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Abstract

Majority of transplant recipients did not develop an appreciable humoral response

following SARS-CoV-2 vaccine, in contrast to dialysis patients and healthy individu-

als. We analyzed the serologic response to BNT162b2 (Pfizer-BioNTech) vaccine in a

cohort of 19 kidney transplant recipients, vaccinated prior to transplantation, com-

pare to 109 recipients vaccinated after transplantation, and to 39 healthcare work-

ers, by determining the level of anti-spike antibodies after transplantation. All con-

trols and 17 of 19 (90%) of recipients vaccinated before transplant were seropositive,

while only 49 of 109 (45%) recipients vaccinated post-transplant had positive serology

(P < .001). Median anti-spike IgG in the group of kidney transplant recipients vacci-

natedafter transplantation (10.7AU/ml, [IQR0–62.5])was lower than thepatients vac-

cinated before transplantation (66.2 AU/ml [21.6–138]), which was significantly lower

than in the controls (156 AU/ml [99.7–215.5]). Negative humoral response was associ-

atedwith vaccination post transplantation (odds ratio 22.4), older age (OR= 1.04), and

longer time on dialysis (OR = 1.02), while higher lymphocyte count at time of vaccina-

tion was protective (OR = .52). Our findings of sustained superior humoral response

to SARS-CoV-2 vaccine in kidney transplant recipients vaccinated prior to transplanta-

tion strongly support the recommendations of SARS-CoV-2 vaccination of transplant

candidates, especially those younger than 60 years.
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1 INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-

tion and the resulting disease, coronavirus disease 2019 (COVID-19),

have spread to millions of people worldwide. COVID-19 in solid organ

transplant (SOT) recipients is associated with increased morbidity and

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

mortality due to their multiple comorbidities and chronic immunosup-

pression state.1,2

While SOT recipients were not enrolled in phase three studies

of SARS-CoV-2 vaccines,3,4 few studies demonstrated recently that

the majority of SOT recipients did not have an appreciable immune

response following a mRNA SARS-CoV-2 vaccine.5–7 In contrast to
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that, most end-stage renal disease (ESRD) patients on dialysis mount

a serologic response to the mRNA vaccines, albeit they present lower

post-vaccination antibody levels than healthy controls.8,9

The ideal timing of SARS-CoV-2 vaccination in the SOT setting is not

known. The current recommendations of transplantation societies are

to get vaccinated at least 2 weeks prior to transplantation.10–12 How-

ever, data to support this approach in SARS-CoV-2 vaccines does not

exist.

The present study was aimed to quantify the humoral response fol-

lowing full vaccination with the BNT162b2 (Pfizer-BioNTech) SARS-

CoV-2 vaccine in a cohort of kidney transplant recipients, vaccinated at

least 1month prior to transplantation, by determining the level of anti-

bodies directed against the S (spike) antigen after transplantation, and

to compare it to kidney transplant recipients vaccinated after trans-

plantation, and to immunocompetent vaccinated healthcare workers.

In order to eliminate cases with prior exposure to the virus and evalu-

ate the effect of the vaccine itself, only participantswith negative serol-

ogy to SARS-CoV-2 nucleocapsid (N) protein were included.

2 METHODS

2.1 Study design

Three cohorts were included in the study: (1) Pre-transplant vacci-

nation group (Pre-Tx Vac), composed of 19 consecutive adult kidney

transplant recipients, who received full vaccination (two doses 21

days apart) at least 1 month prior to kidney transplantation, (2) Post-

transplant vaccination group (Post-Tx Vac), composed of 116 kidney

recipients who were vaccinated after transplantation, and (3) Control

group, composed of 39 vaccinated healthcare workers.

Our group previously reported6 an analysis on serology testing in

a group of kidney transplant recipients (all vaccinated post-transplant)

and healthy controls, performed in February 2021. We offered all kid-

ney transplant recipients, as well as healthcare workers, to repeat the

serology test in April 2021, including individuals who did not perform

it previously. In our current study, there is an overlap of participants in

the Post-Tx Vac group (84 of 116) and controls (27 of 39) from the pre-

vious study. All participants in the study had the second dose of vacci-

nation between January 10, 2021 and February 4, 2021, and serology

test between April 11, 2021 andMay 30, 2021.

