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Abstract: Short-term studies have shown an attenuated immune response in hemodialysis patients
after COVID-19-vaccination. The present study examines how antibody response is maintained after
vaccination against SARS-CoV-2 in a large population of hemodialysis patients from six outpatient
dialysis centers. We retrospectively assessed serum antibody levels against SARS-CoV-2 spike
protein and nucleocapsid protein (electrochemiluminescence immunoassays, Roche Diagnostics)
after COVID-19-vaccination in 298 hemodialysis and 103 non-dialysis patients (controls), comparing
early and late antibody response. Compared to a non-dialysis cohort hemodialysis patients showed
a favorable but profoundly lower early antibody response, which decreased substantially during
follow-up measurement (median 6 months after vaccination). Significantly more hemodialysis
patients had anti-SARS-CoV-2-S antibody titers below 100 U/mL (p < 0.001), which increased during
follow-up from 23% to 45% but remained low in the control group (3% vs. 7%). In multivariate
analysis, previous COVID-19 infections (p < 0.001) and female gender (p < 0.05) were significantly
associated with higher early as well as late antibody vaccine response in hemodialysis patients, while
there was a significant inverse correlation between patient age and systemic immunosuppression
(p < 0.001). The early and late antibody responses were significantly higher in patients receiving
vaccination after a SARS-CoV-2 infection compared to uninfected patients in both groups (p < 0.05).
We also note that a higher titer after complete immunization positively affected late antibody response.
The observation, that hemodialysis patients showed a significantly stronger decline of SARS-CoV-2
vaccination antibody titers within 6 months, compared to controls, supports the need for booster
vaccinations to foster a stronger and more persistent antibody response.
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1. Introduction

In the ongoing COVID-19 pandemic, dialysis patients represent a particularly vulnera-
ble population with a higher rate of morbidity and mortality than the general population.
Thus, dialysis patients were prioritized in global vaccination strategies.

While several groups have shown a favorable overall short-term response rate after
two vaccinations, the magnitude of the humoral response is significantly lower than in
health care workers or non-dialysis patients [1,2]. Factors associated with a lower or
absent immune response are older age, immunosuppressive therapy, and the use of the
BNT162b2 compared to the mRNA-1273 vaccine. In contrast, hemodialysis patients with
a prior infection mount a substantially higher antibody response after vaccination [3–5].
Despite this diminished early antibody response in dialysis patients after vaccination
against SARS-CoV-2, this strategy has proven to prevent severe COVID-19 infection [6].

However, as is described after natural infection [7,8], concerns remain about the faster
waning of antibody levels after vaccination in this group. Extended follow-up data on the
humoral antibody response after COVID-19 in dialysis patients is scarce. Only a few studies
have reported data on the longevity of the humoral response to vaccination, demonstrating
a rapid decline of antibody response 3 to 6 months after vaccination [9–14]. Furthermore,
patients with lower antibody titers seem to be at higher risk for COVID-19 breakthrough
infections [9,15].

Therefore, measuring the immune response after vaccination against SARS-CoV-2 in
dialysis patients may aid in the identification of dialysis patients at risk for infection and
thus guide clinical management. In this retrospective study, we examined the early and
late antibody immune response after vaccination against SARS-CoV-2 in a large cohort of
hemodialysis patients with and without previous COVID-19 infection in comparison to
patients not requiring dialysis. To evaluate potential confounders, demographics, comor-
bidities, and use of immunosuppressive medication were assessed.

2. Materials and Methods
2.1. Study Setting

The present study took place in six different outpatient dialysis centers. We retro-
spectively analyzed individuals aged ≥18 years who received full COVID-19 vaccination
in accordance with the national recommendations at that time (two vaccinations with
either mRNA or vector-based vaccine; or one vaccination with mRNA vaccine after prior
documented COVID-19 infection) and who had SARS-CoV-2 antibody response measured.
Patients with a third vaccination during the study period or incomplete data were excluded.
We did not exclude patients with prior COVID-19 infection or immunosuppressive therapy
from the analysis. The control group consisted of patients without dialysis treated at the
same outpatient centers (patients with chronic kidney disease, patients on LDL apheresis,
kidney transplant patients, and health care workers during their regular medical visits).

2.2. Ethics

The study was approved by the local institutional review board of the LMU Munich
(No. 21-0960). Several patients were included in a previous retrospective study reporting
early humoral response to SARS-CoV-2-vaccination [5].

2.3. Laboratory Testing

SARS-CoV-2 antibody testing was performed with electrochemiluminescence im-
munoassays designed to detect antibodies (including IgG) against the SARS-CoV-2 S (spike)
protein (Elecsys Anti-SARS-CoV-2 S, Roche Diagnostics, Mannheim, Germany) and anti-
bodies against the SARS-CoV-2 N (nucleocapsid) protein (Elecsys Anti-SARS-CoV-2, Roche
Diagnostics, Mannheim, Germany). Seroconversion in SARS-CoV-2 infection yields anti-
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bodies targeting both the spike and nucleocapsid proteins, while SARS-CoV-2 vaccination
(without previous infection) only leads to the presence of antibodies against the spike
protein. Testing was performed in the Institute of Laboratory Medicine of the University
Hospital Munich. According to the manufacturer’s specifications, Anti-SARS-CoV-2 S
antibody titers ≥ 0.8 U/mL are considered reactive (sensitivity 98.8%, specificity 99.9%). A
titer of <100 U/mL was defined as low titer.

