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Abstract

The coronavirus disease 2019 (COVID-19) pandemic has created unprecedented chal-

lenges for solid organ transplant programs.While transplant activity has largely recov-

ered, appropriate management of deceased donor candidates who are asymptomatic

but have positive nucleic acid testing (NAT) for SARS-CoV-2 is unclear, as this result

may reflect active infection or prolonged viral shedding. Furthermore, candidates

who are unvaccinated or partially vaccinated continue to receive donor offers. In the

absence of robust outcomes data, transplant professionals at US adult kidney trans-

plant centers were surveyed (February 13, 2021 to April 29, 2021) to determine com-

munity practice (N: 92 centers, capturing 41% of centers and 57% of transplants per-

formed). The majority (97%) of responding centers declined organs for asymptomatic

NAT+ patients without documented prior infection. However, 32% of centers pro-

ceed with kidney transplant in NAT+ patients who were at least 30 days from ini-

tial diagnosis with negative chest imaging. Less than 7% of programs reported inacti-

vating patients who were unvaccinated or partially vaccinated. In conclusion, despite

national recommendations to wait for negative testing, many centers are proceeding

with kidney transplant in patients with positive SARS-CoV-2 NAT results due to pre-

sumed viral shedding. Furthermore, few centers are requiring COVID-19 vaccination

prior to transplantation at this time.
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1 INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has substantially

impacted organ donation, transplantation, and the management of

transplant patients. Two meta-analyses have shown higher rates of

© 2021 JohnWiley & Sons A/S. Published by JohnWiley & Sons Ltd.

hospitalization, intensive care admissons, andmortality due toCOVID-

19 in solid organ transplant recipients when compared to the general

population.1,2 The COVID-19 pandemic initially led to a rapid decline

in deceased organ donation and near cessation of living donor trans-

plantation out of caution.3,4 In addition, increased waitlist mortality
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rates in kidney transplant candidateswere observed at the onset of the

public health emergency.When compared to transplant recipientswith

similar demographic and comorbidity profiles who developed COVID-

19, waitlisted patients who developed COVID-19 were more likely to

require hospitalization.5,6

To help guide the community during the pandemic, the American

Society of Transplantation (AST) developed recommendations on how

andwhen to test deceased and living donors for SARS-CoV-2, aswell as

for transplant practices during the pandemic.7,8 Serum antibody test-

ing has not been recommended given variability in specificity based on

regional prevalence of SARS-CoV-2. As practice adapated to the pan-

demic, kidney transplantation recovered to near pre-COVID-19 levels

and the total numberof transplantswasonly slightly decreased in2020

versus 2019.4,9 COVID-19 vaccines currently available in the United

States under Emergency Use Authorization confer significant protec-

tion (66–95%) against COVID-19 in persons 16 years of age and older

based on studies carried out in mostly immunocompetent hosts.10,11

In the absence of data on efficacy and safety in solid organ transplant

recipients, but based on prior knowledge on other vaccines, AST devel-

oped recommendations on the safety and pre- and post-transplant

timing of COVID-19 vaccinations.12

Despite available guidance, transplantation in the COVID-19 era is

complex with areas of ongoing uncertainty. Prolonged, asymptomatic

shedding of viral RNA for up to 90 days has been reported, leading to

uncertainties in candidate management. The decision to transplant

patients with asymptomatic SARS-CoV-2 nucleic acid testing (NAT)

positivity has been evolving, with some centers requiring one to two

negative NAT results prior to transplantation and others transplanting

more quickly. Similarly, management ofwaitlist candidateswho are not

yet transplanted is unclear. While pre-transplant vaccination is opti-

mal, it is not clear how centers should manage candidates who are not

fully vaccinated but remain active on the deceased donor transplant

list. To better elucidate these issues and current practice patterns, we

designed and administered an electronic survey. Herein we report the

findings based on responses at US adult kidney transplant programs

from February 13, 2021 to April 29, 2021.

2 MATERIALS AND METHODS

2.1 Survey design

The survey instrument was developed by the study investigators. The

final survey instrument comprised 10 questions addressing the man-

agement of kidney transplant candidates with asymptomatic COVID-

19 infection who receive an organ offer as well as deceased donor

transplant candidates who are not yet vaccinated (SDC, Table 1).

