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Abstract

Background Patients with end stage renal disease (ESRD) undergoing hemodialysis are at increased risk for infec-
tion and impaired vaccination responses. We analyzed overlap and influencing factors of vaccination responses
against severe acute respiratory syndrome corona virus disease 2 (SARS-CoV-2) and Hepatitis B virus (HBV).

Methods SARS-CoV-2 and HBV vaccination response was assessed in a cohort of German ESRD hemodialysis
patients. Anti-HBs- and SARS-CoV-2 anti-S-IgG were analyzed by ELISA. Demographic and clinical data were extracted
from clinical files.

Results Sixty-four patients with complete information on HBV and SARS-CoV-2 vaccination responses were included.
More than one-third (35.4%) of non-responders upon HBV vaccination were identified. Unresponsiveness after HBV
and poor response after SARS-CoV-2 vaccination showed strong overlap, and overall, 70.3% of patients were classified
into concordant HBV/SARS vaccination response groups. HBV vaccination non-responsiveness, but not poor SARS-
CoV-2 post-vaccination immunity was associated with obesity, while poor SARS-CoV-2 vaccination responses were
associated increased age.

Conclusion Our findings confirm previous reports on impaired vaccination response in hemodialysis patients
and show that post-vaccination humoral responses against SARS-CoV-2 and HBV display strong overlap in this vulner-
able patient group. These results may help to adapt vaccination strategies in this highly vulnerable population.
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Introduction

Acquired infections are a leading cause of death patients
with end stage renal disease (ESRD) patients [1]. ESRD
patients, particularly those on hemodialysis, are at
increased risk for viral infections and susceptible to
severe disease courses upon infection with severe acute
respiratory syndrome corona virus disease 2 (SARS-
CoV-2) and Hepatitis B virus (HBV [2-4]). Due to the
uremic milieu, malnutrition, and chronic inflammation
with impaired T and antigen-presenting cell function,
they show a significantly impaired host defense against
infection with reduced humoral immune response [1,
5-7]. The need for frequent vascular access and medical
treatment further increases the risk for viral infections
such as with HBV [8]. Also, ESRD patients had impaired
post-vaccination immunity with accelerated decline of
antibody levels [9-12].

Both SARS-CoV-2 infections and inadequate HBV vac-
cination responses are associated with increased mor-
bidity and mortality in ESRD patients [13-15], and more
frequent booster vaccinations and higher antigen doses
are required [12, 16-19]. However, little is known on
how HBV vaccination responses relate to those against
COVID-19 in ESRD patients, and on the factors influenc-
ing vaccination response in this vulnerable population.
This is relevant because each vaccine stimulates pro-
foundly different pathways in the immune system. While
most HBV vaccines use adjuvants such as aluminium salt
and Adjuvant System 04 (AS04) consisting of alumin-
ium hydroxide and monophosphoryl lipid A (MPL) and
stimulate Toll-like receptors and NLRP3 inflammasome
[20], mRNA vaccines primarily stimulate monocytes,
IFN gamma, and IL-1, amplified by certain lipids used
in vaccine formulations incorporating N*-methyl-pseu-
douridine-modified RNA to reduce activation of Toll-like
receptor signaling [21, 22].

Here, we assessed the humoral immune response
after HBV and mRNA COVID-19 vaccination in ESRD
patients undergoing hemodialysis. We show that
response patterns against HBV and COVID-19 vaccina-
tions are related and identify factors associated with poor
vaccination responses against these pathogens.

Methods

Study design and sample collection

This work was performed as part of the CoCo (Covid-
19-Contact) study (German Clinical Trial Registry,
DRKS00021152), which has been described in detail else-
where [16, 23, 24]. For this cross-sectional study, ESRD
patients receiving regular dialyses at the dialysis center
Eickenhof (Langenhagen, Germany) aged 18 years or
older were enrolled as a convenience sample. Partici-
pants were recruited from February 2021 onwards. After
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obtaining written informed consent, heparinized blood
samples were drawn from participants, either from arte-
rio-venous fistulas or central venous lines prior to rou-
tine dialysis.

Clinical data collection

Data on case history and treatment of ESRD patients
were extracted from routine clinical documentation. Age
and body mass index (BMI) were assessed at the time
point of SARS-CoV-2 vaccination.

