patients (P = .002 and P = .005, re-
spectively) (Table 2). Nearly all of the admitted waitlist and transplant
patients with imaging available for review had pulmonary findings con-
sistent with COVID-19 infection (89% and 87%, respectively).

3.3 | COVID-19 treatment in hospitalized patients

Our general strategy for immunosuppressive therapy in hospitalized
patients was to reduce tacrolimus dosage to target trough levels of
4-6 ng/mL and mycophenolate mofetil was discontinued in 64% and
reduced in 26% of patients. Hydroxychloroquine was the most com-
monly used COVID-19 experimental therapy, with 76% of hospital-
ized transplant and 51% of hospitalized waitlist patients receiving
it. Eleven transplant patients received additional experimental treat-
ments, including remdesivir, tocilizumab, selinexor, and convales-
cent plasma, while only one waitlisted patient received tocilizumab.
Approximately equal numbers received azithromycin or doxycycline
(48% waitlist, 40% transplant) or bolus steroids (13% waitlist, 18%

transplant).

3.4 | Outcomes of COVID-19 patients

Intubation was required in 29% of waitlisted patients and 31% of
transplant patients. Of the intubated waitlisted patients, 9/11 (82%)
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TABLE 4 Characteristics of admitted COVID-19 patients stratified by death

Waitlist survived Waitlist died Transplant survived Transplant died
(n=27) (n=19) (n=39) (n=13)

Age, years (range) 60.0 (39-74) 64.0 (48-86) 55.9 (29-83) 67.8 (35-74)
Male 17 (63%) 16 (84%) 29 (74%) 13 (100%)
Race/Ethnicity

Asian 2 (7%) 4 (21%) 4 (10%) 0 (0%)

Black 14 (52%) 6 (32%) 11 (28%) 4 (31%)

Hispanic 6(22%) 7 (37%) 14 (36%) 2 (15%)

White 4 (15%) 1(5%) 10 (26%) 7 (54%)
BMI, kg/m? 26.5 28.3 274 27.3
Cardiovascular disease 12 (44%) 9 (47%) 15 (38%) 6 (46%)
Pulmonary disease 3(12%) 2 (11%) 7 (18%) 1(8%)
Smoking history 10 (37%) 6 (32%) 7 (18%) 4 (31%)
Diabetes 11 (41%) 12 (63%) 12 (31%) 8 (62%)
Thymoglobulin Induction — - 31/36 (86%) 9/13 (69%)
Prednisone maintenance — — 17/38 (45%) 5/13 (38%)
Acute kidney injury — — 17/37 (46%) 9/9 (100%)
Chest X-ray with opacities c/w 17/21 (81%) 14/14 (100%) 32/38 (84%) 7/7 (100%)

COVID-19 infection

Intubated 2 (7%) 9/12 (75%)? 7/38 (18%) 11/13 (85%)
White blood cell count (x10%/uL) 6.1 (4.5-9.1) 7.3 (4.5-10.7) 5.7 (4.0-7.4) 5.5(4.2-8.0)
Absolute lymphocyte count 0.7 (0.5-1.1) 0.8(0.6-1.2) 0.6 (0.4-1.0) 0.6 (0.2-1.1)

(x10%/uL)
D-Dimer (ng/mL)
Ferritin (ng/mL)

379.0(202.0-576.0)
2317.0(1832.0-3311.7)

782.9 (443.4-3036.0)
2567.8 (1612.5-5597.1)

380.0(213.0-477.0)
1843.8 (417.4-2464.4)

605.5 (390.5-784.5)
1283.4 (701.1-1887.0)

Procalcitonin (ng/mL) 1.5(0.7-3.0) 3.0(1.4-4.8) 0.3(0.1-0.4) 0.6 (0.4-0.9)
C-reactive protein (mg/dL) 26.8(4.7-39.5) 62.7 (28.8-111.6) 10.3(5.3-34.8) 16.5(14.8-17.7)
Mycophenolate discontinued — — 21/38 (55%) 9/9 (100%)
Time from transplant — — 4.6 (1.8-9.1) 4.7 (2.4-6.7)
Waitlist qualifying time 4.3(2.6-7.0) 6.0 (4.3-7.3) = =
Experimental Therapies (%)
Hydroxychloroquine 11/25 (44%) 7/10 (70%) 27/37 (73%) 7/8 (87%)
Remdesivir 0/18 (0%) 0/12 (0%) 5/37 (14%) 1/8 (12%)
Tocilizumab 0/18 (0%) 1/12 (8%) 1/37 (3%) 1/8 (12%)
Selinexor 0/18 (0%) 0/12 (0%) 2/37 (5%) 0/8 (0%)
Convalescent plasma 0/18 (0%) 0/12 (0%) 0/37 (0%) 1/8 (12%)
Bolus steroids 2/18 (11%) 2/12 (17%) 3/37 (8.1%) 4/8 (50.0%)

