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1 | INTRODUCTION

The novel SARS-CoV-2 virus and resulting infectious syndrome
termed coronavirus disease 2019 (COVID-19) has spread rapidly
across the world, leading the World Health Organization to declare a
global pandemic in March 2020.1? SARS-CoV-2 transmission occurs
primarily through respiratory droplets, with symptoms developing
following a median incubation period of 4-5 days.®* Disease se-
verity ranges from mild or asymptomatic in the majority of patients,
to a severe respiratory and inflammatory syndrome and ultimately
death in 1%-3% of patients.! Solid organ transplant recipients are
thought to be at high risk for morbidity and mortality from COVID-
19 due to the necessity for chronic immunosuppressive therapy to
prevent allograft rejection.”® However, the optimal immunosup-
pressant management strategy and potential risk factors for severe
COVID-19 disease in solid organ transplant recipients remain rela-
tively unknown.

The majority of documented SARS-CoV-2 infections in solid
organ transplant patients have been reported in kidney allograft re-
cipients, with mortality rates ranging from 22% to 28% among hos-
pitalized patients.7'9 A number of risk factors have been purported
to be associated with progression to severe COVID-19 in transplant
recipients, including increased age, the presence of chronic comor-
bidities, and active malignancy; however, the role of chronic immu-
nosuppression remains controversial.>71° A retrospective cohort
study by Chaudhry et al’ did not find a difference in the composite
outcome of escalation of care, mechanical ventilation, or in-hospital
all-cause mortality between kidney transplant recipients (KTRs) and
non-transplant controls. Alternatively, a study of the UK transplant
registry reported a 10.2% mortality rate among patients waitlisted
for kidney transplant compared with 25.8% in post-transplant kidney
allograft recipients.!® These divergent findings could potentially be
explained by underlying differences in baseline immunosuppression
intensity and dose modulation following COVID-19 diagnosis. To ex-
amine the impact of immunosuppressant management on COVID-19
outcomes in transplant recipients, we provide a comprehensive ret-
rospective review of all adult KTRs with confirmed COVID-19, man-
aged at a single academic medical center during peak SARS-CoV-2
transmission within New York City. We explore immunosuppressant
management strategies and potential clinical variables associated
with COVID-19 related mortality in order to provide insight for cli-
nicians attempting to manage KTRs during the ongoing SARS-CoV-2
pandemic. Additionally, we provide follow-up of allograft outcomes
beyond index hospitalization in order to assess the impact of SARS-
CoV-2 viral infection and immunosuppressant dose adjustment on

the risk of acute allograft rejection.

2 | MATERIALS AND METHODS

This was an IRB-approved, single-center, retrospective cohort
study of adult kidney or simultaneous kidney-pancreas transplant
recipients with a functioning kidney or pancreas allograft who

were admitted to the Mount Sinai Health System with confirmed
COVID-19 during a two-month period between 03/15/2020 and
05/15/2020. A waiver of informed consent was granted by the local
IRB. Patients were excluded from the review if they received a com-
bined organ transplant other than pancreas or were chronically fol-
lowed by an outside transplant center. Confirmation of COVID-19
diagnosis was based on RT-PCR testing of a nasopharyngeal swab
specimen, using the Roche dual-target assay (one target specific to
SARS-CoV-2 and second target for pan-Sarbecovirus), Cobas 6800
instrument. The United States Food and Drug Administration ap-
proved an emergency use authorization for the assay. All patients
meeting the inclusion criteria, regardless of symptoms, had baseline
demographic, transplant, and immunosuppressant data collected
at the time of hospital admission and were subsequently evaluated
up until study conclusion (06/15/2020), to ensure all patients had
1 month of follow-up. A pre-admission baseline estimated glomeru-
lar filtration rate (eGFR) was calculated by the modification of diet in
renal disease equation (MDRD), using the median of the three most
recently recorded serum creatinine values.

Standard immunosuppression at our institution includes rabbit
anti-thymocyte globulin (rATG) induction, with maintenance tacro-
limus, mycophenolate, and tapering corticosteroids based on per-
ceived immunologic risk. Induction with the IL-2 inhibitor basiliximab
may be considered for patients with a history of human immuno-
deficiency virus (HIV) or human leukocyte antigen (HLA)-identical
sibling pairs. Belatacept and mechanistic target of rapamycin (mTOR)
inhibitors are considered as alternative maintenance immunosup-
pressive agents for patients with a compelling indication for calci-
neurin inhibitor reduction or avoidance. For standard-risk transplant
recipients maintained on tacrolimus therapy, 12-hour whole-blood
tacrolimus trough targets are as follows: 10-12 ng/ml for months
1-3, 8-10 ng/ml for months 3-6, 6-8 ng/ml for months 6-12, and
4-6 ng/ml beyond 12 months. A baseline tacrolimus level prior to
COVID-19 diagnosis was established for all study patients on main-
tenance tacrolimus therapy using the median trough value from all
reported troughs during the 3 months prior to hospital admission.