Vaccination regimens and analysis of immune response

mRNA COVID-19 vaccinations were performed for the
entire cohort between February and June 2021 as part
of the national COVID-19 vaccination campaign, and
immune response against this pathogen were analyzed
prospectively. All participants received the standard
two-dose regimen of BNT162b2 21 days apart, which
was considered a complete immunization. Vaccination
response was assessed 21 days after complete COVID-
19 vaccination. To rule out acute SARS-CoV-2 infec-
tions during the COVID-19 vaccination analysis period,
a surveillance of COVID-19 symptoms was performed
every 3 days, and all patients were tested by rapid anti-
gen or polymerase chain testing whenever an infection
was suspected. The following HBV vaccinations were
applied Fendrix (GlaxoSmithKline Biologicals S.A., Rix-
ensart, Belgium) containing 1x 20 ug of HBs-antigen per
injection with the adjuvants AS04 and aluminium salt,
HBVaxPro (MSD vaccines, Lyon, France; 2 vials (1x 40 pg
of HBs-antigen per injection) containing aluminium salt
as main adjuvant), and Engerix-B (GlaxoSmithKline Bio-
logicals S.A., Rixensart, Belgium) 2Xx 20 pg per injection
with aluminium salt as main adjuvant). Vaccinations were
applied during routine clinical procedures, and complete
HBYV vaccination was defined after at least three vaccina-
tions. HBV vaccination response, assessed as anti-HBs
IgG levels after complete vaccination, were obtained
from patient files. Anti-HBs IgG was determined in
routine clinical procedures employing an electrochemi-
luminescence immunoassay (ECLIA Elecsys Anti-HBs
II, Roche diagnostics, Germany) applied following the
manufacturer’s recommendations). Non-response to vac-
cination was defined as anti-HBs-IgG levels <10 U/ml,
which was the minimum detection threshold of the assay.
To assess the humoral immune response against SARS-
CoV-2 prospectively, plasma samples were diluted 1:4000
and analyzed using the Anti-SARS-CoV-2-Spike-Protein-
QuantiVac-ELISA IgG (Cat# EI 2606-9601-10G, EUROI-
OMMUN, Germany) according to the manufacturer’s
instructions. Poor response to COVID-19-vaccination
was defined as Anti-SARS-CoV-2-Spike-Protein levels
below the 25th percentile of all patients (307 BAU/ml),
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which was close to the cut-off defined by Feng et al. [25]
of around 264 BAU/ml to reach around 80% protection
from symptomatic COVID-19 after first complete vacci-
nation against this pathogen.

Ethics statement

Ethical approval of the study was obtained from the inter-
nal review board of Hannover Medical School (MHH,
approval number 8973_BO-K_2020).

Statistical analysis

Data were pseudonymized before inclusion into a cen-
tral database. For statistical analyses, we used Microsoft
Excel (Version 2019) R (version 3.6.1), SPSS Statistics
(version 20, IBM Corp., Armonk NY, USA), and Graph-
Pad Prism (version 5, Graph Pad Software, San Diego
CA, USA). Differences between groups were assessed
using Student’s £, Mann—Whitney-U, or Kruskal-Wallis
testing (depending on data structure and distribution),
or Fisher’s exact test, and likelihood ratio Chi-square,
where appropriate. The direct correlation between
immune responses against HBV and COVID vaccina-
tion as presented in Suppl. Fig. 2 was calculated by linear
regression. A p value <0.05 was considered statistically
significant.

Results

Sixty-four participants with complete information on
COVID-19 and HBV vaccination were included into the
analysis. A flowchart of patient inclusion is below (Fig. 1).
Twenty-three patients (58.5%) were male, and the median
age at COVID-19 vaccination was 71.5 years (IQR 18).

In 92.2% of cases, information on the underlying dis-
ease leading to ESRD was available. Nephrosclerosis was
the most frequent underlying disease (23.4%), followed
by diabetic nephropathy (20.3%), autosomal dominant

Page 3 of 8

polycystic kidney disease (14.1%), and IgA nephropathy
(10.9%). Further data on underlying diseases are shown
in Suppl. Table 1. Fendrix was applied in 47.5%, HBVax-
Pro in 42.3%, and Engerix-B in 9.8% of HBV vaccinees.
To analyze relations between vaccination responses for
the two pathogens and determine factors associated with
poor vaccination responses, we stratified our cohort
into poor- and well-responders. Vaccination response
was assessed at a median of 2.7 months (IQR 2.7 months)
after the third vaccination. For Fendrix and Engerix-B, up
to four injections may be recommended in immunocom-
promised patient groups, thus we confirmed that anti-
HBs immune responses were overlapping between blood
withdrawal after the third and fourth injection. Indeed,
the concordance of categorization of immune responses
after HBV vaccination into non vs. adequate respond-
ers between blood withdrawal after the third and fourth
vaccination were 97% for Fendrix and 100% for Engerix-
B. Also, we verified that there were no significant dif-
ferences in anti-HBs titers across the three vaccination
types (suppl. Figure 1).

