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Abstract

This literature review examines Hepatitis B vaccination strategies in patients undergoing maintenance hemodialysis
(MHD), a population characterized by significantly impaired innate and adaptive immunity, leading to suboptimal
vaccine responsiveness. While healthy adults typically achieve greater than 95% vaccine efficacy, seroprotection rates
(=10 mIU/L) in the hemodialysis population range from 42.3% and 70.5% following standard intramuscular
vaccination. The underlying immune dysfunction, driven by uremia-induced impairment of T-cell receptor density,
dendritic cell function, and antigen presentation capacity, renders this cohort uniquely vulnerable to vaccine failure
and HBV acquisition.

Intradermal vaccination, which directly targets the dense antigen-presenting cell network within skin-associated
lymphoid tissue, has emerged as a promising alternative strategy. This review evaluates multiple intradermal hepatitis
B vaccination schedules, including weekly, biweekly, monthly, and adjuvant-enhanced regimens, to compare their
immunogenicity, durability, and clinical applicability in maintenance hemodialysis cohorts. The review also critically
examines predictors of vaccine non-response, the role of pre-dialysis vaccination timing, and newer adjuvanted
platforms such as HEPLISAV-B (HepB-CpG) and AS04-adjuvanted Fendrix.

A literature search across PubMed, Scopus, MEDLINE, and Google Scholar up to December 2025 identified relevant
clinical trials, cohort studies, and observational analyses. The synthesized data demonstrate that intradermal
vaccination provides significant antigen-sparing benefits, reducing required vaccine doses by 75% to 90%, while
effectively inducing seroconversion in primary intramuscular non-responders. Weekly and biweekly intradermal
regimens achieved strong initial seroconversion rates of >10 mIU/L (60%—-97.6%), whereas monthly low-dose
schedules produced comparable or higher antibody titers relative to conventional intramuscular approaches.

Adjuvant-based strategies, particularly those utilizing toll-like receptor (TLR7 and TLR9) agonists such as imiquimod
and CpG 1018, further enhanced immunogenicity, with combination approaches achieving seroprotection rates as
high as 96.9%. HEPLISAV-B demonstrated an 89.3% seroprotection rate in hemodialysis-naive patients in a
prospective multicenter trial. However, long-term antibody persistence remains a concern, with significant waning
observed within 12 months, highlighting the need for routine anti-HBs monitoring and booster administration.

In conclusion, intradermal vaccination represents a flexible, cost-effective, and immunologically advantageous
strategy for hemodialysis patients, particularly prior non-responders and transplant candidates. Future research should
focus on large, multicenter randomized trials to establish standardized dosing protocols and improve long-term
immunogenic durability.
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Introduction

Hepatitis B virus (HBV) is a major global
public-health problem: in 2024, an estimated 240
million people had chronic HBV infection, causing
about 1.1 million deaths annually, primarily from
cirthosis and  hepatocellular  carcinoma [,
Immunocompromised individuals have higher
susceptibility to HBV; one important at-risk cohort is
patients receiving maintenance hemodialysis (MHD).
Dialysis patients are particularly vulnerable to
blood-borne infections owing to uremia-associated
immune dysfunction, repeated exposure to
bioincompatible dialyzer membranes, and frequent
vascular access procedures that breach protective
barriers 2. As a result, the risk of HBV acquisition in
hemodialysis units is substantially higher than in the
general population, making effective vaccination
strategies clinically essential .

In MHD patients, HBV vaccine hyporesponsiveness
results from a complex interplay of uremia-induced
immune dysfunction and dialysis-related immune
injury B4 | Uremic toxins impair dendritic-cell
differentiation and function, reduce T-cell receptor
density on CD4+ Ilymphocytes, alter MHC 1II
expression on monocytes, and diminish B-cell
function, producing an acquired immunodeficiency
that limits vaccine responses [>® . These immune
defects are further amplified by dialysis-related
factors, including chronic inflammation, oxidative
stress, malnutrition, and repeated blood exposure to
bioincompatible membranes, which further impair
formation of immunologic memory [,