All transplant recipients are regularly followed in Tel Aviv Sourasky

Medical Center (TASMC), SOT clinic, and had a routine visit during the

studyperiod. All studyparticipants providedwritten informed consent.

The subjects were included if they had negative history of COVID-

19 and were never found to have positive polymerase chain reac-

tion (PCR) to SARS-CoV-2. All participants had completed full vaccina-

tion with two doses of the BNT162b2 SARS-CoV-2 (Pfizer-BioNTech)

vaccine, with the recommended interval of 21 days between the two

doses. The blood samples were collected at least1month after the sec-

ond vaccine dose injection and at least 1month after transplantation in

recipients vaccinated before transplantation (Pre-Tx Vac group).

For the detection of anti-SARS-CoV-2 antibodies we used the Dia-

Sorin LIAISON SARSCoV-2 S1/S2 IgG serology assay,13 which was val-

idated previously.14

Freshly collected blood in clot activator and gel tube was cen-

trifuged at 4500 rpm for 10 min. The sera were separated and stored

at 4◦C for analysis.

LIAISON SARS-CoV-2 S1/S2 IgG chemiluminescent assay (DiaSorin

S.p.A., Saluggia, Italy) was used according to the manufacture instruc-

tions, to detect IgG antibodies directed against a recombinant S pro-

tein (S1/S2).13 Samples displaying< 12.0 AU/ml were considered neg-

ative, those ranging between 12.0 and 15.0 AU/ml are equivocal, and

those > 15 AU/ml were considered as positive. For the purpose of the

analysis, participants with equivocal response (a total of two partici-

pants) were considered as negative.

In addition, in order to explore prior exposure to SARS-CoV-

2, every participant was tested to IgG antibodies directed against

the SARS-CoV-2 nucleocapsid protein, performed with an Architect

i2000SR analyzer (Abbot Diagnostics, IL, USA) and Abbott chem-

istry according to the manufacture instructions. A cutoff of 1.4

index (S/C) was used.14 Patients with detectable IgG antibodies

for the SARS-CoV-2 nucleocapsid protein were excluded from the

study.

All kidney transplant recipients received induction immunosuppres-

sion therapy with anti-thymocyte globulin or basiliximab, according

to patients’ risk of rejection, in addition to methylprednisolone

intravenously, followed by triple maintenance immunosuppression

including calcineurin inhibitors (CNIs; tacrolimus or cyclosporin),

mycophenolate mofetil or mycophenolate sodium (MMF) and low

dose prednisone (5 mg/day). This is consistent with the 2009 Kidney

Disease: Improving Global Outcomes (KDIGO)15 guideline for the

Care of Kidney Transplant Recipients. According to the patient’s risk

stratification for rejection, side effects or other considerations, the

maintenance regimen were intensified or reduced, including changing

doses or suspending specific agent, adding or switching to mTOR

inhibitors (everolimus or sirolimus) or azathioprine.

Clinical and epidemiological data were obtained from the medical

charts. Data on the maintenance immunosuppression and laboratory

tests was obtained from the last clinic visit prior the first vaccine dose.

Serum creatinine was recorded on the day of blood sampling for the

serology test for both recipients’ study groups.

Triple immunosuppression was defined as any combination of

three different medications (including prednisone, CNIs, MMF, mTOR

inhibitors, or azathioprine). Treatment with high dose corticosteroids

was defined as a pulse of methylprednisolone (≥125 mg per day), or

prednisone (≥40 mg per day). Low dose prednisone was defined as

10mg or less per day.

Estimated glomerular filtration rate (eGFR) was calculated using

MDRD formula16 and adjusted to body surface area (Mosteller calcu-

lation). Body mass index (BMI) was defined as dry weight in kilograms

divided by height in squaremeters.

The study was approved by the TASMC institutional ethical review

board.
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2.2 Statistical analysis

Continuous variables were first tested for normal distribution using

theKolmogorov-Smirnov test andQ-Qplots andwere summarized and

displayed as mean (standard deviation, SD) for normally distributed

variables, and as median (IQR, interquartile range) for non-normally

distributed variables.

