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We present a summary of the evidence on testing for severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) and organ procurement from deceased donors and
provide recommendations based on current clinical data and the guidelines from major
transplant organizations. Because of the limited historical experience with coronavirus
disease 2019 (COVID-19), certain recommendations in this document are based on the-
oretical rationales rather than clinical data. The recommendations in this manuscript
may be subject to revision as subsequent clinical studies provide definitive evidence
regarding COVID-19 in organ procurement.
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HIGHLIGHTS

* The coronavirus disease 2019 (COVID-19) pandemic
resulted in significant changes in organ donation and
transplantation.

* These recommendations summarize the evidence re-
garding COVID-19 and organ procurement.

* These recommendations can be revised as new data
become available.

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic
caused significant changes in organ donation and the
transplantation environment worldwide, including a
decrease in the number of donors and the availability
of intensive care units [1]. With a lack of research on
the transmission of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) via organs in the early
stages of the pandemic, it was recommended that trans-
plantation of organs from deceased donors who tested
positive for SARS-CoV-2 be avoided [2]. Subsequently,
short-term observations showed the transmission of
SARS-CoV-2 via organ transplantation in lung trans-
plants only, accompanied by increasingly many reports
of favorable outcomes in extrapulmonary organ trans-
plantation from SARS-CoV-2-infected deceased donors
[3-5]. Based on the guidelines of major transplant orga-
nizations, this study summarizes the available data for
evaluating deceased donors for SARS-CoV-2 and the
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considerations for organ procurement from deceased
donors with a history of COVID-19. Our recommenda-
tions can be revised as new data become available. A
summary of the study recommendations is presented in
Supplementary Material 1.

EVALUATION OF DECEASED
DONORS FOR SARS-COV-2

Personal Protective Equipment for the Organ Procurement
Team

The personal protective equipment (PPE) requirements for
COVID-19 such as masks (N95 equivalent), face shields,
gloves, and gowns should follow the guidelines of the in-
stitution where the organ is recovered.

Verification of the Medical History of the Deceased Donor
The donor’'s COVID-19 history and history of close con-
tact with COVID-19 patients should be obtained.

SARS-CoV-2 Testing for the Deceased Donor

The major national guidelines recommend testing respi-
ratory specimens for SARS-CoV-2 using a polymerase
chain reaction (PCR) test and obtaining specimens as
close as possible to the time of organ procurement (Ta-
ble 1). The Organ Procurement and Transplant Network
(OPTN) [6] in the United States recommends obtaining
a respiratory specimen for SARS-CoV-2 PCR testing
within 72 hours of planned organ procurement. For lung
procurement, a PCR test for SARS-CoV-2 on both upper

SARS-CoV-2 PCR evaluation for a potential deceased donor
Lung and small bowel: requiring both upper and lower respiratory tract samples
Nonlung solid organ: requiring upper respiratory tract sample only

Lung and small bowel not
suitable for transplantationa)

All organs may be suitable
for transplantation

Nonlung solid organ may be
available for transplantation, if

sufficient information providedb)

Fig. 1. Schematic flowchart for the assessment of SARS-CoV-2 testing and organ procurement from a deceased donor. SARS-CoV-2, severe acute respi-
ratory syndrome coronavirus 2; PCR, polymerase chain reaction. ?If patients had a history of coronavirus disease 2019 (COVID-19) within 21-90 days
before transplantation, PCR positivity did not suggest virus viability. In this situation, lung and small bowel transplantation could be considered; ®Some
guidelines suggest that all solid organ transplantation from a deceased donor with severe COVID-19 is contraindicated.
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Table 1. Guidelines from the main international transplantation societies for SARS-CoV-2 testing and organ procurement from deceased donors

OPTN

TSANZ (Australia NHSBT

Guidefine (United States) & New Zealand) (United Kingdom) ONT (ttaly)  CST (Canada)
LRT SARS-CoV-2 PCR test for nonlung donation No No Yes Yes Yes
Negative SARS-CoV-2 by PCR required No No Yes No Yes
Donor SARS-CoV-2 PCR Ct value No No No No No
Routine screening of donor for SARS-CoV-2 antibody No No No No No
Analysis of donor organ quality Yes Yes Yes No No
Specific recipient informed consent Yes Yes Yes Yes Yes

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; OPTN, Organ Procurement and Transplantation Network; TSANZ, The Transplantation
Society of Australia and New Zealand; NHSBT, National Health Service Blood and Transplant; CNT, Centro Nazionale Trapianti (Italian Transplantation
Society); CST, Canadian Society of Transplantation; LRT, lower respiratory tract; PCR, polymerase chain reaction; Ct, cycle threshold.