General institutional recommendations for immunosuppression
management upon hospital admission for COVID-19 included a 50%
reduction in anti-metabolite dosing as well as a tacrolimus or mTOR
target trough level of 4-6 ng/ml. For patients receiving monthly be-
latacept, doses were held up to 2 weeks from the original scheduled
date of administration prior to re-dosing. If COVID-19 symptoms
had not improved by 2 weeks, temporary conversion to tacrolimus
with a trough target of 4-6 ng/ml was considered. Maintenance
corticosteroid doses were continued following hospital admission
for COVID-19, and adjunctive corticosteroid boluses were consid-
ered for patients with acute respiratory distress syndrome at the
recommendation of pulmonary and infectious disease consultants.
Protocols regarding antiviral and immunomodulatory treatments
for COVID-19 disease evolved over the course of the review period
as new data became available. Briefly, a 5-day course of off-label
hydroxychloroquine was recommended for patients admitted to
hospital with COVID-19 up until 5/4/2020 based on early in vivo
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reports of efficacy, with the addition of a 3-day course of azithromy-
cin based on the clinical discretion of the treating physician.!* Either
prophylactic or therapeutic anticoagulation was prescribed for pa-
tients based on clinical risk, and investigational therapies including
convalescent plasma, remdesivir, and interleukin-6 (IL-6) or interleu-
kin-1 (IL-1) inhibitors were considered in consultation with infectious
disease and hematology experts.

Treatment response was monitored by routine clinical assess-
ment, daily complete blood counts and metabolic chemistries,
serum inflammatory markers (including C-reactive protein, D-dimer,
and ferritin), and a one-time cytokine profile (including IL-6, inter-
leukin-8, tumor necrosis factor-alpha, and IL-1 beta). For study pur-
poses, COVID-19 disease severity was assigned at 1 month following

1*2 and

diagnosis based on the published criteria proposed by Cao et a
ranged from 1 (not hospitalized) to 7 (death during hospitalization).
Serologic testing for the development of SARS-CoV-2 antibodies
following infection consisted of an enzyme-linked immunosorbent
assay to detect neutralizing antibody formation to the SARS-CoV-2
spike protein. Emergency use authorization for the assay was ap-
proved by the United States Food and Drug Administration.*®

The primary outcome assessed in this review was in-hospital all-
cause mortality among KTRs diagnosed with COVID-19. Additional
secondary endpoints evaluated included patient and allograft sur-
vival at 1 month following hospital discharge or study conclusion
(6/15/2020), incidence of acute kidney injury during hospitalization
(AKI; based on the KDIGO definition of 1.5x% increase in baseline
serum creatinine over the course of 7 days or urine output <0.5 ml/
kg/h for 6 hours), change in eGFR at 1 month following COVID-19
diagnosis, and the incidence of biopsy-proven acute rejection (BPAR)
at any point during the review period. Categorical variables were ex-
pressed as raw numbers with percentages, and continuous variables
were reported using mean + standard deviation (SD) or median with
interquartile range (IQR). Baseline characteristics and laboratory
parameters of KTRs who died in the hospital following admission
for COVID-19 were compared with survivors to identify potential
predictors of mortality. Continuous variables were compared using
the Wilcoxon rank-sum test for non-parametric data, and Fisher's
exact test was utilized for categorical variables at « < .05 for sig-
nificance. Logistic regression generated odds ratios with 95% con-
fidence intervals for pertinent variables, and a multivariable model
was built testing all variables significant at the univariate level with
a p-Value < .05. Variables were added to the multivariable model
sequentially based on univariate p-Values, and the impact on model
performance was assessed via likelihood ratio testing. All data were
collected and analyzed in accordance with local ethics guidelines
and the Helsinki Declaration of 1975. Complete data analysis was
conducted using Stata system software, version 14 (StataCorp LLC.).

3 | RESULTS

Between 03/15/2020 and 05/15/2020, 95 out of 2,126 (4.5%) KTRs
followed longitudinally at our transplant center were diagnosed
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with RT-PCR-confirmed SARS-CoV-2 infection. Of these patients,
69 (72.6%) required hospital admission, 38 of whom were admit-
ted to the Mount Sinai Hospital and comprised the study cohort.
The mean age of the cohort was 53.8 + 13.6 years, and the ma-
jority were African American (44.7%) or Hispanic/Latino (34.2%)
[complete baseline characteristics are summarized in Table 1]. The
mean baseline eGFR prior to hospital admission for COVID-19 was
52.5 + 29.9 ml/min/1.73 m?, and maintenance immunosuppression
included tacrolimus, mycophenolate, and corticosteroids in 84.2%,
89.5%, and 81.6% of patients, respectively.