Categorical variables were displayed as number of patients and the

percentage in each group. For all categorical variables, the Chi-Square

statistic was used to assess the statistical significance between groups.

Continuous variables were compared by using a t-test or ANOVA if

normally distributed or by Kruskal Wallis/Mann-Whitney test if non-

normally distributed.

Correlation between two continuous parameters was calculated by

Spearman analysis. In order to identify which variables are affected

by multicollinearity and the strength of the correlation, we calculated

Variance Inflation Factors (VIF) and reported VIF above three. We fit-

ted binary logistic regression models for the risk of negative serology

test including the significant variables that were found in univariate

analysis.

P < .05 was considered statistically significant for all analyses. IBM

SPSS Statistics forWindows, version 22 (IBMCorp., Armonk, NY, USA)

was used for all statistical analyses.

3 RESULTS

Seven transplant recipients (all of them vaccinated after transplanta-

tion) were excluded from further analysis due to finding of positive IgG

antibodies toSARS-CoV-2nucleocapsidprotein as a serologicalmarker

of their remote exposure to the natural virus (all seven had positive lev-

els of anti-spike antibodies as well).

The group of Pre-Tx Vac composed of 19 kidney transplant recipi-

ents transplanted from February 12, 2021 to May 4, 2021. The time

range from completing the SARS-CoV-2 vaccination to kidney trans-

plantation ranged from 30 to 84 days.

The group of Post-Tx Vac composed of 109 participants, trans-

planted between January 1, 1996 and January 12, 2021. Seven of

them had liver and kidney transplants, and nine–simultaneous kidney

and pancreas transplantation (SPK). Twenty-one patients in this group

were transplantedduring the12months preceding the vaccination, but

none of them in the latest 3months.

All participants in all cohorts were Caucasians except one liver and

kidney recipient of East African (Ethiopian) origin.

As shown in Table 1, no significant differences were observed

between subjects in the three study groups with similar mean age

as well as similar timing of the serum sampling post vaccination

(Table 1). However, the control group of healthcare workers had a

higher percentage of females, and a lower prevalence of individuals

with hypertension and diabetes, as compared to both transplant recip-

ients’ groups.

As expected, period of time following transplantation was signifi-

cantly shorter in Pre-Tx Vac group. There was a similar rate of pre-

emptive transplantations (without need for dialysis prior to kidney

transplantation) in both groups.

Five patients in the Post-Tx Vac group had active malignancies

other than non-melanomatous skin cancer at the time of vaccina-

tion (one renal cell carcinoma, one posttransplant lymphoprolifera-

tive disease (PTLD)-both were on systemic chemotherapy), two pro-

static carcinoma, one Kaposi sarcoma). Only one out of five was

seropositive.

The type of induction immunosuppression was quite similar in

Pre-Tx Vac and Post-Tx Vac groups: basilixmab vas used in 26% and

44%and anti-thymocyte globulin in 74%and57%, respectively,P= .12.

Unsurprisingly, all recipients in Pre-Tx Vac received high dose corticos-

teroids and had a higher rate of recent treatment with anti-thymocytic

globulin.

Maintenance immunosuppression was similar in both groups, apart

of more frequent use of MMF in Pre-Tx Vac group. All pre-Tx Vac

group were on a regimen includes tacrolimus, prednisone and MMF.

Most recipients (84%) in post-Tx Vac group were treated with a com-

bination of three immunosuppressive medications as well, most of

them with prednisone, tacrolimus andMMF (65, 71%); in two patients

in this group the maintenance immunosuppression regimen was de-

intensified in the 30 days prior to the vaccine (MMF was temporarily

suspended).

3.1 Clinical outcomes and adverse reactions after
the vaccine administration

Threeparticipants (all of them inPost-TxVac group) developedCOVID-

19 after vaccination. One patient, vaccinated 12 months after kidney

transplantation, with undetectable antibody levels after full vaccina-

tion, expired due to PCR-proven severe COVID-19, 9 weeks after the

seconddoseof vaccine.Another kidney transplant recipient vaccinated

19 months after transplantation had moderate COVID-19 12 weeks

following vaccination, and fully recovered. A third recipient with low

positive level of antibodies against S protein (18.1 AU/ml) had an

asymptomatic SARS-CoV-2 infection (she was tested due to exposure

to her family member with COVID-19). There were no proven infec-

tions with SARS-CoV-2 in the Pre-Tx Vac group.

