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Abstract
Introduction Coronavirus 2 disease is associated with increased mortality and morbidity in chronic hemodialysis patients
Methods A retrospective, observational case–control pilot study was conducted on consecutive hemodialysis outpatients 
(cases) and control group of individuals with preserved renal function. Complete SARS-CoV-2 vaccination with BNT162b2 
mRNA vaccine, followed by determination of serum antibodies after the second dose, were required from participants in 
both groups. Previous COVID-19 was an exclusion criterium.
Results 21 hemodialysis patients (M:F = 13:8, mean age 67.5 ± 13.4) and 16 controls without chronic kidney disease 
(M:F = 4:12, mean age 46.8 ± 12.7) were included. Hemodialysis patients had lower mean titers of serum antibodies to the 
SARS-CoV-2 spike antigen compared with controls (492.39 vs 1901.20 IU/mL, respectively; p < 0.001), a finding that was 
confirmed in the age-matched analysis on 18 participants (580.8 vs 1836.4 IU/mL, p = 0.006).
Conclusions This study supports the finding of hyporesponsiveness to mRNA vaccination among hemodialysis patients.
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1 Introduction

Hemodialysis patients (HDPs) are at higher risk of develop-
ing severe forms of the disease caused by coronavirus-19 
[1, 2]. Lethality in HDPs with coronavirus-19 is estimated 
to be between 20 and 30%, and there is an increased risk of 
coronavirus-2 acute respiratory syndrome (SARS-CoV-2) 
in these patients [3]. Vaccination plays a role in the current 
response to the COVID-19 pandemic. Although mRNA vac-
cines elicit a strong immune response in the general popula-
tion, immunization rates in immunocompromised patients, 
including those on hemodialysis, as well as organ transplant 
recipients, have not been specifically studied in the pivotal 
mRNA-1273 and BNT16b2 studies [1, 2]. Vaccination of 
hemodialysis patients has been prioritized over the general 
population because of the high risk of developing serious 

complications secondary to COVID-19. However, hypore-
sponsiveness to vaccination has been frequently reported in 
these patients, such that booster doses are often needed to 
achieve adequate protection [4]. The uremic syndrome and 
extracorporeal circulation seem to play a role in disrupting 
the innate and adaptive immune response through reduced 
neutrophil and monocyte function, as well as reduced cell-
mediated and antibody responses.

Thus, our aim was to examine the humoral response to 
SARS-CoV-2 vaccination in hemodialysis patients compared 
with a control group with preserved renal function.

2  Methods

2.1  Study Design

A retrospective, observational case–control pilot study 
was conducted between May and June 2021 on consecu-
tive hemodialysis outpatients (cases) who were on regular 
therapeutic follow-up at the Dialysis Unit since at least 1 
month and a control group of individuals with preserved 
renal function (eGFR > 60 ml/min/1.73  m2) enrolled among 
the local health professionals, who had undergone complete 
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SARS-CoV-2 vaccination and subsequent monitoring of the 
relative humoral response as part of standard of care (cases) 
or local dispositions for healthworkers (controls). To the 
purpose of monitoring the humoral response to vaccination, 
venous blood sampling from the upper arm of each par-
ticipant occurred 30 days after completing the vaccination 
schedule. Documented previous natural exposure to SARS-
CoV-2 was an exclusion criterion for participation in the 
study. Given the exploratory nature of the study, no formal 
sample size was calculated.

This study was approved by the local IRB (protocol # 
131080/2021).

2.2  SARS‑CoV‑2 Vaccination

For inclusion in the study, complete SARS-CoV-2 vaccina-
tion with first and second dose of BNT162b2 mRNA vaccine 
(Pfizer BioNTech) within the previous month was required 
from participants in both groups. Pfizer BioNTech vaccine 
was selected over alternative vaccines based on the Italian 
normative dispositions on COVID-19 on frail individuals 
as well as local availability, and the requirement extended 
to the control group for methodological consistency, All the 
participants signed an informed consent when receiving the 
vaccine doses.

2.3  Humoral Response to SARS‑CoV‑2 Vaccination

The humoral response to SARS-CoV-2 vaccination was 
assessed for all participants in terms of IgG II antibodies 
against the spike antigen using fluorescence polarization 
immunoassay (FPIA)  (Roche®) at the local Laboratory. The 
assay tests positive for antibody titers at least equal to 1 IU/
mL. The presumed neutralizing antibody titer according to 
the assay is 80 IU/mL.

2.4  Statistics

Demographic and participants’ characteristics were evalu-
ated with unpaired t tests for continuous variables (mean ± 

standard deviation, SD) and χ2 tests for categorical vari-
ables (N, %). An age-matched analysis was performed to 
control for age as a potential source of bias. Differences 
in antibodies titers to SARS-CoV2 between cases and 
controls were evaluated by Wilcoxon test. A regression 
analysis was performed to assess the impact of the dura-
tion of hemodialysis treatment (months) on antibody titers. 
Statistical analyses were performed using R (v 4.0.2). Sta-
tistical significance was set at p < 0.05.

