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Claudia Schmidt,1 Seher K€uç€ukk€oyl€u,5 Lynn Koster,1 Margarethe Kittel,1 Lea Weiland,5 Karl W. Dreyling,6Gerd Hetzel,1,5

Ortwin Adams,3 Heiner Schaal ,3 Katrin Ivens,1,2 Lars C. Rump,1,2 J€org Timm ,3 and Johannes Stegbauer 1,2

Abstract
Background Patients with kidney failure on dialysis or after renal transplantation have a high risk for severe
COVID-19 infection, and vaccination against SARS-CoV-2 is the only expedient prophylaxis. Generally, immune
responses are attenuated in patients with kidney failure, however, systematic analyses of immune responses to
SARS-CoV-2 vaccination in patients on dialysis and in kidney transplant recipients (KTRs) are still needed.

Methods In this prospective, multicentric cohort study, antibody responses to COVID-19 mRNA vaccines
(BNT162b2 [BioNTech/Pfizer] or mRNA-1273 [Moderna]) were measured in 32 patients on dialysis and in 28
KTRs. SARS-CoV-2–specific antibodies and neutralization capacity were evaluated and compared with controls
(n578) of a similar age range.

Results Afterthefirstvaccination,SARS-CoV-2–specificantibodieswerenearlyundetectableinpatientswithkidneyfailure.
After the second vaccination, 93% of the controls and 88% of patients on dialysis but only 37% of KTRs developed SARS-
CoV-2–specific IgGabove cutoff.Moreover,mean IgG levelswere significantly lower inKTRs (54693BAU/ml) compared
withpatientsondialysis (5036481BAU/ml;P,0.01).BothKTRsandpatientsondialysishadsignificantly lower IgGlevels
comparedwith controls (199262485 BAU/ml; P,0.001 and P,0.01, respectively). Importantly, comparedwith controls,
neutralizing antibody titerswere significantly lower inKTRs andpatients ondialysis. After the secondvaccination, 76% of
KTRs did not show any neutralization capacity against SARS-CoV-2, suggesting impaired seroprotection.

Conclusions Patients with kidney failure show a significantly weaker antibody response compared with controls.
Most strikingly, only one out of four KTRs developed neutralizing antibodies against SARS-CoV-2 after two
doses of vaccine. These data suggest that vaccination strategies needmodification in KTRs and patients on dialysis.

Clinical Trial registry name and registration number:Vaccination Against COVID-19 in Chronic Kidney Disease,
NCT04743947
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Introduction
Although great effort has been made to develop effec-
tive strategies to prevent severe courses of coronavirus
disease 2019 (COVID-19), the options for treating

patients are still disappointing (1). Prophylactic vacci-
nation against severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) became the most effective pro-
tection against COVID-19. Patients with RRT receiving

Key Points

� Immune response to the coronavirus disease 2019 vaccination is significantly reduced in patients with kidney fail-
ure compared with controls without kidney failure.

� After two vaccinations, kidney transplant recipients show the lowest levels of IgGs specific to severe acute respira-
tory syndrome coronavirus 2, with the lowest neutralizing capacity.

� These data suggest that vaccination strategies need modification in kidney transplant recipients and patients on
dialysis.
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dialysis or after renal transplantation belong to the highest
risk group for a severe course of COVID-19 and, conse-
quently, are dying from COVID-19 (2,3). A general concept
to protect these patients against COVID-19 is to prioritize
patients on dialysis and kidney transplant recipients
(KTRs) for vaccination. Until now, studies investigating
immune responses to SARS-CoV-2 vaccination for patients
with kidney failure are sparse (4,5). Moreover, these groups
had been excluded from the main vaccine outcome studies
(6). However, experience from other vaccination programs
showed an impaired immune response in patients on dialy-
sis and in KTRs taking immunosuppressive therapy (7,8).
Consequently, vaccination strategies against these infectious
diseases have been modified by administering higher doses
or changing the dosing interval to increase the immune
response (9). Therefore, it is anticipated that the immune
response to SARS-CoV-2 vaccination is also less robust in
patients on dialysis and in KTRs. In this prospective, multi-
centric observational study, we measured the humoral
immune response to SARS-CoV-2 vaccination in patients
on dialysis and in KTRs and compared them with a control
group with no evidence of kidney failure (10). Time course
and intensity of the immune response after SARS-CoV-2 vac-
cination needs to be known to develop future vaccination
strategies for this particular patient group.