Dysfunctional antigen-presenting cells and altered
Toll-like receptor signaling reduce initial immune
activation and impair priming of adaptive responses
78 T-cell abnormalities, including reduced
circulating subsets, impaired proliferative capacity,
and lower IL-2 production after dialysis exposure,
further ~compromise cellular  immunity 19,
Concurrently, B-cell defects such as loss of certain
B-cell subsets and increased apoptosis lead to weaker
antibody responses and lower seroconversion rates
41 Chronic systemic inflammation promotes immune
exhaustion and disrupts key signaling pathways, while
uremic toxins impair antigen presentation and
lymphocyte proliferation ™. Hemodialysis itself
induces transient reductions in circulating lymphocyte
populations and diminished mitogenic responses, and
repeated exposure to dialysis membranes may
reinforce  T-cell dysfunction over time. [l
Collectively, these immunological disturbances
explain the reduced seroprotection rates, shorter
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duration of immunity, and frequent failure of even
high-dose vaccination regimens in this population. ']

To address this problem, the standard intramuscular
(IM) vaccination protocol for MHD patients uses a
high-dose regimen of 40 mcg administered at 0, 1, 2,
and 6 months (double dose) 31, Recent clinical
practice guidelines from KDIGO (2024) recommend
HBV vaccination at CKD stage 4 using four
double-dose (40 pg) IM injections or an adjuvanted
vaccine (e.g., HEPLISAV-B or Fendrix) as first-line
options, with annual anti-HBs monitoring and boosters
when titers fall below 100 mIU/mL U415 These
recommendations reflect evolving evidence on
adjuvanted platforms and the importance of
vaccinating before the onset of dialysis-related
immune decline.

Despite the intensified IM schedule, seroprotection
rates in MHD patients following standard vaccination
typically range from 42.3% to 70.5% in reported
series, leaving a substantial proportion inadequately
protected ['%!7), This shortfall highlights a critical gap
in immunity for vulnerable or specialized populations
compared to the >95% benchmark observed in healthy
adults ['%!'71 Accordingly, patient-related and dialysis-
related factors continue to drive hyporesponsiveness,
supporting the need for novel adjuvanted vaccines,
pre-dialysis vaccination, and alternative routes of
administration ['®)- Intradermal (ID) administration has
emerged as a promising strategy because it targets
abundant professional antigen-presenting cells,
including Langerhans cells, within the skin-associated
lymphoid tissue 3191, Early evidence suggests that
tailored ID schedules may mitigate immune deficits in
uremic patients and provide a cost-effective
alternative with seroprotection comparable to standard
IM regimens 2221 ' Low-dose ID protocols have also
shown value as revaccination strategies for patients
who fail to respond adequately to initial IM
vaccination [21, However, the literature remains
heterogeneous with respect to vaccine dose,
administration frequency, and long-term antibody
persistence, and no unified consensus exists [242%],

To address these inconsistencies, clinical protocols
utilizing various doses and timelines must be carefully
evaluated to determine if specific antigenic exposure
strategies can improve both the magnitude and
longevity of the anti-HBs response [23261 This
literature review evaluates multiple ID vaccination
schedules including weekly, biweekly, monthly, and
adjuvant-enhanced protocols and synthesizes current
evidence regarding their immunogenicity, durability,
and clinical applicability in maintenance hemodialysis
patients. The review also critically evaluates
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predictors of vaccine non-response, novel adjuvanted
platforms, and the rationale for pre-dialysis
vaccination timing.

Review

Literature Search

A comprehensive literature search was conducted to
identify relevant studies on hepatitis B vaccination
strategies in  patients receiving maintenance
hemodialysis. Major electronic databases, including
PubMed, Scopus, MEDLINE, and Google Scholar,
were searched from database inception to December
2025. The search strategy incorporated combinations
of keywords such as "hepatitis B vaccination",

"intradermal", "hemodialysis", "maintenance
hemodialysis", "vaccination schedules",
"seroconversion", "seroprotection"”, "adjuvant

strategies", "HEPLISAV-B", "CpG 1018", "Fendrix",
"AS04", and "imiquimod".

