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Abstract: Background: Due to their immunocompromised conditions, hemodialysis (HD) patients
are at high risk of being infected with SARS-CoV-2 with poor clinical outcomes. We explored safety,
efficacy and variability factors associated with vaccine immune response in these patients. Methods:
From 18 January to 30 April 2021, 87 HD patients were enrolled in this study and subdivided in
two sub-groups: SARS-CoV-2 positive prior to vaccination and naïve patients. The vaccination
protocol included two intramuscular shots of the mRNA vaccine at a 28-day interval. The vaccine
response was evaluated one month after the first and second shots by measuring anti-S antibody
titers. Findings: 44% of the patients studied, were women; median age was 58 years. One month
after the first shot, 64.3% of patients had anti-S antibody titers < 50 U/mL while 96.5% had anti-S
antibody titers > 250 U/mL one month after the second shot. We show that the anti-SARS-CoV-2
spike mRNA vaccine elicits a great tolerability in HD patients. Importantlly, the vaccine response is
characterized by a higher rate of seroconversion than conventional vaccination, as we have shown
for the hepatitis B vaccine. We highlight two major factors of variability of the vaccine response.
First, pre-exposure to SARS-CoV-2 boosts humoral response, as 95% of SARS-CoV-2 positive patients
developed anti-S antibody titers > 250 U/L just after the first shot. Secondly, on the contrary fluid
overload strikingly appears, limiting the vaccine response, as 84% of HD patients with fluid overload
elicit lower anti-S antibody titers after the first shot. Interpretation: Our findings show that the
immunogenic profile induced by mRNA vaccines in HD patients represents a promising a protective
strategy that is associated with greater tolerability. Fluid overload may be considered as a novel factor
that hinders the immune response in HD patients and further studies will be needed to investigate
this working hypothesis.

Keywords: mRNA vaccine; COVID-19; antibody against SARS-CoV-2 spike protein; hemodialysis;
hemodiafiltration; fluid overload; lymphocyte; adverse events; T cells; B cells

1. Introduction

In 2020, COVID-19 became the third leading cause of death worldwide, with a particu-
larly devastating effect on chronic kidney disease (CKD) patients. Due to ambulatory and
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repeated life support treatment conditions, hemodialysis (HD) patients are more exposed
to SARS-CoV-2 infection than the general population, as they cannot comply with lock-
down measures due to repeated use of transportation to dialysis units, including mingling
with other patients and caregivers. In addition, due to their comorbid conditions and
immunodeficient profile, HD patients are particularly vulnerable [1] and have a higher risk
of death from SARS-CoV-2 infection, which ranges from 16% to 32% [2–4]. The develop-
ment of vaccines based on messenger RNA biotechnology offers an innovative approach
for overcoming poor outcomes of COVID-19 infection and the related complications in
HD patients [5]. Messenger RNA (mRNA) vaccines relying on an innovative technol-
ogy that combines molecular biology and immunology have shown unexpectedly strong
results [5,6].

BNT162b2 (ComirnatyTM, Pfizer/BioNtech) was one of the first vaccines approved
worldwide for COVID-19 protection. A large study in a healthy population showed
that a two-dose vaccination procedure reduced severe acute respiratory syndrome and
subsequent death by greater than 90% [7]. However, due to their comorbidities dialysis
patients were excluded from this pilot study [8], meaning that the immunogenic profile of
mRNA vaccines in this population is poorly understood. In addition, it is well established
that the immune response to vaccines is impaired in HD patients, who exhibit lower
seroconversion rates than subjects with normal kidney function [9]. Interestingly, a large
proportion of HD patients may develop asymptomatic COVID-19 disease, as indicated
by the reported high prevalence of positive antibodies against SARS-CoV-2 in two large
dialysis units [10]. A vaccine campaign was launched in France in January 2021, and
dialysis patients were targeted as a priority population for receiving the SARS-CoV-2
vaccine. We took advantage of this decision by health authorities to evaluate the tolerance
and immune response of patients in our dialysis facility.

All patients signed consent and the study approval was obtained internally. This study
had three aims: first, to assess tolerance of HD patients to the vaccine; second, to evaluate
the immune response by monitoring antibody titers against SARS-CoV-2 spike (Anti-S)
protein after two shots of the Comirnaty® mRNA vaccine by Pfizer BioNtech; and third,
to compare antibody titers (anti-S) in HD patients to healthy controls, while identifying
factors associated with immune response.

