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Abstract

Objective: In this study, we aim to assess short-term allograft outcomes follow-
ing deceased donor kidney transplantation from severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) lower respiratory tract (LRT) nucleic acid testing (NAT)
positive donors.

Methods: From September to December 2021, SARS-CoV-2 NAT positive organ
donors, whose solid abdominal organs were transplanted at our academic medical cen-
ter were identified. Donors were stratified into having tested positive for SARS-CoV-2
in an upper respiratory tract (URT) or LRT sample. For this study, the SARS-CoV-2 LRT
NAT positive deceased kidney donors and their respective recipients were examined.
Donor and recipient demographic data, coronavirus disease 2019 (COVID-19)-related
history, patient outcomes, as well as postoperative graft function were evaluated.
Results: Thirteen SARS-CoV-2 positive deceased donors were identified. Of these,
eight were LRT NAT positive and yielded nine kidneys. These allografts were suc-
cessfully transplanted into vaccinated and unvaccinated recipients. All recipients
received standard induction immunosuppression and did not receive any prophylactic
therapy for SARS-CoV-2. Two recipients had delayed graft function. At 1-month post-
transplant, there was no clinical evidence of donor-derived COVID-19 or graft loss, and
all recipients were free from dialysis.

Conclusion: We describe the first case series of SARS-CoV-2 LRT NAT positive
deceased kidney donors for vaccinated and unvaccinated recipients with excellent
short-term allograft outcomes and no clinical evidence of donor-derived COVID-19
post-transplantation. Given the increasing prevalence of SARS-CoV-2 in the popula-
tion, utilization of SARS-CoV-2 LRT NAT positive deceased donors could be considered

Abbreviations: AKI, acute kidney injury; CDC, Centers for Disease Control and Prevention; COVID-19, coronavirus disease 2019; DGF, delayed graft function; DTAC, Ad Hoc Disease
Transmission Advisory Committee; LRT, lower respiratory tract; NAT, nucleic acid testing; OPTN, Organ Procurement and Transplantation Network; SARS-CoV-2, severe acute respiratory

syndrome coronavirus 2.
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1 | INTRODUCTION

Given persistent disparities between organ supply and demand, the
solid organ transplant community continues to explore opportuni-
ties for expansion of the donor pool. Recent studies describe the use
of organs from donors testing positive for the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) by nucleic acid testing
(NAT) in an upper respiratory tract (URT) sample.>?2 In April 2021, the
Organ Procurement and Transplantation (OPTN) Executive Commit-
tee approved the “Lower Respiratory SARS-CoV-2 Testing for Lung
Donors” policy which requires all potential lung donors to be tested
for SARS-CoV-2 in a lower respiratory tract (LRT) specimen by NAT.>
An additional outcome of this policy was the emergence of a new
population of potential donors- the SARS-CoV-2 LRT NAT positive
donors.

To date, there are no reports on the use of SARS-CoV-2 LRT NAT
positive donors for kidney transplantation, and limited case reports
have evaluated the safety of using liver allografts from these donors.*>
The weight of the evidence including the absence of proven cases of
SARS-CoV-2 transmission from positive non-lung donors suggests that
the risk of transmission is low.%*"® From May 27 through Novem-
ber 30, 2021, 178 non-lung organs were transplanted from donors
with a positive lower respiratory tract SARS-CoV-2 test.® The safety
of using organs in this scenario remains unknown. In this report, we
provide the first description of short-term allograft outcomes follow-
ing deceased donor kidney transplantation from SARS-CoV-2 LRT NAT

positive donors.

2 | METHODS

From September to December 2021, all coronavirus disease 2019
(COVID-19) positive organ donors, defined by SARS-CoV-2 NAT pos-
itive result during Organ Procurement Organization evaluation, whose
solid abdominal organs were transplanted at our academic medical
center were identified. Donors were stratified into having tested pos-
itive for URT (nasopharyngeal swab) or lower respiratory tract (LRT;
tracheal aspirate or bronchoalveolar lavage) infection (Figure 1). For
this study, SARS-CoV-2 LRT NAT positive deceased kidney donors
and their respective recipients were examined, as we have previ-
ously described our experience with SARS-CoV-2 LRT NAT positive
deceased liver donors.* The pre-donation status of COVID-19 infec-
tion was assessed using the United Network for Organ Sharing donor
history and the donor risk assessment interview (DRAI). The DRAI

an acceptable source of organs for renal transplantation, especially as multi-center

experiences and longer-term follow-up emerge.