Studies were considered eligible if they were
published in English, involved adult human
populations undergoing maintenance hemodialysis,
and addressed HBV vaccination immunogenicity,
vaccination schedules, or adjuvant-based strategies.
Studies with sample sizes greater than 10 participants
were included, and randomized trials, observational
studies, and key review articles were all considered to
capture the breadth of relevant evidence. Study
selection was guided by relevance to the research
question, study design, methodological rigor, sample
characteristics, and completeness of immunological
outcome reporting.

Key variables extracted included HBV vaccine dosage
and route of administration, vaccination schedule, use
of adjuvants, safety profile, and immunogenicity
outcomes such as antibody titers, seroconversion rates,
and durability of immune response. The included
evidence was synthesized to summarize current
clinical practice, compare vaccination strategies,
identify areas of agreement and variation, and
highlight gaps in the literature. As this was a narrative
literature review, no protocol was registered and no
formal risk-of-bias assessment was undertaken.
Accordingly, PRISMA guidelines and a study
selection flow diagram were not applied, as these are
primarily intended for systematic reviews. This article
is based solely on previously published studies and
does not involve any new research on human subjects.

Predictors of Hepatitis B Vaccine Non-Response in
Hemodialysis Patients
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Identifying patient-level predictors of vaccine non-
response is clinically essential for risk stratification
and for tailoring revaccination strategies. Multiple
studies have consistently identified a discrete set of
demographic, clinical, and biochemical factors
associated with inadequate immune responses to HBV
vaccination in MHD populations [6-27:28],

Demographic predictors:

Advanced age is among the most consistently
identified independent risk factors 7?1 | Non-
responders are significantly older than responders,
with multivariate analyses confirming that age >55 to
65 years substantially increases the odds of vaccine
failure [©27). This observation is attributable to
immunosenescence, the progressive decline in naive
T- and B-cell populations, diminished thymic output,
and impaired germinal center reactions that
accompany aging. In one retrospective analysis,
advanced age (P = 0.005) and diabetes status (P =
0.003) were identified as the strongest independent
predictors of non-responder status by multivariate
logistic regression [©.

Sex appears to be an important host determinant of
HBYV vaccine response in maintenance hemodialysis
patients. Male sex has been repeatedly associated with
lower hepatitis B vaccine immunogenicity in dialysis
patients. Reported seroconversion rates are higher in
females than in males (85.6% vs. 68.3%), with only
29% of responders being male Y. Furthermore, meta-
analytic evidence demonstrates that males have
significantly lower seroconversion rates (P = 0.002),
with no significant heterogeneity across studies B!,
Subgroup analysis indicates that this sex-based
disparity is particularly pronounced in hemodialysis
patients (P = 0.042) B!, Collectively, these findings
indicate that male sex is an independent predictor of
reduced hepatitis B vaccine response, especially in the
maintenance hemodialysis population 3!-32],

Clinical and vaccine related predictors:

Diabetes mellitus is the second most frequently
identified independent predictor of vaccine failure.
Non-responders consistently demonstrate a higher
prevalence of diabetes compared to responders in one
cohort, 70% of non-responders had diabetes versus
39% of responders [2%. The mechanisms are
multifactorial, encompassing hyperglycemia-induced
impairment of neutrophil and macrophage function,
glycation of complement components, and altered T-
cell signaling pathways that collectively suppress
antigen-specific immunity (%27,

Hypertension (HTN) has been identified as a potential
negative predictor of hepatitis B vaccine response in
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some hemodialysis cohorts, with evidence suggesting
reduced seroconversion in hypertensive patients.
However, this association is not consistently
reproduced across studies and may reflect
confounding by coexisting metabolic and
cardiovascular  comorbidities rather than an
independent effect 31,

Higher dialysis frequency was associated with poorer
hepatitis B vaccine response, with non-/hypo-response
rates of 47.0% vs 30.2% in more frequent versus less
frequent dialysis groups 2. In the higher-frequency
subgroup, the 20 mcg dose was linked to a much
higher non-/hypo-response rate than the 60 mcg dose
(62.9% vs 29.0%) B21. Higher dialysis frequency was
also independently associated with non-/hypo-
response in multivariate analysis (OR 1.841, 95% CI
1.015-3.340) (32,

