Solid Organ Transplantation From SARS-CoV-2-
infected Donors to Uninfected Recipients:
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Background. The risk of donor-derived severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in solid
organ (heart, lung, liver, kidney, pancreas, and intestine) transplant recipients is poorly understood. Since hematogenous trans-
mission of SARS-CoV-2 has not been documented to date, nonlung solid organs might be suitable for transplantation since
they likely portend a low risk of viral transmission. Methods. Abdominal solid organs from SARS-CoV-2-infected donors
were transplanted into uninfected recipients. Results. Between April 18, 2021, and October 30, 2021, we performed trans-
plants of 2 livers, 1 simultaneous liver and kidney, 1 kidney, and 1 simultaneous kidney and pancreas from SARS-CoV-2—
infected donors into 5 uninfected recipients. None of the recipients developed SARS-CoV-2 infection or coronavirus disease
2019, and when tested, allograft biopsies showed no evidence of SARS-CoV-2 RNA. Conclusions. Transplanting nonlung
organs from SARS-CoV-2-infected donors into uninfected recipients demonstrated no evidence of virus transmission.

(Transplantation Direct 2022;8: e1286; doi: 10.1097/TXD.0000000000001286).

/

INTRODUCTION

Almost 6000 individuals die annually because of shortfalls of
kidney, liver, lung, heart, intestine, or pancreas donors in the
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United States. A similar number become ineligible because
of disease progression while awaiting transplantation.'
Healthcare disruptions caused by the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) pandemic com-
pounded donor organ shortages, leading to excess morbidity
and mortality in individuals awaiting organ transplantation.”*
Organs from SARS-CoV-2-infected individuals are not
routinely considered for donation because of a perceived
risk of transmitting infection to recipients. Early in the pan-
demic, major professional societies recommended against
the use of these organs, whereas the Organ Procurement and
Transplantation Network (OPTN) recently classified these
donors as subjecting recipients to unknown risk of disease
transmission.>® Since SARS-CoV-2 is not known to transmit
hematogenously, the risk of donor-derived infection from non-
lung solid organs, such as heart, liver, kidney, and pancreas,
may be low irrespective of adjunctive antiviral therapies,
vaccination status of recipients, or antirejection immunosup-
pression regimens.” We report our successful experience trans-
planting 2 livers, 1 simultaneous liver and kidney, 1 kidney,
and 1 simultaneous kidney and pancreas from SARS-CoV-2—
infected deceased donors into 5 SARS-CoV-2-uninfected
recipients between April 18,2021, and October 3,2021.

MATERIALS AND METHODS

Donor Characteristics
All donors underwent nasopharyngeal swab SARS-CoV-2
real-time polymerase chain reaction (RT-PCR) testing within
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72h of organ procurement, and results were known at time
of organ offer. All organ offers are reviewed on a case-by-case
basis to determine suitability for recipients on our waitlists.
Once a suitable match is identified, the potential recipient is
contacted with the organ offer and has the option of declining
without impact on candidacy for future organ offers.

Informed Consent

As part of our Center protocol, waitlisted individuals with
an organ offer are informed that donors are tested for SARS-
CoV-2 infection immediately before organ procurement, and
the results of that testing. We inform potential recipients
regarding true-positive and false-negative SARS-CoV-2 PCR
results, the possibility of donor-derived transmission, and that
the precise risk of virus transmission through organ trans-
plantation is unknown. Recipients provide written informed
consent acknowledging such risk.

Ethics Statement
Clinical care provided was exempt from an internal review

board.

Recipient Testing

Matched recipients must test negative by nasopharyngeal
swab SARS-CoV-2 RT-PCR at the time of an accepted organ
offer.

Multidisciplinary Management

Transplant recipients are cared for by specialists in trans-
plant surgery, transplant hepatology, transplant nephrology,
transplant infectious disease, and pharmacy.

Antiviral Treatment Regimens

Casirivimab-imdevimab, a monoclonal antibody against
the receptor-binding domain of the SARS-CoV-2 spike glyco-
protein, was used for postexposure prophylaxis in recipients
1-3. Remdesivir, a nucleoside analog inhibitor of the SARS-
CoV-2 RNA-dependent RNA polymerase, was an adjunctive
empiric treatment in recipients 2-5, and anti-SARS-CoV-2
convalescent plasma was used in recipient 5.

