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Abstract
Purpose of review  In this study we describe the impact of COVID-19 infection on the immunological response of kidney 
transplant recipients of a single transplant center. We evaluated the seroconversion after vaccination and COVID-19 disease, 
the management of immunosuppressive therapy, and the effects of the withdrawal of immunosuppressive therapy on renal 
function and clinical outcome.
Recent findings  A prospective and cross-sectional observational study was performed on 156 kidney transplant recipients 
with a positive PCR test for SARS-CoV-2 and vaccinated with mRNA vaccine from November 2021 to September 2022. 
After examining the anti-Spike antibody production before and after COVID-19 infection, we detected a significant increase 
after disease both in kidney transplant recipients with three doses (p = 0.011, 180.9 vs. 1186 IU/mL) and with four doses of 
vaccine (p = 0.002, 19.5 vs. 1557.0 IU/mL). We also observed a correlation between age and critical symptoms of COVID-
19 disease (p = 0.005, R = 0.224); the pre-COVID-19 antibody levels are found to be linearly correlated to resolution time of 
disease (p = 0.05, F = 3.986). Regarding the management of immunosuppressive therapy after infection, we noticed that the 
kidney transplant recipients with mycophenolate mofetil withdrawal had a stable graft function, in terms of serum creatinine 
and proteinuria, and a significant increase of the immune response, expressed as SARS-CoV-2 seroconversion (1557.0 vs. 
32.4 IU/mL, p = 0.001).
Summary  We learned how to manage kidney transplant recipients affected by Covid-19 with patient-tailored therapy, thus 
improving the disease outcome without worsening the renal function.

Keywords  COVID-19 · Kidney transplantation · Anti-Spike antibodies · Anti-SARS-CoV-2 vaccine · Kidney transplant 
recipients

Abbreviations
SARS-CoV-2	� Severe acute respiratory syndrome 

coronavirus
COVID-19	� Coronavirus disease-19
WHO	� World Health Organization
KTR	� Kidney Transplant Recipient
ISS	� Italian National Institute of Health
IS	� Immunosuppressive
TAC​	� Tacrolimus

MMF	� Mycophenolate mofetil
EVE	� Everolimus
CS	� Corticosteroids
CsA	� Ciclosporine A
DSA	� Donor-specific antibodies
CNI	� Calcineurin inhibitor

Introduction

Some 3 years ago, the viral sequence of a new virus was 
deposited in the international database virological.org: this 
was called SARS-CoV-2 (severe acute respiratory syndrome 
coronavirus) [1]. The latter was found to be responsible for 
the COVID-19 (coronavirus disease-19) pandemic, and 
in recent years, the coronavirus has officially caused the 
deaths of almost 7 million people worldwide. This might 
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be a somewhat cautious, conservative estimate: according 
to data released in December 2022 by the World Health 
Organization (WHO), indeed, deaths from Covid-19 could 
even be twice as high [2]. However, without the vaccines, 
that were made available since January 2021, the scenario 
might have been much worse. In fact, anti-SARS-CoV-2 
mRNA vaccines unlocked the situation, paving the way to 
a gradual return to everyday life. Developed in a stunningly 
short amount of time — although mRNA technology had 
already been under study for over a decade in the oncologi-
cal field — the first injections took place at the end of 2020.

A great step forward in the battle against the pandemic 
consisted in the arrival of the first antiviral drugs developed 
specifically against SARS-CoV-2. Furthermore, the antiviral 
drugs may be a viable option in kidney transplant recipients 
(KTRs) with limited access to monoclonal antibodies, due 
to significant drug–drug interactions with immunosuppres-
sive agents [3]. Transplanted subjects are critical patients, 
owing to their pharmacologically induced immunosuppres-
sion. A lowered lymphocyte B activation leads, indeed, in 
these subjects to a reduced antibody production both after 
vaccination and COVID-19 disease [4–6].

For this reason, disease management in these immuno-
suppressed individuals requires the application of a person-
alized therapy after transplantation, considering the risks 
and benefits of therapy for the patient [7, 8].

Several factors complicate the risk of infection in KTRs, 
like a shorter time since transplant (for the heavier immu-
nosuppression regimens) and triple immunosuppressive 
therapy, but the development of therapies for SARS-CoV-2 
infection, like monoclonal antibodies, antiviral agents, and 
vaccines [9, 10], has represented a pivotal change to the 
evolution of the pandemic.