Modified from Peghin et al. [7] with permission of Elsevier according to the Creative Commons license.

and lower respiratory tract specimens is advised. There
is insufficient evidence to support a recommendation
for the PCR testing of nonpulmonary organs, tissues, or
body fluids [6].

The Transplantation Society of Australia and New
Zealand (TSANZ) [8] recommends PCR testing for
SARS-CoV-2 on nasopharyngeal specimens obtained
within 24 hours (up to 48 hours) of planned organ pro-
curement for all deceased donors. Testing for SARS-
CoV-2 in the lower respiratory tract is strongly recom-
mended for lung procurement and is also encouraged
for organ donation outside of the lungs. While tracheal
aspiration for specimen collection is permitted, TSANZ
recommends obtaining specimens through bronchos-
copy in deceased donors with a previous history of
COVID-19 infection.

The National Health Service (NHS) [9] guidelines in
the UK recommend PCR testing for SARS-CoV-2 on na-
sal, nasopharyngeal, and tracheal aspirate specimens
obtained within 24 hours (up to 48 hours) of planned
organ procurement for all deceased donors. Among the
2,469 organ recoveries (including 75 lung recoveries)
performed in the UK as of January 2021, 987 deceased
donors had negative PCR tests for SARS-CoV-2 in both
upper and lower airway specimens, and there was no ev-
idence of COVID-19 transmission by solid organ trans-
plantation [6].

The Canadian Society of Transplantation [10] recom-
mends PCR testing for SARS-CoV-2 on upper and lower
respiratory tract specimens obtained within 24 hours of
planned organ procurement for all deceased donors. The
Centro Nazionale Trapianti (Italian Transplantation Soci-
ety; CNT) [7] in Italy recommends PCR testing for SARS-
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CoV-2 in nasopharyngeal or lower respiratory tract spec-
imens (bronchoalveolar lavage) obtained 24-48 hours
prior to organ procurement in deceased donors. The
Italian guidelines also suggest tissue testing for SARS-
CoV-2 and histopathological evaluation for the liver and
kidney, as well as PCR testing for SARS-CoV-2 in organ
preservation fluid.

Utilization of Cycle Threshold Values for SARS-CoV-2
PCR Testing in Deceased Donors

Higher cycle threshold (Ct) values are frequently associat-
ed with lower viral loads and negative culture results, but
there may be variations in results between individuals and
different respiratory specimens [11]. Therefore, Ct values
can be used as an adjunct tool to determine the potential
for SARS-CoV-2 transmission, but are not recommended
as an absolute criterion.

Utilization of SARS-CoV-2 Antibody Results in Deceased
Donors

Due to a lack of research data, SARS-CoV-2 antibody
testing is not recommended for assessing the safety or
potential transmission risk to recipients.

Utilization of Chest Computed Tomography for COVID-19
Although chest computed tomography in COVID-19
patients can be helpful for early diagnosis and strati-
fication of disease severity, its routine use for clinical
decision-making regarding organ suitability or the
characterization of organ donors is not recommend-
ed due to the limited sensitivity and specificity of this
method [12,13].