The survey also queried information on the participant’s role (sur-

geon, nephrologist, clinical coordinator, socialworker, administrator, or

other) at the transplant center. This study was approved by the Saint

Louis University Institutional Review Board (Protocol # 31284). The

survey was also approved by the AST Education Committee and the

American Society of Transplant Surgeons (ASTS).

2.2 Survey administration

The target population was transplant program staff at US adult kidney

transplant programs, including surgeons, nephrologists, administra-

tors, coordinators and social workers. Potential participants from US

kidney transplant programs were derived from the working group’s

professional connections as well as an ASTS email list provided for

survey use after approval and data use agreement. The survey was

distributed and data collected through Qualtrics Survey Software.

Opportunity for self-elected participation through a Qualtrics link

was also posted to professional society list servs (e.g., AST Kidney

Pancreas Community of Practice (COP), Infectious Disease COP,

and AST Outstanding Questions in Transplantation (OQiT)) and

distributed to the ASTS email list. COP postings were approved by

COP leadership, the OQiT posting was approved by the AST Educa-

tion Committee, and email to ASTS members was approved by the

ASTS council. The first page of the survey notes that the decision to

proceed indicates consent to participate. Participants who completed

the survey were also invited to enter a lottery for $10 coffee gift

cards (10 cards available). Up to two reminders were provided for

non-respondents.

2.3 Statistical analysis

Each programwas represented only once in the analysis. For programs

with multiple respondents, we selected a single participant to repre-

sent the program using a hierarchical algorithm. First, we prioritized

responses with the most complete information (i.e., least unanswered

items). Next, we prioritized surveys submitted by surgeons or nephrol-

ogists, over those from coordinators, social workers, administrators, or

others. Lastly, we prioritized the earliest submitted questionnaire.

Responses to each survey question were described with percent-

ages and frequencies. To obtain rates, we divided the number of pro-

gram responses by the total number of programswho responded to the

question, such that percentages reflect proportions of respondents,

as per previous methods.13–15 For questions where participants were

asked to “select all that apply,” thedenominator for calculatingpercent-

ages was the number of participants responding to that question. All

analyses were performed using R for windows version 1.2.5042 (RStu-

dio Inc., Boston, MA, USA).

3 RESULTS

3.1 Survey participants

This report describes responses from92 unique kidney transplant cen-

ters in the United States (SDC, Figure 1). Respondents represented

41% of US adult kidney transplant programs and 57% of volume in the

year before the survey. Respondents were most commonly surgeons

(43%) and nephrologists (39%), while 17% were other transplant pro-

fessionals (Table 1).
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TABLE 1 Characteristics of survey respondents

Role in transplant program (N= 92) % (n)

Transplant surgeon 43% (40)

Transplant nephrologist 39% (36)

Coordinator 4% (4)

Administrator 1% (1)

Pharmacist 2% (2)

Other 9% (8)

3.2 Management of patients with asymptomatic
COVID-19

Management of candidates called in for transplantwho have no clinical

evidence of documented COVID-19 but were found to have a positive

SARS-CoV-2nasopharyngeal swabdifferedacross programs (Figure1).

The majority of programs decline the organ and delay transplantation.

The length of delay varied,with 70%of centers requiring delay until the

candidate tests negative and 27% delaying for a fixed period of at least

30 days without retesting. In 4% of centers, patients with reassuring

adjunctive testing (e.g. CT scans or antibody tests suggsting immunity)

were assumed tohave a resolved infection and allowed toproceedwith

transplant.

Among candidates with documented COVID-19 infection more

than 30 days prior to admission who have persistently positive testing,

practices were more varied. The majority (55%) of centers continue to

decline the organ and wait for negative testing. However, 32% of cen-

ters proceedwith transplant, eitherwithnegativepulmonary imagining

(20%) or positive pre-transplant antibody testing (12%).Other, unspec-

ified protocols were followed at 24% of centers.

