
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Am J Transplant. 2020;20:3113–3122.	﻿�    |  3113amjtransplant.com

 

Received: 15 April 2020  |  Revised: 3 June 2020  |  Accepted: 4 June 2020

DOI: 10.1111/ajt.16138  

B R I E F  C O M M U N I C A T I O N

Donor and transplant candidate selection for solid organ 
transplantation during the COVID-19 pandemic

N. Thao N. Galvan1*  |   Nicolas F. Moreno2*  |   Jay E. Garza2  |   Susan Bourgeois1 |   
Marion Hemmersbach-Miller3  |   Bhamidipati Murthy3 |   Katherine Timmins3 |    
Christine A. O’Mahony1 |   James Anton4 |   Andrew Civitello3 |   Puneet Garcha3 |   
Gabe Loor1  |   Kenneth Liao1 |   Alexis Shaffi1 |   John Vierling1,3 |   Rise Stribling1,3 |   
Abbas Rana1  |   John A. Goss1

© 2020 The American Society of Transplantation and the American Society of Transplant Surgeons

*These authors contributed equally to this manuscript.  

Abbreviations: ASTS, American Society of Transplant Surgeons; CMS, Centers for Medicare & Medicaid Services; COVID-19, coronavirus disease 2019; CT, computed tomography; CXR, 
chest X-ray; LRTI, lower respiratory tract infection; NP, nasopharyngeal; PUI, person under investigation; RT-PCR, reverse transcriptase polymerase chain reaction assay; SARS-CoV-2, 
severe acute respiratory syndrome coronavirus-2.

1Department of Surgery, Baylor College of 
Medicine, Houston, Texas
2University of Texas Health Science Center, 
Houston, Texas
3Department of Medicine, Baylor College of 
Medicine, Houston, Texas
4Department of Anesthesiology, Baylor 
College of Medicine, Houston, Texas

Correspondence
N. Thao N. Galvan
Email: thao.galvan@bcm.edu

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), a novel coronavirus 
responsible for a worldwide pandemic has forced drastic changes in medical prac-
tice in an alarmingly short period of time. Caregivers must modify their strategies as 
well as optimize the utilization of resources to ensure public and patient safety. For 
organ transplantation, in particular, the loss of lifesaving organs for transplantation 
could lead to increased waitlist mortality. The priority is to select uninfected donors 
to transplant uninfected recipients while maintaining safety for health care systems 
in the backdrop of a virulent pandemic. We do not yet have a standard approach to 
evaluating donors and recipients with possible SARS-CoV-2 infection. Our current 
communication shares a protocol for donor and transplant recipient selection dur-
ing the coronavirus disease 2019 (COVID-19) pandemic to continue lifesaving solid 
organ transplantation for heart, lung, liver, and kidney recipients. The initial results 
using this protocol are presented here and meant to encourage dialogue between 
providers, offering ideas to improve safety in solid organ transplantation with limited 
health care resources. This protocol was created utilizing the guidelines of various 
organizations and from the clinical experience of the authors and will continue to 
evolve as more is understood about SARS-CoV-2 and how it affects organ donors 
and transplant recipients.
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1  | INTRODUC TION

The world faces an unprecedented pandemic in modern times 
wrought by the novel coronavirus. Severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) was first reported in Wuhan, 
China in late December 2019 and has since spread worldwide, in-
cluding the United States. This virus is particularly contagious, with 
each infected person estimated to infect 1-3 others with a 20% 
rate of hospitalization and a case fatality rate of 1% up to as high as 
16.4%.1,2 The World Health Organization declared an international 
pandemic on March 11, 2020, which led to a proclamation of na-
tional emergency in the United States on March 12, 2020 and a local 
stay-at-home order by March 24, 2020, all in an effort to prevent 
widespread nosocomial and community spread. At the time of this 
submission, 1 339 819 positive cases are documented in the United 
States, among over 4 152 670 positive cases worldwide.3