For HBV, we categorized 23 individuals with anti-HBs-
IgG levels below 10 mIU/mL after the third vaccina-
tion as non-responders (35.4%). Median anti-HBs levels
after three HBV vaccinations across all patients were 43
mlIU/mL (IQR 693). For SARS-CoV-2, the analysis of all
plasma samples yielded detectable anti-S1-IgG 3 weeks
after complete vaccination with a median of 794 BAU/ml
(IQR 4157) across the cohort, and we defined low vacci-
nation response as anti-S-IgG levels below the 25th per-
centile (<307 BAU/ml, one-quarter of patients).

When we compared immune responses after the two
vaccinations, we observed a high overlap (Fig. 2). The
concordance of HBV vaccination non-responder sta-
tus with low response after COVID-19 vaccination
was considerable (34.4%, Fig. 2A) and a strong overlap

vaccination response

n=73 hemodialysis patients with information on HBV

n=9 patients without data on COVID-19 vaccination

response

n=64 patients included into analyses

Fig. 1 Flowchart of patient inclusion
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Fig. 2 Association of immune response types against HBV- and COVID-19 vaccination. A Venn diagram illustrating overlap of HBV non-response
and low response after complete COVID-19 vaccination. B Concordance and discordance of HBV adequate and SARS-CoV-2 well response. C

Overlap of overall vaccination response status against both pathogens

of HBV adequate and COVID-19 well response was
observed (64.8%, Fig. 2B). Overall, when combining
post-vaccination immunity results for both pathogens,
70.3% of patients within the cohort shared response
patterns in the sense of displaying non/poor or ade-
quate/well vaccination responses against both patho-
gens (Fig. 2C).

Accordingly, ESRD patients with COVID-19 well
response displayed significantly higher anti-HBs IgG val-
ues than those with low COVID-19 vaccination response
(median 10 [IQR 28] vs. 206 [IQR 990] mIU/mL; p 0.001,
Fig. 3A), and plasma levels of SARS anti-S-IgG in HBV-
well-responders were significantly higher than in HBV-
non-responders (median 398 [IQR 1057] vs. 1193 [IQR
1516] BAU/mL, p 0.001, Fig. 3B). A significant correlation
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between anti-HBs and anti-S-IgG levels upon complete
vaccination occurred (7% 0.14, p 0.03, Suppl. Fig. 2).

HBV vaccinations preceded COVID-19 vaccination
with a mean of 2.2 years (IQR 4.8), and there was no
significant difference in the time span between vaccina-
tion against the two pathogens in HBV non- vs. adequate
responders (median 3.0 [IQR 4.8] vs. 4.8 [IQR 4.3] years,
p=0.18).

Next, we analyzed possible associations of vaccina-
tion responses with demographic and clinical factors. As
shown in Tables 1 and 2, we observed no sex differences
in HBV non- vs. well-responders and COVID-19 low- vs.
well-responders. While age was not significantly different
in the two response groups of HBV vaccinees (Table 1),
patients with poor SARS-CoV-2 vaccination responses

B 10000 *k
-y . | !
£ 1000+ L
= = 1
> <C ]
8 om i
? © 100
25
< 7 i
w
PE 104
S, :
1 [ [
HBV  HBV
response

non adequate

Fig. 3 Humoral immune response after HBV vaccination in COVID-19 poor vs. well responders and vice versa. A Anti-HBs-IgG titres in well vs.
poor responders after COVID-19 immunization. B Anti-SARS-CoV-2-S-IgG titres in non- vs. adequate responders after HBV vaccination (bars display

median plus IQR, *** p<0.001, ** p<0.01)
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Table 1 Demographic and clinical factors in HBV non vs. adequate responders

HBV non-response Adequate HBV response p value
Sex (male) 62.5% 56.1% 0.60
Age Median 71.0 (IQR 13.0) years Median 74.0 (IQR 19.0) years 0.53
Obesity 43.9% 14.6% 0.01
ACE inhibitor 34.8% 31.7% 1.00
Angiotensin receptor blocker 13.0% 36.6% 0.08
Statin intake 65.2% 56.1% 0.60
Vitamin D 95.7% 95.1% 1.00
Immunosuppression 13.0% 12.2% 1.00
ACE angiotensin converting enzyme
Table 2 Demographic and clinical factors in COVID-19 poor vs. well responders