No biopsy-proven acute rejections, new neurological diagnoses

(Guillain-Barre syndrome, Bell’s palsy or other neuropathy), or severe

allergic reactions were observed in all three cohorts. The most com-

mon side effect after the vaccine administration was local pain,

in 92 of 167 (55%) participants. Systemic symptoms developed

in 32 (19.1%) of participants. There was a similar rate of symp-

toms between seropositive and seronegative individuals, as well as

between both recipients’ groups and immunocompetent controls.

There was no correlation between presence of side effects and

seropositivity.

Transplant recipients who were vaccinated before transplantation

had a significantly lower mean hemoglobin level at time of vaccination.

However,WBC, neutrophils and lymphocytes countwere not different

at time of vaccination.
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TABLE 1 Baseline characteristics of three study groups

Parameter Pre –Tx Vac group Post –Tx Vac group Control group P

Number 19 109 39

Age (years) 54 (3.6) 57 (12.9) 53 (10.9) .15

Sex, female (%) 8 (42) 40 (37) 23 (58.9)* .02

BMI (kg/m2) 27.1 (6.4) 27.2 (4.3) 25.9 (3.9) .65

Time on dialysis before transplantation (months) 33 (32.2) 21 (27.4) .16

Pre-emptive transplantation, (%) 6 (31) 23 (21) .37

Time since first transplantation (months) 1 (.6) 74 (97.7) <.001

First transplant (%) 19 (100) 98 (90) .36

Etiology for kidney failure

Diabetes/nephrosclerosis 8 (42) 39 (36) .59

Glomerulonephritis 6 (31) 29 (27)

Donor type, living (%) 16 (84) 68 (62) .07

Hypertension, (%) 16 (84) 79 (72) 6 (15)* .001

Diabetes mellitus, (%) 7 (37) 47 (43) 0 (0)* .001

High dose steroids last 12months, (%) 19 (100) 25 (23) <.001

Anti-thymocyte globulin, (%) 14 (74) 57 (57) .12

Anti-thymocyte globulin last 12months, (%) 14 (74) 10 (9) <.001

Rituximab last 12months, (%) 1 (5) 6 (5) 1.0

Low dose prednisone, (%) 19 (100) 101 (93) .61

CNIs, (%) 19 (100) 97 (90) .21

mTORs, (%) 0 (0) 7 (6) .59

MMF, (%) 19 (100) 82 (75( .01

Triple maintenance immunosuppression, (%) 19 (100) 92 (84) .07

Hemoglobin (g/dl) 11.2 (1.4) 13.8 (1.8) <.001

White blood cell count (10e3/µl) 7.5 (1.9) 8.3 (2.6) .19

Neutrophils’ count (10e3/µl) 4.9 (1.2) 5.4 (1.9) .36

Lymphocyte count (10e3/µl) 1.9 (.9) 1.7 (.8) .13

Serum creatinine (mg/dl) 1.2 (.4) 1.3 (.7) .66

eGFR (ml/min/m2) 63 (10.1) 66 (21.8) .67

Days after second dose 94 (15.2) 95 (21.8) 92 (11.9) .91

Mean (SD), unless otherwise stated. (* indicates a significant statistical difference (P< .05) between one group to other two).

Abbreviations: BMI, bodymass index;CNIs, calcineurin inhibitors (tacrolimusor cyclosporin); eGFR, estimatedglomerular filtration rate;MMF,mycophenolate

mofetil or mycophenolate sodium; mTORs, mammalian target of rapamycin inhibitors.

3.2 Humoral response of kidney transplant
recipients vaccinated before and after
transplantation and controls

All participants in the control group had a positive antibody response

to spike protein, 17 out of 19 (90%) of pre-Tx Vac group had a positive

response,while only 49of 109 (45%) recipients fromPost-TxVac group

had positive serology (P< .001) (Figure 1).