In this study, we aimed to describe 3 years after the onset 
of the pandemic disease the impact of COVID-19 infec-
tion on a population of KTRs of a single transplant center 
in Italy. Specifically, we report, here, our evaluation of the 
seroconversion after vaccination and COVID-19 disease, the 
management of immunosuppressive therapy, and the effects 
of the withdrawal of immune-suppressive therapy on renal 
function and clinical outcome.

Materials and Methods

A prospective and cross-sectional observational study was 
performed on 156 KTRs, followed up at the Organ Trans-
plant Center in L'Aquila from November 2021 to Septem-
ber 2022 with a positive reverse transcriptase-PCR test for 
SARS-CoV2. The cohort study included all patients aged 
18 years or older with a diagnosis of SARS-CoV-2 infection. 
Despite the lack of knowledge of the SARS-CoV-2 viral 
variant in these patients, we can speculate that recipients 

considered in this period may have been infected by vari-
ants as indicated in the 2021–2022 reports from the National 
Institute of Health (ISS): the predominant one between 
November 2021 and January 2022 in Italy was the so-called 
Delta variant, while from February 2022 to September 2022 
it was the Omicron one. Patients were followed at home or 
continuously monitored over time through the collection of 
clinical data and medical reports if they were hospitalized. 
The hospitalization was indicated in cases of moderate-
severe or critical disease. Subsequently, after a negative test, 
the patients were monitored in the outpatient clinic. They 
were followed up once a month for 6 months; afterwards, the 
follow-up protocol depended on their specific clinical con-
ditions. During the outpatient checkup, patients underwent 
blood count, renal function (creatinine, proteinuria), liver 
function, and anti-HLA antibody response. Demographic 
data (age, sex, etiology of primary kidney disease, type of 
donor, duration of follow-up, maintenance immunosup-
pression therapy, and other drugs), clinical characteristics 
(duration of hospitalization, symptoms after Covid-19 infec-
tion, laboratory results), and COVID-19 medication were 
collected from electronic medical records. Every patient 
was SARS-CoV-2 vaccinated with two, three, or four doses 
of the anti-SARS-CoV-2 mRNA Comirnaty (BNT162b2, 
Pfizer/BionTech) monovalent vaccine. All participants 
provided written informed consent, in accordance with 
the Declaration of Helsinki Ethical Principles for Medi-
cal Research involving Human subjects. We evaluated the 
anti-Spike seroconversion after administration of the last 
vaccine dose (mRNA Pfizer), about 53 days later (median 
value, IQR: 28.5–105.0 days), and after about 1 month from 
the COVID-19 positivity (median value: 29.5 days, IQR: 
21.2–51.2 days). The relevant parameter taken into consid-
eration was the serum value of anti-SARS-CoV-2 Spike IgG 
evaluated after the administration of the last vaccine and the 
value after the infection by means of blood sampling and 
enzyme-linked immunosorbent assay. The amount of 15 IU/
mL was considered the cutoff value marking the threshold 
between failure and successful seroconversion.

Immunosuppressive regimen was changed in patients 
with positive test for SARS-CoV-2. Patients with asymp-
tomatic or mild disease had mycophenolate reduced. 
Mycophenolate withdrawn was indicated for patients with 
moderate symptoms. In patients with severe symptoms, we 
interrupted both mycophenolate mofetil (MMF) and tacroli-
mus. Mycophenolate and tacrolimus were reintroduced at 
their usual dosage after negative COVID-19 tests.

We considered “asymptomatic” the individual with no 
symptoms. We defined with “mild disease” the patients 
without shortness of breath, dyspnea, or abnormal chest 
imaging. We talked of “moderate symptoms” if patients 
showed evidence of lower respiratory disease during clini-
cal assessment or imaging and an oxygen saturation ≥ 94%. 
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If the oxygen saturation was < 94%, we talked of “severe 
illness.”

Furthermore, the degree of severity of the symptoms after 
the COVID-19 infection, the humoral anti-Spike response, 
and the use of monoclonal antibodies and the recovery time 
from the disease were also considered.