COVID-19 deceased donors, lower respiratory tract positive donors, renal transplant,

asks specific questions about recent travel, exposure, or documented
COVID-19 infection. Donor and recipient demographic data, COVID-
19-related history (i.e., donor clinical history of infection and imaging
findings as well as recipient clinical history, vaccination status, and test-
ing upon admission), patient outcomes, as well as postoperative graft
function (occurrence of delayed graft function (DGF), serum creatinine
at 14- and 30-days from transplant) were examined. Cycle thresh-
old values were not readily available for donors at the time of organ
offer. Delayed graft function was defined as the need for dialysis within
the first week of transplant. Major complications were those with
Clavien Dindo > Grade Ill requiring surgical, endoscopic, or radiologic
intervention.

Numerical analyses were performed using Stata 16/MP4 (Stata-
Corp LP, College Station, TX). Donor and recipient characteristics
were described using the median (interquartile range) for continuous

variables. Categorial characteristics were described as frequencies.

3 | RESULTS

During the study period, 13 SARS-CoV-2 positive deceased donors
were utilized. Of these thirteen donors, five tested positive for iso-
lated LRT NAT, three tested positive for both URT and LRT NAT, and
five tested positive for isolated URT NAT. The eight LRT NAT posi-
tive yielded nine kidneys and three livers for transplantation (Figure 1).
Only one of the donors died from severe SARS-CoV-2 pneumonia.
Of the other six, one had recovered from mild COVID-19 (symptom
resolution > 28 days; no hospitalization required) and died from bac-
terial meningitis, with the remainder having expired from other causes.
In this latter group, even after having reviewed the available histo-
ries, we are unable to state with certainty whether other causes of
death may have been related to COVID-19. The median donor age
was 39 years old with a kidney donor profile index of 35 (Table 1). Of
note, the recipient whose allograft was from the donor that died from
SARS-CoV-2 pneumonia was a zero-HLA-mismatch and the donor’s
renal function was preserved (terminal creatinine 0.59 mg/dl and urine
output of 200cc/hr) at the time of procurement. Five LRT NAT posi-
tive donors had a preoperative chest computed tomography available.
Three of them were positive, defined as the presence of pulmonary
ground-glass opacities, patchy opacities, or consolidations on radi-
ologist read. All donors had satisfactory urine output (> 30cc/h) at
the time of procurement and the median terminal creatinine was
2.26 mg/dl (Table 1). Data regarding donor vaccination status was not

available.



SANCHEZ-VIVALDI ET AL.

TRANSPLANT TN
INFECTIOUS 3of5
DISEASE

SARS-CoV-2 positive
organ donors
(n=13)

Deceased kidney

Deceased liver

donors
(n=9)
URT positive . B
(LRT negative) LRT positive
donors
donors n
(n=2) (n=7)
URT positive B
(LRT negative) LRT positive
i kidney allografts
kidney allografts 2l
(n=2) (n=9)

donors
(n=6)
URT positive " B
(LRT negative) LRT positive
donors
donors A
(n=3) (n=3)
URT positive B
(LRT negative) LRT positive
i liver allografts
liver allografts «
(n=3) (n=3)

FIGURE 1 Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) NAT positive organ donors flow chart (NAT: nucleic acid testing;
URT: upper respiratory tract; LRT: lower respiratory tract). *LRT-positive kidney donors include two cases of combined (URT + LRT) and five cases
of isolated (LRT only) test results. **LRT-positive liver donors include: one case of combined (URT + LRT) and two cases of isolated (LRT only) test

results

All nine kidney recipients underwent induction immunosuppression
with thymoglobulin. Most recipients received standard 3-drug main-
tenance immunosuppression consisting of tacrolimus, mycophenolate,
and steroids. One recipient was enrolled in a clinical trial examining
dual co-stimulation blockade. Seven recipients (77.8%) had completed
their COVID-19 vaccination series, of which two had received an addi-
tional booster, and two (22.2%) were unvaccinated (Table 1). None
of the recipients received post-transplant prophylactic SARS-CoV-2
therapy and routine surveillance for SARS-CoV-2 was not performed.
There were no major complications, graft loss, vessel thrombosis, or
donor-derived COVID-19 infections. Two patients (22.2%) had DGF.
The median hospital length of stay was four days. At 30-day follow-up,
all recipients had satisfactory allograft function (median creatinine of

1.51 mg/dl) and were free from dialysis (Table 1).