At this time there are 112 207 patients on the United Network for 
Organ Sharing waitlist with end-stage organ disease facing the com-
peting risk of waitlist mortality.4 In the effort to navigate this pan-
demic in a pragmatic way, while mitigating the risks to our hospital 
inpatients and staff, and ultimately maximizing lifesaving transplan-
tation, we have devised a protocol implemented at our institution on 
March 24, 2020 to select donors and transplant candidates for solid 
organ transplantation during the coronavirus disease 2019 (COVID-
19) pandemic. This has allowed the continued possibility of trans-
plantation for those who do not have the option to wait, adhering to 
the Centers for Medicare & Medicaid Services (CMS) “Adult Elective 
Surgery and Procedures Recommendations,” which designated 
transplants as “tier 3b” (high acuity surgery/unhealthy patients) with 
the consecutive action directive to not postpone surgery.5

The American Society of Transplant Surgeons (ASTS) COVID-19 
Strike Force Guidance published online on March 24, 2020 advised 
against transplanting from donors infected with SARS-CoV-2.6,7 As 
such, this protocol was devised on the premise that SARS-CoV-2 
testing be performed on all donors and transplant candidates uni-
versally, whether symptomatic or not. This is especially relevant 
to the pandemic where asymptomatic individuals can shed the 
virus and continue to infect others.8 This transplant protocol had 
3 priorities: (1) avoiding infected deceased donor allografts, (2) 
avoiding admission of potentially infected transplant candidates, 
and (3) avoiding transplantation of currently hospitalized infected 
transplant candidates. This protocol combines the history, physical 
exam, SARS-CoV-2 reverse transcriptase polymerase chain reac-
tion assay (RT-PCR) testing, radiographic imaging of the chest using 
computed tomography (CT), and transplant infectious disease con-
sultation that allows for informed and consistent decisions that 
minimize risks to all of our patients and health care workers.

The fundamental questions that our protocol was designed to 
address were the following (as adapted from Chen et al9):

1.	 Is the donor infected with SARS-CoV-2?
2.	 Can we obtain adequate donor screening, that is, assessment of 

exposure risk and clinical risk?

3.	 Is the transplant candidate infected with SARS-CoV-2?
4.	 Can we prevent the potential of bringing a transplant candidate 

infected with SARS-CoV-2 into the hospital, increasing the likeli-
hood of infecting other patients and health care workers?

5.	 Can we assure that the transplant procedure would not expose 
our health care staff (eg, procurement team, anesthesiologists, 
surgeons, operating room staff, and intensive care unit staff) to 
unnecessary risk?