Statistical Analysis

The clinical and experimental data have been analyzed 
through standard statistical tools and have been interpreted 
via mean (SD) or (in the presence of a skewed distribution) 
median (IQR) values. Kurtosis has been measured to check 
whether the data follow a normal distribution. To compare 
the characteristics of the groups, Fisher’s exact test or Pear-
son’s X2 (categorical variables) or the Mann–Whitney U test, 
as appropriate, was used. The characteristics of the groups 
with or without seroconversion and other clinical events 
were calculated using the Wilcoxon signed rank analysis of 
variance for nonparametric paired continuous variables and 
with the X2 test for the categorical variables. Values were 
considered statistically significant with 2-tailed p ≤ 0.05. 
Binary logistic regression analyses were also performed to 
evaluate dichotomous differences between groups for differ-
ent variables. Only the statistically significant variables in 
the univariate analysis (p < 0.1) were included in a multivari-
ate logistic regression, and a backward conditional method 
was chosen to select significant independent covariates. All 
the factors considered in the univariate analysis were derived 
from data in the literature or from clinical data. In the mul-
tivariate logistic regression for the risk factors of the anti-
Spike antibody response, in addition to significance ≤ 0.05, 
we used the odds ratio (OR; risk index), Wald factor (how 
the independent variable increases the risk of the dependent 
variable), 95% CI, and beta coefficient (standardized regres-
sion coefficient). The correlation between the variables was 
performed with the Pearson or Spearman test, depending on 
the distribution of the data (parametric or nonparametric) 
by evaluating their significance (p < 0.05) and the correla-
tion coefficient R (value from 1 to + 1). The calculations and 
graphic processing were performed using SPSS v.13.0 soft-
ware (IBM SPSS, Inc, Armonk, NY) and GraphPad Prism 
8 (GraphPad Software, La Jolla, CA).

Results

Demographic and clinical parameters of the patients’ 
cohort with COVID-19 infection are illustrated in Table 1. 
The mean age of the KTRs was 57.2 years and the cohort 
was composed of 53 females and 103 males. A total of 
140 patients were transplanted from deceased donor and 

Table 1   Demographic and clinical parameters of the KTRs cohort 
with COVID-19 infection

Variables Cohort patients 
(N = 156), N 
(%)

Demographic data
Age, year (mean 57.2 ys)
18–49 43 (27.6)
50–59 44 (28.2)
 ≥ 60 69 (44.2)
Male sex 103 (66.0%)
Etiology of primary kidney disease
Glomerulonephritis 45 (28.85%)
Diabetic nephropathy 26 (16.67%)
ADPKD 35 (22.44%)
Pyelonephritis 4 (2.56%)
Nephritis 2 (1.28%)
Vesicoureteral reflux 8 (5.13%)
Unknown 36 (23.08%)
Type of donor
Deceased 140 (89.7)
Living 16 (10.3)
Duration of mean follow-up (months) 8 (range 4–12)
Time since Tx, ys
 < 1 10 (6.4)
1–3 35 (22.4)
4–5 34 (21.8)
6–10 22 (14.1)
 > 10 55 (35.3)
Maintenance IS therapy
Cyclosporine 20 (12.9)
Tacrolimus 128 (82.1)
Anti-metabolite (MMF) 131 (84.0)
Steroid use 143 (92.9)
Triple therapy 107 (68.6)
Everolimus 14 (9.0)
Covid-19 medication
Antiviral drugs 36 (23.08)
Monoclonal antibodies 54 (35.5)
Clinical characteristics
Hospitalization 27 patients
Time of disease resolution (mean ± SD) 14.6dd ± 6.7
Oxygen therapy 25 patients
Invasive ventilation 8 patients
Intensive care 8 patients
Symptoms after Covid-19 infection
Yes (fever, cough, rhinitis, and bone pain etc.) 152 (97.4)
No 4 (2.6)
Pneumonia 23 (14.7)
Severity of Covid-19 disease*
Asymptomatic 5 (3.2)
Mild (SpO2 > 90%) 126 (80.8)
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16 from living donors. Out of the 156 patients considered, 
8.9% had received only two doses of mRNA vaccine, 75.8% 
three doses of vaccine, 14.6% four doses, and 0.7% no dose. 
Regarding immunosuppressive therapy, 114 patients at the 
time of enrollment were treated with the TAC-MMF-corti-
costeroids (CS) triple regimen, 9 patients with TAC-MMF 
without CS, 7 patients with TAC-EVE-CS, 20 patients with 
cyclosporine A (CsA), and 6 with other regimens.