Evaluation of Donor-derived SARS-CoV-2 Infection

In addition to symptom monitoring, all recipients underwent
serial nasopharyngeal SARS-CoV-2 RT-PCR testing. Recipients
were placed under modified droplet isolation precautions until
the first postoperative negative SARS-CoV-2 RT-PCR result.

In recipients 2, 4, and 5, we retrospectively performed
direct SARS-CoV-2 RNA testing of the day 0 allograft proto-
col biopsy tissue for study purposes using either digital drop-
let PCR (DD-PCR) or RT-PCR.

Immunosuppression Regimens

All patients received induction immunosuppression at trans-
plantation along our Center’s protocol. Our knowledge of
donor SARS-CoV-2 infection status did not alter immunosup-
pression regimens. For recipients of kidney or pancreas allo-
grafts, we use the lymphocyte-depleting monoclonal antibody
alemtuzumab in recipients <65 y or the interleukin-2 recep-
tor antagonist basiliximab in recipients >65 y. Basiliximab is
used in simultaneous liver and kidney transplant recipients.
Isolated liver transplant recipients receive methylpredniso-
lone for induction. Maintenance immunosuppression in all
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recipients consists of calcineurin inhibitors, antimetabolite
agents, and oral corticosteroid tapers.

RESULTS

Donor and recipient characteristics are detailed in Table 1.

Recipient 1

A 29-y-old male with stage-4 chronic kidney disease due to
type 1 diabetes underwent simultaneous kidney and pancreas
transplant from a donor who was declared brain dead due to
cerebral infarction. The donor tested negative by nasopharyn-
geal SARS-CoV-2 RT-PCR the day before organ procurement.

The recipient was unvaccinated against SARS-CoV-2 infec-
tion, but his domestic partner had documented SARS-CoV-2
infection 5 mo prior. His postoperative course included a bac-
terial urinary tract infection and a self-limited postoperative
ileus. He was discharged on postoperative day 9.

Our Center was informed on postoperative day 8 that the
donor had a subsequent positive nasopharyngeal RT-PCR
for SARS-CoV-2 when tested after death immediately before
a postmortem examination. The recipient was asympto-
matic and tested negative for SARS-CoV-2 by RT-PCR, and
SARS-CoV-2 spike glycoprotein antibody was positive while
nucleocapsid antibody was negative at that timepoint. After
obtaining an investigational new drug approval, he was treated
with a single dose of casirivimab-imdevimab on postopera-
tive day 11 for postexposure prophylaxis. The recipient tested
negative for SARS-CoV-2 by nasopharyngeal swab RT-PCR
on postoperative days 8, 10, 15, 19, and 30. Spike glycopro-
tein and nucleocapsid antibodies remained unchanged at days
24 and 109 after transplant.

Recipient 2

A 65-y-old male with alcohol-related cirrhosis with hepa-
torenal syndrome requiring hemodialysis underwent simul-
taneous liver and kidney transplant from a donor who was
declared brain dead due to a gunshot wound to the head. The
donor tested positive for SARS-CoV-2 by nasopharyngeal
swab twice, 4 d and 1 d before organ procurement.

Because of the recipient’s ongoing vasopressor support
and coagulopathy, the biliary anastomosis was completed
on postoperative day 2. The patient’s postoperative course
included Candida kefyr fungemia treated with caspofungin
and then fluconazole, severe epistaxis requiring endotracheal
intubation for airway protection and nasal packing, and post-
operative delirium managed with supportive care. He was dis-
charged on postoperative day 21.

The recipient received the Pfizer-BioNTech mRNA corona-
virus disease 2019 (COVID-19) vaccine 101 and 80 d before
transplant. He had a negative nasopharyngeal swab RT-PCR
but detectable SARS-CoV-2 nucleocapsid and spike glyco-
protein antibodies immediately before transplant, suggesting
recent exposure and vaccination response. He was empiri-
cally treated with remdesivir on postoperative days 1-5 and
received casirivimab-imdevimab for postexposure prophy-
laxis on postoperative day 2. The recipient tested negative
for SARS-CoV-2 by nasopharyngeal swab RT-PCR on day
of transplant and postoperative days 1-5 and 18. Antibodies
against the SARS-CoV-2 nucleocapsid became negative, but
those against the spike protein remained positive on postop-
erative days 4, 11, and 20. Day 0 liver and kidney allograft
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biopsy tissue were retrospectively tested for SARS-CoV-2
RNA by RT-PCR and were negative.