Similarly, longer dialysis vintage has been associated
with poorer hepatitis B vaccine response in several
studies, although this relationship is not consistently
independent after adjustment for confounding
variables 7). In some analyses, dialysis vintage
appeared to cluster with other adverse -clinical
characteristics and was therefore evaluated within
multivariate models as a potential predictor 7). In
contrast, other data have demonstrated a modest but
significant positive correlation between dialysis
vintage (p = 0.288, P = 0.005) and antibody response,
along with a stronger correlation with time since
hepatitis B vaccination (p = 0.439, P = 0.0001),
suggesting a more complex and context-dependent
relationship %,

Anemia may correlate with poorer hepatitis B vaccine
response in patients on maintenance hemodialysis;
however, it is not consistently identified as an
independent predictor 4. Emerging evidence
suggests that erythropoietin (EPO) resistance is
independently associated with lower anti-HBs titers
and reduced seroconversion . Because EPO
resistance is a marker of inflammation and
malnutrition, this indicates that the effect of anemia on
vaccine response is mediated by the underlying
inflammatory and metabolic milieu rather than
hemoglobin levels per se 31,

Hepatitis C virus (HCV) co-infection is another
clinically important negative predictor 7. HCV-
infected  hemodialysis  patients = demonstrate
significantly higher rates of HBV vaccine non-
response compared to HCV-negative counterparts
(P=0.011), potentially due to HCV-induced
impairment of innate immune signaling and dendritic
cell function 71,
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Nutritional Predictor:

Obesity and elevated body mass index (BMI)
represent frequently underrecognized predictors of
non-response 7. A BMI >30 kg/m? is associated with
significantly higher rates of vaccine failure, likely due
to a combination of adipose tissue-mediated chronic
inflammation, altered  pharmacokinetics of
intramuscularly delivered antigen, and immune cell
dysfunction secondary to metabolic syndrome [*7],
Excess body weight was identified as among the most
predictive clinical covariates of vaccine non-response
in a retrospective cohort of hemodialysis patients %1,

Malnutrition and protein-energy wasting also
significantly impair immune response to hepatitis B
vaccination in patients with chronic kidney disease
(CKD) and end-stage renal disease (ESRD). Low
serum albumin and total protein levels are primary
markers for poor seroconversion, while advanced
renal anemia reduces tissue oxygen delivery necessary
for effective T-cell and B-cell responses 34391,

Genetic predictors:

Genetic factors, particularly HLA allele composition,
also modulate vaccine responsiveness. Carriers of the
HLA-DR3 allele tend to exhibit better seroresponses,
while certain HLA-DR haplotypes are strongly
associated with non-response 7). More recent
analyses demonstrate that impaired HBV vaccination
response and poor SARS-CoV-2 post-vaccination
immunity show strong concordance in hemodialysis
patients. This overlap suggests a shared underlying
immune deficit that transcends vaccine-specific
immunity, reflecting a global impairment in vaccine-
elicited humoral responses in this population 371,

Across studies, advanced age, diabetes mellitus, low
serum albumin, and prolonged dialysis vintage appear
to be the most consistently reproduced predictors of
HBV vaccine non-response in maintenance
hemodialysis patients [©27281 In contrast, obesity,
HCV co-infection, and HLA associations, although
biologically plausible and supported by some cohorts,
have been reported less consistently and may be more
vulnerable to differences in study size, population
characteristics, and vaccine schedule [, This
heterogeneity suggests that vaccine non-response is
determined by a combination of stable host factors and
context-dependent modifiers rather than by a single
dominant predictor.

Recognition of these predictive factors should guide

clinicians toward proactive strategies, including early
pre-dialysis vaccination, particularly in high-risk
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prolonged dialysis vintage, and low serum albumin.

Table 1: Predictors of Hepatitis B Vaccine Non-

Response in Hemodialysis Patients

Predict | Category Direction | Clinical
or of implication
associati
on

Advan | Demograp | Negative | Older

ced age | hic predictor | patients may

6:27,29] need earlier
vaccination
and  closer
post-vaccine
titer
monitoring.