2.4. Data Evaluation

Due to the high rate of asymptomatic SARS-CoV-2 histories, patients with a previously
positive PCR result before vaccination, as well as positive antibody reactions to the SARS-
CoV-2 N protein, were considered previously infected. The evolution of anti-SARS-CoV-2 S
antibody titers over time was studied. For this purpose, two time periods were defined,
based on the time between vaccination and measurement of anti-SARS-CoV-2 S antibody
titers: T1 = early response with antibody measurement <100 days after complete vaccination
and T2 = follow-up response > 100 days after complete vaccination. Blood investigations
for measurement of anti-SARS-CoV-2 S antibody titers were performed between March
and September 2021.

2.5. Statistical Analysis

Differences in anti-SARS-CoV-2 S antibody titers were analyzed using a Mann–Whitney–
U test. Patients’ characteristics were compared between groups using a Mann–Whitney–U test
for numerical data and a Fisher’s exact test (two-tailed) for categorical data. p values < 0.05
were considered significant. Multivariate linear regression analysis and multivariate analy-
ses for variance (MANOVA) with log10 transformed anti-SARS-CoV-2 S antibody titers
as outcomes were performed with age, sex, COVID-19 infection (previous and after vac-
cination), use of systemic immunosuppressive therapy, and time between vaccination
and antibody measurement as independent variables. Statistical analysis was performed
with EasyMedStat® (version 3.15.1; www.easymedstat.com (accessed on 13 February) and
MATLAB® (version R2021b, 2021, Natick, MA, USA).

3. Results
3.1. Demographic and Clinical Data

The study population was divided into a case group consisting of 298 hemodialysis
patients and a control group of 103 patients without dialysis (consisting of patients with
chronic kidney disease, patients on LDL apheresis, kidney transplant patients, and health
care workers during their regular medical visits). Approximately 11% of the hemodialysis
patients and 9% of the control group had confirmed evidence of SARS-CoV-2 infection
before vaccination.

From a total of 401 vaccinated patients, 381 were immunized with the BNT162b2
vaccine (Pfizer-BioNTech, Mainz, Germany), 5 with the mRNA-1273 vaccine (Moderna,
Cambridge, MA, USA), 10 with the vector-based ChaAdOx1 nCoV-19 vaccine (Oxford-
Astra Zeneca, Cambridge, UK), and 5 patients received a mixed vaccine protocol, without
significant difference between both cohorts.

Vaccinated hemodialysis patients had been on dialysis treatment with a median of
43.5 months, the median age was 73 years, and 64% of the hemodialysis patients were male.
Detailed patients’ characteristics can be found in Table 1.

COVID 19 infection occurred in 34 hemodialysis patients and 9 controls before vacci-
nation. 13 out of 34 hemodialysis patients with a COVID infection before vaccination were
admitted to the hospital, 4 of them to the intensive care unit. Four patients contracted a
COVID infection after complete vaccination. All infections occurred before the emergence
of the Omicron variant.

www.easymedstat.com
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Table 1. Patient characteristics.

Parameter Patients with Patients without p-Value †

Hemodialysis (n = 298) Dialysis (n = 103)

Age—year, median (Q1; Q3) 73 (58; 80) 54 (42; 60) <0.001

Male gender, n (%) 191 (64.1) 23 (22.3) <0.001

SARS-CoV-2 infection prior to vaccination, n (%) 34 (11.4) 9 (8.7) 0.58
SARS-CoV-2 infection after vaccination, n (%) 4 (1.3) 0 0.57

Anti-SARS-CoV-2 S early response
≥0.8 U/mL, n (%) 272/280 (97.1) 91/93 (97.8) 1.00
<100 U/mL, n (%) 65/280 (23.2) 3/93 (3.2) <0.001

Anti-SARS-CoV-2 S follow-up response
≥0.8 U/mL, n (%) 241/249 (96.8) 87/87 (100) 0.118
<100 U/mL, n (%) 111/249 (44.6) 6/87 (6.9) <0.001

Anti-SARS-CoV-2 S in uninfected patients

Early response, median (Q1–Q3) (U/mL) 265 (100–706) 1737.5 (838–2406) <0.001

Late response, median (Q1–Q3) (U/mL) 101.5 (29–240) 469.5 (307–865) <0.001

Anti-SARS-CoV-2 S response in patients with COVID
infection before vaccination

Early response, median (Q1–Q3) (U/mL) 18,300 (5836–35,850) 6972 (2526–12,825) 0.079
Late response, median (Q1–Q3) (U/mL) 6886 (3361–4591) 1769 (1187–3187) 0.012

Anti-SARS-CoV-2 S response in patients with COVID
infection after vaccination

Early response, median (Q1–Q3) (U/mL) 134 (4.6–264) n.a.
Late response, median (Q1–Q3) (U/mL) 3704.5 (2115–5294) n.a.