Materials and Methods
Study Population
The study was approved by the ethics committee of the

Medical Faculty at the Heinrich-Heine University
D€usseldorf (D€usseldorf, Germany; study numbers 2020-
1237 and 2021-1287) andwas carried out in linewith theDec-
laration of Helsinki, as revised in 2013. In this multicenter,
prospective, observational study, we consecutively enrolled
32 patients receiving dialysis, 28 KTRs, and 78 volunteers
(controls with no evidence of kidney failure) from a nursing
homewho had received a vaccination appointment between
December 26, 2020 and April 15, 2021, according to the effec-
tive rules of prioritization, as defined by the German govern-
ment at that time (10).
Clinical data were obtained from medical records or

medical questionnaires for the control group. Exclusion
criteria were age ,18 years, inability to give consent,
and former SARS-CoV-2 infection. All participants
signed awritten informed consent. A total of 78 of the pre-
viously described group of 176 volunteers were selected
and matched in the following manner (10). First, they
should not have any evidence of kidney failure. Second,
controls were selected by their date of birth. For each
patient of the KTR and each patient of the dialysis group,
all available controls (one to six controls) with a date of
birth within 12 months of the date of birth of the patients
on dialysis or KTRs were included in the analysis. Age-
matched controls were not available for seven of the 28
KTRs and for one of the 32 patients on dialysis. None of
the participants had a COVID-19 infection in the past,
as determined by patient history and measurement of
SARS-CoV-2 antibodies before vaccination.
In patients on dialysis and KTRs, we decided to perform

five visits (one before vaccination, two after the first vaccina-
tion, and two after the second vaccination) to detect the

vaccination-induced immune response and to monitor
potential adverse events. Blood samples were taken when
regarded as clinically necessary. Side effects after vaccination
were scored semiquantitatively according to the sum of the
following symptoms: (1) elevated temperature and fever,
(2) chills, (3) pain at the injection site, (4) head/limb pain,
(5) fatigue/tiredness, (6) nausea/dizziness, and (7) other
complaints (unscored).

All participants were vaccinated between December 26,
2020 and April 15, 2021. For the control group, the patients
on dialysis, and KTRs, SARS-CoV-2 samples for antibody
levels and neutralization titers (NT) were taken as median
(interquartile range [IQR]) of 19 (17–19), 20 (19–21), and 20
(19–20) days after the first vaccination and 17, 14 (13–15),
and 14 (14–15) days after the second vaccination, respec-
tively. All specimens were stored at 4�C.

Sample Processing
All samples from the participants were sequentially

tested for anti–SARS-CoV-2 antibodies and for SARS-
CoV-2 neutralization efficacy (NT) at the Institute of
Virology, University Hospital D€usseldorf (D€usseldorf,
Germany). Samples were tested for anti–SARS-CoV-2
antibodies, using the commercially available test system
Anti-SARS-CoV-2 QuantiVac ELISA from Euroimmun,
which measures IgG levels against the SARS-CoV-2 spike
S1 subunit. According to the manufacturer’s instructions,
results ,25.6 binding antibody units (BAU)/ml were
considered as negative, $25.6 BAU/ml and #35.2
BAU/ml as indeterminate, and .35.2 BAU/ml as posi-
tive. The upper detection limit for undiluted samples
was .384 BAU/ml, the lower detection limit was ,3.2
BAU/ml. For samples above the detection limit, 1:10 or
1:100 dilutions were performed in IgG sample buffer
according to themanufacturer’s instruction. An immuno-
assay (Elecsys from Roche or Architect from Abbott) for
detection of IgGs recognizing the SARS-CoV-2 nucleo-
capsid protein was used to detect previous SARS-CoV-2
infection.