Male Demograp | Negative | Men may

sex hic predictor | have lower

[30.31.32] seroconversi
on and may
benefit from
intensified
vaccination
strategies.

Diabet | Clinical Negative | Diabetic

es predictor | patients often

mellitu respond

s [6:27.28] poorly  and
may require
adjuvanted or
alternative
regimens.

Hypert | Clinical Possible May reflect

ension negative comorbidity

(331 predictor | burden rather
than an
independent
effect.

HCV Clinical Negative | Coinfected

coinfec predictor | patients may

tion have

(27,291 markedly
reduced
seroconversi
on.

Higher | Dialysis- Negative | More
dialysi | related predictor | frequent
s exposure
freque may be
ncy 32 associated
with poorer
vaccine
response in
some
cohorts.
Longer | Dialysis- Mixed/in | May reflect
dialysi | related consisten | cumulative
s t immune
vintage dysfunction
[5.29] and should
be
considered in
risk
stratification.
Longer
vintage may
be associated
with  good
seroconversi
on in some
cohorts.
Obesit | Nutritional | Negative | Obese
y /| /metabolic | predictor | patients may
BMI require
>30 optimized
kg/m? dosing and
[27,28,29] careful
follow-up.
Low Nutritional | Negative | Suggests
serum predictor | protein-
albumi energy
n [3436] wasting and
impaired
immune
responsivene
ss.
Malnut | Nutritional | Negative | Associated
rition predictor | with weaker
[34,36] humoral

response and
lower titers.
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Anemi | Clinical/la | Possible May be a
a 34331 | boratory negative | marker  of
predictor | poor general
health  and

immune
dysfunction.

Erythr | Clinical/la | Negative | Reflects
opoieti | boratory predictor | inflammation

n /malnutrition

resista and may

nce B3] signal  poor
vaccine
response.

HLA Genetic Genetic May

type predictor | influence
(37) individual
responsivene
ss, but not
routinely
used
clinically.

Rationale for Pre-Dialysis Vaccination and Early
CKD Vaccination

A critical but often underimplemented strategy for
improving HBV vaccine immunogenicity in patients
at risk for ESRD is the initiation of vaccination before
the onset of dialysis, when residual renal function and
relative immunocompetence are better preserved %3],
Multiple studies demonstrate that HBV vaccination at
pre-dialysis stages (¢GFR >15 mL/min/1.73 m?) yields
substantially higher short-term seroprotection rates
(63—100% at 1-2 months after the last dose) compared
to vaccination initiated after dialysis commencement
(50-89.3%) ). This gradient of immunogenicity
across CKD stages reflects worsening uremic immune
dysfunction, reduced antigen presentation, and greater
lymphocyte impairment as CKD progresses [0,
International nephrology societies and clinical
organizations recommend vaccination at CKD stage 4
and early stage 5, precisely because immune
responsiveness at these stages is still better than after
dialysis initiation %3],

A quality improvement program at a Veterans Affairs
CKD clinic systematically vaccinated CKD stage 4
and 5 patients prior to dialysis initiation, employing a
standard three-dose schedule at 0, 1, and 6 months 1,
This initiative confirmed that pre-dialysis vaccination
is feasible and clinically useful, and it reinforced
earlier findings that patients vaccinated at earlier CKD
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stages are more likely to achieve and maintain
protective  seroconversion [ The practical
implication is that nephrology care pathways should
systematically screen for HBV seronegativity at CKD
stages 3—4 and initiate vaccination promptly, before
progressive  uremia renders the  patient
immunologically refractory to standard regimens.