147



KJT¢

ORGAN PROCUREMENT FROM A DECEASED
DONOR WITH A POSITIVE PCR TEST
FOR SARS-COV-2

Organ Procurement and Transplantation of the Lungs and
Small Bowel
Procuring the lungs and small bowel from deceased pa-
tients with COVID-19 and a presumed risk of respiratory
transmission is not recommended due to concerns for
potential SARS-CoV-2 transmission and the limited expe-
rience with transplantation cases. In lung and intestinal
transplantation, there is a possibility of COVID-19 trans-
mission for 20 days after the onset of symptoms in the
infected donor. Therefore, the procurement of lungs and
small bowel from patients with COVID-19 is recommended
only after this period of potential transmission risk (Fig. 1).
Cases were reported during the early phase of the
pandemic in which COVID-19 was transmitted via lung
transplantation from deceased donors who tested posi-
tive for SARS-CoV-2. The Disease Transmission Advisory
Committee in the United States plays a role in evaluating
and classifying the potential for transmission of infectious
diseases during organ transplantation. Between March
2020 and March 2021, a total of 27 cases of COVID-19
were reported among recipients, and nine cases were
reported among donors. Three of these cases involved
COVID-19 transmission via lung transplantation from
donors with COVID-19. In all three cases, the upper respi-
ratory COVID-19 PCR test conducted prior to transplan-
tation was negative, but the lower respiratory COVID-19
PCR test performed immediately after transplantation was
positive [14,15]. As a result, the OPTN issued an urgent
recommendation that starting May 27, 2021, all deceased
donors with the potential for lung procurement must
undergo testing of lower respiratory tract specimens for
SARS-CoV-2 before proceeding with organ procurement
[16]. Most countries, including the United States, currently
do not recommend recovering lungs from COVID-19 pa-
tients with a presumed risk of respiratory transmission
[6,8-10,17]. After this urgent recommendation, the OPTN
reported that from May 27, 2021, to January 31, 2022, a
total of 22 lung recoveries and transplantations had been
performed from patients who tested positive for SARS-
CoV-2 by PCR. In the 11 reported cases with available
follow-up data, no deaths or transplant failures were ob-
served within 30 days [5]. In 10 of the 11 cases, the upper
respiratory tract tested positive for SARS-CoV-2 while the
lower respiratory tract tested negative (Table 2). There-
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fore, if only the upper respiratory tract PCR test is positive,
lung transplantation could be considered for critically ill
patients with high priority, if sufficient explanation is pro-
vided and consent is obtained from the patient and their
guardians.

The potential risk of COVID-19 transmission may
be higher in the small bowel than in other organs due
to its abundant distribution of lymphoid tissue and the
requirement for intense immunosuppression after trans-
plantation [18]. In the OPTN data mentioned earlier, there
were only two cases of small bowel procurement and
transplantation within 21 days of a positive PCR result for
SARS-CoV-2, and no information regarding the outcomes
of these cases was provided [5]. Due to the lack of suffi-
cient evidence to ensure safety, the guidelines from most
countries did not recommend procurement of intestines
from COVID-19 patients [6,8-10,17].

The respiratory transmission period for COVID-19
may vary according to the severity of the infection. For
mild COVID-19, this period lasts approximately 10-14
days from the onset of symptoms, whereas for severe
COVID-19, it can last approximately 20 days [19]. In a
study conducted during the Omicron variant phase of
the pandemic, the positivity rate for the viral cultures of
respiratory specimens from patients with mild COVID-19
was reported as 17% between days 6—10 after symptom
onset [20]. Another study reported that the positivity rates
for the cultures of respiratory specimens were 13.5% on
day 10 and 8% on day 14 after symptom onset [21]. In
addition, a positive PCR result for SARS-CoV-2 90 days
or more after the initial infection was more likely to reflect
a new infection caused by a different virus rather than a
repeat detection of the previous infection [22]. These data
are currently being used in transplantation guidelines to
manage the timing of transplantation and the potential for
virus transmission. In the OPTN guidelines in the United
States, even if a donor with a history of COVID-19 shows
a positive PCR result for SARS-CoV-2 within 21-90 days
from the diagnosis, it is considered a repeat detection of
the previously resolved virus, and organ procurement and
transplantation, including lungs, are recommended. In
other guidelines, if it has been more than 90 days since
the initial diagnosis, the likelihood of reinfection is high,
and lung procurement and transplantation are not recom-
mended [6]. In Spain, the guidelines recommend consid-
ering standard-risk donors for transplantation procedures
if 21 days have elapsed since the onset of symptoms for
lung and small bowel transplants and 14 days or more
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for other organs [17]. However, guidelines from the NHS
in the UK, as well as the TSANZ guidelines in Australia
and New Zealand, do not recommend the procurement of
lungs or intestines from deceased donors in all PCR-pos-
itive cases of SARS-CoV-2, regardless of the timing of
infection [8,9].

Although the data were limited, there were reported
cases of lung procurement and transplantation in Ko-
rea from two adult deceased donors who tested positive
for SARS-CoV-2. The time elapsed after each donors'
COVID-19 diagnosis was 24 days and 56 days. The out-
comes of the recipients were not reported (Table 3).

