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The coronavirus disease 2019 (COVID-19) pandemic required transplant nephrologists, surgeons,
and care teams to make decisions about the full spectrum of transplant program operations and
clinical practices in the absence of experience or data. Initially, across the country, there was a
reduction in kidney transplant procedures and a striking pause in the conduct of living donation and
living-donor transplant surgeries. Aspects of candidate evaluation and follow-up rapidly converted to
telehealth. Months into the pandemic, much has been learned from experiences worldwide, yet many
questions remain. In this Perspective, we reflect on some of the practice decisions made by the
transplant community in the initial response to the pandemic and consider lessons learned, including
those related to the risks, benefits, and logistical considerations of proceeding with versus delaying
deceased-donor transplantation, living donation, and living-donor transplantation during the pandemic.
We review the evolution of therapeutic strategies for severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection and their use in transplant recipients, current consensus related to immu-
nosuppression management in infected transplant recipients, and emerging information on vaccination
against SARS-CoV-2. We share our thoughts on research priorities, discuss the areas in which we are
still practicing with uncertainty, and look ahead to the next phase of the pandemic response.
Introduction

Transplant and nontransplant nephrologists’ practices were
greatly and differentially affected by the coronavirus dis-
ease 2019 (COVID-19) pandemic. Unlike dialysis, which
cannot be stopped or even paused, transplant evaluations
and surgery were paused as an early response to the
pandemic. While transplantation generally resumed,
emerging reports of increased mortality raised questions
for the response to future surges.1-3 In this Perspective, we
describe some of the key practice decisions made by the
transplant community in response to the pandemic.
Focused on US and emerging international experiences, we
consider lessons learned and look ahead to the next phase
of the pandemic response.

Living Donor Program Management

Suspension of Practice: When Is it Necessary?

The COVID-19 pandemic substantially impacted the
practice of living-donor kidney transplantation (LDKT).
During the first week after the pandemic declaration on
March 19, 2020, 80% of US deceased-donor kidney
transplantation (DDKT) programs were operating with
restrictions, whereas 72% of US LDKT programs reported
that they had fully suspended living donation and LDKT.4

Similar suspensions were reported globally.5,6 The ratio-
nale for the dramatic early disruption of practices included
the categorization of LDKT as “elective” (ie, distinct from
some “essential” DDKT) and possible to safely delay,
especially in locations with strained resources, including
the availability of ventilators (Fig 1).7 In addition, LDKT
has additional complexity related to safety concerns for
recipients (given early reports suggesting that they faced
substantially increased mortality risks following severe
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acute respiratory syndrome coronavirus 2 [SARS-CoV-2]
infection)8,9 and also for living donors. A by-proxy effort
to synthesize consensus based on 19 professional society
bulletins published in March 2020 offered strong agree-
ment (14 of 19) for reduction to a minimum, if not
complete postponement, of elective transplantation, in
particular LDKT, during the pandemic.10 Comments and
experiences described on the American Society of Trans-
plantation (AST) electronic community discussion board
reached similar conclusions.11

We recommend that transplant programs provide up-
to-date communication regarding the operational status
of their transplant programs and current practices and
policies for ensuring donor and recipient safety. A survey
of US programs in May 2020 identified multiple barriers to
living donation and LDKT surgery during the early phase
of the pandemic, including program concerns for donor
(85%) and recipient (75%) safety, patient concerns
(56%), elective case restrictions (47%), and hospital
administrative restrictions (48%).7 Programs in which
COVID-19 cumulative incidence was higher locally re-
ported more barriers related to staff and resource diver-
sion. By June 28, 2020, monthly US LDKT rates returned
to prepandemic levels, even though the volume decrement
from deferred procedures did not recover (Fig 2A), in
contrast to DDKT, which recovered to exceed 2019 levels
(Fig 2B).12 Similar volume-change patterns occurred
across programs of all sizes (Fig 2C and D). Kidney paired
donation, which incurs additional complexities due to
organ or patient travel, decreased by more than 50% in the
pandemic period (249 procedures from March 1, 2020, to
September 1, 2020).13 Key aspects of living donor care
that warrant attention in transplant program policies and
guidelines during the pandemic include presurgical
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Figure 1. Barriers to LDKT surgery during the COVID-19 pandemic. Original graphic ©2020 International Society of Nephrology;
adapted from Lentine et al7 with permission of the copyright holder.
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screening and self-quarantine, processes for conducting
routine evaluation and follow-up, and living donor
counseling.