The median time from transplantation to COVID-19 diagnosis
for the study cohort was 69.6 months (IQR = 18.5-114.2), and hos-
pital admission occurred a median of 6 (IQR = 2-7) days following
the onset of symptoms. Respiratory symptoms including cough and
dyspnea were the most common presenting clinical manifestations
(71.1%), followed by subjective fevers (63.2%), and gastrointestinal
symptoms (28.9%). An interstitial infiltrate was present on chest ra-
diography in the majority of cases (86.8%), but only 8 patients were
found to have a peripheral oxygen saturation <90% on ambient air
at the time of admission. Serum inflammatory markers including
C-reactive protein (CRP), D-dimer, and ferritin were elevated upon
presentation in the majority of cases and peaked following hospital
admission (Table 2). Lymphopenia was also common, with a mean
absolute lymphocyte count (ALC) of 587 + 344 cells/uL observed
on admission.

3.1 | Immunosuppression and
antiviral management

Tacrolimus was the primary immunosuppressive agent in 32/38 pa-
tients at the time of COVID-19 diagnosis, while 4 patients were re-
ceiving belatacept, 1 patient was receiving sirolimus, and 1 patient
was on a combination of corticosteroids and immune globulin. Of
the 4 patients receiving belatacept, only 1 patient was converted
back to tacrolimus during hospitalization. Median tacrolimus trough
levels during the hospitalization were reduced by -11% from base-
line, although significant variability was observed between patients
(IQR = -26% to 17%). Antimetabolite doses were reduced by at least
50% in all but one patient receiving mycophenolate, and 13 (34.2%)
patients had their antimetabolite discontinued entirely (Table 3).
Twelve (31.6%) patients received pulse corticosteroids during hospi-
talization with total doses ranging from 555 to 1914 milligrams (mg)
of prednisone equivalents. The most frequently prescribed corticos-
teroid regimen was methylprednisolone 80 mg daily for a duration
ranging from 5 to 10 days. All corticosteroids were prescribed for
the indication of COVID-19 pneumonia, and 3 patients additionally
received stress-dose hydrocortisone. No patients received pulse
corticosteroids for prophylaxis of allograft rejection at any point
during the study period.

Empiric COVID-19-targeted therapy included hydroxychloro-
quine in 68.4% of patients, and 57.9% received concomitant azithro-
mycin. Four patients were enrolled in a clinical trial, and 10 patients
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TABLE 1 Baseline Characteristics and Immunosuppression for Patients Hospitalized with COVID-19

All patients Survived® Died

Demographics (n=38) (n=27) (n=11) p-Value
Mean age, years + SD 53.8+13.6 50.7 £ 13.2 61.5+11.0 .03
Male sex 25 (65.8%) 17 (63.0%) 8(72.7%) 71
Ethnicity

White/European 5(13.2%) 4(14.8%) 1(9.1%) .94

African American 17 (44.7%) 11 (40.7%) 6 (54.5%)

Hispanic/Latino 13 (34.2%) 10 (37.0%) 3(27.3%)

Asian/Pacific Islander 3(7.9%) 2(7.4%) 1(9.1%)
Mean body mass index, kg/m? + SD 28.3+6.2 284 +6.0 28.1+6.7 .66
Median time post-transplant, months (IQR) 69.6 (18.5-114.2) 67.0(16.1-111.8) 103.5(35.8-131.4) .20
Etiology of kidney disease

Hypertension 7 (18.4%) 5(18.5%) 2 (18.2%) .81

Diabetes mellitus 13 (34.2%) 8(29.6%) 5(45.5%)

Glomerulonephritis 12 (31.6%) 10 (37.0%) 2 (18.2%)

Polycystic kidney disease 3(7.9%) 2 (7.4%) 1(9.1%)

Other 3(7.9%) 2 (7.4%) 1(9.1%)
Underlying comorbidities

Hypertension 34 (89.5%) 24 (88.9%) 10 (90.9%) 1.00

Diabetes mellitus 19 (50.0%) 13 (48.1%) 6(54.5%) 1.00

Interstitial lung disease 3(7.9%) 2 (7.4%) 1(9.1%) 1.00

HIV 3(7.9%) 0(0.0%) 3(27.3%) .02
ACEI/ARB prescription 10 (26.3%) 7 (25.9%) 3(27.3%) 1.00
Prior transplantation 4 (10.5%) 2 (7.4%) 2 (18.2%) .56
Kidney donor type