After COVID-19 infection, 11.5% of patients had been 
hospitalized, 80.8% developed a mild disease, 10.9% devel-
oped a moderate-severe disease, 5.1% had critical symp-
toms, and 22.3% had a long Covid. The mean time of disease 
resolution was 14.6 days (± 6.7 days). Seven patients (4.5%) 
died of pneumonia. In four cases after COVID-19 disease, 
a biopsy-proven organ rejection episode occurred (2.6%).

Immunosuppressive regimen was changed in COVID-
19-affected recipients. Mycophenolate mofetil (MMF) 
(n = 10), or everolimus (EVE) (n = 10), was reduced in 
patients with asymptomatic or mild disease. Mycopheno-
late withdrawal was prescribed to patients reporting mild or 
moderate symptoms (n = 86). In patients with severe symp-
toms, we interrupted both mycophenolate mofetil (MMF) 
and tacrolimus (TAC) (n = 9). MMF and TAC were reintro-
duced at their usual dosage after negative tests. In patients 
undergoing biopsy, due to the worsening of the renal func-
tion, MMF was not paused longer than in other patients. 
Such patients had mild disease and had no prior risk factors 
for rejection. None of the four patients had donor-specific 
antibodies (DSA) before disease. In one case, it was a liv-
ing donor transplant (donor mother) and the biopsy after 
Covid positivity showed a cell-mediated acute rejection. 
This patient was successfully treated with cortisone boluses. 
In two cases, the biopsy revealed a chronic active antibody-
mediated rejection, and in one of the two, there was the 
appearance of de novo DSA development. In one case, a 
transplant glomerulopathy was also found. The mean follow-
up time was 8 months (range: 4–12 months).

1. Seroconversion and Covid-19.
Examining altogether the pre- (n = 67) and post-

COVID-19 (n = 51) anti-Spike antibody levels in KTRs, 

we observed a significant increase in the post-period 
(median values: 1190.0  IU/mL, IQR = 595.2–2380.0 
vs. pre-Covid-19: 127.8  IU/mL, IQR = 4.0–1004.0, 
Mann–Whitney p < 0.0001). Precisely, in 33 transplant 
recipients with both pre- and post-COVID-19 anti-spike 
antibody dosing, the difference was remarkable (p = 0.005, 
Wilcoxon paired-rank test).

Upon distinguishing patients by the number of SARS-
CoV-2 vaccine doses performed, the anti-Spike antibody 
production before and after Covid-19 infection showed 
significant differences, both in the case of KTRs with 
two doses of vaccine (p = 0.042, median: 33.5 UI/mL, 
IQR = 4.0–135.0 vs. 1229.0, IQR = 374.8–24,543.0), three 
doses (p = 0.011, 180.9 UI/mL, IQR: 4.0–1632.0 vs. 1186, 
IQR = 417.9–1795.0 UI/ml), and four doses (p = 0.002, 
19.5 UI/mL, IQR: 11.4–391.2 vs. 1557 UI/mL, IQR: 
730.9–5410.0 UI/mL), individually (see Fig. 1). However, 
differences in post-Covid-19 antibody levels in KTRs after 
3 or 4 doses were not significant (p = 0.341), even if the 
antibody mean titers in recipients with 4 doses were dou-
bled (mean: 4911.5 IU/mL ± SD 7108.5 vs. 2233.2 IU/
mL ± 3259.10).

The number of prior vaccinations did not significantly 
affect the severity of the disease, despite the fact that we 
observed a moderate/severe or critical presentation of dis-
ease in 28.6% (4/14 pts, 1 death) of KTRs with 2 doses, in 
17.8% (21/118, 6 deaths) with 3 doses, and in 0.0% (0/21) 
with 4 doses.

Table 1   (continued)

Variables Cohort patients 
(N = 156), N 
(%)

Moderate-severe (SpO2 < 90%, pneumonia) 17 (10.9)
Critical (ARDS: acute respiratory distress syn-

drome, pneumonia)
8 (5.1)

Long Covid (n = 33) 22.3%
Outcome
Alive 149 ( 95.5)
Dead 7 (4.5)

Fig. 1   Comparison of anti-Spike antibody response measured before 
and after COVID-19 infection (IU/mL), stratified for number of vac-
cine doses in KTRs with MMF withdrawal and maintenance of IS 
therapy. Column bar graph of data (mean with SD). *2 vaccine doses: 
p = 0.042; **3 vaccine doses: p = 0.011; **4 vaccine doses: p = 0.002, 
Wilcoxon signed ranks
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It is also worth pointing out that the seroconversion rate 
after Covid-19 disease turned out not to be significantly 
affected by the type of the variant, whether it was the Delta 
or the Omicron one. The difference, in fact, is not significant 
(p = 0.853, median Delta 1274 IU/mL and Omicron 1257 IU/
mL).