Prevention Strategies: COVID-19–Related
Screening and Self-Quarantine

Early reports of increased morbidity and mortality among
asymptomatic patients with SARS-CoV-2 infection under-
going surgical procedures in Wuhan, China,14 highlighted
the need to ensure that living donors are not infected at the
time of surgery. The American Society of Transplant Sur-
geons, the AST, and The Transplantation Society developed
recommendations to promote donor and recipient
safety.15-17 These societies endorse proceeding with living
donation for asymptomatic individuals with a negative
nasopharyngeal swab nucleic acid test result close to the
time of donation surgery, and surveys of living-donor
programs suggest strong agreement with this recommen-
dation.6,7 However, the duration of predonation quaran-
tine is more controversial. The American Society of
Transplant Surgeons recommends a period of at least 7
days and preferably 2 weeks before donation for donors
and recipients of LDKTs.15 The Transplantation Society
recommends a 2-week quarantine for donors.17 Recent
surveys show wide variation in adoption of these recom-
mendations.6,7 In July 2020, the AST modified recom-
mendations to remove the mandate for self-quarantine,
but it was still recommended as a preventive strategy.16

Given the widespread nature of the pandemic, in-
dividuals who have recovered from COVID-19 may pre-
sent for living donor candidate evaluation. The highly
variable manifestations of COVID-19 render symptomatic
screening alone insufficient. The protective effects of
immunoglobulin G antibody—and the clinical implica-
tions of serologic findings in general—remain unde-
fined.18 The potential for viral shedding in the urine19 may
also hold implications for disease transmission via kidney
donation.20-22 For living donors with a history of COVID-
778
19, AST recommends considering donation only if the
donor is at least 28 days from symptom resolution with a
negative nucleic acid test result.16 This recommendation is
opinion-based, and some have opened the conversation
about considering when donation may be safe in the
context of “mild” active SARS-CoV-2 infection.23

In April 2020, the Organ Procurement and Trans-
plantation Network/United Network for Organ Sharing
(OPTN/UNOS) temporarily paused data collection and
submission requirements for follow-up of living donors
(as well as recipient follow-up and recipient malignancy
forms), retroactive to March 17, 2020.24,25 The purpose
was to reduce potential testing-related patient exposure to
SARS-CoV-2 and to decrease administrative burden on
centers. Surveys of US and international centers identified
barriers to living donor follow-up during the pandemic.6,7

The waiver was initially heavily used, with 40% of living
donor follow-up in amnesty status by late June 2020,
including as many as 60% of these forms in some re-
gions.26 However, as of December 2020, more than 70%
of forms have been completed. OPTN/UNOS is now
considering how to handle the amnesty forms and when to
resume follow-up,26 but, as of December 2020, amnesty
remains in place. As discussed below, clinical follow-up
during the pandemic can be facilitated by telehealth.

Living Donor Counseling Related to COVID-19

A recent survey of US programs found that less than half
and less than a third, respectively, counsel donors that
donation does not affect the risk of contracting COVID-19
or the risk of COVID-19 complications, whereas 57%
educate donors about associations of COVID-19 and acute
kidney injury (AKI).7 Although being a donor should not
increase the risk of contracting COVID-19 in the com-
munity or lead to an immunosuppressed state, reduced
renal reserve from surgical nephrectomy could heighten
the risk of severe AKI in the context of severe infection.
There have been no reports thus far of a recent living
AJKD Vol 77 | Iss 5 | May 2021
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Figure 2. Impact of the COVID-19 pandemic on US kidney transplant volumes. Cumulative LDKT (A) and DDKT (B) activity based
on Organ Procurement and Transplantation Network and Scientific Registry of Transplant Recipients data as of September 2020
(green line) with cumulative volume for 2019 shown for comparison (blue line).12 Changes in volume of LDKT (C) and DDKT (D)
in each US transplant program during the first 6 months of the pandemic (March 1, 2020, through August 31, 2020) compared
with the preceding 6 months (September 1, 2019, through February 29, 2020) grouped by prepandemic program volume. For
LDKT, the vast majority of US programs had a decrease in volume, which was particularly noticable in high-volume programs. For
DDKT activity, even though volume was lower than at baseline at many programs, a substantial number of programs (mostly large
and medium-sized, along with few small programs) performed more DDKT procedures than during the prepandemic period.
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donor contracting COVID-19 and facing AKI, but this
should continue to be monitored. Recent emergency use
authorization of vaccines by the US Food and Drug
Administration (FDA) in December 2020 raises the option
of presurgical immunization of living donors and their
transplant recipients 3-4 weeks before surgery as vaccine
becomes available. The risk of vaccine-induced allosensi-
tization is unknown, and impact on the final crossmatch
should be monitored.
Changing Practices: Telehealth