Living donor 17 (44.7%) 13 (41.8%) 4 (36.4%) 72

Deceased donor 21 (55.3%) 14 (51.9%) 7 (63.6%)
Combined kidney-pancreas transplant 2 (5.3%) 2 (7.4%) 0 (0.0%) 1.00
Induction immunosuppression

Lymphocyte depleting 30 (78.9%) 24 (88.9%) 6 (54.5%) .01

IL-2 inhibitor 3(7.9%) 0(0.0%) 3(27.3%)

None 2 (5.3%) 1(3.7%) 1(9.1%)

Unknown 3(7.9%) 2 (7.4%) 1(9.1%)
Maintenance immunosuppression

Tacrolimus + mycophenolate 7 (18.4%) 6(22.2%) 1(9.1%) .39

Tacrolimus + mycophenolate + corticosteroid 22 (57.9%) 14 (51.9%) 8(72.7%)

Tacrolimus + corticosteroid 3(7.9%) 2 (7.4%) 1(9.1%)

mTOR + mycophenolate + corticosteroid 1(2.6%) 1(3.7%) 0(0.0%)

Belatacept + mycophenolate + corticosteroid 4 (10.5%) 4 (14.8%) 0(0.0%)

Corticosteroid + IVIG 1(2.6%) 0 (0.0%) 1(9.1%)
Maintenance tacrolimus therapy 32 (84.2%) 22 (81.5%) 10 (90.9%) .65
Maintenance corticosteroid therapy 31 (81.6%) 21(77.8%) 10 (90.9%) .65
Receiving triple immunosuppression therapy 27 (71.1%) 19 (70.4%) 8(72.7%) 1.00
Median baseline tacrolimus trough, ng/ml (IQR) 6.5(5.0-8.7) 6.8 (5.1-9.2) 6.4 (5.0-7.6) 46

(Continues)
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All patients Survived?® Died

Demographics (n=38) (n=27) (n=11) p-Value
Mycophenolate dose prior to diagnosis, mg

No antimetabolite 4 (10.5%) 2 (7.4%) 2(18.2%) 76

<1000 per day 19 (50.0%) 14 (51.9%) 5 (45.5%)

>1000 per day 15 (39.5%) 11 (40.7%) 4 (36.4%)
Mean baseline eGFR, ml/min/1.73 m? + SD 52.5+299 54.2+31.2 48.2 +25.9 .69
Any treated rejection post-transplant 10 (26.3%) 5(18.5%) 5 (45.5%) 12
Treated malignancy within 1 year 3(7.9%) 1(3.7%) 2 (18.2%) .20
Hospitalization for infection during the past year 7 (18.4%) 6(22.2%) 1(9.1%) .34

Abbreviations: ACEIl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ESRD, end-stage renal disease; IQR, interquartile

range; IVIG, intravenous immunoglobulin; SD, standard deviation.
2As of June 15, 2020.

received convalescent plasma therapy through an institutional
research protocol (Table 3). Treatment-dose anticoagulation was
prescribed for 20 (52.6%) patients and included treatment with an
anti-Xa inhibitor in 10 (26.3%) patients.

3.2 | Patient and Allograft outcomes

Of the 26 out of 95 (27.4%) KTRs who did not require hospitaliza-
tion, all patients were alive with functioning allografts at 1 month
following COVID-19 diagnosis. Conversely, 20 of 38 KTRs (52.6%)
admitted to hospital developed severe COVID-19 at 1 month de-
fined by a COVID-19 severity score = 5, and 11 of 38 (28.9%) pa-
tients died during hospitalization.}? Of the 24 patients surviving to
hospital discharge (3 patients remain hospitalized), 18 were able to
be discharged home, while 6 required temporary transfer to a re-
habilitation facility (Table 4). A follow-up SARS-CoV-2 RT-PCR was
checked in 18 of the 27 patients alive at the time of study conclu-
sion, 15 of which were found to be undetectable after a median of
45 days (IQR = 33-60). SARS-CoV-2 serology was assessed in 15 of
27 surviving patients, 14 of which reported serum antibody titers
>1:80.