Recipient 3

A 60-y-old male with stage-5 kidney disease from autoso-
mal dominant polycystic kidney disease on peritoneal dialy-
sis underwent kidney transplant from the same donor as
recipient 2. Postoperative course was uncomplicated, and the
patient was discharged on postoperative day 2.

The recipient received the Moderna mRNA COVID-19
vaccine 181 and 143 d before transplant. He had a negative
nasopharyngeal swab SARS-CoV-2 RT-PCR immediately
before transplant, with detectable spike glycoprotein antibody
and undetectable nucleocapsid antibody confirming vaccina-
tion response. He was empirically treated with remdesivir on
postoperative days 1-3 and received casirivimab-imdevimab
for postexposure prophylaxis on postoperative day 1. The
recipient tested negative for SARS-CoV-2 by nasopharyngeal
swab RT-PCR on postoperative days 0-5.

Recipient 4

A 53-y-old male with cirrhosis due to alcohol-related
liver disease concurrent with metabolic-associated fatty liver
disease underwent liver transplant from a donor who was
declared brain dead due to intracranial hemorrhage. At the
time of organ procurement, the donor was admitted in an
intensive care unit for 24 d with severe COVID-19 infection,
mechanically ventilated with endotracheal intubation. The
donor tested positive for SARS-CoV-2 by endotracheal aspi-
rate 2 d before organ procurement.

The recipient underwent simultaneous sleeve gastrectomy
for morbid obesity and portal vein thrombectomy at time of
transplant. On postoperative day 1, the patient was taken
back for evaluation of perihepatic fluid collections. No active
bleeding was found, and the bile duct was revised. He was dis-
charged on day 7 following transplant.

The recipient received the Pfizer-BioNTech mRNA COVID-
19 vaccine 182 and 159 d before transplant. He had a nega-
tive RT-PCR but detectable antibody to the SARS-CoV-2 spike
glycoprotein and negative nucleocapsid antibody immediately
before transplant.

The recipient was treated with remdesivir on postopera-
tive days 1-5. He had negative nasopharyngeal swab SARS-
CoV-2 RT-PCRs on postoperative days 0, 3, and 5. Antibodies
against the SARS-CoV-2 nucleocapsid were negative on post-
operative day 0 but were positive on postoperative day 1 and
negative again on postoperative day 24. Antibodies against
the spike antibody remained positive on postoperative days 0,
1, and 24. Liver allograft biopsy tissue on day 0 tested nega-
tive for SARS-CoV-2 by DD-PCR.

Recipient 5

A 62-y-old male with cirrhosis due to alcohol-related liver
disease underwent liver transplant from a donor declared
brain dead due to intracranial hemorrhage. The donor was
in an intensive care unit for an intracranial hemorrhage with-
out symptomatic SARS-CoV-2 infection but had a positive
bronchoalveolar lavage RT-PCR 3 d before organ procure-
ment and a negative nasopharyngeal swab RT-PCR 2 d before
organ procurement.

The transplant surgery was notable for a planned return
to the operating room on postoperative day 1 for completion
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of the biliary anastomosis. His postoperative course included
atrial fibrillation with rapid ventricular response treated with
beta blocker and chylous ascites treated with total parenteral
nutrition for 21 d with subsequent return to a regular diet.

The recipient had PCR-confirmed COVID-19 with mild
upper respiratory tract symptoms not requiring treatment or
hospitalization 11 mo before transplant. He was vaccinated
with the first dose of the Moderna mRNA COVID-19 vac-
cine 10 d before transplant. Immediately before transplant the
recipient had negative nasopharyngeal SARS-CoV-2 RT-PCR
testing and detectable SARS-CoV-2 nucleocapsid and spike
glycoprotein antibodies.

The recipient was treated with remdesivir on postoperative
days 0-5 and received a unit of anti-SARS-CoV-2 convales-
cent plasma. The recipient tested negative for SARS-CoV-2 by
nasopharyngeal swab RT-PCR on postoperative days 5 and
14. Antibodies against SARS-CoV-2 nucleocapsid remained
positive at postoperative days 5 and 15. Liver allograft biopsy
tissue on day 0 tested negative for SARS-CoV-2 by RT-PCR.