Before the pandemic, and, in part, because of reimburse-
ment limitations, telehealth was not widely used in
transplant practice in the United States.27-30 Experience in
Germany indicated that telehealth can reduce acute hos-
pitalizations and be cost-saving in caring for LKDT
AJKD Vol 77 | Iss 5 | May 2021
recipients.31 Several programs within the US Department
of Veterans Affairs system had experience with the use of
telehealth in evaluation of transplant candidates. Unlike
most programs that draw the majority of patients from a
local catchment, Veterans Affairs programs often evaluate
patients who reside a long distance from the center and
have significant comorbidities, making travel challenging.
Notably, the Veterans Affairs experience involved patients
who used local Veterans Affairs staff and facilities to
perform physical examinations and provide internet
equipment. Forbes et al demonstrated that telehealth costs
less than in-person visits when used in this manner.32

The transplant community responded to the pandemic
with rapid adoption of telehealth, facilitated by national
reimbursement and policy changes. The US Centers for
Medicare & Medicaid Services and insurance companies
were responsive in permitting telehealth use in
779
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posttransplant care, recipient evaluations, and donor
evaluations.33 In the past, Medicare paid for telehealth only
for routine care in a limited set of circumstances, including
those in which beneficiaries lived in remote areas, and the
expectation was that the patient would receive telehealth
services at a local facility, not from home. Despite the
liberalization of telehealth restrictions, transplant programs
have not embraced the technology for all aspects of
transplant evaluations. This reluctance was illustrated in a
recent survey that found that, even though programs
successfully incorporated telehealth into their practices for
education purposes as well as medical and social-work
evaluations, most do not allow use of telehealth for the
surgical evaluation of living donors and mandate at least 1
in-person visit before donation.7 Telehealth visits can
decrease the need for patients to visit facilities, but do not
directly address the critical issues of monitoring by labo-
ratory testing. Some programs have adopted the use of
home phlebotomy services, whereas others have advised
patients to reduce testing frequency and/or time their
visits to minimize waiting times. Home blood-pressure
monitoring and other remote monitoring tools may in-
crease options for adjunctive testing and monitoring
outside of the clinic setting.34

During and after the pandemic, telehealth can provide
programs and patients with flexibility and convenience for
some aspects of the evaluation and follow-up care, as well
as facilitating communication. Data are needed to ascertain
whether telehealth-based communication with donors and
recipients affects quality of care (eg, the possibility of in-
formation being missed without in-person evaluation by
various practitioners) or access to care (eg, among patients
or potential donors lacking internet access).26 Reim-
bursement policies that allow for telehealth are critical to
sustained use. An August 2020 Executive Order endorsed
development of regulations to support access to telehealth
services after the public health emergency, including in-
vestments in physical and communications infrastruc-
ture.35 Given the large lapse in living donor and longer-
term recipient follow-up during the pandemic,26 we
believe continuation of telehealth waivers and reimburse-
ment are vital to allowing programs to maintain long-term
patient engagement.
Challenges to Kidney Transplant Patient Care

Information and guidelines on COVID-19 management are
published online by the National Institutes of Health
(NIH), including information on solid organ transplant
(SOT) recipients.36 These guidelines support standard
clinical practice for treatment of COVID-19 in transplant
recipients based on expert opinion, as data are lacking and
unlikely to be generated as a result of relatively smaller
numbers of transplant patients compared with the general
population. In addition, even though most infected in-
dividuals are outpatients, most published data focus on
hospitalized patients.
780
Management of Immunosuppression

Currently, there are no evidence-based recommendations
for managing immunosuppression in the context of the
pandemic, either for prevention or as part of the man-
agement of patients with confirmed COVID-19. A recent
US registry study of experience through July 2020 found a
decrease in the use of lymphocyte-depleting induction
agents in favor of basiliximab and no induction during the
pandemic (adjusted odds ratio, 0.53), associated with
trends toward increased rejection, but no change in use of
maintenance steroids.37 The AST noted that the decision to
reduce immunosuppression (generally antimetabolites or
calcineurin inhibitors) should consider the balance be-
tween disease severity and risk of rejection.38 Whether to
modify induction immunosuppression is also unclear.39
Treatment Agents for COVID-19