In our sample, the severity of the disease did not have a 
noteworthy impact on the development of antibodies after 
infection. In fact, the difference in post-COVID antibody 
production in asymptomatic/mild patients versus moder-
ate/severe-critical patients appears not to be very signifi-
cant (p = 0.077; Mann–Whitney U test: median 1557 vs. 
268.6 IU/mL), probably due to the low number of patients 
with severe symptoms.

2. Correlation between demographic, clinical data, and 
anti-Spike pre- and post-COVID-19 seroconversion.

The analysis of Spearman’s R-test between the serocon-
version and clinical data leads us to the following conclu-
sions: (a) there exists a positive correlation between age 
and critical symptoms of COVID-19 disease (p = 0.005, 
R = 0.224) and a negative one with healing time (p = 0.006, 
R =  − 0.223); (b) there also exists a negative correlation of 
pre-COVID-19 anti-Spike antibody levels with the times 
of recovery from the disease (p = 0.001, R =  − 0.416), with 
the usage of MMF (p = 0.001, R =  − 0.388) and/or TAC 
(p = 0.011, R =  − 0.308) in IS regimens and with triple 
therapy (p = 0.012, R =  − 0.303). The pre-COVID-19 anti-
body levels and resolution time of disease follow a linear 
regression trend (p = 0.05, F = 3.986, beta =  − 0.242); (c) 
the pre-COVID-19 seroconversion is negatively related to 
an earlier period after transplantation (4–5 years: p = 0.05, 
R =  − 0.238 or 6–10 years: p = 0.017, R =  − 0.289), while 
it increases after 10 years from transplantation (p = 0.026, 
R = 0.271), as previously described in our previous analysis 
on risk factors for a low immune response to SARS-CoV-2 
vaccination in KTRs [10]; (d) a negative correlation also 
exists between post-COVID-19 antibody levels and triple 
therapy (p = 0.012, R =  − 0.303) and between cyclosporine 
use and healing time (p = 0.007, R =  − 0.222) (cf. Table 2).

Moreover, an univariable logistic regression shows that 
the age of patient is an independent risk factor of moder-
ate/severe (p = 0.046, Exp(B) = 1.062) to critical form 
(p = 0.011, OR = 1.127) of COVID-19 disease. Gender, on 
the other hand, is not related to symptoms. Furthermore, 
examining the association of the use of immunosuppressive 
regimens with TAC and/or MMF and pre-COVID-19 anti-
body production, an inhibitory effect of TAC alone on the 
antibody response (p = 0.050, Exp(B) = 0.121, B = -2.11) is 
confirmed, while the inhibitory effect of MMF becomes sig-
nificant in transplant recipients only in combination, MMF/
TAC (p = 0.017, Exp(B) = 0.147, B =  − 1.919). A shorter 
time (years) since the transplant to vaccination is also nega-
tively associated with pre-COVID-19 antibody production 

(p = 0.037, Exp(B) = 0.095, B =  − 2.531). The multivariate 
regression of the two previous variables indicates a prepon-
derant inhibitory role of the MMF/TAC regimen (p = 0.035, 
Exp(B) = 0.181, 95%CI: 0.037–0.884) on anti-Spike anti-
body production, which acts as an independent variable.

3. Impact of immunosuppressant management on clinical 
outcome after COVID-19 infection.

Patients with asymptomatic or mild disease had MMF 
reduced. MMF withdrawal was indicated for patients with 
moderate symptoms. In patients with severe symptoms, we 
interrupted both MMF and TAC. MMF and TAC were rein-
troduced at their usual IS dosage after anti-SARS-CoV-2 
negative test. We examined the impact of this change of 
immunosuppressive therapy on renal function parameters 
and clinical outcome. Regarding the renal function, we 
noticed that MMF withdrawal appears to be negatively cor-
related with 24-h proteinuria levels in the post-COVID-19 
period (Spearman’s r-test p = 0.079, r =  − 0.153), as well 
as the TAC reduction (n = 5, p = 0.015, r =  − 0.211). In 
addition, EVE reduction (n = 8) in a univariable regression 
resulted in an independent risk factor for anti-DSA antibod-
ies production (p = 0.028, Exp(B) = 10.091, B = 2.312) after 
COVID-19.