Organ Procurement and Transplantation of Nonlung

Solid Organs

If sufficient explanation is provided and consent is ob-
tained, nonlung and non-small bowel solid organ pro-
curement can be considered from deceased donors with
COVID-19. The risk of COVID-19 transmission through
nonlung and non-small bowel solid organs is very low.
For organs other than the lungs and small bowels, if
14-90 days have passed since the onset of COVID-19
symptoms, they can be considered to have the same risk
level as donors who are PCR-negative for COVID-19, even
if the PCR test for SARS-CoV-2 is positive at the time of
transplantation (considered reinfection if positive after 90
days) (Fig. 1).

The procurement of nonlung and non-small intestine
solid organs from patients diagnosed with COVID-19
has been consistently performed even if they had ac-
tive SARS-CoV-2 infection or were diagnosed during the
pretransplantation evaluation process. Italy, one of the
countries that experienced the COVID-19 pandemic earli-
est, allowed the acquisition and transplantation of organs
from COVID-19 deceased donors for patients in need
of emergency transplantation as authorized by the CNT
from November 2020. In the following 3 months, a total
of 10 liver transplantations from patients with COVID-19
were performed at five institutions. Among the 10 donors,
three were diagnosed with COVID-19 at the time of organ
acquisition, while the remaining seven were diagnosed
within 10 days before transplantation. Tissue examina-
tions were conducted on the livers obtained from nine
patients, and no SARS-CoV-2 was detected in the tissue
samples. As for the recipients, there were no suspected
cases of COVID-19 transmission through transplantation,
and (except for one patient who died due to sepsis) all
recipients survived for more than 5 months [24]. A study
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evaluating SARS-CoV-2 in the plasma and renal tissue
of 24 kidney transplant recipients with COVID-19 report-
ed that the virus was not detected in either the donors’
plasma or renal tissue [18]. Based on this evidence, the
organ procurement and transplantation of nonlung and
non-small bowel organs from COVID-19 patients has
increased worldwide. Data from the OPTN in the United
States, from May 2021 to January 2022, show that 617
organs were recovered from donors who were positive for
COVID-19 (within 21 days of initial diagnosis), and 1,241
organ recipients were identified. Among these recipients,
which included 776 kidney, 316 liver, and 106 heart trans-
plant cases, the 30-day graft failure and mortality rates
were like those of recipients who received organs from
donors who were negative for COVID-19. Furthermore,
there were no confirmed or probable cases of COVID-19
transmission through transplanted organs, except for one
possible case [5]. Another study using OPTN data, lim-
ited to COVID-19-positive donors within 14 days of the
initial diagnosis, found that the outcomes of transplant
recipients were like those of recipients who received or-
gans from COVID-19-negative donors [23]. Although the
reported cases were limited in number, both the UK and
Spain reported organ transplantations from donors who
were positive for COVID-19 with no transmission to the
recipients. Furthermore, the outcomes of the recipients
were favorable [3,4] (Table 2). Thus, although patients
with COVID-19 are generally considered to be a risk for
transmission through the respiratory route, it can be in-
ferred that: (1) SARS-CoV-2 is not detected in nonlung
organs, (2) transplantation of organs from donors who
are positive for COVID does not result in the transmission
of COVID-19, and (3) the short-term posttransplant out-
comes for recipients appear not to be affected. According
to the OPTN guidelines, procurement of nonlung organs
can proceed from donors who are 10—-21 days past a
mild COVID-19 infection, since the risk of transmitting
COVID-19 to the recipient is considered very low. Even if
the donor is diagnosed with COVID-19 for the first time
during the evaluation process for organ procurement, the
transplantation of nonlung organs can be considered [6].
According to the NHS and TSANZ guidelines, if a suffi-
cient explanation is provided and consent is obtained,
the procurement and transplantation of nonlung organs
from COVID-19-positive donors can be considered. These
guidelines do not differentiate recommendations based
on the specific timing of the COVID-19 diagnosis. How-
ever, it is explicitly stated that COVID-19 should not be
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the cause of death in the case of deceased donors [8,9].
In Spain, even if the donor is diagnosed with COVID-19 at
the time of organ recovery or within 14 days of diagnosis,
the donor can be evaluated as a nonstandard-risk donor
and considered for transplantation in cases where emer-
gency transplantation is necessary for the recipient. This
can be done with patient consent after sufficient expla-
nation that they have not been evaluated as being at the
standard level of risk [17]. According to the guidelines in
Spain, if COVID-19 is the cause of death, transplantation
is contraindicated. However, cases have been reported in
the United States of organ procurement and transplanta-
tion from donors who died from COVID-19, but there are
no reports of COVID-19 transmission or transplant failure
associated with the organs transplanted from such do-
nors [23]. Therefore, there is insufficient evidence to uni-
versally prohibit organ procurement and transplantation
based solely on donor death from COVID-19. More stud-
ies are needed to further evaluate this issue.