History of cancer, n (%) 41 (13.8) n.d. n.a.

Diabetes, n (%) 91 (30.5) n.d. n.a.

Systemic immunosuppression, n (%) 15 (5.0) 13 (12.6) 0.013

Cumulative time on hemodialysis—mo, median
(Q1–Q3) 43.5 (18.8–83.0) n.a. n.a.

BMI (kg/m2)—mean (SD) 26.9 (±5.7) n.d. n.a.

† Significance given by p-values was computed using the Mann–Whitney–U test for numeric data and Fisher’s
exact test for categorical data. BMI, body mass index; mo, months; Q1, first quartile; Q3, third quartile; n.a., not
applicable; n.d., not determined; SD, standard deviation.

3.2. SARS-CoV-2 Antibody Response
3.2.1. Early Humoral Antibody Response (T1)

The majority of hemodialysis patients and controls developed a detectable early humoral
antibody response (T1; anti-SARS-CoV-2 S antibody titer ≥ 0.8 U/mL) measured less than
100 days after completion of vaccination (97.1% vs. 97.8%) (Table 1). Uninfected control pa-
tients showed significantly higher anti-SARS-CoV-2 S antibody titers compared to uninfected
hemodialysis patients (median (Q1–Q3) 1737.5 (838–2406) vs. 265 (100; 706) U/mL, p < 0.001).
Overall, 23% of the hemodialysis patients presented with a low antibody response (<100 U/mL)
as opposed to 3% of the control group (p < 0.001). The best antibody response was observed
in patients receiving vaccination after a previous SARS-CoV-2 infection. The results proved
to be significantly higher compared to uninfected patients in both groups (p < 0.05). In con-
trast, the median anti-SARS-CoV-2 S antibody titer in hemodialysis patients with systemic
immunosuppressive therapy was even lower (10.8 U/mL).

3.2.2. Late Humoral Antibody Response (T2)

After a median of 6 months (T2; range 3.3–7 months), anti-SARS-CoV-2 S antibody
titers decreased in most patients, remained however detectable (anti-SARS-CoV-2 S an-
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tibody titer ≥ 0.8 U/mL) in the majority of hemodialysis patients and controls (96.8%
vs. 100%) (Table 1 and Figure 1). Anti-SARS-CoV-2 S antibody titers decreased in both
hemodialysis patients and controls. However, they were significantly lower in uninfected
hemodialysis patients compared to uninfected controls (median (Q1–Q3) 101.5 (29–240) vs.
469.5 (307–865) U/mL, p < 0.001). The late antibody response was significantly higher in
patients receiving vaccination after SARS-CoV-2 infection compared to uninfected patients
in both groups (p < 0.05).
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Figure 1. Early and late Anti-SARS-CoV-2 S antibody response in individuals after COVID-19
vaccination. Anti-SARS-CoV-2 S antibody titers are shown in uninfected hemodialysis patients and
controls. The box shows the interquartile range, the horizontal line inside the box represents the
median values, and whiskers represent the minimum and maximum range of points within 1.5 times
the interquartile range in the box.

Generally, the decline of the anti-SARS-CoV-2 S antibody titers tended to be faster
in hemodialysis patients compared to non-dialysis controls (Figure 2). The percentage of
hemodialysis patients with a titer below 100 U/mL increased up to 45% but remained low
in the control group (7%) (p < 0.001).

Among uninfected patients with antibody measurements at T1 and T2 (n = 309), we
observed a comparable relative decrease in antibody levels (median, −60% in hemodialy-
sis patients vs. −66% in control patients). The relative decrease was similar in hemodial-
ysis patients with COVID-19 infection before vaccination (median, −69%). During
the observation period, four hemodialysis patients contracted a COVID-19 infection
(two of them within 2 months after complete vaccination). Among these patients,
anti-SARS-CoV-2 S antibody titers substantially increased (median T1: 134.5 U/mL,
T2: 3704.5 U/mL). Although 12 hemodialysis patients died during the observation
period, there was no COVID-19 related death recorded.
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Figure 2. Anti-SARS-CoV-2 S antibody titers versus time after completion of vaccination in hemodial-
ysis patients and controls. The symbols represent individual anti-SARS-CoV-2 S antibody measure-
ments of hemodialysis patients (o) or controls (+). Dynamic profiling utilizing a scatter plot of data
points with linear regression analysis of Anti-SARS-CoV-2 S antibody titers in patients undergoing
hemodialysis and those not undergoing hemodialysis overtime was performed. We observed that
the line of best fit for patients not undergoing hemodialysis and those undergoing hemodialysis
is represented by the equation y = −10.38x + 3965 and y = −13.01x + 2702. Drawing from the
abovementioned equations, we observe that (1) the titers generally decrease over the given period of
time and (2) the titers in patients undergoing hemodialysis decrease more rapidly in comparison to
those not undergoing hemodialysis (mHemodialysis = −13.01 vs. mControl = −10.38).

