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Abstract
Background Vulnerable populations, such as hemodialysis (HD) patients and kidney transplant (RTx) recipients, have pri-
ority for anti-COVID-19 vaccination, because of their impaired immune status. Here, we investigated the immune response 
after vaccination with BNT162b2 (two doses plus booster) in HD and RTx patients.
Methods A prospective, observational study was started in two homogeneous groups of 55 HD and 51 RTx patients previ-
ously matched from a cohort of 336 patients. Anti-RBD IgG levels, assayed after the second dose with BNT162b2 mRNA, 
were used to stratify subjects into quintiles. After the second dose and after booster, anti-RBD and IGRA test were evaluated 
in RTx and HD, belonging to the first and fifth quintiles.
Results After the second dose of vaccine, the median circulating levels of anti-RBD IgG were significantly higher in HD 
(1456 AU/mL) compared to RTx (27.30 AU/mL). IGRA test showed significantly higher values in the HD (382 mIU/mL) 
compared with the RTx (73 mIU/mL). After the booster, humoral response increased significantly in both HD (p = 0.0002) 
and RTx groups (p = 0.009), whereas the T-cellular immunity remained essentially stable in most patients. In RTx patients 
with a low humoral response after the second dose, the third dose did not significantly strengthen either humoral or cellular 
immunity.
Conclusions For HD and RTx, there is great variability in the humoral response to anti-COVID-19 vaccination, with a 
stronger response in the HD group. The booster dose was ineffective at reinforcing the humoral and cellular immune response 
in most RTx patients hyporesponsive to the second dose.

Keywords SARS-CoV-2 and COVID-19 · Hemodialysis and kidney transplantation · BNT162b2 mRNA vaccine and 
vaccine booster · Humoral (anti-RBD) and cellular (IGRA test) immunity

Introduction

The disease caused by SARS-CoV-2 infection (COVID-
19) has a strong impact on vulnerable populations, such as 
hemodialysis (HD) and kidney transplant (RTx) patients.

Uremia interferes with innate and adaptive immunity, 
leading to insufficient neutrophil and monocyte function, 
decreased antigen processing, reduced cell- and antibody-
mediated responsiveness to vaccinations. Anti-rejection 
regimens further suppress immunity. Other risk factors are 
elderly, dialysis vintage, malnutrition, inflammation and 
comorbidities, including hypertension, diabetes, obesity, 
and cardiovascular disease [1, 2].

The impaired immune status of HD and RTx patients has 
been described as a major risk factor for COVID-19 and 
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for complicated disease course, with higher mortality rates 
than in general population [3]. Therefore, vaccination is a 
priority for these patients, although SARS-CoV-2 vaccines 
have only been clinically tested in general population, whose 
protection rates reach up to 95% after two administrations. 
At present, there is scarce and incomplete knowledge about 
the immune response and protection from SARS-CoV-2 in 
HD and RTx patients after standard doses of mRNA vac-
cines [4, 5].

This study is aimed at evaluating and comparing the effi-
cacy of COVID-19 vaccination in two populations of HD 
and RTx patients from two Nephrology Units, by measur-
ing the levels of antibodies and the T cells response after 
administration of a mRNA vaccine (two doses plus booster).

Materials and methods

A cohort of 336 patients, 185 on HD and 151 RTx, from the 
Nephrology Units of Taranto and Martina Franca (Southern 
Italy), was recruited from April 2021 to May 2021. HD cases 
included adults (> 18 years) with end-stage renal disease 
(ESRD), treated with thrice-weekly hemodialysis for at least 
3 months. RTx cases included adult patients with a kidney 
transplant from a deceased donor for more than 2 years. 
We excluded patients transplanted since less than 2 years 

because of exposure to high-dose immunosuppressive regi-
mens and patients, both HD and RTx, who had a previous 
SARS-CoV-2 infection documented by PCR testing on naso-
pharyngeal swab. During the recruitment period, enrolled 
patients received two doses, 28 days apart, of the mRNA 
vaccine BNT162b2 (BioNTech Manufacturing GmbH, Ger-
many/Pfizer Manufacturing Belgium NV, Belgium).

Two members of our team independently matched HD 
and RTx patients for gender, age, dialysis vintage, BMI, 
comorbidities and obtained two homogeneous groups of 
55 HD and 51 RTx patients, whose main demographic and 
clinical characteristics are shown in Table 1.