DISCUSSION

We describe transplanting 7 abdominal organs from SARS-
CoV-2-infected donors to 5 uninfected recipients without evi-
dence of virus transmission. Four of the 5 transplants were
performed with knowledge of positive donor SARS-CoV-2
PCR testing. We confirmed absence of viral RNA in allo-
graft tissue in recipients 2, 4, and 5 by PCR. This absence
of apparent viral transmission is in context of 1 recipient
being unvaccinated, 1 being partially vaccinated, and 3 being
fully vaccinated. We also followed our standard immuno-
suppression protocols with lymphocyte-depleting therapy in
1 recipient and interleukin-2 receptor inhibitor therapy in 2
recipients, in addition to calcineurin inhibitors, antimetabo-
lites, and corticosteroids.

We also describe liver transplantation from a donor with
severe COVID-19 pneumonia requiring mechanical ventila-
tion for 24 d but succumbed to an intracranial hemorrhage
(recipient 4). Despite this donor’s endotracheal aspirate test-
ing positive for SARS-CoV-2 PCR 2 d before organ procure-
ment, there was no transmission of virus as confirmed by PCR
testing of the day 0 allograft biopsy tissue.

To date, there are only 13 single case reports and 1 multi-
center case series (N = 10) cumulatively of 24 nonlung organ
transplants (16 kidneys, 15 livers, and 3 hearts) from SARS-
CoV-2-infected donors.*' Fifteen of those 24 recipients had
no previous SARS-CoV-2 infection or vaccination (8/16 kid-
ney recipients, 5/15 liver recipients, 2/3 heart recipients), and
there was no virus transmission. There are also reports of at
least 45 kidneys, 14 livers, and 6 hearts transplanted from
55 donors with fully resolved SARS-CoV-2 infection with
no evidence of virus transmission.®»>!*2¢ The OPTN’s recent
guidance, reflecting this sparse data, concludes that the pre-
cise virus transmission risk with this transplantation strategy
remains unknown and that transplantation decisions should
balance this unknown risk against the recipient’s morbidity
and mortality risk while awaiting transplantation.® Our case
series of 7 organ transplants contributes to the literature sup-
porting the safety of solid organ transplantation from infected
donors to uninfected recipients.

Limited data at the time of our cases required a cautious
approach in the care of these recipients. Despite the successful
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transplantations described, our experience raises questions
that warrant further study. For instance, that SARS-CoV-2 is
not known to transmit hematogenously could obviate need
for postexposure prophylaxis and empiric antiviral treat-
ments. The need for and the duration of modified droplet pre-
cautions in such recipients is also unknown. Likewise, serial
nasopharyngeal swab RT-PCR testing of recipients might be
unnecessary after initial negative testing. If SARS-CoV-2 infec-
tion is confirmed in the recipient, it might be difficult to deter-
mine if the infection was donor- or community-derived. Our
utilization of a liver from a donor with severely symptomatic
COVID-19 pneumonia, with the allograft confirmed negative
for viral RNA on the day of transplant, suggests the possibility
of utilizing potentially higher-risk nonlung organs. Whether
the risk of transmission from nonlung organs is higher from
a donor with recent symptomatic COVID-19 infection with
presumed high viral load compared with a donor with pro-
longed hospitalization for severe COVID-19 pneumonia
when inflammatory processes predominate requires study.
Finally, despite the apparent low risk of virus transmission,
we now require organ recipients to be vaccinated against
SARS-CoV-2 because of risk of posttransplant infection while
pharmacologically immunosuppressed. Our center criteria for
SARS-CoV-2—-positive deceased donor and living donor organ
acceptance mirrors the recently updated OPTN guidelines.®