3.3. Multivariate Analysis

Among hemodialysis patients, previous COVID-19 infection and female gender were
significantly associated with higher values of anti-SARS-CoV-2 S antibody levels at both
short-term (T1) and long-term (T2) follow-up (Table 2). There was also a significant inverse
correlation between the humoral antibody response, systemic immunosuppressive therapy,
and patients’ age. The negative association with immunosuppressive therapy, age, and
male gender could also be shown when looking at hemodialysis patients without prior
COVID-19 infection (data not shown).

When incorporating early anti-SARS-CoV-2 S antibody titers (T1) into multivariate
regression analysis of late antibody response (T2), only early anti-SARS-CoV-2 S antibody
titer and previous COVID-19 infection remained significantly associated with late anti-
SARS-CoV-2 S antibody titers.

Patients in the hemodialysis group were significantly older than controls. In a regres-
sion analysis, age could be excluded as a potential confounder.
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Table 2. Multivariate linear regression analyses of factors influencing the Anti-SARS-CoV-2 S antibody
response to COVID-19 vaccination in hemodialysis patients.

Parameters
Early Humoral Antibody Response (n = 280) Late Humoral Antibody Response (n = 249)

β Coefficient 95% CI p-Value β Coefficient 95% CI p-Value

Age—year (risk for each
1-year increase) −0.015 [−0.021;

−0.009] <0.001 −0.014 [−0.019;
−0.0085] <0.001

Female gender 0.242 [0.0571; 0.428] 0.0106 0.3 [0.119; 0.481] 0.0013

Previous SARS-CoV-2
infection 1.65 [1.28; 2.02] <0.001 1.72 [1.38; 2.06] <0.001

Systemic immunosuppression −1.57 [−2.4; −0.73] <0.001 −1.46 [−2,2, −0.727] <0.001

Time between vaccination and
measurement—d 0.0024 [−0.005; 0.0099] 0.525 −0.0002 [−0.0056;

0.0052] 0.942

CI, confidence interval; d, days.

4. Discussion

Patients undergoing maintenance hemodialysis are generally immunocompromised,
resulting in an impaired response to vaccinations, such as hepatitis B. Additional risk
factors for a low antibody response in these patients are immunosuppressive therapy and
previous chemotherapy.

Our real-world data in a large cohort of hemodialysis patients demonstrate that
COVID-19 vaccines, unlike hepatitis B and influenza vaccination, elicit a substantial an-
tibody response in the dialysis population. However, the humoral antibody response
after vaccination is significantly lower than in non-dialysis patients or health care workers.
During a median follow-up of 6 months after vaccination, we observed a further substantial
decrease in SARS-CoV-2 S antibody titers leading to low antibody levels (<100 U/mL) in
nearly half of the hemodialysis population.

Numerous studies have shown similar results early after vaccination with a high sero-
conversion rate of hemodialysis patients early after vaccination, but achieving significantly
lower antibody levels than non-dialysis cohorts [1,2,13]. So far, only a few studies have
reported extended follow-up data. While the number of seronegative patients remained
low during long-term follow-up in our cohort (3%), other studies reported a decrease in se-
roconversion from 95–98% to 66–81% [11,13–16]. Accordingly, antibody titers significantly
decreased in all studies. The median antibody declines of 55% [17], 56% [15], and 84% [18]
3 to 6 months after vaccination correspond well to our data (60%).

The gradual waning of antibody levels has also been reported in the general pop-
ulation. Even with a rate of decline that is similar to that of the general population,
hemodialysis patients with low early antibody levels will lose their protective response vis-
à-vis the control group faster. In our study, the number of hemodialysis patients with low
antibody titers (<100 U/mL) increased from 23% to 45% at long-term follow-up. Although
a minimally required threshold for clinical protection is currently unknown, a correlation
between antibody response and protection against infection has been observed in the
general population [19,20]. Boudhabhay et al. showed in a small study of hemodialysis
patients that antibody titers of hemodialysis patients measured before exposure correlated
with protection from SARS-CoV-2 infection [21]. However, the protective threshold might
vary among virus variants [20].

In our multivariate analysis, age, male gender, and immunosuppressive therapy were
associated with a lower early as well as late SARS-CoV-2 antibody response. This finding
is supported by other recently published studies [10,11,13,22]. In contrast, hemodialysis
patients with COVID-19 infection before or after vaccination showed a more pronounced
long-term vaccine response leading to antibody titers equal to non-dialysis vaccinated
individuals. This booster effect has been described in health care workers with preceding
infection and in hemodialysis patients [10,18]. Recently, in a study of health care work-
ers, Wratil et al. showed that three consecutive spike antigen exposures, either as triple
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immunization or infection-plus-vaccination resulted in an improved antibody response
with superior neutralization capacity against variants of concern [23].

In previous studies, vaccination with the mRNA-1273 vaccine resulted in higher short-
and long-term antibody responses compared to the BNT162b2 vaccine [13,24–26], which
may be related to its higher mRNA dose. Overall, our data support the observation of a
more durable long-term antibody response, when the initial antibody titers are higher [13].