Overall kidney allograft survival at 1 month following hospital
discharge or study conclusion was 67.6%, but increased to 96.2%
when censored for patient death. One patient survived with new al-
lograft failure, although this patient had a baseline serum creatinine
of 5.6 mg/dl prior to hospitalization and was already in the process
of relisting for kidney transplant. Both recipients of combined kid-
ney-pancreas transplants continued to have functioning pancreas
allografts at the conclusion of the study, but one patient had a prior
failed kidney transplant and subsequently was excluded from all
kidney analyses. AKI was common and occurred in 22 (59.5%) pa-
tients, with 12 (32.4%) patients requiring renal replacement therapy
during hospitalization. However, among patients who maintained a
functioning allograft at 1 month following COVID-19 diagnosis, the
mean change in eGFR from baseline was -1.6 £ 19.5 ml/min/1.73 m?,
and kidney function returned to baseline in the majority of cases

following viral recovery. Additionally, no cases of suspected or biop-
sy-proven allograft rejection occurred at any point during the study

period.
3.3 | Risk factors for hospital mortality
3.3.1 | Baseline characteristics

Patients experiencing in-hospital mortality were generally older
(61.5 vs 50.7 years; p = .03) and were more likely to have a history
of HIV and had subsequently received IL-2 inhibitor-based induc-
tion therapy (27.3% vs 0.0%; p = .01). The Cox regression analysis
demonstrated that each decade of life was associated with a 2.05
higher odds of mortality in our patient cohort (OR = 2.05; 95% Cl:
1.04, 4.04). Concomitant HIV infection could not be evaluated in
the multivariable modeling due to the low event rate; however,
as all 3 HIV-positive KTRs admitted at our center died, we addi-
tionally examined the mortality rate for any HIV-positive patients
followed at our transplant center who were admitted to outside
hospitals with COVID-19. We identified an additional 5 cases, 4
of whom died due to complications related to severe COVID-19.
When all 69 hospitalized patients followed at our center were
analyzed (8 HIV-positive vs. 61 HIV-negative), KTRs with con-
comitant HIV had a significantly higher mortality rate compared
with their HIV-negative counterparts (87.5% vs. 36.1%); p < .01,
Table S1).

3.3.2 | Symptoms/Laboratories

We did not find that presenting symptomatology or hypoxia on
admission was associated with in-hospital mortality in our pa-
tient cohort. Despite similar serum inflammatory markers at base-
line, patients who died demonstrated higher peak CRP (255.0 vs
183.6 mg/L; p = .04), D-dimer (12.6 vs 5.4 mg/L; p = .01), and white
blood cell (24.4 vs 14.2 cells/L; p = .01) counts as well as a lower
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TABLE 2 Symptoms and Laboratory Parameters Following Hospital Admission for COVID-19

All patients Survived Died

Variables (n=38) (n=27) (n=11) p-Value
Median days of symptoms (IQR) 6(2-7) 6(1-8) 5(2-7) .87
Patient-reported symptoms on admission

Respiratory (cough/dyspnea) 27 (71.1%) 21(77.8%) 6 (54.5%) .24

Gastrointestinal (diarrhea/vomiting) 11 (28.9%) 8 (29.6%) 3(27.3%) 1.00

Subjective fevers 24 (63.2%) 15 (55.6%) 9 (81.8%) 16
Interstitial infiltrate on chest X-ray 33 (86.8%) 22 (81.5%) 11 (100.0%) .29
Oxygen saturation < 90% at admission 8(21.1%) 6(22.2%) 2(18.2%) 1.00
qSOFA score > 2 at admission 3(7.9%) 2 (7.4%) 1(9.1%) 1.00
Mean procalcitonin on admission, ng/ml + SD 0.76 £1.20 0.55+0.83 1.47 +1.92 .16
Mean C-reactive protein, mg/L + SD

Admission 111.5 +80.7 104.5 £70.0 132.3+109.3 .73

Peak 201.4 £ 100.1 183.6 +104.3 255.0 + 64.2 .04
Mean D-dimer, mg/L + SD

Admission 1.7+14 1.7+1.2 19+19 72

Peak 73+74 54+6.5 12.6 +7.3 .01
Mean ferritin, ng/ml £ SD

Admission 2310 £ 2821 2080 = 2047 2976 £ 4479 .88

Peak 5832+ 7516 4796 + 7009 8824 + 8544 .21
Mean peak IL-6, mg/L + SD 218.0 £ 538.6 221.5 +630.6 209.5 £ 209.9 .06
Mean peak tumor necrosis factor, ng/ml + SD 31.5+149 30.2+14.1 35.0+17.5 .58
Mean white blood cell count, cells/L + SD

Admission 8.3+4.9 8.8+4.9 71+4.5 .26

Peak 171 +11.5 14.2 +£8.9 244 +13.7 .01
Mean absolute lymphocyte count, cells/uL + SD

Admission 587 + 344 630 £+ 358 482 + 296 .26

Discharge/death 850 + 609 1011 + 637 455 + 277 <.01
Microbiologically documented bacterial, viral, or fungal 5(13.2%) 4 (14.8%) 1(9.1%) .65

co-infection

Highest level of respiratory support

None 8(21.1%) 8(29.6%) 0(0.0%) .09

Nasal cannula 10 (26.3%) 8(29.6%) 2(18.2%)