COVID-19 poor response COVID-19 well-response p value
Sex (male) 62.5% 58.3% 1.00
Age Median 76.5 (IQR 18.8) years Median 71.0 (IQR 18.5) years 0.04
Obesity 31.2% 22.9% 0.52
ACE inhibitor 25.0% 354% 0.55
Angiotensin receptor blocker 18.8% 31.2% 0.52
Statin intake 43.8% 64.6% 0.16
Vitamin D 98.3% 95.8% 1.00
Immunosuppression 18.8% 10.4% 0.40

ACE angiotensin converting enzyme

were significantly older than those with good responses
(Table 2). Patients without adequate HBV vaccina-
tion response displayed a significant higher obesity rate
(defined as body mass index (BMI) >30 kg/m? Table 1),
while the rate of obese patients was around 1.5-fold
higher, but not significantly increased in COVID-19 poor
vs. well responders (Table 2). The rate of angiotensin
converting enzyme (ACE) inhibitor, angiotensin recep-
tor blocker, statin, immunosuppression, and vitamin D
intake were not significantly different between well and
poor responders after vaccination against both patho-
gens (Table 2). Also, the frequency of diabetes type II
was comparable across the vaccination response groups
(HBV non-response 34.8% vs. HBV adequate response
26.8%, p 0.57; COVID-19 well response 18.8% vs. SARS
poor response 33.3%, p 0.35).

Discussion

Our findings show that post-vaccination humoral
responses against COVID-19 and HBV show a strong
overlap in ESRD hemodialysis patients and confirm
previous results on inhibited vaccination outcomes in
this vulnerable patient group. We show that risk fac-
tors for low vaccination response differ between HBV
and COVID-19. While higher age was associated with
poor COVID-19 vaccination responses in our cohort,

we found obesity to be linked to impaired HBV humoral
immunity post-vaccination.

The overall high rate of impaired HBV vaccination
response—more than one-third of our hemodialysis
patients were classified as HBV non-responders—is
concordant with previous reports on reduced vaccina-
tion responses in this population [9-11]. Only around
half of ESRD patients undergoing dialysis are reported
to develop sustainably protective antibodies after com-
plete HBV vaccination, compared to >90% of healthy
persons [6, 7]. Similarly, it has previously been described
that ESRD patients show significantly impaired humoral
immunity after COVID-19 vaccination and after immu-
nization against other pathogens such as influenza [9, 16,
26]. Reduced HBV and COVID-19 vaccination responses
are associated with significant morbidity and mortality
in this patient group [12, 16, 17], which makes improved
knowledge on risk factors for poor immunization results
central in ESRD patient care.

In our cohort, humoral response against both vaccina-
tions showed strong overlap. Approximately 70% of our
investigated individuals showed concordance regarding
poor- or well-response upon vaccination against the two
pathogens. A similar observation was reported by Kol-
land et al. [27] who showed impaired humoral immu-
nity after COVID-19 vaccination in peritoneal dialysis
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patients unresponsive to HBV vaccination. By contrast,
Nacash et al. [1] compared HBV vs. COVID-19 post-
vaccination response in ESRD and found no associa-
tion between non-response after vaccination. This may
be explained by the fact that the vaccination regimens
reported in these papers were less robust than ours (at
least one HBV vaccination), and an extremely low rate
of COVID-19 poor response was defined (15% non-
responders in their cohort). Our cohort did not include a
single COVID-19 non-responder, as all vaccinated ESRD
patients had robustly detectable anti-S1-IgG 3 weeks
after complete SARS vaccination. We believe that our
stratification of ESRD patients into COVID-19 vaccina-
tion low- and high-responders is well suited to iden-
tify clinically relevant associations and risk factors: low
humoral immunity against COVID-19 is associated with
more severe COVID-19 outcomes in healthy persons and
renal disease patients [28, 29], and our threshold of 307
BAU/ml for poor response is close to the cut-off reported
by Feng et al. [25] of around 264 BAU/ml to induce a ca.
80% protection from symptomatic COVID-19 upon first
complete COVID-19 vaccination.

Within our cohort, patient characteristics impacting
immune response differed between the two pathogens:
on the one hand, higher age was associated with poor
COVID-19 vaccination responses. This finding is in line
with previous publications illustrating a poorer vaccina-
tion response after COVID-19 vaccinations in older per-
sons [30, 31], and Nacash et al. [1] identified age as one
of the main predictors of humoral response after SARS-
CoV-2 vaccination in ESRD patients. Obesity, on the
other hand, was significantly associated with poor HBV
non-response, and obesity rates were around 1.5-fold
higher in COVID-19 vaccination poor vs. high respond-
ers. These findings are in accordance with reports on
reduced HBV vaccination responses in obese persons
[32]. Also, for SARS-CoV-2 and other pathogens, low
vaccination responses have been linked to increased BMI
and obesity [33].