In general, an altered and weaker immune response has been shown for other vaccines
like influenza or hepatitis B [27,28]. Regarding the latter, this led to strategies of identifying
individuals at risk by regular measurement of antibody status and of using increased
doses or booster vaccinations [29]. A correlation between responsiveness to hepatitis B
vaccination and seroconversion after SARS-CoV-2 vaccination could not be demonstrated
so far [14,16]. It remains unclear if the spike protein is more immunogenic than the HBs
antigen or if mRNA vaccines cause increased immunogenicity.

The strengths of our study are the multi-center design and the large number of
hemodialysis patients within a real-world setting. However, it was not possible to eval-
uate the impact of different vaccines as the majority of patients received the BNT162b2
vaccine. A further limitation of the study is that we could not assess cellular immunity (es-
pecially memory T cells), which strongly contributes to the longevity of immunity against
SARS-CoV-2 and can also be found in patients under immunosuppressive therapy without
detectable antibody response. Recent studies suggest that in addition to the humoral re-
sponse, the T cell response is also compromised in hemodialysis patients [26,30]. However,
the measurement of anti-SARS-CoV-2 antibodies is implemented in routine clinical care
and provides an easy and affordable way to monitor the humoral immune response and
identify vulnerable patients at high risk of poor outcomes.

During the study period, the incidence of COVID-19 infections in Germany was low
and the Omicron variant was not yet prevalent. Protection against the new, emerging
SARS-CoV-2 variants may require even higher antibody levels. As a result of the timing of
this study, we could not evaluate the true impact of antibody levels on the infection risk,
especially with new variants of concern.

Vaccination is associated with a lower risk of COVID-19 infection in hemodialysis
patients and with a reduced risk of hospitalization or death among those diagnosed with
COVID-19 [6]. Given the waning immune response, with half of the hemodialysis patients
developing low or undetectable antibody titers 6 months after vaccination, there is a
need for a booster vaccination in this highly vulnerable population, in line with global
recommendations. This would be consistent with our finding that dialysis patients with a
prior infection had a much higher antibody response than their vaccine naïve companions.
However, the early- and long-term antibody response is highly variable both in quantity
and duration. Given the high-risk dialysis patients face in case of a COVID-19 infection, we
argue in favor of regular assessment of quantitative antibody titers over time to identify
patients at risk and as such to determine the optimal time for booster vaccinations. Similar
testing strategies might also be useful for other vaccinations. However, further investigation
is needed to define protective thresholds to individualize vaccination strategies.

5. Conclusions

In summary, we report a declining antibody response 6 months after vaccination
against SARS-CoV-2 in hemodialysis patients, except for the immune response of hemodial-
ysis patients with prior COVID-19 infection. This argues in favor of a booster vaccination
and suggests that measurement of the antibody response may be of clinical utility. This is
especially true in patients with low or no response and therefore a high risk of an infection
who might in turn benefit from regular antibody testing over time or intensified vaccine
schedules. Further studies should evaluate protective thresholds and the antibody response
after booster vaccinations.

Author Contributions: Conceptualization: M.F. and U.S.; Methodology: I.L., S.H. and L.F.; Formal
Analysis: I.L., L.F., T.L., S.H. and U.S.; Resources: L.F., T.L., I.L., S.H., B.R., F.M.A., J.S.-O., D.S.-R., M.T.,



Vaccines 2022, 10, 605 9 of 10

S.R., H.S.-H., M.P., W.B., N.T., Y.S., G.v.G., R.R., A.v.B.-B., D.T., M.B., M.F. and U.S.; Writing—Original
draft preparation: U.S., L.F., S.H. and I.L.; Writing—Review & Editing: L.F., T.L., I.L., S.H., B.R.,
F.M.A., J.S.-O., D.S.-R., M.T., S.R., H.S.-H., M.P., W.B., N.T., Y.S., G.v.G., R.R., A.v.B.-B., D.T., M.B.,
M.F. and U.S.; Visualization: I.L., L.F. and S.H.; Supervision: U.S. and M.F. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the local institutional review
board of the LMU Munich (No. 21-0960).

Informed Consent Statement: Patient consent was waived due to the retrospective study design.

Data Availability Statement: The data that support the findings of this study will be shared on
reasonable request to the corresponding author.

Acknowledgments: We thank all patients for their participation in the study. We also thank the
dialysis centers for the close expert collaboration.

Conflicts of Interest: The authors have no competing interest to declare that are relevant to the
content of this article.

References
1. Carr, E.J.; Kronbichler, A.; Graham-Brown, M.; Abra, G.; Argyropoulos, C.; Harper, L.; Lerma, E.V.; Suri, R.S.; Topf, J.; Willicombe,

M.; et al. Review of Early Immune Response to SARS-CoV-2 Vaccination Among Patients With CKD. Kidney Int. Rep. 2021, 6,
2292–2304. [CrossRef] [PubMed]

2. Hasmann, S.; Paal, M.; Füeßl, L.; Fischereder, M.; Schönermarck, U. Humoral immunity to SARS-CoV-2 vaccination in haemodial-
ysis patients: Response to: Humoral and cellular immunity to SARS-CoV-2 vaccination in renal transplant versus dialysis patients:
A prospective, multicenter observational study using mRNA-1273 or BNT162b2 mRNA vaccine. Lancet Reg. Health Eur. 2021, 10,
100237. [CrossRef] [PubMed]