4 | DISCUSSION

The “lower respiratory SARS-CoV-2 testing for lung donors” OPTN
emergency policy introduced uncertainty in the abdominal transplant
community, as to whether to use abdominal organs from donors that
tested positive for SARS-CoV-2 in an LRT specimen. The initial hesi-
tance to use organs from these donors was the risk of donor-derived
COVID-19. We assessed the use of LRT NAT positive kidney allografts

as this test became increasingly available at the time of organ offer and

it was felt that evaluating recipient outcomes was important as results
of this test may influence accept/turn-down decisions. Although the
precise risk of disease transmission is unknown, it must be balanced
with the risk of morbidity and mortality of remaining on the abdomi-
nal transplant waitlist. This is the first case series reporting outcomes
from the use of SARS-CoV-2 LRT NAT positive deceased kidney donors
for vaccinated and unvaccinated recipients, with 100% 1-month allo-
graft survival. No prophylactic strategies were employed and there
was no clinical evidence of donor-derived COVID-19 infection. Taken
together, this experience, along with the known biology of COVID-19,
recent case reports, and data reported by the Ad Hoc Disease Trans-
mission Advisory Committee (DTAC), we believe that the benefits of
using kidney allografts from LRT NAT positive donors may outweigh
the morbidity and mortality of remaining on the kidney transplant
waitlist,14-¢

In September 2021, Kute et al. published a systematic review to
evaluate the safety of transplants performed on donors with COVID-
19.2 Most of the reports described the use of organs from donors
testing positive in a URT sample. The authors describe fifteen SARS-
CoV-2 positive donors, for a total of 25 transplanted organs (16
kidneys, six livers, and three hearts). Among the sixteen transplanted
kidneys, no donor-derived infection was identified, and no major
complications were noted. The incidence of DGF was 18.8%.

The use of organs from SARS-CoV-2 LRT NAT positive donors was
initially reported after the Italian Transplant Authority permitted to
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TABLE 1 Lower respiratory tract nucleic acid testing (NAT)
positive deceased kidney donors and recipients
Donor Data
(n=7)

Age (years), median (IQR)
Gender, n (%)

Female

Male
Race, n (%)

White

African American

American Indian
Sequence number, median (IQR)
Kidney Donor Profile Index, median (IQR)
Donor type, n (%)

Brain death

Cardiac death
Cold ischemia time (h), median (IQR)
Positive upper respiratory tract infection, n (%)
Positive lower respiratory tract infection, n (%)
History of SARS-CoV-2 infection, n (%)
SARS-CoV-2 cause of death, n (%)
CT chest positive findings*, n (%)
Terminal creatinine, median (IQR)

Recipient Data
(n=9)

Age (y), median (IQR)
Gender, n (%)
Female
Male
Race, n (%)
White
African American
Hispanic/Latino
Transplant indication, n (%)
CKD
ESRD
Waitlist time (d), median (IQR)
Clinical history of SARS-CoV-2, n (%)
SARS-CoV-2 vaccinations received, n (%)
0
2
3
Positive SARS-CoV-2 test on admission, n (%)
Hospital length of stay (d), median (IQR)
Delayed graft function, n (%)

Other major complication’, n (%)

39.0(23.0-46.0)

2(28.6%)
5(71.4%)

4(57.1%)
2(28.6%)
1(14.3%)
15.0(7.0-158.0)
35.0(14.0-67.0)

2(28.6%)

5(71.4%)
21.4(7.9-27.4)
2(28.6%)
7(100.0%)
2(28.6%)
1(14.3%)
3(42.9%)
2.26(0.59-4.84)

45.0(32.0-54.0)

5(55.6%)
4(44.4%)

4(44.4%)
3(33.3%)
2(22.2%)

2(22.2%)
7(77.8%)
75.0(32.0-216.0)
2(22.2%)

(Continues)

TABLE 1 (Continued)

Recipient Data

(n=9)

Post-transplant SARS-CoV-2 infection, n (%) 0(0.0%)
1.79(1.37-2.19)

1.51(1.36-1.66)

14-day creatinine, median (IQR)

30-day creatinine, median (IQR)
*Defined as the presence of pulmonary ground-glass opacities, patchy
opacities, or consolidations on radiologist read.