2. Materials and Methods
2.1. Patients and Healthy Controls

Ninety-eight patients on maintenance in center hemodialysis and short daily home
hemodialysis (SDHD) were enrolled in this prospective study from 18 January to 30 April
2021. All patients received appropriate information about the protocol and signed the
consent form. Three patients who had symptomatic COVID-19 infection within the last
3 months were excluded from the study. A fourth additional patient bearing multiple
sclerosis was contraindicated for the vaccine. Another five patients refused to be vaccinated.
Our cohort was subdivided into two subgroups: symptomatic and asymptomatic COVID-
19 group (COVID-19 positive) and the naïve patient group (COVID-19 negative).

Twenty-three healthy volunteers consisting of naïve to COVID-19 caregivers who
were vaccinated using the same two-shot vaccine protocol within the same time frame
represented the control group.

2.2. Assessment of Biological Parameters

Monthly blood samples were drawn before the dialysis session to assess routine
laboratory parameters (albumin, C-reactive protein, hemoglobin, platelets, and white blood
cell count). Blood samples were drawn to assess the immune vaccination response after the
first and second vaccine shot. Every 3 months, as routine practice, screening for hepatitis B
(HBV antigen, Ac anti-HBs) status is performed in our dialysis facility. All HD patients had
been vaccinated against hepatitis B, and anti-HBS antibody titers were regularly monitored.
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2.3. Vaccine Protocol

The vaccine protocol followed the recommendations of the health authority and the
manufacturer’s instructions. All the patients received two intramuscular injections of 30 µg
(0.3 mL) of the Comirnaty® BNT162b2 mRNA Pfizer BioNtech vaccine in the deltoid muscle
at 28-day intervals.

2.4. Evaluation of the Antibody Response

As part of our routine practice, systematic SARS-CoV-2 RNA screening is performed
by RT-PCR from nasopharyngeal swabs using the Alinity m SARS-CoV-2 assay (Abbott
Diagnostics, Chicago, IL, USA) when a SARS-CoV-2 infection is suspected. In addition,
at baseline, and before the first vaccine shot, SARS-CoV-2 serological test was performed
with IgG and IgM antibodies test (Abbott) (IgG negative < 50 IU/mL, IgM positive > 1).
The Elecsys Anti-SARS-CoV-2, and the Elecsys Anti-SARS-CoV-2 S immunoassays (Roche
Diagnostics, Rotkreuz, Switzerland) were performed one month after the first and second
vaccine shots. This technique was used for the qualitative detection of antibodies to
SARS-CoV-2 nucleocapsid protein (N) and the quantitative determination of antibodies
to the SARS-CoV-2 spike (S) protein receptor binding domain (RBD). Anti-N antibodies
are considered detected when the assay index result is >1. Anti-S titers < 0.4 U/mL are
considered non-reactive. The cut-off for seroconversion in the assay is 50 U/mL. The
threshold of 250 U/mL is a maximum level for detecting anti-S antibodies. We classified
anti-S titers into 4 categories: <0.4, 0.4–50, 50–250, and >250 U/mL. The immune response
was evaluated 28 days after the first and second shots.

2.5. Data Collection

Patient data were captured from our electronic medical record (EMR): demographic
data and comorbidities, the Charlson comorbidity index, body mass index (BMI), and other
notable past medication.

Blood laboratory tests at baseline and one month after the first and second shots were
collected for patients and members of the control group. Dry weight and fluid status in
HD patients were monitored by multifrequency bioimpedance (body composition monitor,
BCM: Fresenius Medical Care) measurements before first vaccine shot and at 3-month
intervals. The dialysis dose was assessed monthly by single-pool Kt/V (spKt/V) for thrice
weekly treatment and standard weekly Kt/V (sdwkKt/V) for patients on short daily home
hemodialysis (SDHH). Adverse effects of vaccines were defined as follows: site-injection
pain, skin redness, fever > 38, myalgia, arthralgia, headache, fatigue, and diarrhea. These
events were recorded during the study period.

2.6. Statistical Analysis

All statistical analyses were performed using R Core Team (2020). R: A language and
environment for statistical computing. R Foundation for Statistical Computing, Vienna,
Austria (version 1.4.1103). The data were first analyzed using descriptive statistics. The
average values, standard deviations and percentages of the different data features are
summarized in the indicated tables and figures. Mean and standard deviation were
computed for numerical data and counts and percentages for categorical features. Counts
and percentages of grouped data are represented using boxplots and bar plots, as shown in
figures. Inferential tests were performed to determine specific data features, and normality
was tested using the Shapiro method and quantile-quantile plots. Since none of the tests
confirmed that our data features were normally distributed, we compared the medians of
observations using the Mann–Whitney–Wilcoxon test for independent samples and the
Friedman test for dependent samples. The independence between different data variables
was tested using the chi-squared test, and correlations between parameters were assessed
by Spearman analysis. In all our analyses, a p-value of 0.05 was considered statistically
significant. We calculated the 95% confidence intervals for the mean differences of the two
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cohorts using Student’s t-test and Welch correction (whenever the variances were not equal;
this last assumption was investigated using the Fisher test).