Recent publications indicate a correlation between SARS-
CoV-2 viremia and clinical outcomes such as disease severity,
mechanical ventilation, and mortality. Among 103 hospital-
ized children with COVID-19, SARS-CoV-2 viremia was
detected in 26%. Median duration of viremia was 6 d.?” In
a cross-sectional study of 85 inpatients and outpatients with
confirmed COVID-19 infection, RNAemia was detected in
33%, including 79% requiring hospitalization, and in all 4
patients who died. Maximum duration of RNAemia was 10
d.?® In another study from Japan, SARS-CoV-2 RNAemia was
detected in 19.6% of patients on admission. Subsequently,
1%, 50%, and 100% had documented RNAemia with mod-
erate, severe, or critical illness.?” Although not conclusive,
these studies seem to indicate a potential higher risk of ongo-
ing viremia and transmission from nonlung organs of hos-
pitalized and critically ill donors versus asymptomatic or
minimally symptomatic donors. Moreover, RNAemia does
not necessarily mean viremia with viable virus. Prospective
studies addressing duration and quantitation of SARS-CoV-2
viremia in patients with varying disease severity may pro-
vide information on virus transmission from nonlung organs
including hematopoietic stem cells.

The strengths of our study include a heterogenous cohort
receiving various abdominal organs from SARS-CoV-2 posi-
tive donors without evidence of transmission—recipients
1 and 2 with dual-organ transplants, recipient 1 who was
unvaccinated, and recipient 4 whose donor was hospitalized
in intensive care for 24 d with severe COVID-19 infection.
In addition, we tested day O allograft biopsies with SARS-
CoV-2 PCR in recipients 2, 4, and 5 and all were negative.
This provides further substantiation of the low risk of virus
transmission.

We recognize the following limitations. First, recipients
were heterogeneous in prior infection, COVID-19 vaccina-
tion, and serologic statuses at time of transplant. Although
this heterogeneity reflects the exposure and vaccination sta-
tuses of the general population, larger case series and stratified
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assessment of transplant outcomes by vaccination and sero-
logic status would be beneficial. Second, we adopted varying
postexposure prophylaxis and empiric treatment regimens,
reflecting our evolving understanding of this novel transplan-
tation strategy. The use of casirivimab-imdevimab for recipi-
ents 1-3 required an investigational new drug agreement
with the manufacturer. Our choice of remdesivir in recipients
2-5 was based on providing rapid antiviral activity presum-
ing donor-derived infection and pharmacologic immunosup-
pression. Recipient 5 received anti-SARS-CoV-2 convalescent
plasma, since he had only received 1 dose of the Moderna
mRNA vaccine 10 d prior and had minimally symptomatic
COVID-19 infection 11 mo before transplantation. We felt
his neutralizing antibodies may be inadequate in the event
of donor-derived infection, although it is now understood
that neither monoclonal antibodies nor convalescent plasma
appear to provide benefit in recipients who are fully vacci-
nated at least 2 wks before transplantation. Third, we did not
adopt protocolized monitoring of nucleocapsid and spike anti-
bodies pretransplant and posttransplant to determine if organ
transplantation from SARS-CoV-2—positive donors prompted
unique changes in recipients’ serologic response concurrent
to immunosuppression. The unknown durability of serologic
responses posttransplant and the influence of monoclonal
antibodies and convalescent plasma on endogenous antibody
titers and its measurement further potentially confound their
significance and interpretation. Fourth, our case series repre-
sents organ transplantation during widespread circulation of
SARS-CoV-2 delta variant and its elevated risk of transmission
and asymptomatic infection even in vaccinated individuals.*
Finally, despite the possibility of false-positive SARS-CoV-2
donor testing, and since we did not have cycle threshold (Ct)
values for positive donor tests, every positive PCR result was
interpreted as a true-positive given the unknown implications
to recipients and risk of healthcare worker exposure. This
reflects real world scenarios wherein organ acceptance deci-
sions commonly need to be made without Ct values. Ct values
can also vary based on the SARS-CoV-2 PCR testing modality
utilized. Without a clear correlation between nasophargyn-
geal swab Ct values, SARS-CoV-2 viremia, and risk of trans-
mission via nonlung organs, it is unlikely that nasopharyngeal
swab Ct values would have influenced our decision to accept
or reject organs described.

Almost 800000 individuals have died because of SARS-
CoV-2 infection in the United States at the time of this arti-
cle’s submission. We believe that a more comprehensive
understanding of the safety of utilizing these solid organs for
transplantation, and peritransplant donor and recipient moni-
toring and treatment protocols to minimize transmission risk,
may expand the organ donor pool and mitigate disruptions
to transplant rates during this and future pandemics of severe
respiratory viral infections.
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