This protocol is timely because there is no established policy to 
assess donors and transplant candidates for transplantation. We de-
veloped this screening tool based on the data available regarding the 
pathophysiology of the virus and professional task forces assembled 
to confront the pandemic.6,7,10-12 Given the constraints of screening 
questionnaires, especially as it pertains to deceased donors, and the 
limited sensitivity of the nasopharyngeal swab test available at this 
time,13 we have incorporated radiographic imaging of the chest using 
CT of both potential donors and transplant candidates to improve 
sensitivity. This is based on the understanding that over half of as-
ymptomatic patients will show changes on CT and the sensitivity of 
CT chest findings increases as the COVID-19 progresses.14-21 Based 
on the data available, a noncontrast chest CT used for diagnosis of 
COVID-19 may serve as an important complement to RT-PCR test-
ing, as published data have found that CT imaging of the chest may 
show changes associated with COVID-19 before or coinciding with 
onset of infection. This is described by Ai et al in a report of 1014 
cases in China, which describes sensitivity of chest CT imaging for 
COVID-19 at 97% for those suspected of having COVID-19, a higher 
sensitivity than the RT-PCR testing (71%). Notably, in the subgroup 
initially found negative on RT-PCR who then converted to positive on 
serial testing, 67% were found to show initial CT imaging suggestive 
of COVID-19 before the initial negative RT-PCR test and 93% had 
positive CT imaging suggestive of COVID-19 preceding or in parallel 
to the eventual positive RT-PCR by a median of 8 days.22 Although 
these data are based on symptomatic patients, an eventual me-
ta-analysis suggests that although chest CT scans have a low positive 
predictive value (PPV) range of 1.5%-30.7%, the negative predictive 
value was 95.4%-99.8%.23 That is, the probability that an individual 
with a negative test has a very high likelihood of not actually having 
the disease. Added to this finding is the fact that nasopharyngeal (NP) 
swabs taken for RT-PCR of SARS-CoV-2 have varying sensitivity and 
specificity within the clinical setting, depending on how the swab was 
acquired.24 A well-collected NP swab is essential to ensure a reliable 
test and is necessary in that it will dictate eligibility of surgery and 
inform administration of immunosuppressive therapy, as prescribed 
by the Infectious Disease Society of America and its Guidelines on 
the Diagnosis of COVID-19.24,25 Notwithstanding the limitations 
of our current testing strategies to screen and detect SARS-CoV-2, 
those reasons serve as the rationale for including CT chest imaging 
to complement RT-PCR testing in our algorithm. Furthermore, it is an 
easily obtainable, efficient study that nearly all of our donors have 
already undergone during their donor workup. These practicalities 
are predicated on our intent to prevent transplantation with a donor 
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organ infected with SARS-CoV-2 or transplantation of a candidate 
with COVID-19 during the COVID-19 pandemic, which shows no 
signs of abating in the near future. Although the risk of declining a 
donor or deferring a transplant for a patient who does not actually 
have COVID-19 exists, transplanting a donor organ or transplant re-
cipient with SARS-CoV-2 could be devastating for the recipient, the 
transplant program, and the donor family. This protocol combines 
the history, physical exam, SARS-CoV-2 RT-PCR testing, CT chest 
imaging, and transplant infectious disease consultation that allows 
for informed and consistent decisions that minimize risks to all of our 
patients and health care workers.

2  | METHODS

2.1 | Donor assessment

Donor assessment consists of 2 evaluations. First, the organ pro-
curement organization assesses for exposure history, to include 
travel history, and known contact with others with known or sus-
pected COVID-19. Second, the donor's clinical risk is assessed, utiliz-
ing clinical history, RT-PCR, and imaging modalities.

2.1.1 | Donor exposure assessment

Our stratification criteria for assessing potential donor exposures to 
SARS-CoV-2 are outlined in Table 1. Category 0 represents a low-
risk donor who we deem unlikely to have been exposed and infected. 
Categories 1-3 represent moderate to high-risk donors who have a 
greater likelihood of being infected.

2.1.2 | Donor clinical risk assessment

We also outlined criteria for assessing clinical risk of donors based 
on lower respiratory tract infection symptoms (LRTI = cough, short-
ness of breath or dyspnea), fever status, presence of anosmia, 
SARS-CoV-2 RT-PCR testing, noncontrast CT of the chest, and chest 
X-ray (CXR) results. These criteria are outlined in Table  2. All do-
nors are tested for SARS-CoV-2 with nasopharyngeal swabs as well 
as undergo a noncontrast cCT of the chest to rule out evidence of 

COVID-19. If they are a lung donor, they will have a bronchoscopy 
and a lower respiratory tract sample for RT-PCR testing as part of 
their evaluation.

These exposure and clinical risk assessments are then fed into 
a decision-making algorithm for acceptance or rejection of donor 
organs.

2.1.3 | Donor risk categorization

We currently separate algorithms for lung donors (Table  3) and 
heart, liver, and kidney donors (Table 4) because of the potentially 
higher risk of viral transmission from lung donors.