Remdesivir and Dexamethasone
A limitation to the treatment of COVID-19 is the lack of
study in immunosuppressed populations. Remdesivir has
received emergency use authorization from the FDA for
use in severe disease, with a modest but statistically sig-
nificant reduction in hospital stay length.40 Although only
limited transplant patients were included in the initial
study, the drug may be used in SOT recipients; however,
use is not recommended when the estimated glomerular
filtration rate is <30 mL/min/1.73 m2.41 Results from a
dexamethasone trial (RECOVERY) indicate a small but
statistically significant improvement in patient mortality at
28 days in those who required mechanical ventilation or
supplemental oxygen, but not in those who already
required ventilation at the time of randomization.42

Antibody Treatments and Convalescent Plasma
Infusions of immune globulin have been used in other
viral diseases such as Ebola virus43 and in some diseases in
SOT recipients such as metapneumovirus in the absence of
approved, effective antiviral agents. Although the initial
reports of treated patients were promising,44 subsequently,
several thousand infected patients have received plasma
infusions, with inconsistent benefit. Problematic here may
be the lack of standards for selection of immune plasma
and variability in the antibody response to the virus based
on infection severity.45 Moreover, there is no standard for
the frequency or volume of infusions. The National
COVID-19 Convalescent Plasma Project is a collaborative
effort of multiple academic centers and research entities
to maintain a data registry for treated patients.46 Regardless
of limited findings, the FDA issued an emergency use
authorization for the use of convalescent plasma within 3
days of onset of symptoms. However, NIH treatment
guidelines note insufficient data to recommend for or
against its use.47

Emergency use authorizations have also been recently
granted for COVID-19–specific antibodies, namely bam-
lanivimab and the antibody cocktail of casirivimab and
AJKD Vol 77 | Iss 5 | May 2021
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imdevimab. The former is a monoclonal antibody target-
ing the receptor-binding domain of the spike protein of
SARS-CoV-2 (disrupting viral entry into the host’s cells),48

and the latter consists of a combination of recombinant
monoclonal antibodies that also bind the same domain.49

Both therapies are approved for the treatment of nonhos-
pitalized patients with mild to moderate COVID-19 who
are at high risk for progression to severe disease and/or
hospitalization. Neither agent is recommended by the NIH
expert guidelines as a result of lack of sufficient data,
although academic centers have pivoted the treatment of
many infected patients to outpatient infusion centers. Use
in transplant recipients has not yet been assessed, but some
use is being implemented.

Other Ineffective Agents
There are other agents that were used empirically or
studied as antiviral agents based on in vitro studies that
used relatively high doses.50 A number of these that were
used commonly early in the pandemic—including azi-
thromycin, hydroxychloroquine, chloroquine, HIV reverse
transcriptase inhibitors, and ribavirin—are now avoided
because of associated complications.36 Tocilizumab, an
anti–interleukin 6 receptor monoclonal antibody, was used
on an off-label basis to mitigate the inflammatory cytokine
storm associated with viral infection.51 The phase 3
COVACTA trial for severe COVID-19 pneumonia demon-
strated nonimprovement in 452 randomized patients, 294
of whom received tocilizumab (none of whom had
transplants), in terms of clinical disease acuity and venti-
lator dependence compared with placebo controls.52

Another randomized trial of 243 hospitalized patients
not receiving mechanical ventilation at the time of treat-
ment found no effect on prevention of intubation
or death.53 Despite its initial empirical use for management
of patients with COVID-19, including transplant re-
cipients,8,54 and limited adverse-event profile, this agent is
not recommended as a result of its lack of efficacy.