3.3 COVID-19 vaccination and waitlist
management

Nearly all centers (94%) encourage vaccination for all candidates

on the waiting list and prior to living donation (Table 2). Only one

center reported that they inactivate non-highly sensitized candidates

(cPRA< 80%) until they are vaccinated, and 7% centers reported inac-

tivating candidates who have received their first vaccine dose pending

receipt of their second dose. The majority of centers (84%) continue

to accept organs for unvaccinated patients, and delay vaccination for

4–12 weeks after transplantation. Similarly, 51% report accepting

F IGURE 1 Management of organ offers for asymptomatic kidney transplant candidates found to be COVID-19+
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TABLE 2 Assessment of candidate vaccination status at organ
offer

Howdo you educate your kidney transplant

candidates regarding acceptance of COVID-19

vaccine, when available? (N= 92) % (n)

Weencourage vaccination on the waiting list and

prior to planned living donor transplant

94% (86)

We counsel that benefits and risks are uncertain in

the transplant population and defer to patient

preference

30% (28)

We request that patients contact the transplant

center after receiving the vaccine

47% (43)

Other 11% (10)

Howdo you consider candidate vaccination status

with regard to transplant acceptance for patients on

deceased donorwaiting list who are not-highly

sensitized (cPRA< 80)? (N= 92) % (n)

Inactivate patients until they receive a complete

two-dose vaccine course

1% (1)

Inactivate patients after the first dose and reactivate

∼4weeks after the second dose

7% (6)

Accept organs for unvaccinated patients and

vaccinate 4–12weeks after transplant

84% (77)

Accept organs for patients after the first vaccine

dose and delay the second dose of vaccine for

4–12weeks posttransplant

51% (47)

Other 13% (12)

Howdo you consider candidate vaccination status

with regard to transplant acceptance for highly

sensitized (cPRA>= 80) patients on deceased donor

waiting list? (N= 92) % (n)

Inactivate patients until they receive complete

two-dose vaccine course

0% (0)

Inactive patients after the first dose and reactivate

∼4weeks after the second dose

8% (7)

Accept organs for unvaccinated patients and

vaccinate 4–12weeks after transplant

80% (74)

Accept organs for patients after the first vaccine

dose and delay the second dose of vaccine for

4–12weeks posttransplant

57% (52)

Other 11% (10)

‘N= ’ Indicates the itemdenominator, based on number of respondents, and

accounting for contingent responses.

organs for candidates with a single vaccine dose and delaying vacci-

nation with the second dose for 4–12 weeks after transplantation.

For highly sensitized patients (cPRA >= 80), no centers reported

inactivating all unvaccinated patients, while 8% centers inactivate

patients who received their first dose until they receive their sec-

ond dose. Again, most centers reported not delaying transplant for

unvaccinated (80%) or partially vaccinated (57%) candidates.

Tracking and coordination of vaccination varied widely across cen-

ters (Table 3). Programs reported that ascertaining vaccination status

at the primarily at the time of offer in 65% of cases. While 63% of cen-

TABLE 3 Education and coordination of COVID-19 vaccination in
transplant candidates and recipients

How are you tracking vaccination status of candidates

on yourwaiting list? (N= 91) % (n)

Asking patient at time of organ offer 66% (60)

Asking all listed patients to update their coordinator

after vaccination

63% (57)

Directed inquires by program staff 23% (21)

Other 11% (10)

For those not vaccinated prior to transplant, how long

after deceased donor transplant do you recommend

recipients wait to receive their first dose of COVID-19

vaccination? (N= 92) % (n)

0–2weeks 1% (1)

> 2–4weeks 1% (1)

> 4–8weeks 44% (40)

> 8weeks 53% (49)

How long is your center waiting after completion of a

recipient’s vaccination to schedule a living donor kidney

transplant (N= 92) % (n)

0–2weeks 12% (11)

> 2–4weeks 53% (49)

> 4–8weeks 29% (27)

> 8weeks 4% (4)

ters request patients to update the center on their vaccination status,

only 23% have a process for direct patient inquiries. For unvaccinated

recipients of a deceased donor transplant, the recommendations for

delaying vaccination after transplantation varied with 42% of centers

recommending > 4–8 weeks and 54% recommending > 8 weeks. For

unvaccinated candidates who have living donors, recommendations on

the duration to wait for transplant after completion of vaccination var-

ied widely (0–2 weeks: 12%, > 2–4 weeks: 53%, > 4–8 weeks: 29%,

and> 8weeks: 4%).