3. Results
3.1. Patients and Control Group Characteristics

Eighty-seven HD patients and twenty-three healthy volunteers, as a control group,
were included in this analysis. The dialysis population was split into two groups, as
illustrated in the study flow chart in Figure 1. Demographic and patient characteristics are
summarized in Table 1.
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Thirty-eight patients were women (44%), and the median age was 58 years (58.36 ± 14.93).
The Charlson comorbidity index was 4.13 ± 1.18, with a body mass index (BMI) of
27.06 ± 5.66 kg/m2. Of all of the patients, 3% were on immunosuppressive therapy. The
median age of the control group was 45 years with a body mass index (BMI) of 24 kg/m2.
Renal replacement therapy consisted of three weekly treatments of high-flux hemodialysis
in 51%, high-volume hemodiafiltration in 42% with a mean convective volume of 24.8 L
(24.80 ± 3.05), while five patients (6%) were on short daily home hemodialysis. The mean
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weekly treatment time was 743.45 ± 39.93 min. Sixty-eight (78.2%) patients and nineteen
healthy controls (82.6%) had not contracted the COVID-19 infection beforehand.

Table 1. Baseline characteristics.

Parameters Dialysis Group Control Group

Demographic (median, 25th–75th percentile)

Age (year) 60 (49.5–69) 45 (35–55)
Sex count (Male/Female) 49/38 9/15
Dry Body Weight (kg) 74 (61.8–83) 66 (56–71)
Height (cm) 166 (163–170.5) 167 (164–168)
Body mass index (BMI: kg/m2) 25.4 (22.7–31.6) 24 (23–26)

COVID-19 History (n, %)

Symptomatic 7 (8.0%) 3 (13.0%)
Asymptomatic 12 (13.8%) 1 (4.3%)
None 68 (78.2%) 19 (82.6%)

Comorbidities (n, %)

Charlson Index 4.13 ± 1.18
Diabetes 16 (18.39%) 0 (0.00%)
Hypertension 85 (97.70%) 2 (8.69%)

Medication (n, %)

Antihypertensive 80 (91.95%) –
Cardiovascular medication 38 (43.68%) –
Phosphate binders 58 (66.67%) –
Carbonat of calcium 50 (57.47%) –
Cholecalciferol 85 (97.70%) –
Iron 87 (100.0%) –
Vitamin K antagonist 5 (5.75%) –

Nephropathy (n, %)

Glomerular 1 (1.15%) –
Vascular 62 (71.26%) –
Diabetic 15 (17.24%) –
Autosomal Polycystic Kidney Disease 3 (3.45%) –
HIV 3 (3.45%) –
Other 11 (12.64%) –

Renal Replacement Therapy

Dialysis vintage (Months) 45.19 ± 37.39 –
Past History of renal transplantation (n, %) 8 (9.19%) –
Immunossupressive therapy past/active (n, %) 3 (3.45%) –

3.2. Biological Parameters Assessment

Laboratory test parameters at baseline and after the first and the second shots are
shown in Tables 2 and 3 Before vaccination, the median hemoglobin value was 11 g/dL
(10.3–11.65), the median albumin level was 39 g/L (39.88 ± 3.33) and the median leukocyte
count was 6000/mm3 (5048–7588). As shown in Table 5, ten patients had HBS antibody
hepatitis virus titers < 10 IU/L.
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Table 2. Hemodialysis Parameters.