A prospective, observational study was started in the 106 
patients, after approval by the local Ethical Committee and 
written informed consent of participants.

Blood samples were collected 7 weeks after the second 
vaccination dose. IgG antibodies against the receptor bind-
ing domain region of SARS-CoV-2 Spike glycoprotein (anti-
RBD) were assayed and, based on the antibodies levels, 
subjects were divided into quintiles. Three months after the 
second vaccination dose, the cellular immune response was 
evaluated by an interferon-γ (IFN-γ) releasing assay (IGRA 
test) in patients belonging to the lowest (Q1) and highest 
(Q5) anti-RBD quintiles.

A booster dose of BNT162b2 was administered 5 months 
after the second. Anti-RBD and IGRA test were performed 

Table 1  Demographic and 
clinical characteristics of study 
patients in 106 previously 
matched chronic hemodialysis 
(N = 55) or renal transplant 
patients (N = 51)

HD RTx p-value

N. 55 51
Age (yrs), mean ± SD 63.5 ± 9.4 62.7 ± 8.8 0.64 n.s.
Males/Females N. (%) 36 (65.5) / 19 (34.5) 37 (72.5) / 14 (27.5) 0.56 n.s.
Dialysis vintage (yrs), median [IQR] 4.0 [2.0, 7.5] 4.50 [2.0, 6.0] 0.63 n.s
Graft vintage (yrs), median [IQR] - 11 [7.0, 18.5] –
BMI (Kg/m2), mean ± SD 25.1 ± 4.5 25.7 ± 3.5 0.43 n.s.
Stratification by body weight N. (%) 0.49 n.s.
 Normal weight 26 (47.3) 21 (41.2) 0.66 n.s.
 Overweight 21 (38.2) 25 (49.0) 0.35 n.s.
 Obese 8 (14.5) 5 ( 9.8) 0.65 n.s.

Hypertension N. (%) 42 (76.4) 40 (78.4) 0.98 n.s.
Diabetes N. (%) 13 (23.6) 8 (15.7) 0.43 n.s.
Comorbidities N. (%) 0.31 n.s.
 0 comorbidities 3 ( 5.5) 8 (15.7) 0.15 n.s.
 1 comorbidity 31 (56.4) 25 (49.0) 0.57 n.s.
 2 comorbidities 17 (30.9) 12 (23.5) 0.52 n.s.
 3 comorbidities 4 ( 7.3) 5 (9.8) 0.91 n.s.
 >=4 comorbidities 0 ( 0.0) 1 (2.0) 0.97 n.s.

Cyclosporin N. (%) – 18 (35.3) –
Tacrolimus N. (%) – 31 (60.8) –
Sirolimus or everolimus N. (%) – 6 (11.8) –
Azathioprine or mycophenolate N. (%) – 41 (80.4) –
Steroid-free immunosuppression N. (%) – 5 (9.8) –
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again 3 months after the booster dose in the same selected 
patients.

Figure 1 shows a flow chart that supports understanding 
of the steps which led from the initial cohort of HD and 
RTx patients to the cases included in the final statistical data 
analysis.

Anti-RBD were detected by a chemiluminescent micro-
particle immunoassay, using SARS-CoV-2 IgG II Quant 
(Abbott Laboratories, Ireland) on Architect i4000SR ana-
lyzer and measured as antibody units (AU) per milliliter. The 
conversion factor in binding AU (BAU) following the WHO 
International Standard (NIBCS 20/136) is 0.142.

The IGRA test for the evaluation of T cell response con-
sisted in an IFN-γ releasing assay using a stimulation kit 
(Quan-T-Cell SARS-CoV-2, Euroimmun, Germany) and an 
enzyme-linked immunosorbent assay for the quantification 
of the IFN-γ released (Quan-T-Cell ELISA, Euroimmun, 

Germany). IFN-γ concentrations were expressed as milli-
international units per milliliter (mIU/mL).

For the statistical analysis, the normality of quantitative 
variables was checked with the Shapiro–Wilk test. Continu-
ous variables were reported as mean ± standard deviation 
when normally distributed, or as median plus 25th and 75th 
percentiles when non-normally distributed. Categorical 
variables were presented as relative frequencies and com-
pared by the Pearson/Fisher two-tailed Chi-square test. The 
Mann–Whitney U or Wilcoxon matched-pairs signed-rank 
test was used in the bivariate analysis to compare quantita-
tive non-normally distributed variables between unpaired 
and paired groups. The Spearman’s rho correlation coef-
ficient was used to evaluate relationships between skewed 
continuous variables. Statistical significance was accepted at 
two-sided p < 0.05. All statistical analyses were performed 
using R (version 3.6.3; The R Foundation for Statistical 
Computing, Vienna, Austria) in a bundle with the R Com-
mander Plug-in for the EZR (Easy R) Package (version 
1.36).