An end point dilution neutralization test with the infec-
tious SARS-CoV-2 isolate (EPI_ISL_425126) with 100
TCID50 units was performed in a biosafety level 3 facility,
as described previously, to determine the SARS-CoV-2
neutralization capacity of the serum samples after the
first and second vaccination (11). The NTwas determined
as the highest serum dilution without virus-induced
cytopathic effect.

Statistical Analyses
The data were analyzed using GraphPad Prism 7.0

(GraphPad Software, San Diego, CA). The D’Agostino and
Pearson omnibus normality test was performed to test nor-
mal distribution. In the case of normal distribution, t test or
one-way ANOVA followed by the Holm–Sidak test for mul-
tiple comparisons was used, as appropriate. For non-
normally distributed samples, data were analyzed by the
nonparametric Mann–Whitney test or Kruskal–Wallis test
with the post hoc Dunn test. For categoric data, the Fisher
exact test and the chi-squared testwere used to assess the sta-
tistical significancebetweengroups.Correlationswere tested
by the Spearman rank correlation coefficient.
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Results
Participants’ Characteristics
A total of 28 KTRs, 32 patients on dialysis, and 78 volun-

teers were enrolled in this prospective, multicenter, observa-
tional study. The median (IQR) age in KTRs was 66 (61–81)
years, which was lower compared with patients on dialysis,
who had a median (IQR) age of 83 (80–85) years (P,0.01),
and with controls, who had a median (IQR) age of 84
(80–87) years (P,0.001). Male sex was less prevalent in con-
trols (29%) compared with patients on dialysis (69%) and
KTRs (71%) (Table 1).
A total of 31 patients received hemodialysis and one

patient received peritoneal dialysis. The median (IQR)
time on dialysis was 3 (2–6) years. Two patients had a
history of previous kidney transplantation, and five
patients were still taking a low dose of immunosuppres-
sive therapy.
In KTRs, the median (IQR) time after renal transplanta-

tion was 10 (3–12) years. The average eGFR at the
beginning of the study was 46620 ml/min per 1.73 m2.
Of the 28 patients, 22 (79%) were treated with a triple
immunosuppressive treatment (Table 1). Participants
of the control group were either residents of a nursing
home or their caregivers, as described previously
(Table 1) (10).

Reduced SARS-CoV-2 Spike–Specific IgG Levels in Patients
on Dialysis and KTRs after the First and Second Vaccination
After the first vaccination, mean vaccination-induced

SARS-CoV-2 spike S1–specific IgG levels were significantly
lower in patients on dialysis (30672 BAU/ml; P,0.05) and
in KTRs (10624 BAU/ml; P,0.001) compared with controls
(816125 BAU/ml), but levels did not differ between patients
on dialysis andKTRs (Figure 1A). IgG levels above the cutoff
(.35.2 BAU/ml) were only detected in two out of 28 KTRs
(7%) and in three out of 32 patients on dialysis (11%), but
were detected in 33 out of 78 controls (42%) after the first
vaccination.
After the second vaccination, IgG levels increased

significantly in all groups. Nevertheless, differences in the
vaccination-induced immune response, as determined by
SARS-CoV-2 spike S1–specific IgG, became even more evi-
dent between the three groups. IgG levels were still signifi-
cantly lower in KTRs (54693 BAU/ml) compared with the
patients on dialysis (5036481 BAU/ml; P,0.001) and the
controls (192262485 BAU/ml; P,0.001) (Figure 1B). More-
over, IgG levels were significantly lower in patients on dial-
ysis comparedwith controls (P,0.01). IgG levels were found
to be positive (.35.2 BAU/ml) in 73 out of 78 controls (94%)
and in 28 out of 32 patients on dialysis (88%), but only in ten
out of 28 KTRs (36%).

Table 1. Baseline characteristics of patients on dialysis, kidney transplant recipients, and controls without evidence of kidney failure

Characteristics Dialysis (n532) KTR (n528) Control (n578)

General
Age (yr), median (IQR) 83 (80–85) 66 (61–81) 84 (80–87)
Male sex, % 69 71 29
BMI (kg/m2)a 26 27 n.d.
Diabetes, % 28 11 n.d.