Hemodialysis Parameters

Treatment Schedule and Modality
Weekly treatment time (min/week) 743.45 ± 39.93
High flux HD mode (%) 87 (100%)
Conventional High Flux HD (n, %) 45 (51.72%)
HDF (n, %) 37 (42.53%)
Short Daily Home HD (n, %) 5 (5.75%)
Anticoagulation (IU/session) 2686.21 ± 1272.97

Vascular access
Native Arteriovenous Fistula (n, %) 81 (93.10%)
Central Venous Catheter (n, %) 6 (6.90%)

Dialysis Dose Delivered
Kt/V (std, 87 pts) 1.628 ± 0.35
Kt/V (Weekly, 5 pts) 2.25 ± 0.21
Convective volume (L/session) 24.80 ± 3.05
Residual Urinary Output (n > 300 mL/day) 50 (57.47%)

Blood Pressure (BP) * (mmHg)
Pre-dialysis Systolic BP 141.71 ± 22.66
Pre-dialysis Diastolic BP 68.43 ± 15.26
Post-dialysis Systolic BP 134.74 ± 20.5
Post-dialysis Diastolic BP 63.92 ± 13.83

Fluid status (bioimpedence measurement)
Fluid Overload (L) 1.31 ± 2.09
Dry weight (kg) 75.75 ± 18.02
Ultrafiltation (mL/session) 2090.3 ± 928.77
Ultrafiltation (mL/h/kg) 7.22 ± 3.22

Nutrition, Anemia & Inflammation Markers
nPCR (g/kg/24 h) 1.05 ± 0.22
Hemoglobin level (g/L) 11.26 ± 1.28
Ferritin (µg/L) 470.7 ± 228.29
Transferin Saturation coefficient (%) 26.84 ± 12.49
Albumin (g/L) 39.88 ± 3.33
C-reactive protein (mg/L) 7.36 ± 9.73

*: measured during the mid-week session after the first vaccine shot.

Table 3. Reported adverse events after vaccine.

Dialysis Patients Control Group
1st Shot 2nd Shot 1st Shot 2nd Shot

Vaccine Pfizer (Comirnaty)
Vaccine Shot Schedule (n) 87 87 23 22

Average dose 30 µg
µg/kg 0.417 0.417 0.47 0.47

µg/m2 body surface area 16.36 16.36 17.56 17.56

Adverse events (n, % patients) *

Local Arm pain 14 (15.90%) 12 (13.63%) 22 (96.0%) 12 (52.0%)
Hematoma 1 (1.13%) 2 (2.27%) 0 (0.0%) 0 (0.00%)

Systemic Fatigue 7 (8.00%) 4 (4.54%) 1 (4.34%) 7 (30.43%)
Diarrhea 2 (2.27%) 1 (1.13%) 0 (0.00%) 0 (0.00%)
Joint pain 3 (3.40%) 1 (1.13%) 2 (8.69%) 2 (8.69%)

Fever 6 (7.0%) 6 (6.81%) 4 (17.39%) 2 (8.69%)
Headache 0 (0.0%) 0 (0.00%) 2 (8.69%) 1 (4.34%)

Vertigo 1 (1.13%) 1 (1.13%) 0 (0.00%) 0 (0.00%)
Hospitalization ** 1 (1.13%) 0 (0.00%) 0 (0.00%) 0 (0.00%)

No adverse event reported 69 (79.00%) 65 (73.86%) 0 (0.00%) 8 (34.78%)

Total 88 88 12 12

*: Several possible adverse events reported per patient/volunteer. **: Severe adverse event with Emergency Care
Unit hospitalization.
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3.3. Tolerability of the SARS-CoV-2 mRNA Vaccine

Adverse effects of the anti-SARS-CoV-2 vaccine observed in HD patients and the con-
trol group are presented in Table 3. Hemodialysis patients displayed fewer symptoms than
the control group. As shown, pain was noted in 16% versus 96% and in 13% versus 52% after
the first and second vaccine shots, respectively. Fever reactions were noted in 7% versus 17%
after the first vaccine shot. Two patients developed serious symptoms that included fever
(≥39 ◦C), diarrhea and headache after the first vaccine shot. The first patient was admitted
to an emergency unit and monitored for 24 h. The fever persisted more than 3 days and
laboratory tests identified acute inflammation with CRP > 30 mg/L. The second patient
developed flu-like symptoms that lasted 24 h and resolved with symptomatic treatment.

3.4. Anti-S Antibody Titer Development after Vaccination in Naïve HD Patients and
Control Subjects

As shown, mRNA vaccine administration induced a significant increase in antibody
titers in both patients and healthy controls. One month after the first vaccine shot, 22 (22.9%)
patients and 4 (17.39%) healthy subjects displayed positive nucleocapsid (N) antibodies
due to a previous contact with SARS-CoV-2 (Table 4). One month after the first vaccine shot,
64.3% of patients had a seroconversion, with anti-S antibody titers remaining between 0.4
and 50 U/mL, 11.5% had a positive response with anti-S antibody titers ≥ 50 U/mL, and
24% of patients had a high positive response with anti-S antibody titers > 250 U/mL. One
month after the second vaccine shot, 96.5% had a boosted positive response, with anti-S
antibody titers reaching >250 U/mL (Figure 2A–C). Two patients developed a symptomatic
infection two weeks after the first vaccine shot, and consequently, the second shot was
cancelled. In addition, an 81-year-old patient developed a severe symptomatic COVID-19
infection 2 weeks after the second shot and died in the intensive care unit. In this later
case, no immune response was observed, as indicated by the lack of changes in anti-S
antibody titers.