Lung donor risk categorization
Our decision criteria for lung transplantation, outlined in Table 3, uti-
lize the donor exposure and clinical risk assessment scores described 
previously. In order to best protect providers and organ transplant 
candidates, all donors who test positive for COVID-19 will be re-
jected. Additionally, donors with unexplained respiratory failure lead-
ing to death as well as those who meet federally mandated exclusion 
criteria will be rejected. Any donor who is symptomatic (Clinical Risk 
Categories 1-3) is considered high risk and will be rejected, regardless 
of SARS-CoV-2 RT-PCR results, bronchoscopy, or CT chest findings.

Asymptomatic donors in Exposure Category 1 (unknown ex-
posure while ongoing community transmission) must be tested for 
SARS-CoV-2 by RT-PCR (only lower respiratory tract samples ob-
tained via bronchoscopy are acceptable) and will be accepted if there 
are no concerning symptoms, a negative SARS-CoV-2 RT-PCR assay, 
and noncontrast CT imaging of the chest without signs of COVID-19.

Asymptomatic donors in exposure categories 2 or 3 who test 
negative for SARS-CoV-2 in addition to a normal CXR, noncontrast 
CT imaging of the chest without signs of COVID-19, and normal bron-
choscopy may be accepted based on clinical judgment. However, it 
must be noted that donors with a lower risk of exposure are pre-
ferred, and donors in Exposure Category 3 should likely be rejected 
unless risk-benefit considerations strongly support transplantation.

Heart/liver/kidney donor risk categorization
Our decision criteria for heart, liver, and kidney transplantation, out-
lined in Table 4, utilize the donor exposure and clinical risk scores 
described later.

Category 0 The donor has not traveled to CDC high-risk area (level 2-3) in past 21 d 
and has had no contact with either PUI or confirmed case

Category 1 The donor has been in an area deemed as a CDC high-risk area (level 2-3) 
in the preceding 21 d, and exposures are unknown

Category 2 The donor had direct unprotected contact with a PUI for COVID-19 in the 
last 21 d

Category 3 The donor had direct unprotected contact with a confirmed case of 
COVID-19 in the last 28 d

Abbreviations: CDC, Centers for Disease Control and prevention; COVID-19, coronavirus disease 
2019; PUI, person under investigation.

TA B L E  1   Donor exposure assessment 
for COVID-19
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Asymptomatic donors with negative RT-PCR and CT imaging 
of the chest without evidence of COVID-19 (Clinical Category 0) 
may be accepted. Symptomatic donors with negative RT-PCR and 

CT imaging of the chest without evidence of COVID-19 (Clinical 
Category 1) may also be accepted, though the risk-benefit of ac-
ceptance of symptomatic donors with exposure to a confirmed case 

Category 0 Asymptomatic, negative RT-PCR for SARS-CoV-2, and CXR and CT chest 
without signs of COVID-19

Category 1 Symptomatic (LRTI, fever, anosmia) with negative RT-PCR for SARS-
CoV-2, and CXR and CT chest without signs of COVID-19

Category 2 Symptomatic (LRTI, fever, anosmia) with negative RT-PCR for SARS-
CoV-2 and CXR or CT chest concerning for COVID-19

Category 3 Symptomatic (LRTI, fever, anosmia) with positive RT-PCR for SARS-
CoV-2 and CXR or CT chest concerning for COVID-19

Abbreviations: COVID-19, coronavirus disease 2019; CT, computed tomography; CXR, chest X-ray; 
LRTI, lower respiratory tract infection symptoms; RT-PCR, reverse transcriptase polymerase chain 
reaction assay; SARS-CoV-2, severe acute respiratory syndrome-coronavirus-2.
aFor the Clinical Categories 0-3—Request SARS-CoV-2 RT-PCR for ALL donors. Request a 
noncontrast CT imaging of the chest on all donors to evaluate for evidence of COVID-19, 
regardless of CXR result. All lung donors will have a bronchoscopy as part of their evaluation, to 
include a lower respiratory tract specimen for RT-PCR testing. In heart, liver, or kidney donors, a 
bronchoscopy is NOT required for the sole purpose of obtaining a sample to test for SARS-CoV-2, 
as a nasopharyngeal swab is adequate. 