BiPAP/high-flow nasal cannula 6 (15.8%) 3(11.1%) 3(27.3%)

Mechanical ventilation 14 (36.8%) 8(29.6%) 6 (54.5%)
Acute kidney injury or dialysis requirement 23 (60.5%) 16 (59.3%) 7 (63.6%) 1.00
Mean peak serum creatinine, mg/dl + SD 4.4 +3.3 43+3.7 4.4 +23 46
Mean peak ALT, U/L + SD 70.7 £92.1 73.9 £96.7 63.0+83.7 .55

Abbreviations: BiPAP, bilevel positive airway pressure; IL-6, interleukin-6; IQR, interquartile range; SD, standard deviation.

ALC at discharge/death or study conclusion (455 vs 1011 cells/ul;
p < .01). We did not observe a statistically significant difference in
admission procalcitonin or peak IL-6, tumor necrosis factor-alpha, or
serum creatinine levels between survivors and patients who died of
severe COVID-19. In the final regression model, after adjusting for
age, peak D-dimer (OR = 1.20; 95% Cl: 1.04, 1.39) and WBC levels
(OR =1.11; 95% ClI: 1.02, 1.21) remained independent predictors of
COVID-19-related mortality (Table 5).

3.3.3 | Immune modulation

Immunosuppressant and antiviral management were largely similar
between survivors and patients who died, with the exception of
higher total corticosteroid doses and more frequent prescription of
treatment-dose anticoagulation in patients who died. However, as
this likely reflects differences in underlying disease severity rather
than treatment efficacy, we performed a subgroup analysis for the
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TABLE 3 Antiviral and Immunomodulatory Management during Hospitalization for COVID-19

All patients Survived Died
Characteristics (n=38) (n=27) (n=11) p-Value
Median tacrolimus trough during admission, ng/ml
Alternative therapy during admission 5(13.2%) 4 (14.8%) 1(9.1%) 77
1.0-5.0 10 (26.3%) 7 (25.9%) 3(27.3%)
5.1-10.0 19 (50.0%) 14 (51.9%) 5(45.5%)
>10.0 4 (10.5%) 2 (7.4%) 2(18.2%)
Percentage reduction in median tacrolimus trough
Alternative therapy prior to admission 6 (15.8%) 5(18.5%) 1(9.1%) .83
No reduction 15 (39.5%) 10 (37.0%) 5(45.5%)
10%-30% 12 (31.6%) 8(29.6%) 4 (36.4%)
>30% 5(13.2%) 4(14.8%) 1(9.1%)
Percentage change in tacrolimus trough (IQR) -11% (-26% to 17%) -11% (-28% to 11%)  -6% (-22% to 33%) .32
Mycophenolate dose
Off antimetabolite 4 (10.5%) 2 (7.4%) 2(18.2%) .68
Same dose 1(2.6%) 1(3.7%) 0 (0.0%)
50%-75% dose reduction 20 (52.6%) 14 (51.9%) 6 (54.5%)
Hold antimetabolite 13 (34.2%) 10 (37.0%) 3(27.3%)
Total prednisone equivalents administered during hospitalization, mg
<500 25 (65.8%) 20 (74.1%) 5(45.5%) 15
500-1000 8(21.1%) 5(18.5%) 3(27.3%)
>1000 5(13.2%) 2(7.4%) 3(27.3%)
Mean prednisone equivalents per day during hospitalization,  17.2 + 18.6 129 £16.5 277 £19.2 .04
mg
Enrolled in clinical trial 4 (10.5%) 4 (14.8%) 0 (0.0%) 18
Antiviral and immunomodulatory therapies
Hydroxychloroquine 26 (68.4%) 18 (66.7%) 8(72.7%) 71
Azithromycin 22 (57.9%) 14 (51.9%) 8(72.7%) 24
Remdesivir 3(7.9%) 2 (7.4%) 1(9.1%) .86
IL-6 or IL-1 inhibitor 3(7.9%) 2 (7.4%) 1(9.1%) .86
Convalescent plasma 10 (26.3%) 6(22.2%) 4 (36.4%) .37
Anticoagulation therapy
None 2 (5.3%) 1(3.7) 1(9.1%) .37
Prophylactic dose 16 (42.1%) 13 (48.1%) 3(27.3%)
Treatment dose 20 (52.6%) 13 (48.1%) 7 (63.6%)
Prescription of anti-Xa inhibitor 10 (26.3%) 8(29.6%) 2 (18.2%) 46

20 patients with severe COVID-19 (severity score = 5) at 1 month.
Among these patients, only the mean prednisone equivalents admin-
istered per day during hospitalization were different between survi-
vors and those who died (15.4 vs 37.0 mg/day; p = .02; Table S2). No
statistically significant differences were observed in baseline immu-
nosuppressant regimen, dosing intensity, or percentage reduction in
immunosuppression following hospital admission among survivors.
The administration of hydroxychloroquine, convalescent plasma,
and treatment dose anticoagulation was also not found to be associ-
ated with improved survival among our KTRs with severe COVID-19
(Table S2).