Table 4. Vaccine response.

Baseline 1st Shot 2nd Shot

Patients Control
Group Patients Control

Group Patients Control
Group

Antibodies status before vaccination *

IgG positive
(% individuals) 17.24% 18%

IgM positive
(% individuals) 10.34% 18%

Antibodies response to vaccination **

Anti-N (cutoff index)
% individuals < 1 77.01% 82.61% 75.86% 82.61%
% individuals > 1 22.99% 17.39% 24.14% 17.39%

Anti-S titers (U/mL)
% individuals < 0.4 4.6% 0% 2.3% 0%

% individuals 0.4–50 59.77% 34.78% 1.15% 0%
% individuals 50–250 11.49% 39.13% 2.3% 4.35%
% individuals > 250 24.14% 26.09% 94.25% 95.65%

Blood cells parameters Mean 95% CI § Mean 95% CI § Mean 95% CI §

Hemoglobin (g/dL) 11.01 13.13 (1.49, 2.75) 11.26 13.47 (1.6, 2.8) 11.4 13.1 (1.2, 2.2)
Platelets (n/mm3) 222,207 253,391 (−2305, 64,674) 228,288 251,087 (−12,349, 57,948) 242,044 266,870 (−36,296, 85,947)
White Blood Cells

Count(n/mm3) 6289.2 7163.0 (−4.12, 1751.8) 6178.3 7468.7 (369, 2212) 6001 7129.6 (287, 1971)

Monocytes 528.2 455.4 (10.66, 134.96) 527.1 453.5 (−10.8, 158.0) 525.7 494.4 (−41.2, 103.9)
Lymphocytes 1409.4 2435.6 (673, 1379) 1462.1 2500.7 (506, 1571) 1351.4 2968.9 (1037, 2199)

% individuals <
1000/mm3 17.24% 0.00% 26.44% 8.7% 35.63% 0.00%

*: IgG and IgM: Abbott; **: Anti-N and Anti-S antibodies: Elecsys® (Roche); §: 95% CI for the difference of the
two means.
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Figure 2. Comparison between patients and control group for Anti-S antibodies response after the
1st vaccine shot. (A) Comparison between patients and control group for Anti-S antibodies response
after the 1st vaccine shot. (B) Comparison between patients and control group for Anti-S antibodies
response after the 2nd vaccine shot. (C) Comparison between naïve groups: patients vs controls for
Anti-S antibodies response after 1st and 2nd vaccine shots.

3.5. Anti-S Antibody Titer Development in HD Patients Previously Exposed to SARS-CoV-2

After the first vaccine shot, 95% of HD patients who had contracted COVID-19 prior
to their vaccination developed high levels of anti-S antibodies (>250 U/mL) comparable
to the control group. The second shot in this subgroup did not further increase the titer
of anti-S antibodies (Figure 3). Figure 2 shows a comparison between patients and the
control group of vaccine response after first and second vaccine shots. Figure 3 shows a
comparison of vaccine response after the first and second vaccine shots according to each
patient’s SARS-CoV-2 virus exposure status.
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gradually with increasing FO. Anti-S antibody titers tended to be inversely correlated 
with relative fluid overload in HD patients but did not reach statistical significance. This 
is likely due to the relatively low prevalence of fluid overload. 

Table 5. Hemodialysis conditions and vaccine response according to patient’s fluid overload 
status. 