TA B L E  2   Donor clinical risk 
assessment for COVID-19a

Risk category
Exposure 
category

Clinical 
categorya  Decision

Low 0-1 0 Accept

Moderate 2 0 Consider case by case, if CT imaging of the chest 
and bronchoscopy is without signs of COVID-19

Moderate - high 3 0 Consider case by case; likely reject, unless 
transplant candidate risk/benefit considerations 
support transplant

High 0-3 1-3 Reject

Note: ONLY lung donors will have a bronchoscopy as part of their evaluation, to include a lower 
respiratory tract specimen for RT-PCR testing. In heart, liver, or kidney donors, a bronchoscopy is 
NOT required to obtain a sample to test for SARS-CoV-2, as a nasopharyngeal swab is adequate.
Abbreviations: COVID-19, Coronavirus Disease 2019; CT, computed tomography; CXR, chest 
X-ray; NP, nasopharyngeal; RT-PCR, reverse transcriptase polymerase chain reaction assay; SARS-
CoV-2, severe acute respiratory syndrome-coronavirus-2.
aFor the clinical categories 0-3—Request SARS-CoV-2 RT-PCR for ALL donors (NP swab for heart, 
liver, and kidney donors, lower respiratory tract sample for lung donors). Request a noncontrast CT 
of the chest for ALL donors to evaluate for evidence of COVID-19, regardless of CXR result. 

TA B L E  3   COVID-19 risk categorization 
for lung donors

Risk category
Exposure 
category

Clinical 
category Decision

Low 0-3 0 Accept

Moderate 0-3 1-2 Consider (if negative SARS-CoV-2 RT- PCR, 
CT chest without signs of COVID-19 and 
based on risk/benefit)

High 0-3 3 Reject

Abbreviations: COVID-19, coronavirus disease 2019; CT, computed tomography; CXR, chest X-ray; 
NP, nasopharyngeal; RT-PCR, reverse transcriptase polymerase chain reaction assay; SARS-CoV-2, 
severe acute respiratory syndrome-coronavirus-2.
aFor the Clinical Categories 0-3—Request SARS-CoV-2 RT-PCR for ALL donors (NP swab for heart, 
liver, and kidney donors). Request a noncontrast CT of the chest for ALL donors to evaluate for 
evidence of COVID-19, regardless of CXR result. 

TA B L E  4   COVID-19 risk categorization 
for heart, liver, or kidney donors
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of COVID-19 (Exposure Category 3) should be carefully considered 
and should include CT imaging of the chest without evidence of 
COVID-19.

Symptomatic donors who test negative for SARS-CoV-2 with a CT 
imaging of the chest concerning for evidence of COVID-19 (Clinical 
Category 2) ought to be critically evaluated based on risk-benefit to 
the transplant candidate, and level of exposure must be included in 
this consideration.

2.2 | Transplant candidate assessment

Based on ASTS guidance, it is presumed that patients with active or 
recent COVID-19 who are transplanted will likely lead to adverse out-
comes.6,7 Therefore, upon organ allocation to the specific transplant 
candidate, both inpatient and outpatient transplant candidates with 
active or recent COVID-19 will be deferred from transplantation. It 
is worth noting that once a transplant candidate-donor match has 
been identified and appropriately screened, the medical director of 
transplantation will confirm availability of health care resources with 
the chief medical officer before transplantation. Furthermore, at the 
recommendation of multiple international transplant societies, the 
ASTS, CMS, and our hospital network, the living donor programs and 
nonurgent deceased donor transplantations have been temporarily 
suspended at the time this manuscript was submitted.5,12 Deceased 
donor kidney transplants were evaluated on a case-by-case basis, 
understanding end-stage renal disease was not immediately life 
threatening, though our institution continued to evaluate donors for 
candidates with high reactivity or who had limited vascular access, 
which accounts for the lower volume of kidney transplant recipients 
in this cohort.