TClavien Dindo > Grade Il requiring surgical, endoscopic, or radiologic
intervention.

use of urgent liver transplantation in candidates who were SARS-CoV-
2 positive or with past COVID-19 exposure. They have published the
results of ten liver transplants within an Italian multicenter series, with
all recipients having had evidence of prior infection with COVID-19.
Five donors had a positive LRT SARS-CoV-2 NAT at the time of organ
procurement.>® After a median follow-up of 221 days, nine out of 10
recipients had satisfactory allograft function. On POD 75, one recipient
died of sepsis secondary to Acinetobacter baumannii. We subsequently
reported our experience with two SARS-CoV-2 LRT NAT positive liver
donors with similar results.*

Other complimentary non-COVID data can also help assess the
risks and benefits of utilization of this donor population. In a 10-year
review of potential donor-derived events submitted to the DTAC com-
munity, respiratory viruses almost uniquely affected lung-transplant
recipients.” Further, the OPTN DTAC has monitored the implications
of its emergency policy and noted that from May to November 2021,
178 non-lung donor organs with a positive LRT SARS-CoV-2 NAT have
been transplanted.

The Center for Disease Control (CDC) has investigated three donor-
derived COVID-19 infections which occurred in three lung recipients.
The six non-lung organ recipients did not develop clinical evidence of
SARS-CoV-2 infection. Additionally, the CDC has examined 40 poten-
tial COVID-19 donor-derived transmission events without identifying
transmission to a non-lung recipient.® In sum, the available clinical data
support that the risk of donor-derived COVID-19 from donors with
a positive SARS-CoV-2 LRT NAT is likely very low, and consideration
should be given to the utilization of extra-pulmonary organs in the
appropriate clinical setting.

As a transplant community, we now move to the next phase of the
evaluation of SARS-CoV-2 NAT positive donors, assessing short-term
allograft outcomes. Renal involvement is common with SARS-CoV-
2 infection, with one meta-analysis describing acute kidney injury
(AKI) in about 17% of patients hospitalized due to COVID-19.8 This
complication was more common in older patients and those with
comorbidities.? In autopsy studies, the most common abnormal find-
ing in the kidneys was acute tubular necrosis.’® A small proportion of
patients with COVID-19 developed nephrotic range proteinuria and
AKI with collapsing focal segmental glomerulosclerosis.!! In addition
to organ-specific findings, SARS-CoV-2 infection has also been asso-
ciated with a hypercoagulable state characterized by microthrombi,

venous thromboembolism, and arterial events that can affect the
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allograft. These studies, raise the concern for sub-optimal post-
transplant renal allograft function. However, it should be noted that
the vast majority of donor allografts utilized in this study were from
SARS-CoV-2 LRT NAT positive donors with a cause of death other than
COVID-19. As mentioned, the one donor that died from COVID-19 had
excellent renal function during admission and ultimately provided a
zero-HLA-mismatch allograft. This study describes comparable short-
term renal allograft function although it is acknowledged that the
analysis is limited by the retrospective single-center study design, small
sample size, lack of post-transplant SARS-CoV-2 PCR testing, and the
inability to adequately control for all confounding variables. Multicen-
ter studies that adequately control for confounding are required to
further assess the longer-term allograft outcomes from SARS-CoV-2
LRT NAT positive donors.

In conclusion, we describe the first case series of SARS-CoV-2 LRT
NAT positive deceased kidney donors for vaccinated and unvaccinated
recipients with excellent short-term allograft outcomes and no clini-
cal evidence of donor-derived COVID-19 post-transplantation. Indeed,
although we do not yet have a 1-month follow-up since this report
has been compiled, we have utilized an additional four livers and four
kidneys from SARS-CoV-2 LRT NAT positive deceased donors- bring-
ing our total to 20 abdominal organs transplanted from SARS-CoV-2
LRT NAT positive deceased donors. Given the increasing prevalence
of SARS-CoV-2 in the population, utilization of SARS-CoV-2 LRT NAT
positive deceased donors could be considered an acceptable source of
organs for renal transplantation, especially as multi-center experiences
and long-term follow-up emerge.
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