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ABSTRACT

The Omicron variant, which has become the dominant
strain of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) worldwide, brings new challenges to prevent-
ing and controlling the infection. Moreover, the widespread
implementation of vaccination policies before and after
transplantation, and the development of new prophylac-
tic and treatment strategies for coronavirus disease 2019
(COVID-19) over the past 12-18 months, has raised several
new issues concerning kidney transplant recipients. In this
special report, the ERA DESCARTES (Developing Education
Science and Care for Renal Transplantation in European States)
Working Group addresses several questions related to everyday
clinical practice concerning kidney transplant recipients and
to the assessment of deceased and live kidney donors: what
is the current risk of severe disease and of breakthrough

infection, the optimal management of immunosuppression
in kidney transplant recipients with COVID-19, the role
of passive immunization and the efficacy of antiviral drugs
in ambulatory patients, the management of drug-to-drug
interactions, safety criteria for the use of SARS-CoV-2-positive
donors, issues related to the use of T cell depleting agents
as induction treatment, and current recommendations for
shielding practices.

Keywords: antiviral agents, COVID-19, kidney donation,
kidney transplantation, SARS-CoV-2

INTRODUCTION

Since the identification of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) at the beginning of 2020, the
world has seen a rapid and wavelike spread of the virus. The
currently dominant Omicron variant (B.1.1.529) spreads very
fast but appears to cause less severe disease than previous
variants. Consequently, the number of kidney transplant
recipients (KTR) admitted because of coronavirus disease
2019 (COVID-19) is lower than before and attention is
shifting to management of ambulatory patients, preparation
for transplantation and planning of surgery. Herein we address
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several questions that are related to these issues and rank high
on the agenda in everyday clinical practice.

DO KTR STILL HAVE AN INCREASED RISK
FOR A SEVERE COURSE OF THE DISEASE?

During the first wave, findings from the ERACODA database
showed a 28-day COVID-19-related mortality of 21.3% in
KTR and 25.0% in dialysis patients [1]. In European patients,
mortality was 28% higher in KTR when compared with
matched dialysis patients [2]. Goffin et al. reported that after
adjustment for comorbidities and other confounders, KTR had
twice the mortality of hemodialysis patients [3]. Accordingto a
recent meta-analysis, transplant patients with COVID-19 had a
higher risk (+57%) of intensive care unit admission than non-
transplant patients [4].

When compared with patients with COVID-19 in the
first half of 2020, solid organ transplant recipients who were
affected by the disease in the second half of that year had
a lower mortality risk [5]. In a Spanish registry study, the
case-fatality rate was overall lower in the second than in the
first period (15.1% versus 27.4%), but similar in critically
ill patients (66.7% versus 58.1%) [6]. A population-based
cohort study showed that even after one or two vaccinations,
COVID-19-related mortality was 8.1 fold higher in KTR as
compared with the general population [7]. Recent US data
showed a reduction in the rates of hospitalization (26% versus
60%) and mortality (2% versus 10%) in 347 infected solid
organ transplant recipients during the Omicron surge, when
compared with the first and second wave of the pandemic
[8]. Finally, in a French cohort, the mortality in KTR infected
with the Omicron variant was 4% [9]. Thus, the overall picture
is that the COVID-19-related mortality in KTR is markedly
lower in the Omicron era, but remains higher than in the
general population.

WHAT IS THE RISK OF BREAKTHROUGH
INFECTION WITH CURRENT VARIANTS IN
VACCINATED KTR?

In the general population, the protection against infection and
severe disease after two vaccinations is considerably less for the
Omicron as compared with the Delta variant [10]. KTR have
a lower antibody response after vaccination [11], and a higher
risk of severe breakthrough infection [12-14]. Consequently, it
can be expected that the risk of breakthrough infection with the
Omicron variant is even further increased in this population.
The concentration of neutralizing antibody titers and the
protection against infection with the Omicron variant can
be increased by administering booster vaccinations [15].
However, 4 weeks after administering a third dose of an mRNA
vaccine to 51 KTR, only 12% had neutralizing responses to the
Omicron variant, compared with 61% and 59% to the wild-
type and Delta variants, respectively [16]. Similar data were
found in a cohort of 60 solid organ transplant recipients, with
18% of the patients having detectable neutralizing antibody
responses to Omicron 1 month after completion of three
doses of mRNA-1273 [17]. These data indicate that there
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will remain a relatively high risk of breakthrough infections
with the Omicron variant, even after booster vaccinations.
Nevertheless, a certain degree of protection against severe
disease might still exist because of vaccine-induced cellular
immunity, and non-neutralizing antibodies, supporting the
policy of repeated booster vaccinations [18].