 
Normovolemic 

(<+1.5 L) 
n = 49 

Mild Fluid Overload 
(1.5–3 L) 

n = 25 

Severe Fluid Overload 
(>3 L) 
n = 13 

Fluid Overload (L) Median (25th–75th percentile) 
 0.49 (−0.34–0.95) 2 (1.89–2.44) 4.33 (3.64–4.99) 

Number of patients with urine 
output >300 mL/day 

Number of patients (%) 
25 (51%) 16 (64%) 11 (85%) 

Dialysis conditions Number of patients (% patients) 
HD 28 (57%) 11 (44%) 6 (46%) 

HDF 17 (35%) 13 (52%) 7 (54%) 
Home Daily Hemodialysis 4 (8%) 1 (4%) 0 (0%) 

Dialysis performance Median (25th–75th percentile) 
Ultrafiltration Rate (mL) 1760 (1200–2377) 2000 (1617–2490) 1800 (1485–2804) 

Kt/V 1.58 (1.3–1.85) 1.59 (1.46–1.82) 1.66 (1.39–1.8) 
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Figure 3. Comparison of vaccine response after first and second vaccine shots according to patients
SARS-CoV-2 virus exposure status. (A) Comparison of Anti-S antibodies response after 1st vaccine
shot between naïve and SARS-CoV-2 patients. (B) Comparison of Anti-S antibodies response after
2nd vaccine shot between naïve and SARS-CoV-2 patients. (C) Anti-S antibodies response after 1st
and 2nd vaccine shots according to the SARS-CoV-2 virus exposure status.

3.6. Relative Fluid Overload (FO) and Anti-S Antibodies in Naïve Dialysis Patients

Relative overload evaluated from multifrequency bioimpedance (BCM®) is defined in
our clinical practice as >15% for men and >13% for women when compared to a reference
normovolemic population [11]. In Table 5, anti-S antibody titers are scattered according
to patient fluid status and clustered into three categories (normovolemic < 1.5 L, mild
fluid overload (1.5–3 L) and severe fluid overload > 3 L). The median antibody titers were
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much higher in normovolemic than in FO patients after the first vaccine shot. As is shown,
the percentage of patients with protective anti-S antibody titers decreased gradually with
increasing FO. Anti-S antibody titers tended to be inversely correlated with relative fluid
overload in HD patients but did not reach statistical significance. This is likely due to the
relatively low prevalence of fluid overload.

Table 5. Hemodialysis conditions and vaccine response according to patient’s fluid overload status.

Normovolemic
(<+1.5 L)

n = 49

Mild Fluid Overload
(1.5–3 L)
n = 25

Severe Fluid Overload
(>3 L)
n = 13

Fluid Overload (L) Median (25th–75th percentile)
0.49 (−0.34–0.95) 2 (1.89–2.44) 4.33 (3.64–4.99)

Number of patients with urine output
>300 mL/day

Number of patients (%)
25 (51%) 16 (64%) 11 (85%)

Dialysis conditions Number of patients (% patients)
HD 28 (57%) 11 (44%) 6 (46%)

HDF 17 (35%) 13 (52%) 7 (54%)
Home Daily Hemodialysis 4 (8%) 1 (4%) 0 (0%)

Dialysis performance Median (25th–75th percentile)
Ultrafiltration Rate (mL) 1760 (1200–2377) 2000 (1617–2490) 1800 (1485–2804)

Kt/V 1.58 (1.3–1.85) 1.59 (1.46–1.82) 1.66 (1.39–1.8)

SARS-CoV-2 vaccine response Median (25th–75th percentile)
Anti-S after 1st Shot (U/mL) 23.9 (4.99–>250) 11.54 (2.95–121.4) 9.43 (1.59–22.42)
Anti-S after 2nd Shot (U/mL) >250 (>250–>250) >250 (>250–>250) >250 (207.3–>250)

Levels of vaccine response * Number of patients (% patients)
After 1st Shot: <50 U/mL 28 (57%) 17 (68%) 11 (85%)

<250 U/mL 35 (71%) 19 (76%) 13 (100%)
After 2nd Shot: <50 U/mL 1 (2%) 1 (4%) 1 (8%)

<250 U/mL 2 (4%) 1 (4%) 2 (15%)

Hepatitis B vaccine response Number of patients (% patients)
Levels of vaccine response **

Anti HBS < 10 IU/L 6 (12%) 3 (12%) 1 (8%)
Anti HBS < 100 IU/L 24 (49%) 13 (52%) 6 (46%)

Laboratory data Median (25th–75th percentile)
Albumin 41 (37–42) 38 (36–40) 39 (38–41)

C-Reactive Protein (CRP) 6 (2.8–10.7) 5.6 (3.5–9.9) 10 (6–10.3)

*: <50 U/mL: no seroprotection according to ELISA assay (Roche), <250 U/mL: low seroprotection according to
WHO recommendations. **: <10 IU/L: No seroconversion, <100 IU/L: no seroprotection.