Includes seven patients who were intubated and two who were recommended to be intubated but elected to be DNR/DNI. For seven patients who

were admitted to other hospitals and died, confirmation of intubation status was not available.

died, 1 remained hospitalized with a tracheostomy, and 1 was dis-
charged to a long-term care facility after neurologically devastating
strokes suffered during COVID-19 illness. Of the intubated trans-
plant patients, 11/16 (69%) died, and 1 remained hospitalized with
a tracheostomy. Of the transplant patients admitted to the hospital,
56% demonstrated acute kidney injury, four patients required initia-
tion of renal replacement therapy during admission, and these four
(4/47,9%) remain dialysis-dependent and are considered to have had

allograft loss (Table 3). Not included in this analysis are five patients

who died at other hospitals and for whom graft status prior to death
is not known.

The median hospital length of stay was 11 days for waitlist pa-
tients and 9 days for transplant patients. Currently two waitlisted
patients and one transplant patient remain hospitalized, and they
have lengths of stay >50 days. Of those who were hospitalized, the
mortality rate was 41% for waitlist and 25% for transplant patients.
An overwhelming number of those who died were male (100% in
transplant group, 84% in waitlist group) (Table 4). Diabetes was
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TABLE 5 Factors associated with A A
hospitalization and with mortality for Umvarla‘te Multlvali'late
COVID-19 odds ratio (95% Cl) P value odds ratio (95% Cl) P value
(A) Factors associated with hospitalization for COVID-19
Waitlist status 2.47 (1.09-5.64) .031 2.91(1.19-7.08) .02
Age >65 years® 3.07 (0.99-9.49) .05 2.83(0.87-9.24) .08
Male 3.62(1.64-7.98) .001 3.56 (1.53-8.27) .003
Black 1.42 (0.63-3.21) .85 -
BMI>30 kg/m?? 1.36 (0.61-3.08) 46 =
Diabetes 2.19 (0.96-4.99) .063 1.63(0.66-3.91) .29
Cardiovascular disease 1.56 (0.71-3.44) 27 —
Pulmonary disease 1.35(0.55-3.33) .51 —
History of stroke 1.94 (0.53-7.19) .32 —
Smoking history 1.43(0.58-3.49) .78 —
ACE/ARB use 0.79 (0.36-1.74) .56 =
(B) Factors associated with mortality in patients with COVID-19
Waitlist status 2.65(1.18-5.96) .02 3.60(1.38-9.39) .009
Age >65 years? 3.50(1.45-8.41) .004 3.99 (1.42-11.22) .009
Male 6.04 (1.73-21.14) .005 5.75(1.52-21.66) .010
Black 0.99 (0.43-2.28) .98 -
BMI>30 kg/m?? 1.23(0.54-2.82) .62 =
Diabetes 3.56(1.57-8.19) .002 2.97 (1.03-8.57) .04
Cardiovascular disease 2.14 (0.96-4.78) .063 0.76 (0.26-2.23) .62
Pulmonary disease 1(0.40-2.50) 1.0 —
History of stroke 1.95(0.66-5.78) .23 —
Smoking history 1.43(0.60-3.44) 42 —
ACE/ARB use 1.08 (0.47-2.49) .86 =

@Age >65 years was used as the cut off as it represented the highest quartile, 75t percentile.

PBMI >30 was used as the cut off as it represents the Centers for Disease Control and Prevention

classification of obesity.

present in 63% of waitlist patients and 62% of transplant who died
versus 41% and 31% who survived. Waitlisted patients who died had
a median qualifying waitlist time of 6.0 years, compared to 4.3 years
of survivors. Time from transplant was similar among those who
died versus those who survived; furthermore, the mortality rate was
similar between those <1 year from transplant (12%) versus those
>1 year from transplant (17%, P = .7). Among hospitalized trans-
plant patients, those who had received thymoglobulin induction or
who were on prednisone maintenance were not more likely to die
(Table 4). All patients who died had pulmonary findings of infection
on imaging, and all transplant patients who died had acute kidney in-
jury. When laboratory values were stratified based on death, in both
waitlist and transplant patients, those who died had higher present-
ing D-dimer, procalcitonin, and C-reactive protein (Table 4).