2.2.1 | Outpatient transplant candidate 
exposure assessment

Initially and for patients who are not hospitalized, potential trans-
plant candidates are screened for exposure history and clinical 
symptoms by the transplant coordinator over the telephone prior 
to being admitted into the hospital. If the candidate screens posi-
tive for recent travel greater than 150 miles from our transplant 
center or to a Centers for Disease Control and Prevention high-
risk area (level 2-3), had exposure to a person under investigation 
(PUI) in the last 21 days, or had exposure to a confirmed case in 
the last 28 days and/or has the presence of lower respiratory tract 
symptoms (cough, shortness of breath, chest pain) with or without 
fever, with or without malaise, with or without anosmia will be 
deferred for transplantation at the time of this organ allocation. 
This arm of the protocol is especially important as it prevents the 
admission of a potentially SARS-CoV-2 infected patient into the 
hospital system, exposing the inpatients and health care work-
ers to greater risk of infection. As outlined in Figure 1, if screen-
ing is positive, the transplant will be deferred, and the transplant 

candidate will be directed to appropriate diagnostic facilities 
equipped for testing and triage of COVID-19 patients. If screen-
ing is negative, the patient will be admitted for further workup 
that will aid decision making in risk-benefit analysis of transplant 
vs waitlist mortality. Upon arrival to the hospital, the transplant 
candidate will wear a mask24 and undergo nasopharyngeal swab 
for SARS-CoV-2 RT-PCR as well as noncontrast CT imaging of the 
chest immediately to facilitate expedited results. Our laboratory 
uses the Cepheid Xpert Xpress SARS-CoV-2 assay and is able to 
return a RT-PCR result in 3-6 hours. Furthermore, during this pre-
transplant workup, all potential transplant candidates also receive 
a transplant infectious disease consultation (Figure 1).

2.2.2 | Inpatient transplant candidate 
clinical assessment

All inpatient candidates must be subject to a SARS-CoV-2 RT-PCR 
test from nasopharyngeal swab if they have not been tested and 
found to be negative within the previous 48 hours. A noncontrast 
CT imaging of the chest will be obtained on all candidate transplant 
candidates within 7 days of anticipated transplant date, if feasible. 
Exceptions may be granted to cardiac patients with mechanical cir-
culatory support who are immobilized and the risk of movement to 
a CT scanner is not justified. Asymptomatic SARS-CoV-2 PCR nega-
tive candidates with CT imaging of the chest without evidence of 
COVID-19 may be considered for transplant if they have no known 
exposure to PUI in the previous 21 days or confirmed cases in the 
previous 28 days (Figure 2).

Of note, any inpatient transplant candidates found to have 
signs and symptoms concerning for COVID-19, including fevers, 
anosmia, and/or respiratory symptoms, regardless of SARS-CoV-2 
test result, will have their transplant deferred. These patients will 
need to have complete resolution of symptoms in addition to 2 
negative SARS-CoV-2 PCR tests with CT imaging of the chest 
without evidence of COVID-19 before being reconsidered for 
transplantation.

Previously symptomatic COVID-19 positive candidates must 
have 2 subsequent negative SARS-CoV-2 PCR tests at least 1 week 
apart and CT imaging of the chest without evidence of COVID-19 to 
be reconsidered for transplant.

3  | RESULTS

A prospective chart review was performed on all primary organ 
allocations, where clinical suitability has already been evalu-
ated and deemed clinical suitable, utilizing this Transplant Donor 
and Transplant Candidate COVID-19 Screening and Assessment 
Protocol. Because of the declaration of a pandemic,1 we developed 
this protocol and implemented it on March 24, 2020, which is the 
same day the local stay-at-home order was issued. In tabulated form, 
we present the results of all solid organ primary offers we intended 
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to accept for our candidate at our center starting March 24, 2020 
until May 11, 2020. Organ offers that were otherwise not clinically 
suitable for our transplant candidate were not included in this sum-
mary as they did not require utilization of this protocol.