Results

Table 1 shows the demographic and clinical characteristics 
of the two matched groups (55 HD and 51 RTx patients). 
The higher numbers of diabetics in the HD group and of 
patients without comorbidities in the RTx group were not 
statistically significant.

The anti-RBD levels measured 7 weeks after two doses 
of vaccine demonstrated non-normally distributed antibody 
levels, with a wide range of variability in both groups, but 
much more pronounced in the RTx group, where values were 
concentrated mainly on the lowest range (Fig. 2 panel A). 
Furthermore, the median circulating levels of anti-RBD was 
significantly higher (p < 0.001) in HD patients (1456 AU/
mL, IQR 555–3947) compared to RTx patients (27.30 AU/
mL, IQR 4–247) (Fig. 2 panel B).

All but two RTx patients assumed calcineurin inhibitors 
and there was no statistically significant anti-RBD differ-
ence (p = 0.47) between patients taking cyclosporine or tac-
rolimus. In addition, the 80 percent of RTx patients taking 
azathioprine or mycophenolate did not have significantly 
different anti-RBD levels compared to the remaining 20 
percent (p = 0.48). The limited number of RTx patients on 
sirolimus, everolimus and steroid-free immunosuppression 
did not allow us to reveal any differences in anti-RBD levels.

The IGRA test performed 3 months after the second dose 
of vaccine in 20 HD and 19 RTx patients, belonging to Q1 
and Q5 quintiles of anti-RBD after the second shot, showed 
significantly higher values in the HD than in RTx patients 
(382 mIU/mL, IQR 84–1657, vs 73, IQR 28–181, p = 0.022).

Fig. 1  Flow chart of steps which led from the initial cohort of HD 
and RTx patients to the cases included in the final statistical data 
analysis



448 Clinical and Experimental Nephrology (2023) 27:445–453

1 3

Anti-RBD and IGRA test were repeated 3 months after 
the third dose of BNT162b2 on the same patients previ-
ously evaluated for the IGRA test, but we excluded one 
HD and one RTx patients for their refusal of the third 
dose, and another one who received a renal transplant days 
before the booster dose. Figure 3 shows the significant cor-
relation between anti-RBD levels and IGRA test values in 
18 HD patients (p = 0.02) and 18 RTx patients (p = 0.001) 
3 months after the third dose.

Figure 4 displays that, after the second and third vac-
cine doses in the same patients, anti-RBD levels (panels 
4A and 4B) increased significantly in the HD and RTx 
groups,(p = 0.0002 and 0.009, respectively), whereas the 
IGRA test values (panels 4C and 4D) remained stable in 

most patients (in HD and RTx groups, p = 0.09 and 0.17, 
respectively).

In the patients (Fig. 5) with lower anti-RDB levels after 
the second vaccine dose (Q1), the third dose determined 
an increase of antibodies levels in HD patients (panel 5A) 
(p = 0.004), but not in RTx patients (panel 5B). The IGRA 
test values not increased in both groups (panels 5C and 
5D).

Two RTx patients acquired COVID-19 in a pauci-symp-
tomatic form between the first and second doses of vaccine 
and other five patients, 4 HD and 1 RTx, after the third dose, 
during the massive epidemic surge occurred in Italy between 
December 2021 and February 2022, mainly attributed to the 
omicron variant. Four of the five patients experienced no 

Fig. 2  Anti-RBD serum levels 
by patient status (HD, N = 55; 
RTx, N = 51) at 7 weeks after 
completion of the anti-COVID 
vaccination cycle with two 
doses of mRNA vaccine. Panel 
A: density plot for the represen-
tation of data distribution. Panel 
B: Box and Whisker plot. Each 
Box and Whisker expresses the 
median, IQR, minimum and 
maximum values, while dots 
identify outliers
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or mild symptoms, while one 75-year-old HD woman with 
multiple comorbidities experienced a severe course and died.

Discussion

In this study, we describe the humoral and cellular responses 
after the second and third dose of BNT162b2 in HD patients 
and long-term RTx, without previous COVID-19.