3.5 | Risk factors associated with
hospitalization and mortality

To evaluate the risk factors associated with hospitalization, we cal-
culated the odds ratios (OR) and 95% confidence intervals (Cl) from

univariate logistic regression (Table 5). Univariate analysis of all pa-
tients demonstrated that being a waitlist candidate (OR 2.47, 95%
Cl 1.09-5.64, P = .031), age >65 years (OR 3.07, 95% ClI 1.09-9.49,
P = .05), and male sex (OR 3.62, 95% Cl 1.64-7.98, P = .001) were
significantly associated with requiring hospitalization for COVID-
19. Factors that were associated with hospitalization were entered
into a multivariate logistic regression model to identify independent
predictors of hospitalization for COVID-19. Waitlist status (OR 2.91,
95% Cl 1.19-7.08, P = .02) and male sex (OR 3.56, 95% Cl 1.53-8.27,
P =0.003) remained significantly associated with hospitalization.

On univariate analysis of mortality, waitlist status (OR 2.65, 95%
Cl1.18-5.96, P =.02), age (OR 3.50, 95% Cl 1.45-8.41, P = .004), male
sex (OR 6.04, 95% ClI 1.73-21.14, P = .005), and diabetes (OR 3.56,
95% Cl 1.57-8.19, P = .002) were associated with mortality after
COVID-19 (Table 5). Multivariate logistic regression analysis demon-
strated that waitlist status (OR 3.60, 95% CI| 1.38-9.39, P = .009),
age (OR 3.99, 95% Cl 1.42-11.22, P = .009), male sex (OR 5.75, 95%
Cl 1.52-21.66, P = .010), and diabetes (OR 2.97, 95% Cl 1.03-8.57,
P =.04) were independently associated with mortality.

The overall case fatality rate was 34% for the waitlisted pa-
tients with COVID-19, compared to 16% for the transplant patients
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(P = .02). The median follow-up after COVID-19 diagnosis was sim-
ilar between waitlisted and transplant patients (77 vs. 78 days).
Cumulative mortality estimates of waitlisted and transplant patients
with COVID-19 are shown in Figure 1. The mortality hazard ratio
(HR) was 2.4 (95% CI 1.3-5.3, P = .01) for waitlist patients compared
to transplant patients. The Cox proportional hazards model demon-
strated that waitlist status (HR = 2.73, 95% Cl 1.32-5.63, P = .007),
age (HR = 2.56, 95% Cl 1.24-5.29, P = .01), male sex (HR = 4.41, 95%
Cl 1.32-14.72, P = .02), and diabetes (HR = 2.23, 95% CI 1.07-4.63,
P = .03) were independently associated with mortality following
COVID-19 diagnosis.

4 | DISCUSSION

In recent months, many discussions within the transplant community
have centered on the risks of kidney transplantation and immuno-
suppression initiation in patients who may subsequently develop
COVID-19 infection versus the risks of delaying transplantation and
increasing wait-time and waitlist-associated mortality. Informative
to this discussion is an understanding of the course of COVID-19
infection in waitlisted and in transplant patients. To our knowledge,
this is the first study of COVID-19 in patients waitlisted for kidney
transplantation.

ESRD patients represent a unique cohort that is unable to fully
comply with social distancing and quarantining recommendations,
given their need for dialysis treatments three to four times per week
that are administered in close proximity to other patients. Because
comorbidities associated with poor COVID-19 prognosis, such as
diabetes, hypertension, cardiovascular disease, and pulmonary dis-
ease, are commonly found in ESRD patients, they may be expected to
have a higher COVID-19 mortality rate than the 1-8% of the general
population.>® Several small case reports suggest a low COVID-19
mortality rate among ESRD patients,”® but this is in sharp contrast
to the 30.5% mortality rate in a Spanish study of 36 hospitalized
ESRD patients,” and the 31% mortality rate in a US study of 59 hos-
pitalized ESRD patients.'° Likewise, we found a high COVID-19 mor-
tality rate in our cohort, with 41% of hospitalized waitlisted patients
dying. Similar to Goichoechea et al, those with longer dialysis vin-
tage had higher mortality. Patients who are waitlisted for a kidney
transplant, however, reflect a specially selected subset of dialysis
patients. They are generally healthier to meet candidacy criteria for
transplantation, and thus may be anticipated to fare differently with
COVID-19 infection. Nonetheless, we show here that these patients
suffer great morbidity and mortality from COVID-19, in particular
compared to the 10.2% mortality rate at our center for the general
COVID population.!! It is worth noting that unlike a number of prior
studies in which many patients were still hospitalized at the time of
publication, in our series only 3 of the 136 patients remain hospital-
ized at this time and they have been followed for lengthy admissions
of 85, 86, and 53 days.