While we observe strong concordance of infe-
rior immune responses after HBV and COVID-19
mRNA vaccination in our study, it is worth consider-
ing the separate immunostimulatory pathways HBV
and COVID-19 mRNA vaccine employ for induction
of humoral immunity. The main adjuvants in the HBV
vaccines HbVaxPro and Engerix, are aluminium salt,
which stimulate the activation of the NLRP3 inflam-
masome [34], resulting in the production of IL-1 and
eventually local inflammation and recruitment of anti-
gen-presenting cells. The ASO4-adjuvant in Fendrix®
activates the toll-like receptor (TLR) 4 and induces
cytokine production through the NF-kB pathway,
which leads to the activation of innate immune cells,
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but is not a good T cell antigen [20]. In contrast, studies
in mice revealed that induction of antibody responses
to BNT162b2 is neither dependent on signaling via
Toll-like receptors 2, 3, 4, 5 and 7 nor on inflamma-
some activation [35]. Instead, RNA vaccines induce
synthesis of protective virus spike antigen in the target
cell itself which, together with a predominantly IL-1
and IL-1 dependent production of a broad spectrum
of pro-inflammatory cytokines enhances antigen pres-
entation to T helper cells [21]. Booster vaccination
with mRNA vaccines further enhance innate immune
response leading to greater frequency of inflamma-
tory monocytes and higher concentrations of plasma
IFN gamma [22]. These data are in line with our recent
systems biology analysis indicating that the quantity of
the adaptive immune response to the BNT162b vac-
cine are largely determined by the quality of the innate
immune response within 24 h after vaccination [36].
In that study we provide evidence that B and T cell
responses heavily depend on signals received from the
myeloid compartment, specifically on pro-inflamma-
tory cytokines such as IFN. We conclude that dialysis
patients have disturbed immune functions affecting
pathways targeted by different vaccine platforms.
Whether these dysfunction mainly reside in the innate
and adaptive immune system remains to be determined.

We were unable to confirm earlier reports on a nega-
tive effect of immunosuppressive medication on vacci-
nation responses in chronically ill patients [1, 37] which
might be due to our small sample size. Besides this, our
study has further limitations. While COVID-19 vac-
cination response was analyzed prospectively, data on
HBV vaccination were extracted retrospectively from
patient charts. Given the real-world nature of our data
set, there was a significant time period between vaccina-
tion against HBV and COVID, and ESRD patients under-
went immunization with distinct HBV vaccines. The fact
that data were collected retrospectively, may have led to
incomplete obtainment of information, and the strategy
of excluding analyzing patients with incomplete infor-
mation about HBV vaccination may have introduced a
selection bias. Also, a more comprehensive collection of
information on clinical parameters or patient-reported
outcomes such as frailty, smoking, alcohol consumption,
and other lifestyle factors would have been desirable [15,
32]. Furthermore, clinical history and further informa-
tion on modifying factors were collected at the timepoint
of COVID-19 vaccination and may have changed since
the HBV vaccination. However, given the age profiles of
our patients, comorbidities such as obesity and diabe-
tes are unlikely to have changed, since trajectories for
these diseases usually start earlier in life and are stable
throughout adulthood (38).
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Despite these limitations, our work delivers important
information on vaccination efficacy in the particularly
vulnerable population of ESRD hemodialysis patients in
a real-life setting. We show that vaccination responses
for HBV and COVID-19 display strong overlaps, and
that obesity is associated with HBV non-response, while
elevated age is linked to reduced SARS-CoV-2 immunity
post-vaccination. Health care professionals taking care
of ESRD patients should adjust their vaccination strate-
gies when observing an low response after initial vac-
cinations, e.g., by enhancing post-vaccination antibody
surveillance and booster vaccinations in patients that
responded poorly to HBV and/or COVID vaccinations.
We hope this data helps to improve prevention strategies
against communicable diseases in ESRD patients.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540001-025-02274-3.

[ Additional file 1. }

Acknowledgements
The authors would like to thank all the patients who participated in the study
and all staff involved in the care of the ESRD patients.