Vaccine
BioNTech/Pfizer, n (%) 32 (100) 23 (82) 78 (100)
Moderna, n (%) 0 5 (18) 0
Sample taken after first vaccination (d), median (IQR) 20 (19–21) 20 (19–20) 19 (17–19)
Sample taken after second vaccination (d), median (IQR) 14 (13–15) 14 (14–15) 17

Dialysis
Treatment duration (yr), median (IQR) 3 (2–6)
PD, n 1
HD, n 31
History of previous transplantation, n (%) 2 (6)
Responder to hepatitis B vaccination, n (%) 12 (38)
Nonresponder to hepatitis B vaccination, n (%) 13 (40)
No hepatitis B vaccination/not determined, n (%) 7 (22)
Immunosuppressive treatment, n (%) 5 (16)

Transplantation
Years after transplantation (yr), median (IQR) 10 (3–12)
History of previous transplantation, n 2
Baseline eGFR (ml/min per 1.73 m2), mean6SD 46620
Triple immunosuppressive treatment, n (%) 22 (79)
Dual immunosuppressive treatment, n (%) 6 (21)
Basiliximab, n (%) 16 (57)
Tacrolimus, n (%) 25 (89)
Ciclosporin, n (%) 3 (11)
Mycophenolate mofetil, n (%) 22 (79)
Azathioprine, n (%) 1 (4)
Prednisolone, n (%) 27 (96)

KTR, kidney transplant recipient; IQR, interquartile range; BMI, body mass index; n.d., not determined; PD, peritoneal dialysis; HD,
hemodialysis.
aValues represent mean values.
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To define cofactors influencing the immune response after
SARS-CoV-2 vaccination, differences between KTRs with
positive SARS-CoV-2 spike S1–specific IgGs and KTRs with
lower SARS-CoV-2 levels were analyzed. As shown in Table
2, KTRs with positive IgG levels had been transplanted for a
longer median time andweremore often treated with a dual
immunosuppressive therapy, comparedwithKTRswith IgG
levels ,35.2 BAU/ml. Furthermore, to test whether age
affects the IgG response in patientswith kidney failure, a cor-
relation analysis was performed. We did not find any corre-
lation between IgG levels and age in patients on dialysis
(r520.06; P50.74) or in KTRs (r50.07; P50.73). eGFR did
not correlate with the IgG response in KTRs (r520.10;
P50.63). Five out of 28 KTRs did not receive antimetabolite
immunosuppression therapy (Table 1). Four of these five
patients (80%) showed a positive immune response,whereas
only six out of 23 (26%) KTRs treatedwithmycophenolate or
azathioprine showed a positive immune response (P,0.05).

Reduced SARS-CoV-2 Neutralizing Capacity in Patients with
Kidney Failure Compared with Controls
To further characterize the specific humoral immune

response after COVID-19 vaccination in patientswith kidney
failure, neutralization capacity was determined in patients
on dialysis and in KTRs and compared with controls. After
the first dose of vaccination, neutralizing antibodies were
not detectable in patients on dialysis or KTRs, and in only
four out of 78 controls (4%). After the second vaccination,
the frequency of detectable neutralizing capacity increased
in all three groups. Median (IQR) NTs were significantly
lower in patients on dialysis (1:10 [0 to 1:20]; P,0.01) and
KTRs (0 [0 to 1:10]; P,0.001) compared with controls (1:40
[1:10 to 1:320]) (Figure 2A). Importantly, neutralizing
responses were detected in 60 out of 78 controls (77%) and
in 20 out of 32 patients on dialysis (63%), but only in six
out of 28 KTRs (21%), suggesting an impaired seroprotection
in KTRs (P,0.001 versus control; P,0.01 versus dialysis)

(Figure 2B). Because of the low numbers of KTRs with neu-
tralizing antibodies, a clear correlationbetween any cofactors
and the occurrence of neutralizing antibodies could not be
determined.

Postvaccination Reactions in Patients on Dialysis and KTRs
To assess postvaccination reactions in kidney failure and

to detect a potential effect of the COVID-19 vaccination on
renal function in KTRs, patients were seen 2–4 days after
each vaccination. Reactions to vaccination after the first
and second dose did not differ substantially (Figure 3, A
and B). In 19 KTRs, eGFR values were measured before vac-
cination (43616 ml/min per 1.73 m2) and after the first
(42616 ml/min per 1.73 m2) and second (40616 ml/min
per 1.73 m2) vaccination. eGFR did not differ significantly
between the three time points.