Vaccine Development
Successful vaccine development against coronaviruses had
previously been elusive. Animal models for efficacy have
not been shown to prevent human disease and may not be
effective on a long-term basis.55,56 The most recently
published studies demonstrate marked efficacy of 2 mRNA
vaccines, neither of which has been tested in SOT re-
cipients57-59; however, there are efforts to develop regis-
tries of transplant recipients who receive these vaccines.60

At issue is vaccine safety and avoidance of syndromes
associated with vaccine-enhanced disease, be it antibody-
dependent enhancement or vaccine-associated enhanced
respiratory disease, but these serious adverse events have
not been reported in phase 3 trials.61,62 The Centers for
Disease Control and Prevention (CDC)’s advisory com-
mittee on immunization practices has added transplant
recipients to their phased delivery to the public, including
AJKD Vol 77 | Iss 5 | May 2021
them in the third group of phase 1 (1c), following the
other phase 1 groups: health care workers and residents of
long-term care facilities (1a) and front-line workers
(1b).63 These administration priorities may be further
adapted by state governments and local health authorities.
Based on previous vaccination guidelines for SOT re-
cipients, the AST recommends that all transplant candidates
and their household members receive vaccination when it
becomes available, ideally more than 2 weeks before
transplantation, or starting 1-6 months after trans-
plantation.64 As complex as mass delivery will be, patient
acceptance may prove even more challenging.

Allograft Rejection
An ongoing debate is whether rejection is more frequent
with COVID-19 and whether maintenance immunosup-
pression has some beneficial impact on outcomes. This is
complicated by reports of relatively higher recipient
mortality rates than in the general population, primarily
due to the multiple comorbidities as opposed to immu-
nosuppressed condition.8,9,65 There are limited data, as the
ability to perform biopsies in actively infected patients
with graft dysfunction was eliminated by the critical nature
of their illness. Hence, it is unclear if the reported level of
AKI in this population represents rejection or AKI associ-
ated with volume depletion, hypoperfusion, or systemic
infection.8,65,66 The long-term consequences of immu-
nosuppressive reduction in the context of COVID-19 are
unknown but may include precipitating de novo donor-
specific antibodies and/or subclinical rejection. Some
groups have reported performing immune monitoring by
using commercially available tools such as donor-derived
cell-free DNA and peripheral blood mononuclear cell
transcriptomics, but there are no data supporting this
approach and insufficient data to assess the impact of
these tests in context of a systemic illness with intrinsic
graft dysfunction that may not be related to alloimmunity.
For now, we recommend consulting the patient’s trans-
plant team before making any changes to maintenance
immunosuppression.
Research Priorities

As outlined above, ongoing research priorities related to
COVID-19 in transplantation include developing a better
understanding of the risks of waiting for a transplant
versus undergoing transplantation with requisite immu-
nosuppression. The safety and efficacy of COVID-19
treatments have not been defined in this population.
Further information is needed to identify best practices in
immunosuppression management, long-term immuno-
logic outcomes, and the role of novel monitoring tools.
There is also a need for ongoing research to define optimal
living donation screening strategy and timing, as well as
the use of presurgical vaccination. Resource considerations
aside, when the risk-benefit ratio favors transplantation
versus delay is not yet defined. A study of UK registries
781
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Figure 3. Currently known and uncertain future impacts of the COVID-19 pandemic across the spectrum of kidney transplantation
practice.
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demonstrated that kidney transplant candidates on the
waitlist were more likely to be positive for SARS-CoV-2 but
less likely to die than transplant recipients with SARS-CoV-
2 infection.67 Patients who received transplants in 2020
were more likely to become infected, as well as more likely
to die, than those who received a transplant earlier.67

However, a simulation model suggests that, in most
cases, patients benefit from receiving a kidney transplant
compared with waiting until the pandemic subsides.68

Continued assessment of outcomes information and
translation to accessible tools69 are needed to guide de-
cisions about when to perform the transplant and subse-
quent patient management.
Conclusion

The COVID-19 pandemic has presented transplant clini-
cians with unprecedented uncertainties across the spec-
trum of practice (Fig 3). LKDT procedures paused at the
onset of the pandemic and then resumed, even though the
overall number of LDKT procedures performed in 2020
remains lower than in the previous year. By comparison,
DDKT volume has surpassed even the record 2019 levels
(Fig 2B). Strategies that enabled transplant practice to
resume include widespread use of telehealth and presur-
gical screening. Although grounded in science, the field of
transplantation has always incorporated elements of art,
experience, theory, and preference. Decisions
regarding how to manage and treat transplant patients with
782
COVID-19, and whether to undertake the risk of vaccina-
tion, will continue to require judgment, art, and theory as
the evidence for best practices evolves. In the face of these
uncertainties, we are learning from case series, registry
reporting, shared experiences, and consensus recommen-
dations. In the absence of trial-based evidence, we should
include transplant patients and living donors in prospective
studies and registries to help guide optimal care.
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