The levels of anti-spike IgG in the group of kidney transplant

recipients vaccinated after transplantation (median= 10.7 AU/ml [IQR

0–62.5]) was significantly lower than in the patients vaccinated before

transplantation (median = 66.2 AU/ml (IQR 21.6–138)), which was

significantly lower than in the controls (median = 156 AU/ml (IQR

99.7–215.5)). A Kruskal Wallis test indicated that this difference was

statistically significant (P < .001). When including only seropositive

participants, mean antibody levelswere similar in both groups of trans-

plant recipients (median = 71.2 AU/ml [IQR 26.3–130] vs. 73.7 AU/ml

[31–138], P= 1.0, in Pre-Tx Vac vs Post-Tx Vac group, respectively) and

significantly lower compared to controls (156AU/ml (IQR99.7–156.5),

P< .001) (Figure 2).
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TABLE 2 Univariate andmultivariate analysis of variables related to risk of seronegative IgG anti S in kidney transplant recipients

Univariate analysis Multivariate analysis

Variable Exp (B) 95%CI P-value Exp (B) 95%CI P-value

Vaccination before versus after transplantation 10.4 2.9–15.6 .002 22.4 3.6–35.8 <.001

Age (years) 1.05 1.02–1.08 <.001 1.04 1.01–1.1 .02

Sex 1.06 .54–2.2 .78

Donor (deceased vs. living) 2.2 1.05–4.6 .03

BMI .95 .85–1.06 .39

Time on dialysis (months) 1.013 1.01–1.27 .02 1.02 1.01–1.04 .05

Diabetes mellitus .93 .5–1.9 .82

Lymphocyte count .67 .42–1.07 .08 .52 .29–.96 .04

Anti-thymocyte globulin last 12months .74 .42–1.76 .52

F IGURE 1 Negative and positive humoral response to vaccination
in kidney recipients vaccinated before and after transplantation, and
healthy controls. (P< .001 for Post-Tx Vac vs. other groups)

F IGURE 2 Scatter plot of IgG anti S in participants whowere
seropositive in three study groups. Control group differed significantly
from both recipients’ groups, P< .001

3.3 Risk factors for negative humoral immune
response

Table 2 demonstrates univariate and multivariate analysis of variables

related to the risk of having negative humoral response to vaccination

among kidney transplant recipients in both cohorts. Negative humoral

response was significantly associated with post- kidney transplanta-

tion vaccination as compared to pre-transplant, even after adjustment

for other variables, with an odds ratio of 22.4. In addition, every year of

age increased the risk of having a negative serology by 4%, and every

month on dialysis before transplantation–by 2%, while higher lympho-

cyte count at time of vaccination had a significant associationwith pos-

itive serology. As significant multicollinearity was observed for type of

donor and time on dialysis prior to vaccination (VIF= 6.9), the analysis

was not further done on type of donor.

The significant inverse correlation between age and anti S levelswas

observed in all study groups (correlation coefficient −.15, P < .001;

−.97, P = .002; and −.27, P = .05; for Pre-Tx Vac, Post-Tx Vac and con-

trols, respectively). The differences in the magnitude of the humoral

immune response to the vaccination as related to individuals’ age are

shown in Figure 3. Pre-Tx Vac patients aged below 60 years achieved

significantly higher IgG levels when compared to the Post-Tx Vac kid-

ney recipients of the same age subgroup (P= .03). Actually, their anti S

IgG levelswere compatible to those in the control group (P= .31). How-

ever, in kidney transplant recipients above 60 years the differences

between the two groups have disappeared and the anti S IgG levels in

both cohorts were significantly lower when compared to the controls.