Discussion
In this prospective, multicenter study, we showed an

impaired immune response to the mRNA COVID-19 vac-
cines BNT162b2 (BioNTech/Pfizer) and mRNA-1273 (Mod-
erna) in patients receiving RRT compared with controls
with a similar age range. To our knowledge, this is the first
prospective study that analyses the humoral immune
response to COVID-19 vaccination by measuring IgG levels
and their neutralizing capacity in patients on dialysis and
KTRs, in comparison with participants without kidney
failure. It is well known that patients on dialysis or after kid-
ney transplantation showa reduced immune response to dif-
ferent vaccines, such as hepatitis B or influenza A virus sub-
type H1N1 (7,8). The impaired humoral and cellular
immunity may be caused by accumulation of uremic toxins
in kidney failure and by the chronic intake of immuno-
suppressive drugs (12–15). Here, we showed clearly that
the humoral immune response, measured by SARS-CoV-2
spike–specific IgG levels and the neutralizing capacity of
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Figure 1. | Anti SARS-CoV-2 spike protein-specific antibody titers after first and second vaccination. Antibody titers .35.2 BAU/ml were
considered a positive immune response to vaccination. Antibody titers below the detection limit were set to 1.0. Antibody titers after the
(A) first and (B) second vaccination were significantly higher in controls compared with patients on dialysis and kidney transplant recipients
(KTRs). Moreover, mean antibody titers after the second vaccination were significantly lower in KTRs compared with the dialysis group. For
comparison of three groups, data were analyzed by the nonparametric Kruskal–Wallis Test with post hoc Dunn test. *P,0.05, **P,0.01,
***P,0.001. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Table 2. Differences in baseline characteristics between KTRs with SARS-CoV-2 spike S1–specific IgG >35.2 BAU/ml versus those with
<35.2 BAU/ml

Characteristics

KTR SARS-CoV-2 Spike S1–Specific IgG Level

.35.2 BAU/ml (n510) ,35.2 BAU/ml (n518)

General
Age (yr), median (IQR) 74 (64–81) 65 (60–76)
Male sex, % 70 72
BMI (kg/m2)b 25 26
Diabetes, % 10 11
Malignancy, % 50 39

Transplantation
Time after transplantation (yr), median (IQR) 12 (12–19) 6 (3–11)a

History of previous transplantation 1 1
Baseline eGFR (ml/min per 1.73 m2), mean6SD 44623 47618
History of rejection within a year before vaccination, n (%) 0 (0) 0 (0)

Primary renal disease, n (%)
Glomerular 6 (60) 6 (33)
Vascular 0 (0) 2 (11)
Interstitial 2 (20) 1 (6)
Polycystic kidney disease 2 (20) 4 (22)
Diabetes 0 (0) 2 (11)
Other 0 (0) 3 (17)

Immunosuppression, n (%)
Triple therapy 5 (50) 17 (94)
Dual therapy 5 (50) 1 (6)a

Basiliximab 5 (20) 11 (44)
Tacrolimus 8 (80) 17 (94)
Ciclosporin 2 (20) 1 (6)
Mycophenolate mofetil 6 (60) 16 (89)
Azathioprine 0 (0) 1 (6)
Prednisolone 9 (90) 18 (100)