4 DISCUSSION

The COVID-19 pandemic has significantly changed healthcare deliv-

ery across the world,16–18 including profound impacts on organ

transplantation.19–22 Management of waitlist patients who present

for transplant without symptoms but with a positive SARS-CoV-2

nasopharyngeal swab pose a significant challenge as many of these

patients may have a resolving infection. Currently, in the absence

of documented infection, the majority of kidney transplant centers

are declining to transplant candidates until either they have negative

COVID-19 tests or a pre-defined period has passed. For candidates

presenting for transplant with a history of documented COVID-19,

approximately one third of centers will proceed even with a positive

test, if pulmonary imaging is clear. With regard to newly developed

COVID-19 vaccines, centers are encouraging vaccination. However, at
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the time of the survey, only a few centers were requiring vaccination

prior to transplant for waitlisted candidates.

Management of vaccination in organ transplant recipients is prob-

lematic as immunosuppression may reduce the efficacy of the vaccine.

Based on a recent report of 187 solid organ transplant recipients,

the first dose of two-dose vaccine series were shown to be safe,

with no reports of rejection, rare systemic reactions such as fevers

and chills, and slightly more than baseline headache, fatigue, and

myalgias.23 However, immunogenicity after a single dose of mRNA

vaccine was low, with spike protein antibodies detectable in only 17%

of transplant recipients versus 100% of healthy subjects 14–21 days

after vaccination.24 Two studies showed anti-spike protein response

rates of 37.5% and 58.8% following two doses of the mRNA vaccine

BNT162b2, with both studies showing significantly lower antibody

titers in organ transplant recipients.25,26 The low immunogenicity after

transplant supports AST recommendations on preferential vaccination

of potential transplant recipients prior to transplantation. However,

this recommendation needs to be balanced against the risk of delaying

transplant. As less than 50% of the US population has received one

dose to date, it is likely that the low prevalance of vaccationwill remain

an ongoing issue.

Prolonged viral shedding afterCOVID-19 in patientswith end-stage

kidney disease presents a clinical management challenge for trans-

plant clinicians. In a recent study of routine screening of patients in a

dialysis facility, 33% of patients with a positive COVID-19 test were

asymptomatic.27 Thus, these patients would not be recognized by clin-

ical signs prior to presenting for transplant. Initially, out of caution,

the AST and others recommended delaying transplant until the candi-

date (or living donor) had two negative tests.28 With increased knowl-

edge of the clinical course and evidence that viral shedding alone does

not appear to correlate with adverse outcomes in asymptomatic non-

transplant patients, one third of centers are proceedingwith transplant

after a predefined waiting period. The safety of this practice has not

been firmly established.

Our study has limitations inherent to the survey study design, such

as potential for recall bias. The findings represent practices as they

are reported; we cannot verify how accurately the reports represent

actual practice at each program. Respondentswere identified by online

outreach to US transplant professionals, and not all programs are

represented. However, the 41% response rate is higher thanmany con-

temporary studies of transplant program practices (where response

rates in the 30%-range are common),15,29,30 likely reflecting the strong

community interest in the topic, and the responding centers represent

57%of adult kidney transplant volume in the period. These survey data

reflect the opinions and experiences of the respondents at the time

of completion, and given the rapidly dynamic nature of the COVID-19

pandemic, may not reflect subsequent practice when COVID-19

vaccines are more widely available. This survey was designed in the

context of a standard two-dose vaccine course and did not specifically

inquire about management of patients who receive a single-dose

vaccination regimen.

In conclusion, transplant programs are encouraging COVID-19

vaccination but are not routinely delaying deceased donor transplant

to complete a full vaccination course at this time.While themajority of

transplant candidates with asymptomatic infection and no documen-

tation of infection onset date are deferred, up to one third of centers

are transplanting patients with documented infection and asymp-

tomatic shedding. Additional research is needed to determine the

optimal timing of COVID-19 vaccination for transplant candidates and

recipients, and to optimize COVID-19 testing practices to provide safe

access to transplantation for fully vaccinated and was well as unvac-

cinated patients, without introducing unnecessary delays in transplant

procedures.
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