Uremic toxins, inflammation, anemia, vitamin D and 
erythropoietin deficiencies, comorbidities, elderly, hypoal-
buminemia, high BMI, and impaired immunity (or immu-
nosuppressive drugs) influence T cells activity, antigen 
presenting ability, and B cells production of neutralizing 
antibodies [6, 7].

ESRD patients should be prioritized for vaccina-
tion, because the risk of severe SARS-CoV-2 infection is 
increased by several factors, such as comorbidities, immu-
nodeficiency, older age, residence in nursing homes, travels 
to the dialysis facility, contacts with staff and other patients 
within the dialysis facility and, for transplanted patients, 
immunosuppression.

In ESRD, a poor response was reported to hepatitis, influ-
enza and pneumococcal vaccines, whereas improvement of 
dialysis efficiency determined better responses [8–10]. A 
diminished response has been reported in ESRD also after 
SARS-CoV-2 vaccination. In several studies, up to 97.7% 
HD patients developed a response (humoral, cellular or both) 
after 2 vaccine doses, but often HD patients presented lower 
antibodies levels and/or a slower rate of seroconversion 

compared to controls and general population [11–20]. In 
RTx patients, a suboptimal response after two doses of vac-
cine has been observed, with seroconversion rates between 
2.6 and 66% [19–22]. Seroconversion failures were mainly 
attributed to immunosuppressive therapy, with belatacept, 
mycophenolate and calcineurin inhibitors associated to 
higher failure rates than mTOR-inhibitors and glucocorti-
coids [22–24].

Cellular immunity may offset the absence of post-vacci-
nation antibodies, and patients without detectable anti-RBD 
still can have a robust T cell response. Considering that it 
might be unsuitable to label patients as “non-responders” 
in the absence of T cells data [11, 25], an assessment of 
the cellular response should be added to the antibody 
determinations.

We measured the humoral and cellular responses to the 
second and third doses of anti-SARS-CoV-2 vaccine in 
HD and RTx patients not previously affected by COVID-
19. RTx patients had not previously experienced cellular or 
humoral rejection nor they had received rituximab therapy. It 
is noteworthy that we always used the same mRNA vaccine 
(BNT162b2) and that the two groups were well matched 
for demographic and clinical characteristics, with the obvi-
ous exception of immunosuppressive therapy. Patients in 
the early transplant period were excluded because of the 
higher immunosuppression therapy usually administered at 
this time.

There were no statistically significant differences in anti-
RBD levels in 106 patients (55 HD and 51 RTx) 7 weeks 
after the second dose based on the presence of comorbidities 

Fig. 3  Relationship between 
anti-RBD and IGRA test in HD 
and RTx patients at 3 months 
after the third dose of mRNA 
vaccine. Patients (total N = 36) 
were selected as belonging to 
the lowest (Q1) and highest 
(Q5) quintiles for anti-RBD 7 
weeks after the second dose. 
The correlation coefficient is 
shown as Spearman’s rho coef-
ficient
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such as diabetes, overweight or obesity status, hypertension, 
or a cancer history (data not shown).

We found relevant differences between HD and RTx 
patients. HD patients showed a significantly stronger 
humoral response to vaccine. The effect of immunosuppres-
sive therapy in RTx patients is the most likely explanation 
for this difference. Unlike other studies, the type of immu-
nosuppressant determined no difference in RTx patients’ 
response, probably because of the low number of cases.

In both groups of patients, antibodies levels had a wide 
variability, more pronounced in RTx patients, with a much 
bigger density in the lower range of values. Previous data 
report that, even among responders, a large number of ESRD 
patients show low-intermediate antibodies levels after two 

doses, although no threshold is clearly established for pro-
tective immunity. Consequently, it is not excluded that low 
responders might actually remain unprotected against severe 
SARS-COV-2 infection [23]. For this reason, many coun-
tries have adopted the policy of three SARS-CoV-2 vaccina-
tions to improve immune responses in patients with possible 
incomplete protection after two doses or to enhance waning 
immunity [26].