KTR, kidney transplant recipient; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; IQR, interquartile range; BMI, body
mass index.
aSignificant difference between groups (P,0.05) using Mann–Whitney test.
bValues represent mean values.
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the antibodies, was almost undetectable in patientswith kid-
ney failure 2–3 weeks after the first vaccination, and this was
significantly reduced compared with controls. Although
some studies showed protection against COVID-19 infection
after the first injection, our results indicate that patients
receiving RRT by dialysis or renal transplantation are
much less protected after the first vaccination (16–19).
Twoweeks after the secondvaccination, a timepointwhen

full protection can be assumed (20,21), mean SARS-CoV-2
spike–specific IgG levels were significantly lower in patients
on dialysis and even lower in KTRs compared with controls.
This is highlighted by our finding that only 37% of KTRs had
developed IgG levels above the cutoff 2 weeks after the sec-
ond vaccination. In addition to IgG levels as a classic param-
eter for assessing humoral immune response, we measured
the neutralizing capacities of these antibodies. Recent studies
have shown that neutralizing antibodies are crucial for
defense against viruses like SARS-CoV-2 (A. S. Iyer et al.,
unpublished observations; https://doi.org/10.1101/2020.
07.18.20155374) (22). High neutralizing antibody levels
seem to be relevant for protection against novel circulating
SARS-CoV-2 escape variants (S. Jangra et al., unpublished
observations; https://doi.org/10.1101/2021.01.26.21250543)
(23,24). Whereas 77% of controls and 63% of patients on dial-
ysis developed neutralizing antibodies, only 24% of the KTRs
showed someneutralization capacity after the secondvaccina-
tion. Although the percentage of patients on dialysis who
attained neutralizing capacity was not statistically different
to that of the controls, the median neutralizing antibody titers
were significantly lower, suggesting less seroprotection
against SARS-CoV-2.
The highly significant lower levels of SARS-CoV-2

spike–specific IgGs and neutralizing antibodies in KTRs sug-
gest specific underlying mechanisms. Previous studies have
addressed the role of immunosuppressive drugs, renal func-
tion, andage. Twoobservational studies in transplant patients
showed a correlation between a reduced immune response to
SARS-CoV-2 vaccination with the use of antimetabolite
immunosuppression, such as mycophenolate and azathio-
prine, and with impaired renal function (25,26). In this
study, we also found a positive signal for a reduced immune
response and use of antimetabolite immunosuppression.

Therewas no correlation between IgG levels andkidney func-
tion or age in KTRs.

Postvaccination reactions were assessed in all three
groups. Both vaccinations were well tolerated, and kidney
function was not affected in KTRs. Therefore, vaccination
against SARS-CoV-2 by an mRNA vaccine appears to be
safe in patients with kidney failure.

There are several strengths in this study. First, samples
from all patients were analyzed in the same laboratory using
an identical protocol for quantification of IgG levels and neu-
tralizing capacity. Second, all three groups were of a similar
age range, with the lowest median age in the KTRs. Because
KTRs had also the lowest immune response to vaccination,
an age-dependent bias toward better immunity in this group
can be excluded (10). Third, the study was performed in a
controlled, prospective manner with a similar protocol
including time points of sampling and analysis in patients
on dialysis and KTRs.

The limitations of this study are the relatively low number
of KTRs and the lack of exploration into the cellular immune
response in the cohorts.

However, this study offers enough evidence that the
humoral immune response to SARS-CoV-2 vaccination is
significantly impaired in patients on dialysis and in KTRs,
comparedwith controls. This suggests the need formodifica-
tion of vaccination strategies for patientswith kidney failure.
In line with this suggestion, a recent observational study
reported an additional effect of a third vaccination in KTRs
with markedly attenuated antibody response after the sec-
ond vaccination (27). In that study, six of 30 KTRs (20%)
had low detectable SARS-CoV-2 antibodies levels, whereas
the othersdid not showany response. This immune response
pattern is similar to that found in our case series of 28 KTRs
(five of 28 KTRswith low detectable SARS-CoV-2 antibodies
levels ,35.2 BAU/ml). Interestingly, those KTRs with
detectable SARS-CoV-2 antibodies levels after the second
vaccination showed an effective immune response after the
third vaccination (27). In contrast, the majority of patients
with no detectable antibodies after the second vaccination
did not benefit from the third vaccination. Thus, it would
be plausible to recommend a third vaccination in KTRs
with detectable SARS-CoV-2 antibody levels after the second
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vaccination. Furthermore, itwill be essential to identifymod-
ifiable factors to enhance the chance of a sufficient immune
response to vaccination in KTRs. Our findings underpin
the recommendation to vaccinate all patients against SARS-
CoV-2 on the transplant waiting list.
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