4. Discussion

Vaccination is considered the most effective health measure to tackle the ongoing
global COVID-19 pandemic. Chronic Kidney Dialysis (CKD) patients are more susceptible
to infections due to their immunocompromised profile, as reflected by a defective vaccine
response to BCG, influenza, and hepatitis viruses [12]. In addition, patients on hemodialysis
(HD) are particularly susceptible to develop more severe forms of COVID-19 with a higher
risk of death [13,14]. In this study, we reported several original findings: First, we observed
both safety and excellent tolerability of the ComirnatyTM, Pfizer/BioNtech SARS-CoV-2
mRNA vaccine in the vulnerable HD population. Second, our study highlights the efficacy
and the immunogenic profile of the SARS-CoV-2 mRNA vaccine which elicits in most
patients (>98%) a significant humoral immune response against the SARS-CoV-2 spike
protein after complete vaccination, with a higher seroconversion rate than the hepatitis B
vaccine. Third, here we reveal two major factors of variability affecting the vaccine response
by showing that pre-exposure of HD patients to SARS-CoV-2 boosted anti-spike antibody
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levels, while on the contrary fluid overload (FO) appears as a new inhibitory host factor
that may hamper the anti-S antibody response in HD patients.

Vaccines are intended to induce the host immune response, and protection may induce
side effects related to their potent systemic inflammatory action [15]. In comparison to the
healthy controls, the HD patients displayed less pain, and fever, which are major hallmarks
of local and systemic inflammation. In addition, HD patients had defects within their innate
immune cells, which are known as key cellular mediators in the systemic inflammatory
reaction [13] that may explain less side effects observed in vaccinated HD patients.

Altogether, our findings highlight that the mRNA SARS-CoV-2 vaccine elicits both
safety and great tolerability among HD patients.

Naïve HD patients developed a significant adaptive immune response against the
SARS-CoV-2 spike protein following complete vaccination, consisting of a strong antibody
response after the second shot comparable to the control group. Indeed, we report an
effective antibody response (>50 U/mL) in nearly 98% of these patients.

In line with the reduced vaccine response described in advanced CKD patients, H1N1
vaccination during the 2009 pandemic led to seroconversion in only 57% to 64.2% of HD
patients, where the well-known subunit vaccine Pendemrix was used [16]. Here, we report
that on the contrary the mRNA vaccine triggered a robust antibody immune response that
consisted of a higher seroconversion rate than the hepatitis B vaccine. Two dialysis patients
who were not vaccinated during the vaccination campaign developed a symptomatic form
of COVID-19 infection; three other vaccinated patients developed an asymptomatic form
of COVID-19 disease.

Altogether, these findings suggest that the mRNA vaccine against SARS-CoV-2 is
immunogenic and can elicit protective immunity in HD patients. Further studies with
larger cohorts of HD patients are needed to evaluate potential vaccine schemes to achieve
better protection to prevent severe COVID-19 disease forms.

Interestingly, one patient, aged 46 years, did not develop an anti-S antibody response.
The lack of an immune response in that case was due to a cellular immune deficiency,
with a CD4 T cell count less than 200/mm3, suggesting the importance of T cell Help or
assistance for an optimal antibody response [17].

From a mechanistic point of view, the ability of the mRNA vaccine to elicit a potential
protective B/T cell immunity may be explained by its higher immunogenic profile due
to two innovative properties: first, its self-adjuvanticity action; second, its biochemical
formulation and engineering relying on lipidic nanoparticles (LNPs) inclusion that prevents
degradation and facilitates their efficient capture by antigen-presenting cells (APC) such as
dendritic cells (DCs) [18,19]. In addition, mRNA LNPs can induce DC activation and type
1 interferon expression in DCs, demonstrating that they can promote a potent anti-viral
response [20,21].

Hence, the mRNA vaccine shows self-adjuvanticity that induces both humoral and
cellular immune response against the encoded antigenic protein such as spike protein [22].
Accordingly, DCs are key players for vaccine-mediated protective responses via their
unique ability to induce generation of long-lived memory antigen-specific T and B cells
by presenting antigens to both T cells [23] and B cells [24]. The central role of DCs in
vaccine-induced immune response was supported in a recent study of El-Barbry et al. [24]
showing that DCs can capture and release antigens that are sufficient to promote early B
cell activation both in vivo and in vitro, that can be associated with a potential plasma cell
differentiation [24].

In this study, we reveal that two major factors of variability may affect and modulate
the vaccine response in HD patients both positively and negatively. First, we show that
pre-exposure of HD patients to SARS-CoV-2 boosted anti-spike antibody levels. Indeed,
we observed that HD patients who previously contracted COVID-19 were able to generate
comparable levels of anti-spike antibodies to the control group just after the first shot.
These findings indicate that HD patients previously infected with SARS-CoV-2 develop an
efficient immune memory response that can be re-activated upon vaccination.