4 | DISCUSSION

The SARS-CoV-2 pandemic has placed a particular burden on im-
munosuppressed patient populations, including the organ transplant
community.®** Transplant volumes declined by nearly 50% in March
and April during the early phase of the pandemic in the United
States, and in a national survey of the largest kidney transplant cent-
ers, 85.1% of respondents reported being extremely or highly con-
cerned about the impact of COVID-19 on transplant recipients.“‘15
We observed a wide spectrum of disease severity in KTRs diag-

nosed with COVID-19 at our center, with 26 (27.4%) patients able
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Outcomes

Hospital discharge disposition
Still hospitalized
Home
Rehabilitation
Expired
Allograft survival

1 month following hospital discharge or study conclusion

1 month following hospital discharge or study conclusion censored for

death
Acute kidney injury
KDIGO criteria (n = 37)
Requiring renal replacement therapy (n = 37)

Mean change in eGFR at 1 month following COVID-19 diagnosis, ml/
min/1.73 m? £ SD

BPAR during study review period

TABLE 4 Patient and Allograft

AL outcomes following COVID-19 infection

(n=238)

3(7.9%)
18 (47.4%)
6(15.8%)
11 (28.9%)

25/37 (67.6%)
25/26 (96.2%)

22 (59.5%)
12 (32.4%)
-1.6 £19.5

0(0.0%)

Abbreviations: BPAR, biopsy-proven acute rejection; eGFR, estimated glomerular filtration rate.

TABLE 5 Risk Factors for Mortality

Unadjusted OR Adjusted OR? . e
(95% Cl) p-Value (95% CI) p-Value Following Hospitalization for COVID-19
Baseline characteristics
Age (per 10 years) 2.05 (1.04, 4.04) .04

History of HIV 22.65 (1.06,483.71) .04

Laboratory parameters

Peak D-dimer (per 1.14(1.03, 1.27) .01
1 mg/L increase)
Peak WBC (per 1 cell/L 1.08 (1.01, 1.16) .03
increase)
2Adjusted for age.

to be managed remotely with 100% patient and allograft survival
at 1 month. Alternatively, in our cohort of KTRs admitted to hospi-
tal, we observed an overall mortality rate of 28%, which is similar to
previous reports, and is 2-3x higher than mortality rates reported
in the general hospitalized population.3’4’7'9 While these findings
should not preclude kidney transplantation, there is a suggestion
that KTRs may be at high risk of significant morbidity and mortality
following hospitalization for COVID-19. Among our cohort of KTRs,
as has been previously reported, age was independently associated
with an approximately 2x higher odds of mortality for each decade
of life.”*®'7 We also observed a remarkably high mortality rate in
hospitalized KTRs with COVID-19 and HIV co-infection, despite all
patients having undetectable viral loads prior to hospitalization and
amean CD4 count of 373 + 185 cells/mm?®. This potentially warrants
further investigation in a multi-center study as prior publications
in non-transplant populations have reported equivalent COVID-19
outcomes in HIV-positive and HIV-negative patients.18 Based on our
findings, older KTRs and patients with concomitant HIV and trans-
plantation appear to be at particular risk for in-hospital mortality

1.20(1.04, 1.39) .01

1.11(1.02, 1.21) .02

from COVID-19 and warrant prompt medical referral and aggressive
monitoring for signs of clinical deterioration.

There was a high incidence of AKl in our cohort of KTRs (59.5%).
In a meta-analysis by Robbins-Juarez et al, the incidence of AKI
following COVID-19 diagnosis ranged from 0.5% to 80.3%, with a
mean of 17%.Y Additionally, a prior report from our own center in
non-KTRs reported a 46% incidence of AKI.2° These results suggest
that KTRs may be particularly susceptible to COVID-19-mediated
kidney injury, although whether this damage is the result of direct
viral injury to the allograft or secondary to other mechanisms re-
mains a matter of debate. Autopsies of patients with COVID-19 and
AKI have demonstrated endothelial injury with severe acute tubu-
lar necrosis and lymphocyte and macrophage infiltration, although
how this translates to KTRs is unknown.?! Encouragingly, at 1 month
post-COVID-19 diagnosis, eGFR returned to pre-infection levels in
nearly all patients with a functioning allograft. Additionally, no cases
of acute rejection following COVID-19 infection were observed for
the duration of the study period in spite of immunosuppressant re-
duction. These results suggest that if KTRs can be supported through
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the acute illness, COVID-19 disease may not pose prolonged risk to
the transplant allograft.