In brief, the risk of breakthrough infection with cur-
rent variants is still high in vaccinated KTR. This empha-
sizes the need for additional protective measures includ-
ing further vaccine doses (repeated boosters) and antiviral
drugs.

SHOULD THE IMMUNOSUPPRESSIVE
REGIMEN BE TEMPORARILY ADJUSTED
WHEN A KTR HAS COVID-19?

In an earlier expert opinion paper by the DESCARTES
Working Group, we provided recommendations on the man-
agement of immunosuppression in KTR who are beyond 3-
6 months after transplantation [19]. We believe that in the
current era with milder consequences of COVID-19 it is
in general not necessary to change the immunosuppressive
therapy in ambulatory patients who are asymptomatic or
have mild disease without signs of COVID-19 pneumonia.
However, when there are risk factors for progression to severe
disease such as previous treatment with lymphocyte-depleting
agents, we recommend temporarily reducing the intensity of
immunosuppressive treatment. In more severe cases, we refer
to the recommendations given in the previous paper [19].

WHAT ARE THE OPTIONS FOR PASSIVE
IMMUNIZATION IN AMBULATORY KTR?

Monoclonal antibodies (mAb) directed against SARS-CoV-2
S-protein have been developed in record time, to provide im-
mediate protection against developing disease. Almost all mAb
are human IgG1 directed against the receptor binding domain
or adjacent regions. In the general population, treatment with
mAb has been demonstrated to be safe, and to significantly
reduce hospitalizations or deaths in non-immunized high-
risk individuals with early mild-to-moderate COVID-19, with
a relative risk reduction of up to 85% [20-22]. In the most
recently published study (TACKLE), progression to severe
COVID-19 or death occurred in 4% of ambulatory patients
treated with the combination of tixagevimab and cilgavimab
versus 9% of placebo-treated patients (P < .01) [23]. Based
on these results, treatment with mAb has replaced the use of
convalescent plasma, for which a clear beneficial effect has
not been demonstrated [24]. Unfortunately, KTR have been
excluded from the main randomized control trials with mAb
and data are therefore derived from case series and small
retrospective studies [25-29]. mAb seem to be safe in KTR,
but no conclusive data are available so far on the efficacy of
mAb in the transplant population. In a retrospective study on
95 KTR (of whom 20 received mAb) a significant decrease
was observed in hospitalizations or emergency room visits
(15% versus 76%, P < .001) [28]. A smaller effect of mAb was
reported in a single center retrospective study on 165 SOTs
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where the 30-day hospitalization rate was 8.7% in the mAb
treated group and 15.3% in the comparator group (NS) [25].
mAb have also been proposed in the setting of pre-
exposure prophylaxis. In an ongoing trial, non-vaccinated
adults with an increased risk of an inadequate response to
vaccination and/or an increased risk of exposure to SARS-
CoV-2 received a single intramuscular administration of
the combination of tixagevimab and cilgavimab (AZD7442)
or placebo. Symptomatic COVID-19 within 6 months after
administration occurred in 8 of 3441 participants (0.2%) in
the AZD7442 group and in 17 of 1731 participants (1.0%)
in the placebo group (P < .001) [30]. In 88 KTR who were
non-responders to full-course vaccination, no patient treated
prophylactically with the combination of casirivimab and
imdevimab developed COVID-19 infection, while 5 of 31
(16%) of KTR without prophylaxis experienced COVID- 19
infection, 2 required ICU admission and 1 died [31].