Despite similar demographics and similar burden of comorbidi-

ties between waitlisted and transplant patients, waitlisted patients

with COVID-19 were more likely to require hospitalization (82% vs.
65%) and were at a higher risk of mortality (overall: 34% vs. 16%,
hospitalized: 41% vs. 25%). African Americans comprised a greater
proportion of the waitlist group; however, race was not associated
with hospitalization or mortality. In multivariate analysis, waitlist
status was independently associated with need for hospitalization
and with mortality after COVID-19. Waitlisted patients, like their
transplanted counterparts, frequently have comorbidities associated
with increased risk and worsened prognosis of COVID-19. However,
they have not yet derived the health benefit of transplantation and
being off dialysis, which may account for their worse outcomes with
COVID-19 infection. Furthermore, ESRD patients have chronically
impaired immune function due to their uremic state, which is as-
sociated with derangements in lymphocyte and granulocyte func-
tion.}? These impairments may alter waitlisted patients’ response
to COVID-19. Lymphopenia on admission has been associated with
poor outcomes in COVID-19,*® and while we observed lymphopenia
in waitlisted patients, the degree was similar between survivors and
non-survivors.

There was a striking male predominance of those who died,
with males comprising 100% of the transplant and 84% of the
waitlist deaths. This mirrors results in the general COVID-19 pop-
ulation in which men had up to 2.4 times the risk of dying from
COVID-19.2*%5 This gender disparity may be related to the fact
that males have increased expression of ACE2, the receptor which
SARS-CoV-2 binds for cellular entry.*® An additional factor hypoth-
esized to mediate this gender bias is the difference in testosterone
and dihydrotestosterone, which are necessary to mount antiviral
immune responses.!” Another possibility is that males tend to have
higher rates of diabetes, obesity, and cardiovascular disease, all of
which are linked to COVID-19 severity. When stratifying COVID-
19-infected waitlist and transplant patients by gender, we found
no differences in body mass index. However, male waitlisted pa-
tients had a higher incidence of cardiovascular disease (51% vs.
37%) and diabetes (54% vs. 32%) than their female counterparts.
Similar although less marked trends were seen for male versus fe-
male transplant patients, with respect to cardiovascular disease
(34% vs. 29%) and diabetes (37% vs. 25%). Further studies may
help to elucidate the multifactorial interplay between gender and
COVID-19 risk.

Growing evidence suggests that inflammatory responses play
a key role in the pathogenesis and outcome of COVID-19 infec-
tion. A number of studies have found inflammatory markers such
as procalcitonin, C-reactive protein, erythrocyte sedimentation
rate, ferritin, D-dimer, and interleukin-6 to be associated with
worse risk of COVID-19 infection.*®? In our series, hospitalized
waitlist and transplant COVID-19 patients had elevations in all
of these inflammatory markers, with waitlisted patients gener-
ally having higher levels than transplant patients. Chronic kidney
disease is characterized as a chronic inflammatory state due to
uremia, oxidative stress, elevated circulating inflammatory cyto-
kines, protein-energy wasting, comorbid conditions, exposure to

dialysis membranes and central venous catheters, gut dysbiosis,
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Patient Mortality Following COVID-19 Diagnosis
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FIGURE 1 Cumulative mortality incidence for waitlist and transplant patients with COVID-19 [Color figure can be viewed at

wileyonlinelibrary.com]

recurrent infections, among other factors.?° Derangements of
C-reactive protein, ferritin, and interleukin-6 are commonly seen
in chronic kidney disease.?%?! This could account for the higher
levels of inflammatory markers we observed in the waitlist pa-
tients; however, when laboratory values were stratified based
on death, in both waitlist and transplant patients, those who died
had higher D-dimer, procalcitonin, and C-reactive protein at the
time of presentation. Some have hypothesized that transplant im-
munosuppressive therapies may help prevent the cytokine storm
implicated in acute respiratory distress syndrome in COVID-19. In
vitro studies of mycophenolate mofetil and tacrolimus have shown
promising anti-viral properties against SARS-CoV and MERS-
CoV, although in vivo studies are lacking.??"?° In the RECOVERY
trial, corticosteroids reduced mortality in more severe COVID-19
disease.?® Whether immunosuppressive drugs provide any pro-
tection for transplant patients against the hyperinflammatory re-
sponse in COVID-19 infection remains to be tested. Interestingly,
transplant patients who may be considered the most immuno-
suppressed, those less than one year from transplantation, had a
similar COVID-19 mortality rate compared to those greater than
1 year from transplantation (12% vs. 17%).