According to data from the Korean Network for Organ
Sharing, a total of 14 kidney, 6 liver, 4 heart, and 1 pancreas
transplant cases were reported from seven deceased do-
nors who were positive for SARS-CoV-2. Among the cases,
one deceased donor was a pediatric patient. The time in-
terval between organ procurement and COVID-19 diagno-
sis ranged from 3 to 56 days. One liver transplant recipient
experienced graft loss and death, while the outcomes of
the remaining patients were not reported (Table 3).

ORGAN PROCUREMENT FROM DECEASED
DONORS WITH A HISTORY OF COVID-19 BUT A
NEGATIVE PCR TEST FOR SARS-COV-2

If the upper and lower respiratory tract samples from de-
ceased donors with a history of COVID-19 yield negative
SARS-CoV-2 test results, the likelihood of SARS-CoV-2
transmission via the transplanted organs is expected to
be significantly low.

As previously mentioned, according to the NHS, in
cases in which both upper and lower respiratory tract
samples yield confirmed negative PCR results for SARS-
CoV-2, there has been no evidence of COVID-19 trans-
mission through organ procurement and transplantation
[6]. However, in lung transplantation, there have been
reported cases of COVID-19 transmission via the lungs of
donors with negative upper respiratory tract samples but
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positive lower respiratory tract samples. Therefore, it is
necessary to confirm negative SARS-CoV-2 test results in
lower respiratory tract samples before lung transplanta-
tion [6,8,9,14,16]. When deciding on organ transplantation
from a deceased donor with a history of COVID-19, if the
respiratory tract samples show a negative PCR test for
SARS-CoV-2, the possibility of transmission through the
transplanted organs is expected to be very low. However,
it is important to obtain informed consent from the recipi-
ent after sufficient explanation of the theoretical possibil-
ity of transmission [8].

Based on previous research on the long-term out-
comes of COVID-19 infection, it cannot be complete-
ly ruled out that deceased donors with a history of
COVID-19 may experience end-organ dysfunction asso-
ciated with COVID-19. Therefore, a thorough evaluation of
the organs should be conducted prior to transplantation
to assess for the possibility of such complications [25-28].
There is a lack of research on the long-term outcomes
for the recipients of organs from deceased donors with a
history of COVID-19. Therefore, when deciding on organ
transplantation, it is important to consider the potential
risks of delaying transplantation and thereby aggravating
underlying diseases and complications in the recipient
versus the possibility of late complications due to the
functional deterioration of the transplanted organ related
to the donor's past COVID-19 infection [6].

ORGAN PROCUREMENT FROM DECEASED
DONORS WHO TESTED NEGATIVE FOR
SARS-COV-2 BUT HAD CLOSE CONTACT WITH
COVID-19 PATIENTS

It remains unclear whether there is a possibility of
SARS-CoV-2 transmission via organs transplanted from
deceased donors with a history of close contact with
COVID-19 patients (within 7 or 10 days) but who tested
negative for SARS-CoV-2. From the current reports, there
have been no documented cases of COVID-19 transmis-
sion through organ transplantation from deceased donors
who had close contact with COVID-19 patients but tested
negative for SARS-CoV-2 [6,8,9,29].

If test results are negative during the evaluation pro-
cess for organ procurement, there is a possibility that the
deceased donor who had close contact with a COVID-19
patient might have been tested during the eclipse peri-
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od (time between infection and test positivity), but it is
difficult to clearly distinguish such situations in clinical
practice. Previous studies have shown the eclipse period
of the SARS-CoV-2 virus to be 7-8 hours or 12—36 hours
[30]. While the theoretical possibility is low, the trans-
mission of SARS-CoV-2 to the recipient through lung
transplantation cannot be completely ruled out. A case-
by-case evaluation and plan are necessary for lung trans-
plantation. However, in nonpulmonary organ transplanta-
tion, the transmission risk is considered to be very low or
nonexistent [8].
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