Importantly, the data described above were obtained in
non-vaccinated patients and before the emergence of the
Omicron variant in December 2021. Since the risk of hospital
admission and death is lower with the Omicron variant [8, 32],
the absolute risk reduction obtained with these drugs may be
smaller, which will increase the number needed to treat (NNT)
to prevent one hospitalization or death. Furthermore, the
effectiveness of mAb is different for the various virus variants
and breakthrough Omicron COVID-19 infections have been
reported in patients receiving a combination of mAb [33]. In
vitro platforms are used for constant testing of the neutralizing
activity of mAb against new variants of concern, suggesting
which mAb to be used in the clinical setting [34]. Data on
neutralizing susceptibility to mAb of the various virus variants
are updated on a website from Stanford University registries
[35]. Sotrovimab was shown to have a beneficial effect in a
retrospective study on KTR infected with the Omicron variant
circulating in January of 2022 [36], but it is probably ineffective
for the current BA.2 subvariant. Likewise, the neutralizing
efficacy of most mAb is considerably lower for the newest BA.4
and BA.5 subvariants.

From the currently available mAb, only cilgavimab and
bebtelovimab appear to have reasonable neutralizing activity
against the Omicron/BA.2 variant and have been authorized
for pre-exposure prophylaxis in non-effectively immunized
KTRs in European countries. Finally, the emergence of
resistant variants among immunocompromised individuals
treated with mAD has recently been reported [37].

Taken together, the use of mAb for treatment of early
infection or as pre-exposure prophylaxis is a rational and
safe approach. Based on the available data, treatment with
mADb, either in case of early infection or as pre-exposure
prophylaxis, can be considered in immunosuppressed patients
who are unvaccinated or have an insufficient or waned immune
response to vaccination, especially in the presence of additional
risk factors for a severe disease course, such as comorbidity.
The NNT for the prevention of one hospitalization or death is
probably smaller for treatment of early infection as compared
with pre-exposure prophylaxis. Notably, with each new virus
variant the susceptibility for the currently available mAb
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appears to decrease, which limits the applicability and cost-
effectiveness.

WHAT IS THE EFFICACY OF ANTIVIRAL
DRUGS IN AMBULATORY KTR?

Currently, three antiviral drugs have been demonstrated to
be effective in the treatment of ambulatory patients with
COVID-19. Randomized placebo-controlled trials were per-
formed in unvaccinated adults with at least one risk factor
for progression to severe COVID-19 disease and included
(COVID-19 related) hospitalization or death within 4 weeks
after start of treatment as endpoint. Molnupiravir, a nucleoside
analog started within 5 days after the onset of mild-to-
moderate disease, reduced the percentage of participants who
were hospitalized or died from 9.7% (placebo group) to 6.8%
(molnupiravir 800 mg b.i.d. for 5 days), corresponding to
a NNT to prevent one hospitalization or death of 34 [38].
Nirmatrelvir is a protease inhibitor that is used in combination
with ritonavir to inhibit the CYP3A-mediated metabolism
of nirmatrelvir. Nirmatrelvir/ritonavir 300/100 mg b.i.d. for
5 days, commenced within 5 days after the onset of disease
reduced the percentage of patients who were hospitalized or
died by day 28 from 6.3% (placebo group) to 0.8% (NNT 18)
[39]. In patients treated with the nucleoside analog remdesivir,
started within 7 days of symptom onset, hospitalization or
death within 28 days occurred in 0.7% of the patients as
compared with 5.3% in the placebo group (NNT 22) [40].
Of note, patients infected with the Omicron variant were
not included in the trials summarized above. Moreover, the
proportion of immunocompromised patients included in these
trials was less than 5%, precluding any conclusion on the
efficacy in these patients.