Comparing altogether the pre- and post-COVID-19 
renal function parameters, a significant difference in pro-
teinuria values (p = 0.044, Wilcoxon signed ranks, median 
value: 228 mg/L vs. 185 mg/L) and class II PRA antibodies 
(p = 0.002, median: 0.50% vs. 0.30%) was observed, while 
creatinine and anti-DSA antibodies were not significantly 
different. Distinguishing KT recipients with (n = 98) and 
without (n = 47) MMF withdrawal, we evidenced a stable 
graft function after Covid-19 infection, regarding creatinine 
(MMF withdrawal: median value 1.46 (IQR = 1.08–1.98) 

Table 2   Correlation between demographic factors and pre- and post-
Covid-19 seroconversion

Spearman’s rho test; R (correlation coefficient)

Spearman’s correlations: p Correlation 
coefficient
R

Pre-Covid-19 seroconversion
Time of infection resolution 0.001  − 0.416
MMF maintenance therapy 0.001  − 0.388
Tacrolimus regimen 0.011  − 0.308
Triple IS therapy 0.012  − 0.303
Time since Tx
4–5 years
6–10 years
 > 10 years

0.05
0.017
0.026

 − 0.238
 − 0.289
0.271

Post-Covid-19 seroconversion
Triple IS therapy 0.012  − 0.303
Everolimus 0.088  − 0.239
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vs. 1.51  mg/dL (IQR = 1.08–1.91), p = NS and stand-
ard IS therapy: 1.39 (IQR = 1.07–2.07) vs. 1.35 mg/dL 
(IQR = 1.03–1.88), p = 0.016) (Fig. 2), and proteinuria, 
with an improvement in patients without MMF (median 
value: 172.5.0 mg/L vs. 281.0 mg/L, Mann–Whitney U test 
p = 0.079) (Fig. 3).

Regarding the seroconversion after the COVID-19 infec-
tion, we evidenced a significant increase of antibody titers in 
patients with MMF withdrawal (median values: 1557.0 vs. 
32.4 IU/mL, p = 0.001, Wilcoxon signed ranks), with median 
values even twice as high as those of patients with standard 
IS therapy (1557.0 vs. 712.0 IU/mL, p = 0.078). Moreover, 
patients with MMF suspension had a significant reduction 
of the class II PRA antibody response (p = 0.010, 0.30% vs. 
0.45%), while the DSA increased after Covid-19 infection 
(61.5% vs. 38.5% with standard IS therapy).

Discussion

Based on the current literature, it should be emphasized 
that even in the healthy population, individuals affected by 
mild-to-moderate COVID-19 disease demonstrate a robust 
immunoglobulin G-antibody response against the viral spike 
protein. Furthermore, these titers remain stable for at least 
5 months after infection [11].

This observational study showed that after SARS-CoV-2 
infection also in KTRs the seroconversion significantly 
increases 1 month after infection, if compared to the neu-
tralizing response induced by vaccines, both in patients 
receiving three doses and even more strongly in those treated 
with 4 doses of the vaccine. This finding is in agreement 
with recent research by Benning L et al. [12], who however 
by studying a smaller sample of patients had observed a 
stronger neutralizing response against COVID-19 variants 
of concern, compared with 2-dose BNT162b2 vaccination 
in renal transplant recipients.

Considering demographics and clinical features of these 
transplanted patients affected by COVID-19, we noticed that 
an older age of recipients represents a risk factor for the onset 
of a severe form of disease. Moreover, we also found that 
the pre-COVID-19 antibody levels are linearly correlated to 
recovery time from infection and that the immunosuppressive 
therapy influences the seroconversion induced by vaccines. 
In particular, the use of MMF, TAC, or triple IS regimen has 
an inhibitory effect on seroconversion. These results con-
firmed our previous analysis on risk factors for a low immune 
response to SARS-CoV-2 vaccination in kidney transplant 
recipients [9].