3  Results

After applying the prespecified inclusion and exclusion 
criteria, 21 hemodialysis patients (61.9% males) and 16 
controls without chronic kidney disease (26.7% males) 
were included in the study. Their clinical and demographic 
characteristics are reported in Table 1. Briefly, hemodialy-
sis patients were older than controls (mean age 67.5 ± 13.4 
years); 57.1% had hypertension, 23.8% had a history of 
diabetes, 42.9% had documented peripheral vascular dis-
ease and 38.1% had established cardiovascular disease 
including previous ischaemic heart disease, stroke, TIA). 
Among controls, 38.5% had a history of hypertension; no 
comorbidities were reported.

Overall, hemodialysis patients had lower mean titers of 
serum antibodies to the SARS-CoV-2 spike antigen com-
pared with controls (492.39 vs 1901.20 IU/mL, respec-
tively; p < 0.001; Fig. 1, panel A). Antibody titers were 
apparently not affected by the duration of hemodialysis in 
the examined sample (Fig. 2).

The age-matched analysis on 18 participants, equally 
distributed between cases and controls (mean age 
55.3 ± 10.5 years and 55.3 ± 6.9 years, respectively; 
p = 1.000; Table 2), confirmed the observation of lower 
antibody titers among those on hemodialysis (580.8 vs 
1836.4 IU/mL, respectively; p < 0.001) (Fig. 1, panel B).

Table 1  Demographic and 
clinical characteristics of the 
examined sample

SD standard deviation, PAD peripheral artery disease, CVD cardiovascular disease

Healthy controls (n. 15) Hemodialysis patients 
(n. 21)

p-value

Age, years (mean, SD) 46.8 (12.6) 67.5 (13.4) < 0.001
Men (%) 4 (26.7) 13 (61.9) 0.080
Hypertension (%) 5 (38.5) 12 (57.1) 0.480
Diabetes (%) 0 (0) 5 (23.8) 0.122
PAD (%) 0 (0) 9 (42.9) 0.011
CVD (%) 0 (0) 8 (38.1) 0.021
Ab COV2, IU/mL (mean, SD) 1901.20 (287.33) 492.39 (713.09) < 0.001
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4  Discussion

This retrospective, observational pilot study shows that 
hemodialysis patients have lower antibody titers against 
SARS-CoV2 mRNA vaccination compared with healthy 
controls, possibly reflecting impaired immune competence.

COVID-19 was first described in China in Decem-
ber 2019, and the COVID-19 outbreak was subsequently 
declared pandemic by the World Health Organization 
(WHO) (citare). An initial analysis documented that approx-
imately 20% of HDPs was positive for COVID-19 [5] with 
frequent clustering of cases among hemodialysis patients 
HDPs and the medical staff. Conversely, patients perform-
ing home dialysis techniques such as peritoneal dialysis and 
home hemodialysis were relatively protected during this 
pandemic [6].

UK renal Registry data showed a 20% mortality rate at 14 
days in hemodialysis patients with COVID-19 infection dur-
ing the first pandemic wave. Such a significantly increased 
risk was acknowledged in tools such as The Association of 
Local Authority Medical Advisors (ALAMA) age score and 
the Q-COVID risk calculator.

Vaccination has, therefore, been declared of primary impor-
tance in HDPs. However, the Emergency Use Authorization 
(EUA) issued by the US Food and Drug Administration (FDA) 
was based on clinical trials that did not include HDPs or 
transplant patients. The hyporesponsiveness of these patients 

Fig. 1  Boxplots of serum antibodies titers to the SARS-CoV-2 spike antigen in cases and controls. Panel A overall analysis. Panel B age-
matched analysis

Fig. 2  Regression analysis assessing the impact of hemodialysis dura-
tion on antibody titers to the SARS-CoV-2 spike antigen
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to vaccination is well known. It has been reported that post-
influenza vaccine seroprotection rates range from 33 to 80% 
[7]. The uremic syndrome and extracorporeal circulation seem 
to play a role in disrupting the innate and adaptive immune 
response through reduced neutrophil and monocyte function, 
as well as reduced cell-mediated and antibody responses. 
Other risk factors that seem to take part in the reduction of 
defense capabilities are older age, diabetes, time since first 
dialysis, and malnutrition [8].

Despite the limitation of the small sample size, this study 
fits together with other works in the analysis of humoral 
response in hemodialyzed patient undergoing mRNA vac-
cine. In our study all patients developed a specific humoral 
response post-vaccination, but the level of antibody production 
was lower than in control patients without renal disease. Other 
studies seem to confirm this finding in both HDPs [9, 10] and 
renal transplant patients [11].

5  Conclusions

This study demonstrates a hyporesponsiveness of hemodialysis 
patients to vaccination against COVID-19. This finding in a 
highly vulnerable population is highly promising. Future stud-
ies are required to describe the relationship between antibody 
titers, functional antibody activity, cell-mediated response, 
whether antibody titer is predictive of immune protection, and 
whether there is a need for a booster dose of mRNA vaccines 
in hemodialysis patients.
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