Author contributions

KL, CH., and GMN.B designed the research. K.L, GM.N.B, AC.and AD.J.
developed infrastructure and biobanking. Patient recruitment and data analy-
ses were conducted by KL, GM.B, A.C.and AD.J. M.S. performed laboratory
analyses. CH,, AM, LM, and K.L. analyzed the data. CH, KL, and G.M.B. wrote
the manuscript. All authors read and approved the manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. GM.N.B. and
A.D-J. acknowledge funding (Niedersachsisches Ministerium fir Wissen-
schaft und Kultur; 14-76103-184, COFONI Network, project 4LZF23), G.M.N.B.
acknowledges funding by the European Regional Development Fund
ZW7-85151373, and A.D.-J. acknowledges funding by European Social Fund
(ZAM5-87006761). C.H. received funding from the Excellence Cluster RESIST in
infection research. The funding sources had no role in the design and execu-
tion of the study, the writing of the manuscript and the decision to submit the
manuscript for publication. The authors did not receive payment by a pharma-
ceutical company or other agency to write the publication. The authors were
not precluded from accessing data in the study, and they accept responsibility
to submit for publication.

Availability of data and material

The data and biomaterials underlying our analysis may be requested by
submitting a formal request to the study board, who will evaluate it. Email
requests may be directed to happle.christine@mh-hannover.de.

Declarations

Ethics approval and consent to participate

The Medical Ethics Committees of Hannover Medical School approved the
study protocol (approval number 8973_BO-K_2020, amendment Dec. 2020).
For the prospective data analysis, all participants gave written informed
consent.

Consent for publication
This manuscript contains no individual patient data in any form.

Page 7 of 8

Competing interests
The authors declare no competing interests.

Author details

'Dialysis Centre Eickenhof, Langenhagen, Germany. 2Department of Rheu-
matology and Immunology, Hannover Medical School, Hannover, Germany.
3German Centre for Infection Research (DZIF), Partner Site Hannover-Braun-
schweig, Hannover, Germany. *Institute of Information Engineering, Ostfalia
University of Applied Sciences, Wolfenbiittel, Germany. *Biostatistics Research
Group, Helmholtz-Center for Infection Research, Braunschweig, Germany.
Department of Pediatric Pneumology, Allergology, and Neonatology, Han-
nover Medical School, Hannover, Germany. ’Department of General Practice,
University Medical Center Géttingen, Gottingen, Germany. 8Department

of Family Medicine, College of Human Medicine, Michigan State University,
Grand Rapids, M, USA. °CiiM — Centre for Individualized Infection Medicine,
Hannover, Germany. '°Biomedical Research in End Stage and Obstructive
Lung Disease/BREATH Hannover, German Centre for Lung Research (DZL),
Hannover, Germany. ' Department of Pediatric Oncology and Hematology,
Hannover Medical School, Hannover, Germany.

Received: 12 November 2024 Accepted: 4 January 2025
Published online: 16 January 2025

References

1. Nacasch N, Cohen-Hagai K, Tayar N, Levian A, Rashid G, Benchetrit S, et al.
Humoral response to hepatitis B and COVID-19 vaccine among mainte-
nance hemodialysis patients. Vaccines. 2022;10(10):1670.

2. Ahmed N, Khderat AH, Sarsour A, Taher A, Hammoudi A, Hamdan Z,
et al. The vulnerability of maintenance dialysis patients with COVID-

19: mortality and risk factors from a developing country. Ann Med.
2022;54(1):1511-9.

3. Burdick RA, Bragg-Gresham JL, Woods JD, Hedderwick SA, Kurokawa K,
Combe C, et al. Patterns of hepatitis B prevalence and seroconversion
in hemodialysis units from three continents: the DOPPS. Kidney Int.
2003;63(6):2222-9.

4. Zitt E, Hafner-Giessauf H, Wimmer B, Herr A, Horn S, Fried| C, et al.
Response to active hepatitis B vaccination and mortality in incident
dialysis patients. Vaccine. 2017;35(5):814-20.

5. Fabrizi F, Dixit V, Martin P, Jadoul M, Messa P. Meta-analysis: the impact of
nutritional status on the immune response to hepatitis B virus vaccine in
chronic kidney disease. Dig Dis Sci. 2012;57(5):1366-72.

6. Stevens CE, Alter HJ, Taylor PE, Zang EA, Harley EJ, Szmuness W. Hepatitis
B vaccine in patients receiving hemodialysis. Immunogenicity and effi-
cacy. N Engl J Med. 1984;311(8):496-501.

7. Buti M, Viladomiu L, Jardi R, Olmos A, Rodriguez JA, Bartolome J, et al.
Long-term immunogenicity and efficacy of hepatitis B vaccine in hemo-
dialysis patients. Am J Nephrol. 1992;12(3):144-7.

8. Ozer A YakupogullariY, Beytur A, Beytur L, Koroglu M, Salman F, et al. Risk
factors of hepatitis B virus infection in Turkey: a population-based, case-
control study: risk factors for HBV infection. Hepat Mon. 2011;11(4):263-8.