The optimal treatment strategy for KTRs infected with COVID-
19 remains unknown. A number of antiviral and immunomodulatory
therapies are currently under investigation for the treatment of
COVID-19 and are beyond the scope of this study. In the absence of
a well-defined treatment standard, most transplant centers reduce
immunosuppression as a component of COVID-19 management;
however, this practice is based on expert consensus, without explicit
treatment targets.7'9 The findings from our study are generally con-
sistent with those reported by Kates et al, which concluded that the
presence of patient comorbidities was more predictive of COVID-19
mortality than the intensity of immunosuppression at diagnosis.'® In
our review, we did not find that the choice or number of immunosup-
pressants, baseline tacrolimus levels or antimetabolite dose, or the
use of maintenance corticosteroids were associated with COVID-19
mortality. Similarly, we also did not observe that degree of immuno-
suppressant reduction following hospitalization or lower calcineurin
inhibitor trough levels was associated with reduced mortality in
KTRs with severe COVID-19. The only significant difference in im-
munosuppressant dosing between groups was a higher mean daily
corticosteroid dose among patients who died. Given the reduction in
mortality demonstrated with the use of dexamethasone in patients
requiring supplemental oxygen in the RECOVERY study, it is likely
that this finding reflects differences in disease severity in our patient
cohort as well as the use of stress-dose hydrocortisone in critically ill
patients.22 Additionally, methylprednisolone was the corticosteroid
of choice for COVID-19 treatment at our center and may have differ-
ential pharmacologic effects compared with dexamethasone which
has a longer duration of action and more potent systemic glucocor-
ticoid effects.?® Future studies are still needed to clarify the optimal
agent, dose, and duration of corticosteroids for severe COVID-19 in
KTRs already receiving chronic maintenance corticosteroids in order
to minimize the potential detrimental effects associated with gluco-
corticoids, including delayed viral clearance.?*2?% Although there is
no definitive evidence that immunosuppression reduction improves
mortality in the setting of COVID-19 pneumonia, we did not ob-
serve a signal for increased allograft rejection following infection.?
Hence, we continue to consider immunosuppression reduction at
the time of COVID-19 diagnosis on a case-by-case bases, taking into
account markers of COVID-19 disease severity, patient-specific co-
morbidities, and markers of systemic inflammation.

We acknowledge that there are limitations to consider when ex-
trapolating our findings. This was a relatively small patient cohort at
a single transplant center and was not adequately powered to de-
tect small differences in patient characteristics that may influence
COVID-19 outcomes. The effects of multiplicity and multicollinear-
ity also cannot be excluded based on the number of independent
variables examined and clinical overlap between biomarkers of sys-
temic inflammation. Additionally, although patient management and
treatment selection were guided by institutional protocols, these
protocols were subject to individual clinician judgment and evolved
over the course of the pandemic as further data became available.
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As a result, a significant number of our patients received courses
of off-label hydroxychloroquine + azithromycin, which have subse-
quently been shown to lack efficacy. Finally, our understanding of
SARS-CoV-2 and COVID-19 is continually evolving, raising the possi-
bility that additional confounding variables that were not considered
may influence treatment outcomes. Despite these limitations, our
study provides a detailed analysis of immunosuppression dosing in
KTRs hospitalized with confirmed COVID-19 and found no associa-
tion between baseline immunosuppression intensity or dose modi-
fications following COVID-19 diagnosis and subsequent in-hospital
mortality. Additionally, we confirm the findings that older age as
well as increasing peak serum inflammatory markers and persistent
lymphopenia may be able to identify KTRs at high risk for mortality
following hospitalization for COVID-19.

5 | CONCLUSIONS

Kidney transplant recipients diagnosed with COVID-19 are at high
risk of poor outcomes following hospitalization, with mortality rates
ranging from 22% to 28%. Older age is a significant risk factor for
COVID-19-related mortality that has been replicated in a number
of studies and was associated with approximately 2x higher odds
of death in our patient cohort for each decade of life. We also ob-
served an unusually high rate of mortality in HIV-infected KTRs at
our center, which warrants additional study. Baseline symptoms and
laboratory values at the time of hospitalization have not been shown
to predict COVID-19 mortality, but serum inflammatory markers in-
cluding D-dimer, CRP, and white blood cell counts should continue to
be monitored longitudinally to assess disease course and treatment
response. While it has not been explicitly shown to reduce mortality,
immunosuppression reduction was not associated with allograft re-

jection in our study and could be considered on a case-by-case basis.
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