3. Attias, P.; Sakhi, H.; Rieu, P.; Soorkia, A.; Assayag, D.; Bouhroum, S.; Nizard, P.; El Karoui, K. Antibody response to the BNT162b2
vaccine in maintenance hemodialysis patients. Kidney Int. 2021, 99, 1490–1492. [CrossRef] [PubMed]

4. Chan, L.; Fuca, N.; Zeldis, E.; Campbell, K.N.; Shaikh, A. Antibody Response to mRNA-1273 SARS-CoV-2 Vaccine in Hemodialysis
Patients with and without Prior COVID-19. Clin. J. Am. Soc. Nephrol. 2021, 16, 1258–1260. [CrossRef] [PubMed]

5. Paal, M.; Arend, F.M.; Lau, T.; Hasmann, S.; Soreth-Rieke, D.; Sorodoc-Otto, J.; Beuthien, W.; Krappe, J.; Toepfer, M.; von Gersdorff,
G.; et al. Antibody response to mRNA SARS-CoV-2 vaccines in haemodialysis patients. Clin. Kidney J. 2021, 14, 2234–2238.
[CrossRef] [PubMed]

6. Sibbel, S.; McKeon, K.; Luo, J.; Wendt, K.; Walker, A.G.; Kelley, T.; Lazar, R.; Zywno, M.L.; Connaire, J.J.; Tentori, F.; et al.
Real-World Effectiveness and Immunogenicity of BNT162b2 and mRNA-1273 SARS-CoV-2 Vaccines in Patients on Hemodialysis.
J. Am. Soc. Nephrol. 2022, 33, 49–57. [CrossRef] [PubMed]

7. Glenn, D.A.; Hegde, A.; Kotzen, E.; Walter, E.B.; Kshirsagar, A.V.; Falk, R.; Mottl, A. Systematic Review of Safety and Efficacy of
COVID-19 Vaccines in Patients with Kidney Disease. Kidney Int. Rep. 2021, 6, 1407–1410. [CrossRef] [PubMed]

8. Sakhi, H.; Dahmane, D.; Attias, P.; Kofman, T.; Bouvier, M.; Lapidus, N.; Fourati, S.; El Karoui, K. Mondor NephroCov Study
Group Kinetics of Anti–SARS-CoV-2 IgG Antibodies in Hemodialysis Patients Six Months after Infection. J. Am. Soc. Nephrol.
2021, 32, 1033–1036. [CrossRef] [PubMed]

9. Anand, S.; Montez-Rath, M.E.; Han, M.J.; Garcia, P.; Cadden, C.L.; Hunsader, C.P.; Morgan, B.C.; Kerschmann, R.; Beyer, M.P.;
Dittrich, M.; et al. SARS-CoV-2 Vaccine Antibody Response and Breakthrough Infection in Patients Receiving Dialysis. Ann.
Intern. Med. 2021. online ahead of print. [CrossRef]

10. Angel-Korman, A.; Peres, E.; Bryk, G.; Lustig, Y.; Indenbaum, V.; Amit, S.; Rappoport, V.; Katzir, Z.; Yagil, Y.; Iaina, N.L.; et al.
Diminished and waning immunity to COVID-19 vaccination among hemodialysis patients in Israel: The case for a third vaccine
dose. Clin. Kidney J. 2021, 15, 226–234. [CrossRef]

11. Davidovic, T.; Schimpf, J.; Abbassi-Nik, A.; Stockinger, R.; Sprenger-Mähr, H.; Lhotta, K.; Zitt, E. Waning humoral response 6
months after SARS-CoV-2 vaccination with the mRNA-BNT162b2 vaccine in hemodialysis patients: Time for a boost. Kidney Int.
2021, 100, 1334–1335. [CrossRef] [PubMed]

12. De Vriese, A.S.; Van Praet, J.; Reynders, M.; Heylen, L.; Viaene, L.; Caluwé, R.; Schoutteten, M.; De Bacquer, D. Longevity and
correlation with disease severity of the humoral and cellular response to SARS-CoV-2 infection in haemodialysis patients. Clin.
Kidney J. 2021, 4, 2446–2448. [CrossRef] [PubMed]