In our HD and RTx patients, the third vaccination signifi-
cantly boosted anti-RBD levels, although less pronounced 
in RTx. However, the increase of cellular response was not 
significant in both groups, although anti-RBD and IGRA 
test values were significantly correlated. Anyway, the cel-
lular immunologic response to the third dose appears uneven 

Fig. 4  Parallel coordinate plot for humoral and cellular immune 
response after the second and third homologous doses of anti-SARS-
CoV-2 mRNA vaccine in 36 patients (18 HD and 18 RTx) who 
belonged to the lowest (Q1) and highest (Q5) quintiles of anti-RBD 
antibodies after the second dose. Timing for evaluation after the sec-

ond dose was 7 weeks for anti-RBD and 3 months for IGRA test-
ing. Timing for evaluation after the third dose was 3 months for both 
anti-RBD and IGRA testing. Each Box and Whisker expresses the 
median, IQR, minimum and maximum values
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for both groups, with higher median values in HD patients. 
For many patients in this group, we can hypothesize main-
tenance of a state of cellular immunity already stimulated 
by the primary vaccine cycle and confirmed by the third 
dose. Of note, most of the low responders to two vaccine 
doses, i.e., patients belonging to anti-RBD Q1, improved 
their immunological status very poorly after a booster dose 
with increased anti-RBD levels only in HD patients. In any 
case, even for anti-RBD, patients who did not respond well 
to the second dose of vaccine maintained mainly low anti-
body levels even after the third dose.

However, according to our findings, the immunological 
booster of the third dose was detected more effectively by 
anti-RBD than by the IGRA test, and it was observed more 

frequently in HD than in RTx patients. This undoubtedly 
made the IGRA test more difficult to interpret, possibly due 
to its own underlying methodological aspects.

Our data are in accordance with recent reports, dem-
onstrating that non-responders after two vaccine doses 
responded to a third dose only in 35–55% of HD and in 
30–50% of RTx patients [27–31]. In another report, the 
chance of non-response for RTx patients was, on average, 
four times higher than for HD patients [22]. Other works 
show conflicting results, with good immune responses in 
HD and RTx patients who failed the primary vaccination 
[13, 22, 32], and even a sixfold increase in the number of 
RTx patients developing a protective antibodies levels after 
the booster dose [33].

Fig. 5  Parallel coordinate plot for anti-RBD levels and IGRA test 
after the second and third homologous doses of anti-SARS-CoV-2 
mRNA vaccine in 20 patients (11 HD and 9 RTx) who had a low 
immune response after the second dose (anti-RBD in the lowest Q1 
quintile). Timing for evaluation after the second dose was 7 weeks 

for anti-RBD and 3 months for IGRA testing. Timing for evaluation 
after the third dose was 3 months for both anti-RBD and IGRA test-
ing. Each Box and Whisker expresses the median, IQR, minimum and 
maximum values
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There are some limitations in our study. First, the sta-
tistical analyses were limited by the small-sized groups. 
Moreover, we tested twenty healthy immunocompetent 
subjects for anti-RBD and IGRA test, but only after the 
second vaccine dose. Three months after the booster, the 
circulating anti-RBD median value in this group was 3570 
AU/mL (IQR 1157–8716), while the IGRA test median 
value was 757 mIU/mL (IQR 447–1535).

Second, for the limited observation time, our data 
reflect only the early vaccination response, and the persis-
tence of vaccine-induced immunity has not been assessed.

Third, we did not determine neutralizing antibodies’ 
levels. However, there is increasing evidence that anti-
RBD correlate with neutralizing capacity and with recruit-
ment of innate immunity and T cell-specific SARS-CoV-2 
responses [31, 34, 35]. Until neutralizing antibody levels 
are not broadly established in routine diagnostic labora-
tories, the determination of anti-RBD should be used to 
guide clinical decision.

Finally, the clinical efficacy of a third vaccine dose was 
not fully assessed in our study. Out of our 106 patients, 
2 were diagnosed COVID-19 after two doses and 6 after 
three doses. However, the cases after the third dose were 
observed during a massive epidemic of COVID-19 attrib-
uted to the omicron variant.

In conclusion, there is a great variability in antibody 
response to SARS-COV-2 vaccination in HD and RTx 
patients, with stronger responses in the former group. A 
third dose of BNT162b2 substantially increased the anti-
body response, which showed a good correlation with the 
cellular response. However, there was little evidence of 
an improved in immune response after the third dose in 
patients with initial low antibodies levels. Therefore, a 
large proportion of ESRD patients remained at risk for 
COVID-19. Barrier measures should be maintained and 
vaccination of the patients’ relatives and health care work-
ers should be encouraged. A special attention is needed for 
diabetic, older or immunosuppressed patients. Alternative 
policies of vaccination and SARS-COV-2 infection man-
agement should be found for weak vaccine responders.
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