Like for mAb, we think that treatment with antiviral drugs
(within the investigated time interval after disease onset)
is a valid option in immunosuppressed patients who are
unvaccinated or not protected by vaccination, especially when
the risk for a severe disease course is increased. Remdesivir
and nirmatrelvir/ritonavir appear to be most effective, but
a major disadvantage of remdesivir is the need for iv. ad-
ministration. The use of nirmatrelvir/ritonavir is challenging
because of severe drug-drug interactions due to the CYP3A
inhibition by ritonavir, which can strongly increase the blood
concentrations of calcineurin inhibitors (tacrolimus even more
than cyclosporine) and mTOR inhibitors. A useful source for
information on these interactions is the Liverpool COVID-19
Drug Interactions website [41]. A recommendation for how to
manage these interactions has been published [42]. In patients
who are at relatively low risk of acute rejection, a pragmatic so-
lution could be to discontinue calcineurin inhibitors or mMTOR
inhibitors during the 5-day course of nirmatrelvir/ritonavir
and to resume the use of these drugs 2-3 days later. In
addition, the use of remdesivir and nirmatrelvir/ritonavir are
not recommended when estimated glomerular filtration rate is
less than 30 mL/min/1.73 m?.

In conclusion, there are effective antiviral agents available
for the treatment of early COVID-19. However, the most
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efficacious agents either require iv. administration
(remdesevir) or have strong pharmacokinetic interactions
with a wide array of other drugs (nirmatrelvir/ritonavir).

WHAT ARE THE CONSEQUENCES OF
COVID-19 OR A POSITIVE SARS-COV-2 TEST
FOR DECEASED KIDNEY DONATION?

A major concern in transplantation of organs or tissues from
donors with COVID-19 is the transmission of SARS-CoV-
2 virus to the recipient [43]. SARS-CoV-2 PCR examination
in nasopharyngeal, pharyngeal or bronchoalveolar lavage
specimens, and thoracic computed tomography (CT) scan are
the most reliable techniques to rule out COVID-19. However,
if there is any suspicion of COVID-19 (e.g. unexplained fever,
respiratory symptoms, ground-glass lung infiltrates on CT-
scan examination) donation should be rejected [44]. The
recommendations are less clear for donor candidates with
resolved or non-active COVID-19. In potential donors with
prior COVID-19, a 14-day symptom-free interval with a
negative SARS-CoV-2 PCR has been suggested [44], but there
are differences between various guidelines [45]. Importantly,
the transmission of SARS-CoV-2 through organs other than
lungs has not been demonstrated, even when the donor had
an active infection at the time of donation [43, 46]. This is
particularly important, as we are now seeing an increased
number of potential donors with positive SARS-CoV-2 tests
who die due to other causes where there is uncertainty about
the significance of the test. With the lack of demonstrated
transmission of SARS-CoV-2 and other respiratory viruses
through non-lung transplants [47], and the lower disease
severity with the Omicron variant, the use of organs from
asymptomatic SARS-CoV-2 PCR positive donors who died
for other reasons could be considered in recipients who are
effectively vaccinated and/or had a prior natural infection.
Such a policy, with active follow-up of recipients, is supported
by some national transplant organizations (e.g. from Spain and
Italy), of course only after obtaining informed consent from the
prospective recipient.

In summary, while active COVID-19 is an absolute contra-
indication for organ donation, individuals with asymptomatic
SARS-CoV-2 infection or resolving COVID-19 can serve as
organ donors when certain conditions are met.

WHAT IS THE IMPACT OF COVID-19

ON DECEASED DONOR KIDNEY
TRANSPLANTATION AND THE PLANNING
OF LIVING DONOR KIDNEY
TRANSPLANTATION?

KTR are faced with a higher risk of infectious complications
due to immunosuppression. During the first wave, the mor-
tality of COVID-19 appeared to be higher in KTR than in
candidates for kidney transplantation [48, 49], supporting a
delay of transplant activities. With less pathogenic variants,
and the majority of patients being vaccinated, a delay of
transplantation seems no longer warranted.

COVID-19 and kidney transplantation

If a transplant candidate contracts COVID-19, transplan-
tation is usually postponed, but the optimal duration of
the delay remains unclear. A more than 3-fold increased
mortality has been demonstrated in (unvaccinated) patients
undergoing surgery during the first 6 weeks after COVID-19
[50]. Therefore, recently updated guidelines recommend (i)
pre-operative COVID-19 vaccination with three doses should
be applied, preferably the last dose at least 2 weeks before
surgery, and (ii) elective surgery should not be performed
within 7 weeks after a SARS-CoV-2 infection in unvaccinated
patients, unless the benefits exceed the risk of waiting [51, 52].
There is not enough evidence to make recommendations for
those who become infected after COVID-19 vaccination, and
it is also unknown whether the data on an increased risk of
mortality after surgery are similar for asymptomatic patients
and those infected with the Omicron variant [52, 53].