To proceed with the protocol, we first complete the Donor 
Exposure Assessment using Table 1, followed by the Donor Clinical 
Risk Assessment using Table  2. Table  3 is designed specifically to 
score the risk of lung transplant donors. Lung donors potentially 
have greater risk in transmitting SARS-CoV-2 and therefore require 
bronchoscopy and lower respiratory tract samples for RT-PCR. 

Separately, Table 4 summarizes the risk for heart, liver, and kid-
ney donors by using the exposure and clinical risk categorizations 
of Tables 1 and 2. If the donors are deemed low or moderate risk 
based on the assessment categories, the transplant candidate will 
then go through the Transplant Candidate Screening algorithms out-
lined in Figure  1 (Outpatient Assessment) and Figure  2 (Inpatient 
Assessment), which will inform the decision to proceed to trans-
plant. Transplant candidates were educated on the unknown risk of 
transplantation in the COVID-19 pandemic both prior to admission 
by telephone and after admission in person.

F I G U R E  1   Outpatient COVID-19 Transplant Candidate Screening and Assessment Algorithm. Algorithm used for screening outpatient 
transplant candidates for heart, lung, liver, and kidney transplants during the COVID-19 pandemic. LRTI, lower respiratory tract infection 
symptoms; NP, nasopharyngeal; CT, computed tomography; COVID-19, coronavirus disease 2019
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As demonstrated in Table  5, 32 potential transplant candidate 
matches were identified during this time, all utilizing the Donor and 
Transplant Candidate COVID-19 Screening and Assessment Protocol 
to inform the decision to proceed with transplantation during the 
COVID-19 pandemic. 5 transplants were deferred. Twenty-seven of 
the 32 donor-candidate matches have been transplanted. Ten pri-
mary heart offers were considered of which 7 were transplanted 
(one patient received a heart/lung and another received a heart/
kidney). Three lung and 2 kidney primary offers were considered, 
of which all were transplanted. Seventeen primary liver offers were 
considered of which 15 were transplanted. All of these donors and 
candidates had met prespecified criteria to proceed with transplant, 
and thus only those primary organ offers utilizing the algorithm 
during the study time are reported. Of note, 4 donors donated 2 
organs or more each (totaling 10 transplants of our cohort of 27 
transplantations)—1 donated a heart/lung/liver, 1 donated a heart/
liver/kidney, 1 donated a heart and liver, and 1 donated lungs and a 
kidney to this cohort. Transplant dates were omitted out of respect 
for patient privacy. Five transplant candidates were not transplanted 
because of a positive screening categorization that precluded them 
from proceeding to transplantation. Two donors were found to have 
moderate-high risk and thus their organs were not utilized for trans-
plantation. One was a heart donor who had an indeterminate SARS-
CoV-2 PCR test. The other was a liver donor who was screened and 
found to be of moderate risk because they were admitted for respira-
tory failure after a known COVID exposure. Two of those 5 canceled 
transplants were cardiac candidates with symptoms concerning for 
COVID-19; one had LRTI symptoms who screened positive during 
the preadmission telephone interview, as dictated by the Outpatient 
Transplant Candidate Assessment and Screening Algorithm in 
Figure 1, and the other potential cardiac transplant candidate had 
LRTI symptoms with a CT chest suggestive of COVID-19. And the 
last transplant that was deferred was a potential liver candidate who 
was found to have ground glass opacities bilaterally on CT imaging 
of the chest, concerning for both infectious and noninfectious eti-
ologies. This transplant was deferred. The candidate underwent re-
peated RT-PCRs, as per the protocol, which were negative as well 

as repeat imaging, which was stable. The candidate subsequently 
underwent transplantation with a different donor liver. At the time 
of this submission, all of the 27 patients transplanted have survived, 
and none in this cohort have tested positive for SARS-CoV-2 since 
transplantation with the implementation of this algorithm.