Another important outcome of our analysis concerns 
the effect of the immunosuppressive change after COVID-
19 infection in kidney transplant recipients. Since the 

Fig. 2   Renal function monitoring before and after COVID-19 infec-
tion: creatinine levels (mg/dL), stratified for MMF withdrawal and 
maintenance of IS therapy. Box plot distribution of data (10–90% per-
centile) with median value. Stable serum creatinine values in KTRs 
both with MMF withdrawal (median value: 1.46 (IQR = 1.08–1.98) 
vs. 1.51  mg/dL (IQR = 1.08–1.91), p = NS and standard IS therapy: 
1.39 (IQR = 1.07–2.07) vs. 1.35 mg/dL (IQR = 1.03–1.88), p = 0.016)

Fig. 3   Renal function monitoring before and after COVID-19 infec-
tion: proteinuria at 24H (mg/L), stratified for MMF withdrawal and 
standard IS therapy. Box plot distribution of data (10–90% percentile) 
with median value. Reduced proteinuria values in KTRs with MMF 
withdrawal after COVID-19 in comparison to patients with standard 
IS (median value: 172.5.0  mg/L vs. 281.0  mg/L, Mann–Whitney U 
test, p = 0.079)
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outbreak of the pandemic, it was recommended to reduce 
the use of anti-proliferative medication after COVID-19 
infection. On the other hand, the maintenance of cal-
cineurin inhibitors (CNIs) was also recommended [13]. 
However, stopping or decreasing these drugs may lead to 
harmful outcome, such as allograft rejection [14]. CNIs 
seem to have a role in increasing COVID-19-induced 
cytokine storm. CNIs inhibit T-cell activation and suppress 
cytokines interleukin (IL)-2, IL-4, tumor necrosis factor-a, 
and interferon-γ, which mediate the cytokine storm, very 
harmful after infection [15]. Also, mTOR inhibitors seem 
to hinder the effect of IL-37 and IL-38 in the inflammatory 
state, determining a potential anti-COVID-19 effect [16].

In our analysis, we observed that the kidney trans-
plant recipients affected by COVID-19 who were sub-
ject to MMF withdrawal had a stable graft function, in 
terms of serum creatinine and proteinuria within the first 
3 months after disease. In addition, such discontinuation 
induced a significant increase of the immune response, 
expressed as neutralizing activity against SARS-CoV-2 
virus, after at least 1 month from disease, and anti-DSA 
humoral response. This effect has been already observed 
in previous studies by Kühn T. et al. [17] on non-responder 
kidney transplant recipients after short-term suspension 
of mycophenolate mofetil, ensuing from an additional 
vaccine dose. On the other hand, this immunosuppres-
sive change reduced class II PRA antibody response 
towards graft. For this reason, MMF withdrawal should 
be critically evaluated in addition to vaccines to enhance 
the humoral response after SARS-CoV-2 infection, thus 
improving clinical outcomes without damaging graft func-
tion. Because also other agents influence seroconversion, 
attention should be paid to immunosuppressant dosages 
and interaction with antiviral and other drugs in kidney 
transplant recipients. Our clinical experience suggests that 
the management of immunosuppressants (reduction or 
withdrawal) may represent a useful therapeutic choice in 
kidney transplant patients infected by COVID-19, depend-
ing on the specific patient’s conditions.

It is noteworthy that our study concerns a quite large 
cohort of kidney transplant recipients, which allowed us to 
collect a reasonably high number of clinical data that have 
been meaningfully analyzed and interpreted. We also point 
out that the outcome of our research endeavor is a prospec-
tive study, in which all patients were regularly followed up 
by the medical staff of the transplant center.

Our study paves the way to a future research develop-
ment, which may focus, for instance, on a more systematic 
analysis of the correlation existing between the severity of 
the disease and SARS-CoV-2 antibody titers in the post-
infection regime with the causative SARS-CoV-2 strain. 
However, it would be interesting to investigate other cor-
related immunological factors such as the cellular response.

Conclusion

Three years after the outbreak of the pandemic, we have 
learned how to manage the COVID-19 infection even in 
the most fragile patients, such as renal transplant recipi-
ents. In our clinical experience, we have studied the results 
stemming from changes in the immunosuppressive ther-
apy. The introduction of patient-tailored immunosuppres-
sive regimens, combined with a mass COVID-19 vacci-
nation and antiviral therapies, allowed us to safely treat 
transplanted patients affected by COVID-19 infection.
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