In areas hit particularly hard by COVID-19, such as our area
of New York, the pandemic forced difficult decisions about the
distribution of medical resources. Our center ceased kidney
transplantation activity entirely during mid-March to June, as op-
erating rooms were turned into COVID-19 intensive care units,
transplant personnel were reassigned to care for COVID-19 pa-
tients, there were significant limitations in supplies of ventila-
tors, dialysis machines and dialysate fluids, and shortages of pain
and sedative medications and supplies such as gloves, gowns,
and masks. These factors, as well as limited COVID-19 testing

capacity, unclear testing reliability, and prolonged waiting for test
results, led most New York City programs to feel it unsafe to con-
tinue kidney transplantation until these issues had been resolved.
During March to June 2020, our center saw an increase in total
waitlist deaths, with 44 candidates removed due to death, in com-
parison to 22 during the same time period in 2019, and 25 in 2018
(Figure 2). Similar trends were seen in kidney waitlist deaths in the
rest of Region 9, with a 79% increase from March to June, 2019
to 2020. In a national registry study of kidney transplant waitlist
registrations, the number of waitlist deaths was 2.2 fold higher
than expected in states with high prevalence of COVID-19.?’ In
an attempt to provide guidance to clinicians during the pandemic
and to inform our understanding about the effects of a delay in
transplantation on patient survival, Massie et. al. built a simula-
tion model of waitlist and posttransplant mortality in the context
of COVID-19.% This showed that transplantation provided survival
benefit in modeled scenarios, except when the case fatality rate
of COVID-19 in transplant recipients greatly exceeded that of
waitlisted patients. Our center's data demonstrate that the mor-
tality risk of COVID-19 appears to be greater in waitlisted patients
than in transplant recipients.

Limitations of this study include those of a retrospective sin-
gle-center study; however, the single-center nature of the study
allows for increased granularity of data. National registry data
of waitlist removals and deaths do not capture cause of death,
and registry data do not capture COVID-19 outcomes. Our sin-
gle-center experience, in an area hit particularly hard by COVID-
19 during an evolving pandemic, may not be generalizable to all
transplant patients or centers. It is possible that we have missed
milder cases of COVID-19, as patients may have chosen to self-iso-

late at home without notifying our center. It is also possible that
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Waitlist Deaths and Kidney Transplants March - June, 2018-2020
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FIGURE 2 Waitlist deaths and kidney transplants performed between March and June, 2018-2020. The first panel shows the number of
patients who received kidney transplants at our center (NYNY) between March 15 and June 30, 2018, 2019, 2020. The middle panel shows
the number of patients who died while waitlisted for kidney transplantation at our center during the corresponding time periods. The third

panel shows the number of patients who died on the kidney waitlist in Region 9 (New York and Western Vermont) during the corresponding

time periods

COVID-19-related waitlist deaths may be undercounted, as there
can be delayed notification to our center of waitlisted patients
who died while hospitalized elsewhere. During the peak months
of the pandemic, our program made concerted efforts to follow
our entire waitlist population and their COVID-19 status; trans-
plant coordinators conducted phone call “Wellness Checks” of
our waitlist patients to document history of a COVID-19 diag-
nosis, to screen for signs and symptoms of COVID-19, and to
educate about COVID-19 precautions and the status of our trans-
plant center. This likely resulted in a high capture rate within our
cohort; however, it is possible that not all COVID-19 cases were
captured and may have introduced a selection bias. At the time
of reporting of these results, one transplant and two waitlisted
patients remain hospitalized and thus their true outcomes are un-
known. Compared to a number of prior studies where as many
as one third of patients lacked final outcomes, our data repre-
sent resolutions of most cases in this cohort. Additionally, due to
rapid changes during this time period in medical resources, avail-
able testing and therapies, and our understanding of COVID-19,
there were heterogeneous approaches to patient care that may
have impacted management and outcomes. Not all patients had
COVID-19-associated laboratory values checked on admission,
and data were incomplete on patients admitted and managed at
other hospitals.

In conclusion, COVID-19 has had a dramatic impact on pa-
tients waitlisted for kidney transplantation, decreasing their op-

portunities for transplantation and posing significant mortality risk.

Understanding the impact of COVID-19 on waitlist patients in com-
parison to transplant recipients and to the general population can
help inform the management of waitlisted patients and aid trans-
plant centers in determining the appropriateness of resuming trans-

plant activity.
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