9. Galmiche S, Luong Nguyen LB, Tartour E, de Lamballerie X, Wittkop L,
Loubet P, et al. Immunological and clinical efficacy of COVID-19 vaccines
in immunocompromised populations: a systematic review. Clin Microbiol
Infect. 2022;28(2):163-77.

10. Fleming SJ, Moran DM, Cooksley WG, Faoagali JL. Poor response
to a recombinant hepatitis B vaccine in dialysis patients. J Infect.
1991;22(3):251-7.

11. Simon B, Rubey H, Treipl A, Gromann M, Hemedi B, Zehetmayer S, et al.
Haemodialysis patients show a highly diminished antibody response
after COVID-19 mRNA vaccination compared with healthy controls.
Nephrol Dial Transplant. 2021;36(9):1709-16.

12. Dulovic A, Strengert M, Ramos GM, Becker M, Griesbaum J, Junker D, et al.
Diminishing immune responses against variants of concern in dialysis
patients 4 months after SARS-CoV-2 mRNA vaccination. Emerg Infect Dis.
2022;28(4):743-50.

13. Moore LR, Al-Jaddou N, Wodeyar H, Sharma A, Schulz M, Rao A, et al.
SARS-CoV-2 in dialysis patients and the impact of vaccination. BMC
Nephrol. 2022;23(1):317.


https://doi.org/10.1186/s40001-025-02274-3
https://doi.org/10.1186/s40001-025-02274-3

Lurken et al. European Journal of Medical Research (2025) 30:34

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al.
Factors associated with COVID-19-related death using OpenSAFELY.
Nature. 2020;584(7821):430-6.

Udomkarnjananun S, Takkavatakarn K, Praditpornsilpa K, Nader

C, Eiam-Ong S, Jaber BL, et al. Hepatitis B virus vaccine immune
response and mortality in dialysis patients: a meta-analysis. J Nephrol.
2020;33(2):343-54.

Becker M, Cossmann A, Lurken K, Junker D, Gruber J, Juengling J, et al.
Longitudinal cellular and humoral immune responses after triple
BNT162b2 and fourth full-dose mRNA-1273 vaccination in haemodialysis
patients. Front Immunol. 2022;13:1004045.

Girndt M, Pluer M, Dellanna F, Michelsen AK, Beige J, Toussaint K, et al.
Immunogenicity and safety of a booster dose of the hepatitis B vaccine
HepB-CpG (HEPLISAV-B®) compared with HepB-Eng (Engerix-B®) and
HepB-AS04 (Fendrix®) in adults receiving hemodialysis who previously
received hepatitis B vaccination and are not seroprotected: results of

a randomized, multicenter phase 3 study. Hum Vaccin Immunother.
2022;18(6):2136912.

Krueger KM, Ison MG, Ghossein C. Practical guide to vaccination in all
stages of CKD, including patients treated by dialysis or kidney transplan-
tation. Am J Kidney Dis. 2020;75(3):417-25.

RKI RKI. Recommendation of the Standing Committee on Vaccination
(STIKO): 4th update on vaccination recommendations regarding COVID-
19 [Beschluss der STIKO zur 4. Aktualisierung der COVID-19-Impfempfe-
hlung (01.04.2021)]. 2021. https://www.rki.de/DE/Content/Kommission
en/STIKO/Empfehlungen/Vierte_Empfehlung_2021-04-01.html. Last
Accessed online 1 Nov 2024.

Moni SS, Abdelwahab SI, Jabeen A, EiImobark ME, Aqgaili D, Ghoal G, et al.
Advancements in vaccine adjuvants: the journey from alum to nano
formulations. Vaccines. 2023;11(11):1704.

Tahtinen S, Tong AJ, Himmels P, Oh J, Paler-Martinez A, Kim L, et al. IL-1
and IL-Tra are key regulators of the inflammatory response to RNA vac-
cines. Nat Immunol. 2022;23(4):532-42.

Arunachalam PS, Scott MKD, Hagan T, Li C, Feng Y, Wimmers F, et al.
Systems vaccinology of the BNT162b2 mRNA vaccine in humans. Nature.
2021;596(7872):410-6.

Strengert M, Becker M, Ramos GM, Dulovic A, Gruber J, Juengling J, et al.
Cellular and humoral immunogenicity of a SARS-CoV-2 mRNA vaccine in
patients on haemodialysis. EBioMedicine. 2021;70: 103524.