4  | DISCUSSION

Balancing the risks and competing demands using the most current 
data available, we created a practical protocol that allows us to con-
tinue treating life-threatening end-organ disease safely for our patients 
in the context of a virulent pandemic that can infect our donors, health 
care workers, and our transplant candidates. Using guidance from 
various international transplant societies, the ASTS, US Department of 
Defense, and Centers for Disease Control and Prevention, and the clini-
cal expertise of the authors, we have created the Transplant Donor and 
Transplant Candidate COVID-19 Screening and Assessment Protocol 
to ensure the safety of and minimization of risks to our transplant can-
didates and our health care system at large in the midst of a pandemic. 
The vetting of our donors and transplant candidates is paramount con-
sidering the true risk of donor-derived transmission of SARS-CoV-2 re-
mains unclear. Data are limited at this time, both in amount and sample 
size but suggests that patients with COVID-19 who undergo surgery 
suffer a significant mortality.26 Extrapolating these data to our trans-
plant population would suggest a much higher mortality that would be 
catastrophic if there were no mechanism to screen for and prevent fur-
ther transmission. Considering the extraordinary amount of resources 
involved in every single transplantation, including intensive care beds, 
ventilators, blood products, personal protective equipment, nurses, in-
tensivists, surgeons, and other health care workers and of course the 
donor organs themselves, we are obligated as professionals to perform 
due diligence and proper stewardship to protect our precious few do-
nors, their organs, and the patients they would serve.

Limitations of this work include the constantly evolving under-
standing of the transmission and pathophysiology of this virus and 
its effects on our patients, varying degrees of negative predictive 

F I G U R E  2   Inpatient COVID-19 
Transplant Candidate Assessment 
and Screening Algorithm. Algorithm 
used for screening inpatient transplant 
candidates for heart, lung, liver, and 
kidney transplants during the COVID-19 
pandemic. Our institution uses the 
Cepheid Xpert Xpress severe acute 
respiratory syndrome coronavirus-2 
(SARS-CoV-2 assay). NP, nasopharyngeal; 
CT, computed tomography; COVID-19, 
coronavirus disease 2019
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value of chest CT imaging based on the prevalence of disease, and 
our sample size. There is also a risk that we may be especially se-
lective at this point, considering the low positive predictive value 
of chest CT imaging and the varying sensitivity of RT-PCR depen-
dent on its collection,24 there may be some donors and candidates 
who are deferred for transplantation. However, we feel that this is 
the most pragmatic way to approach donor and candidate selec-
tion, in the backdrop of limited medical supplies, personnel, hospi-
tal resources, and evolving understanding of this virulent disease. 
A working transplant protocol is important because the careful 
selection of donors and transplant candidates is necessary in the 
COVID-19 pandemic to attenuate risk and ensure appropriate uti-
lization of resources, and ultimately to continue life-saving trans-
plantation for our patients with end-organ disease who face very 
real and well-documented waitlist mortality. This is especially true 
considering the public health consensus is that SARS-COV-2 will 
require a coordinated and pragmatic framework including wide-
spread testing that will take this pandemic well into the future27 
during which time our patients continue to face a significant wait-
list mortality. In preparing this manuscript, a review of Transplant 
Society Recommendation Consensus was published that outlined 
the recommendations of 22 transplant societies internation-
ally.12 This consensus supports our algorithm in requiring clinical 
screening, donor testing, excluding those infected or suspected 
of SARS-CoV-2 infection, candidate RT-PCR testing, resolution of 
symptoms with negative RT-PCR assay before transplantation, and 
a CT imaging of the chest of candidates prior to transplantation.12

We have performed 7 heart (including 1 heart/lung and 1 heart/
kidney patient), 3 lung, 2 kidney, and 15 liver transplantations be-
tween March 24, 2020 and May 11, 2020 utilizing this protocol with 
100% survival and no evidence of SARS-CoV-2 infection in our re-
cipients at the time of this submission. Our hope is that this protocol 
will serve as the foundation for further discussion on working trans-
plant protocols to continue transplantation in the midst of a modern 
worldwide pandemic.
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