Whether vaccination against COVID-19 should be manda-
tory for kidney transplantation candidates is an interesting
question with several medical, ethical and legal aspects. For
more extensive discussion of this topic we refer to some recent
papers [54, 55].

Although kidney donors are healthy before donation,
following surgical nephrectomy they will have reduced renal
reserve, which may increase the risk of acute kidney injury in
the context of severe COVID-19 infection [56]. Unless urgent
indications exist, postponing living-donor transplantation
could be considered during the highest waves of a pandemic
until circumstances improve. This strategy may protect donors
from extra risks and also increase their willingness to donate
because some live donors may hesitate to donate their organs
with the anxiety of contracting disease during evaluation or
after donating. Especially when donors are vaccinated, a liberal
approach is justified when the risk of acquiring infection is
low and the prevailing virus variants cause less severe disease.
The aforementioned recommendations on avoiding elective
surgery within 7 weeks of SARS-CoV-2 infection apply for the
unvaccinated donors as well.

HOW DO WE HANDLE THE USE OF T CELL
DEPLETING AGENTS FORINDUCTION
THERAPY WHEN THE RISK OF EXPOSURE TO
SARS-COV-21S HIGH?

When the COVID-19 pandemic started in 2020, most trans-
plant centers were less likely to use T cell depleting agents,
and more likely to use non-depleting agents [57]. The need for
using T cell depleting agents was also reduced since high-risk
transplants, such as recipients with donor-specific antibodies
or ABO-incompatibility with the donor, were being deferred.
There are few to no data available to support management
decisions regarding induction therapy. The available data are
weak at best [58]. Presently, the dominant virus variant is
causing mild disease, few transplant patients are admitted
for inpatient care and outcome has improved. Due to the
lack of evidence, management decisions regarding induction
therapy should be made on an individual basis by expert
opinion. We should use available knowledge on risk factors
for a severe course of COVID-19, including high age, obesity,

1827



diabetes and cardiovascular disease. Accordingly, we suggest
that induction therapy could as a main rule be carried
out as before the pandemic in individuals at low risk for
serious disease. However, in more frail individuals with many
risk factors, transplant professionals should make individual
assessments regarding the type of induction therapy, and con-
sider using non-depleting or no induction therapy, if this is a
possibility.

SHOULD KTR CONTINUE SHIELDING
PRACTICES?

During the first waves of the pandemic and in the pre-
vaccination era, many KTR have adopted shielding policies
to avoid exposure to the SARS-CoV-2 virus. Currently, the
large majority of KTR have received multiple vaccinations,
experienced COVID-19 or both, with resulting development of
at least some degree of protection against severe disease. With
fewer pathogenic virus variants and a low risk of exposure in
the community, we feel that very strict shielding policies are
not warranted anymore and may even harm the patients due
to unnecessary isolation from social intercourse. KTR with a
low or absent antiviral immune response, may be reassured by
the current availability in most countries of mAb and antiviral
drugs that appear to be effective in early stages of COVID-19
[59].

CONCLUSION

The emergence of the Omicron variant of the SARS-CoV-
2 virus and the widespread implementation of vaccina-
tion have dramatically changed the clinical appearance of
COVID-19 in KTR. While the risk of getting infected is higher
with the Omicron variant, current rates of hospitalization
and mortality are the lowest since the start of the pandemic.
In addition to active immunization by vaccination, passive
immunization and treatment with antiviral drugs can further
reduce the risk of a severe course of COVID-19, although the
efficacy and cost-effectiveness of these agents in patients using
immunosuppressive drugs is difficult to judge due to a lack of
data. Ideally, prospective clinical trials should be performed
especially in such high-risk patients.
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