Cossmann A, Hoffmann M, Stankov MV, Lurken K, Morillas Ramos G,
Kempf A, et al. Immune responses following BNT162b2 XBB.1.5 vac-
cination in patients on haemodialysis in Germany. Lancet Infect Dis.
2024;24(3):145-6.

Feng S, Phillips DJ, White T, Sayal H, Aley PK, Bibi S, et al. Correlates of pro-
tection against symptomatic and asymptomatic SARS-CoV-2 infection.
Nat Med. 2021;27(11):2032-40.

Mastalerz-Migas A, Steciwko A, Brydak LB. Immune response to influenza
vaccine in hemodialysis patients with chronic renal failure. Adv Exp Med
Biol. 2013;756:285-90.

Kolland M, Ried! R, Bachler B, Ribitsch W, Niedrist T, Meissl AM, et al.
Decreased response to the mRNA anti-SARS-CoV-2 vaccine in hepatitis B

vaccine non-responders and frail patients treated with peritoneal dialysis.

Nephrol Dial Transplant. 2022;37(6):1188-90.

Goguet E, Olsen CH, Meyer WA I, Ansari S, Powers JH Ill, Conner TL, et al.
Immune and behavioral correlates of protection against symptomatic
post-vaccination SARS-CoV-2 infection. Front Immunol. 2024;15:1287504.
Messchendorp AL, Sanders JF, Abrahams AC, Bemelman FJ, Bouwmans P,
van den Dorpel RMA, et al. Incidence and severity of COVID-19 in relation
to anti-receptor-binding domain IgG antibody level after COVID-19 vac-
cination in kidney transplant recipients. Viruses. 2024;16(1):114.

Demaret J, Corroyer-Simovic B, Alidjinou EK, Goffard A, Trauet J, Miczek S,
et al. Impaired functional T-cell response to SARS-CoV-2 after two doses
of BNT162b2 mRNA vaccine in older people. Front Immunol. 2021;12:
778679.

van der Heiden M, Shetty S, Bijvank E, Beckers L, Cevirgel A, van Sleen Y,
et al. Multiple vaccine comparison in the same adults reveals vaccine-
specific and age-related humoral response patterns: an open phase IV
trial. Nat Commun. 2024;15(1):6603.

Tahir A, Shinkafi SH, Alshrari AS, Yunusa A, Umar MT, Hudu SA, et al. A
Comprehensive review of hepatitis B vaccine nonresponse and associ-
ated risk factors. Vaccines. 2024;12(7):710.

Page 8 of 8

33. Sheridan PA, Paich HA, Handy J, Karlsson EA, Hudgens MG, Sammon AB,
et al. Obesity is associated with impaired immune response to influenza
vaccination in humans. Int J Obes. 2012;36(8):1072-7.

34. HornungV, Bauernfeind F, Halle A, Samstad EO, Kono H, Rock KL, et al.
Silica crystals and aluminum salts activate the NALP3 inflammasome
through phagosomal destabilization. Nat Immunol. 2008;9(8):847-56.

35. LiC, Lee A Grigoryan L, Arunachalam PS, Scott MKD, Trisal M, et al.
Mechanisms of innate and adaptive immunity to the Pfizer-BioNTech
BNT162b2 vaccine. Nat Immunol. 2022;23(4):543-55.

36. Odak |, Riemann L, Sandrock |, Cossmann A, Ramos GM, Hammerschmidt
Sl, et al. Systems biology analysis reveals distinct molecular signatures
associated with immune responsiveness to the BNT162b COVID-19 vac-
cine. EBioMedicine. 2024;99: 104947.

37. Syversen SW, Jyssum |, Tveter AT, Tran TT, Sexton J, Provan SA, et al. Immu-
nogenicity and safety of standard and third-dose SARS-CoV-2 vaccination
in patients receiving immunosuppressive therapy. Arthritis Rheumatol.
2022;74(8):1321-32.

38. Kibret KT, Strugnell C, Backholer K, Peeters A, Tegegne TK, Nichols M. Life-
course trajectories of body mass index and cardiovascular disease risks
and health outcomes in adulthood: systematic review and meta-analysis.
Obes Rev. 2024;25(4): e13695.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.rki.de/DE/Content/Kommissionen/STIKO/Empfehlungen/Vierte_Empfehlung_2021-04-01.html
https://www.rki.de/DE/Content/Kommissionen/STIKO/Empfehlungen/Vierte_Empfehlung_2021-04-01.html

	Impaired Hepatitis B and COVID-19 vaccination responses show strong concordance in hemodialysis patients with end stage renal disease
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and sample collection
	Clinical data collection
	Vaccination regimens and analysis of immune response
	Ethics statement
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