13. Hsu, C.M.; Weiner, D.E.; Manley, H.J.; Aweh, G.N.; Ladik, V.; Frament, J.; Miskulin, D.; Argyropoulos, C.; Abreo, K.; Chin, A.;
et al. Seroresponse to SARS-CoV-2 Vaccines among Maintenance Dialysis Patients over 6 Months. Clin. J. Am. Soc. Nephrol. 2022,
17, 403–413. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ekir.2021.06.027
http://www.ncbi.nlm.nih.gov/pubmed/34250319
http://doi.org/10.1016/j.lanepe.2021.100237
http://www.ncbi.nlm.nih.gov/pubmed/34723234
http://doi.org/10.1016/j.kint.2021.04.009
http://www.ncbi.nlm.nih.gov/pubmed/33887317
http://doi.org/10.2215/CJN.04080321
http://www.ncbi.nlm.nih.gov/pubmed/34031182
http://doi.org/10.1093/ckj/sfab127
http://www.ncbi.nlm.nih.gov/pubmed/34603700
http://doi.org/10.1681/ASN.2021060778
http://www.ncbi.nlm.nih.gov/pubmed/34789546
http://doi.org/10.1016/j.ekir.2021.02.011
http://www.ncbi.nlm.nih.gov/pubmed/33585728
http://doi.org/10.1681/ASN.2020111618
http://www.ncbi.nlm.nih.gov/pubmed/33637518
http://doi.org/10.7326/M21-0256
http://doi.org/10.1093/ckj/sfab206
http://doi.org/10.1016/j.kint.2021.10.006
http://www.ncbi.nlm.nih.gov/pubmed/34656642
http://doi.org/10.1093/ckj/sfab147
http://www.ncbi.nlm.nih.gov/pubmed/34754442
http://doi.org/10.2215/CJN.12250921
http://www.ncbi.nlm.nih.gov/pubmed/35144972


Vaccines 2022, 10, 605 10 of 10

14. Jahn, M.; Korth, J.; Dorsch, O.; Anastasiou, O.E.; Krawczyk, A.; Brochhagen, L.; van de Sand, L.; Sorge-Hädicke, B.; Tyczynski, B.;
Witzke, O.; et al. Decline of Humoral Responses 6 Months after Vaccination with BNT162b2 (Pfizer–BioNTech) in Patients on
Hemodialysis. Vaccines 2022, 10, 327. [CrossRef] [PubMed]

15. Rodríguez-Espinosa, D.; Broseta, J.J.; Bedini, J.L.; Rodríguez, N.; Maduell, F. Antibody maintenance and breakthrough infections
6 months after complete COVID-19 vaccination with the mRNA-1273 and BNT162b2 vaccines in hemodialysis patients. Clin.
Kidney J. 2022, 15, 818–819. [CrossRef] [PubMed]

16. Weigert, A.; Bergman, M.-L.; Gonçalves, L.A.; Godinho, I.; Duarte, N.; Abrantes, R.; Borges, P.; Brennand, A.; Malheiro, V.; Matoso,
P.; et al. Longitudinal Analysis of Antibody Responses to the mRNA BNT162b2 Vaccine in Patients Undergoing Maintenance
Hemodialysis: A 6-Month Follow-Up. Front. Med. 2021, 8, 796676. [CrossRef] [PubMed]

17. Speer, C.; Schaier, M.; Nusshag, C.; Töllner, M.; Buylaert, M.; Kälble, F.; Reichel, P.; Grenz, J.; Süsal, C.; Zeier, M.; et al. Longitudinal
Humoral Responses after COVID-19 Vaccination in Peritoneal and Hemodialysis Patients over Twelve Weeks. Vaccines 2021, 9,
1130. [CrossRef] [PubMed]

18. Broseta, J.J.; Rodríguez-Espinosa, D.; Bedini, J.L.; Rodríguez, N.; Maduell, F. Antibody maintenance 3 months after complete
messenger RNA COVID-19 vaccination in haemodialysis patients. Nephrol. Dial. Transpl. 2021, 36, 2340–2341. [CrossRef]

19. Bergwerk, M.; Gonen, T.; Lustig, Y.; Amit, S.; Lipsitch, M.; Cohen, C.; Mandelboim, M.; Levin, E.G.; Rubin, C.; Indenbaum, V.;
et al. COVID-19 Breakthrough Infections in Vaccinated Health Care Workers. N. Engl. J. Med. 2021, 385, 1474–1484. [CrossRef]

20. Goldblatt, D.; Fiore-Gartland, A.; Johnson, M.; Hunt, A.; Bengt, C.; Zavadska, D.; Snipe, H.D.; Brown, J.S.; Workman, L.; Zar, H.J.;
et al. Towards a population-based threshold of protection for COVID-19 vaccines. Vaccine 2022, 40, 306–315. [CrossRef]

21. Boudhabhay, I.; Serris, A.; Servais, A.; Planas, D.; Hummel, A.; Guery, B.; Parize, P.; Aguilar, C.; Dao, M.; Rouzaud, C.; et al.
COVID-19 outbreak in vaccinated patients from a hemodialysis unit: Antibody titers as a marker of protection from infection.
Nephrol. Dial. Transplant. 2022, gfac016. [CrossRef] [PubMed]

22. Nacasch, N.; Erez, D.; Lishner, M.; Benchetrit, S.; Rozenberg, I.; Sarel, E.; Shitrit, P.; Wand, O.; Cohen-Hagai, K. Long-term
Antibody Response to the BNT162b2 Vaccine Among Maintenance Hemodialysis Patients. Am. J. Kidney Dis. 2022, 79, 137–139.
[CrossRef] [PubMed]

23. Wratil, P.R.; Stern, M.; Priller, A.; Willmann, A.; Almanzar, G.; Vogel, E.; Feuerherd, M.; Cheng, C.-C.; Yazici, S.; Christa, C.; et al.
Three exposures to the spike protein of SARS-CoV-2 by either infection or vaccination elicit superior neutralizing immunity to all
variants of concern. Nat. Med. 2022, 28, 496–503. [CrossRef] [PubMed]