4 DISCUSSION

Data regarding response to SARS-CoV-2 vaccines are accumulating

exponentially during the last months. Multiple studies found a robust

serologic response to SARS-CoV-2 vaccine in healthy immunocompe-

tent participants.17,18 Individuals with ESRD on chronic dialysis also

show a significant serologic response,8,9 albeit lower than healthy

controls. However, there is growing evidence that both humoral and
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F IGURE 3 IgG anti S levels in three study cohorts subtracted to age groups of below and above 60 years

cellular immune responses to SARS-CoV-2 vaccines are significantly

reduced in kidney transplant recipients vaccinated after transplanta-

tion, compared to healthy controls and to ESRD patients.19,20

Our study, for the first time to the best of our knowledge, pro-

vides a missing part of the puzzle by evaluating the post-transplant

level of humoral response to the SARS-CoV-2 vaccine in kidney trans-

plant recipients vaccinated before transplantation. In the present

study we demonstrated significantly higher rate (89.5%) of positive

humoral response to BNT162b2 SARS-CoV-2 vaccine in kidney trans-

plant recipients vaccinated before transplantation, as compared to

individuals vaccinated after transplantation (44.9%), with appreciable

anti-spike antibody response sustained in pre-transplant vaccinated

patients after induction immunosuppression and high dose steroids

treatment. Mean antibody levels were similar when including only

seropositive recipients, suggesting a better chance of responding to

the vaccinewhenadministeredpre transplantation.Unsurprisingly, the

levels of protective antibodies in pre-transplant vaccinated patients

were compatible with those of dialysis patients, as was demonstrated

in the previous studies8,9 and lower than in healthy controls.

Our results support the current recommendations of transplan-

tation societies for the SOT candidates to get vaccinated against

SARS-CoV-2 at least 2 weeks prior to transplantation,10,11 and

reduce the concern that the diminished vaccine response in dialysis

patients may become even more attenuated by post-transplantation

immunosuppression.21

Previous studies demonstrated that the serological response

to vaccination was related to the net burden of patients’

immunosuppression.6,22,23 In our study kidney recipients vaccinated

before transplantation had significant levels of immunosuppression

at the time of the antibody levels evaluation, with the recent (less

than 3 months) induction treatment and the maintenance regimen of

triple immunosuppression. Even though, their humoral response to the

mRNA SARS-CoV-2 vaccine remained significantly superior than in

the cohort of kidney recipients vaccinated after transplantation while

on significantly reduced net immunosuppression regimens. Unsurpris-

ingly, in the multivariate analysis, vaccination before transplantation

was most powerful predictor of positive serological response to the

vaccine with an odds ratio of 22.4.

The predictors of negative serological responsewere advanced age,

time on dialysis before transplantation, and lymphocyte count at the

time of vaccination.

Advanced age was repeatedly defined as predictor for reduced

antibody response in immunocompetent patients after COVID-

19,24 as well as after mRNA SARS-CoV-2 vaccination.25,26 Our finding

indicates that even in immunosuppressed patients age remains an

independent predictor of poor immunological response. In fact, in

recipients older than 60 years, we could not find any advantage for the

pre-transplantation vaccination.

mRNA SARS-CoV-2 vaccines, similar to other vaccines, are

noted to cause mild to moderate side effects in immunocompetent

individuals.27 In our current study, as well as previous studies,6,28

the most common side effect was mild local pain, and none of the

participants had a major adverse event, in a follow-up period of about

90 days post second dose of vaccine. We could not find correlation of

symptoms or severity of symptoms to humoral response, in all study

groups.

Strengths of this study include its novelty. It is the first published

data about maintenance of humoral response after transplantation in

pre-transplant SARS-CoV-2 vaccinated kidney recipients. The compar-

ison between two groups was done at the similar time after vacci-

nation, while the patients with IgG antibodies to nucleocapsid pro-

tein were excluded, therefore eliminating the possibility of humoral

response to the former virus exposure and validating our results.

Limitations of the study include a relatively small sample size. A

short follow-up period and absence of assessing the cellular immune

response to the vaccine preclude us to address full spectrum of its

immunogenicity or clinical correlation to the viral protection, including

estimation of asymptomatic infections. Furthermore, sequential titers

over time as well as a longer-term clinical follow-up in this important

setting is needed.

Despite that, the accumulating data of significantly reduced level

of serologic response to SARS-CoV-2 vaccines in transplant recipients

warrant prompt consideration and further studies about possible ways

to improve immunogenicity in this vulnerable population.

Based on our findings of a superior humoral response to the SARS-

CoV-2 vaccine in the kidney transplant recipients vaccinated prior to
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transplantation, we strongly suggest to adopt this approach whenever

possible, especially for transplant candidates younger than 60 years.
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