Kidney Dial. 2022, 2 54

In contrast, our findings seem to indicate that fluid overload (FO) appears as a new
inhibitory host factor that may hamper the anti-S antibody response in HD patients.

It is well known that HD patients commonly suffer from various complications, such
as a hyper uremic state [25], altered microbiota [26], compromised nutritional statuses [27]
and fluid overload [28] that increase their risk of infection. It is also known that aging
is inversely correlated with the immune response upon vaccination against SARS-CoV-2
using the Pfizer/BioNTech mRNA vaccine [29]. Loss of efficacy in vaccination across CKD
stages relies on multiple disorders that affect both innate and adaptive immunity [28,30].
The accumulation of uremic toxins in HD patients tends to alter the functions of dendritic
cells (DCs) and innate cells, such as monocytes and neutrophils [28,31]. Dendritic cells
(DCs) are migratory phagocytes that play a key role in immunity upon respiratory lung
infection [31].

A common feature in advanced CKD and HD patients is fluid overload (FO), which
is associated with multiple biological and pathophysiological consequences. It is an in-
dependent biomarker and a risk factor involved in the development of cardiovascular
morbidities such as congestive heart failure and left ventricular hypertrophy [32]. It was
previously shown in the literature that FO-associated cardiovascular impairment includes
the secretion of brain natriuretic peptide (BNP), decreasing in the total monocytes, B cells,
and natural killer cells and then impairing natural killer cell cytotoxicity [33]. Additionally,
FO is associated with immune deficiency and a higher burden of inflammation compared
to normal individuals [28]. This cardiorenal crosstalk impairment triggers the release of
proinflammatory cytokines, such as tumor necrosis factor alpha (TNF-α) and interleukins
(IL)-1 and IL-6, which, in turn, contribute to aggravate salt and water retention [34]. Ac-
cordingly, HD patients may exhibit a vicious cycle of inflammatory-fluid overload that
negatively affects their innate and adaptive immune responses [35].

The findings of our study agree with these results, suggesting that FO may lead to
cardiac decompensation but may also hamper the immune response to microbiologic agents
in HD patients. Indeed, previous reports have shown that immune dysfunction increases
the risk of pulmonary infection two-fold [36], magnifies the severity of symptoms and
increases mortality risk in CKD patients [37]. Our study reports that anti-S antibody titers
are inversely correlated with fluid overload in a negative-like volume effect.

As suggested by our findings, fluid overload, promoting a chronic low-grade inflam-
matory state in HD patients, may represent a novel host negative checkpoint that impedes
the humoral immune response to vaccination in our HD patient cohort. FO should be
considered as a contributing factor to the acquired immunodeficiency of HD patients.
Larger comparative studies are needed to confirm or not our preliminary results on the
negative impact of FO in altering patients’ immune response.

Dialysis modality may also influence vaccine response. In a recent study, it was
shown that dialysis patients might exhibit similar percentages of seroconversion against
the trivalent inactivated influenza vaccine, not exceeding the 50% of seroconversion for
the H1N1 vaccine. Interestingly, the authors showed that seroconversion was maintained
longer, and the lymphocyte proliferation rate was better in patients undergoing hemodiafil-
tration compared to HD patients. These findings suggested that hemodiafiltration more
efficiently cleared middle and large molecular weight uremic toxins compared to high-flux
hemodialysis, which may contribute to improve immune response [9].

However, our study has some limitations. The cohort of HD patients is limited, and
HD patients suffer from hypertension and other comorbidities whereas the control groups
are healthy. The age of HD patients is higher than the control groups. Anti-S antibody
titers tended to be inversely correlated with relative FO in HD patients but did not reach
statistical significance. This is likely due to the relatively low prevalence of fluid overload
patients in our cohort.

Our study provides very encouraging results by showing that the new generation
mRNA vaccine approach is safe, efficient and may be used in HD patients. It highlights the
importance of factors that should be addressed to ensure successful vaccination in these
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patients, such as fluid overload. It is a new marker that should be monitored to improve the
vaccination of HD patients because water overload impedes the immune system. Further
and larger studies are needed to validate our findings on the trend of negative impact
on the vaccine immune response of HD patients. Additionally, cell profiling and better
phenotyping and functional characterization of T cell subtypes in vaccinated HD patients
are needed.
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