24. Ionita, C.; Marcelli, D.; Nita, C.; Anton, C.; Berca, S.; Vacar, S.; Schiller, O.; Gheorghiu, C.; Barth, C. Comparison of antibody
response to two different mRNA COVID-19 vaccines in patients on hemodialysis. J. Nephrol. 2022, 35, 143–151. [CrossRef]
[PubMed]

25. Quiroga, B.; Soler, M.J.; Ortiz, A.; Bernat, A.; Díaz, A.B.M.; Mantecón, C.J.J.; Pérez, V.O.G.; González, C.C.; Cervienka, M.;
Mazuecos, A.; et al. Loss of humoral response 3 months after SARS-CoV-2 vaccination in the CKD spectrum: The multicentric
SENCOVAC study. Nephrol. Dial. Transpl. 2022, gfac007. [CrossRef] [PubMed]

26. Van Praet, J.; Reynders, M.; De Bacquer, D.; Viaene, L.; Schoutteten, M.K.; Caluwé, R.; Doubel, P.; Heylen, L.; De Bel, A.V.; Van
Vlem, B.; et al. Predictors and Dynamics of the Humoral and Cellular Immune Response to SARS-CoV-2 mRNA Vaccines in
Hemodialysis Patients: A Multicenter Observational Study. J. Am. Soc. Nephrol. 2021, 32, 3208–3220. [CrossRef] [PubMed]

27. Chang, Y.-T.; Ling, T.-C.; Cheng, Y.-Y.; Sun, C.-Y.; Wu, J.-L.; Tai, C.; Wang, J.-R.; Sung, J.-M. Comparison of Immunogenicity
and Safety between a Single Dose and One Booster Trivalent Inactivated Influenza Vaccination in Patients with Chronic Kidney
Disease: A 20-Week, Open-Label Trial. Vaccines 2021, 9, 192. [CrossRef]

28. Kufta, L.; Shalansky, K.F.; Jastrzebski, J.; Lau, W. Effectiveness of a hepatitis B vaccination program at two tertiary hemodialysis
centers. Hemodial. Int. 2019, 23, 348–355. [CrossRef]

29. Udomkarnjananun, S.; Takkavatakarn, K.; Praditpornsilpa, K.; Nader, C.; Eiam-Ong, S.; Jaber, B.L.; Susantitaphong, P. Hepatitis B
virus vaccine immune response and mortality in dialysis patients: A meta-analysis. J. Nephrol. 2020, 33, 343–354. [CrossRef]

30. Sattler, A.; Schrezenmeier, E.; Weber, U.A.; Potekhin, A.; Bachmann, F.; Straub-Hohenbleicher, H.; Budde, K.; Storz, E.; Proß,
V.; Bergmann, Y.; et al. Impaired Humoral and Cellular Immunity after SARS-CoV2 BNT162b2 (Tozinameran) Prime-Boost
Vaccination in Kidney Transplant Recipients. J. Clin. Investig. 2021, 131, e150175. [CrossRef]

http://doi.org/10.3390/vaccines10020327
http://www.ncbi.nlm.nih.gov/pubmed/35214785
http://doi.org/10.1093/ckj/sfab282
http://www.ncbi.nlm.nih.gov/pubmed/35371449
http://doi.org/10.3389/fmed.2021.796676
http://www.ncbi.nlm.nih.gov/pubmed/35004771
http://doi.org/10.3390/vaccines9101130
http://www.ncbi.nlm.nih.gov/pubmed/34696238
http://doi.org/10.1093/ndt/gfab272
http://doi.org/10.1056/NEJMoa2109072
http://doi.org/10.1016/j.vaccine.2021.12.006
http://doi.org/10.1093/ndt/gfac016
http://www.ncbi.nlm.nih.gov/pubmed/35104884
http://doi.org/10.1053/j.ajkd.2021.09.002
http://www.ncbi.nlm.nih.gov/pubmed/34571066
http://doi.org/10.1038/s41591-022-01715-4
http://www.ncbi.nlm.nih.gov/pubmed/35090165
http://doi.org/10.1007/s40620-021-01195-8
http://www.ncbi.nlm.nih.gov/pubmed/34978050
http://doi.org/10.1093/ndt/gfac007
http://www.ncbi.nlm.nih.gov/pubmed/35022757
http://doi.org/10.1681/ASN.2021070908
http://www.ncbi.nlm.nih.gov/pubmed/34588184
http://doi.org/10.3390/vaccines9030192
http://doi.org/10.1111/hdi.12761
http://doi.org/10.1007/s40620-019-00668-1
http://doi.org/10.1172/JCI150175

	Introduction 
	Materials and Methods 
	Study Setting 
	Ethics 
	Laboratory Testing 
	Data Evaluation 
	Statistical Analysis 

	Results 
	Demographic and Clinical Data 
	SARS-CoV-2 Antibody Response 
	Early Humoral Antibody Response (T1) 
	Late Humoral Antibody Response (T2) 

	Multivariate Analysis 

	Discussion 
	Conclusions 
	References