In more advanced pre-dialysis CKD (stages 3b-5;
eGFR <45 mL/min/1.73 m?), the evidence supports
four doses of double-dose conventional recombinant
vaccine (HepB-Eng, 40 mcg) or adjuvanted
formulations to compensate for declining immune
function at these stages 1 . Antibody titers achieved
at pre-dialysis stages are more prominent with
adjuvanted vaccines compared to non-adjuvanted
options, indicating that even in the pre-dialysis setting,
tailored antigen-adjuvant pairings can meaningfully
improve immunogenicity %1,

Conventional Intramuscular Four-Dose Regimen
(0, 1, 2, and 6 Months)

The current standard-of-care for Hepatitis B (HBV)
vaccination in patients undergoing maintenance
hemodialysis (MHD) consists of a high-dose regimen
of 40 mcg administered intramuscularly at 0, 1, 2, and
6 months. ['3] Despite this intensified protocol, routine
clinical practice often fails to generate an adequate
immune response, with seroprotection rates of >10
mlU/L frequently falling between 42.3% and 70.5%,
significantly lower than the >95% efficacy observed in
healthy adults. ['®!71 Various patient-related and
dialysis-related factors are responsible for this failed
or suboptimal immune response. To overcome these
hurdles, alternative routes and schedules of
administration such as intradermal injection, have
been explored 4243,

Intradermal Vaccination: Mechanism and
Schedules

Intradermal vaccination has recently gained attention
due to its dose-sparing potential and its ability to elicit
comparable or even superior immune Tresponses
compared to intramuscular vaccination, especially in
non-responsive  MHD patients ™. The dermis
contains abundant antigen-presenting cells (APCs),
especially Langerhans cells and dermal dendritic cells,
which efficiently capture antigen and migrate to
draining lymph nodes to initiate adaptive immune
responses 1. Because of this immunological
advantage, a much smaller antigen dose than that used
for IM delivery may still achieve equivalent or
superior immunological activation %1 Several
intradermal regimens have been evaluated in clinical
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trials and observational studies, including weekly,
biweekly, and monthly schedules.

Weekly Intradermal Regimens

Weekly regimens, also termed accelerated vaccination
schedules, are designed to achieve rapid
seroconversion, which is especially relevant for
patients awaiting kidney transplantation or those
residing in high-prevalence settings . Research
indicates that low-dose, high-frequency intradermal
(ID) hepatitis B vaccination effectively overcomes
immune deficits in hemodialysis patients 16471,
Clinical outcomes from Morais et al. (2007) revealed
that after utilizing a schedule of 16 intradermal
injections of 0.1 mL (2 mcg) across an eight-week
timeframe achieved seroconversion in 82% of patients
(anti-HBs antibodies levels >10 mIU/mL) within one
month M8, Other low-dose, high-frequency protocols
have also shown efficacy in hemodialysis cohorts. For
instance, Barraclough et al. (2009) evaluated a
revaccination strategy in hemodialysis non-responders
using an intradermal regimen of 10 mcg weekly for 8
weeks, administered within 2 months of the primary
course 1. This prospective randomized controlled
trial reported a superior seroconversion rate of 79% in
the ID group versus 40% in the IM group (P=0.002)
491 Adopting an identical dosing frequency, Jhorawat
et al. (2018) administered 10 mcg intradermally at
weeks 0 through 7 to chronic dialysis patients. Their
protocol produced a 60% seroconversion rate one
month after completing the vaccination cycle ',
Another intensive 12-week vaccination protocol (10
mcg Engerix B weekly) achieved 81.7%
seroconversion (>10 IU/L) in dialysis patients who
previously failed standard immunization, with 42.9%
of patients achieving seroprotection of >100IU/L 3],
No significant difference was observed in the efficacy
between intradermal and intramuscular routes [,
Overall, weekly intradermal regimens appear
particularly useful as rescue strategies in prior non-
responders because they achieve rapid seroconversion
with relatively low antigen exposure. The variability
in seroconversion rates across weekly regimens (60—
82%) likely reflects differences in baseline patient
characteristics (dialysis vintage: 2.3 years in Morais vs
4.1 years in Jhorawat), antigen dose per injection (2
mcg vs 10 mcg), and total cumulative antigen load
(16-80 mcg range) 2441 Notably, the higher per-
dose antigen (10 mcg) did not proportionally improve
outcomes in Jhorawat's cohort, suggesting a ceiling
effect beyond which increased antigen fails to
overcome uremia-induced APC dysfunction [2!],

Weekly intradermal schedules therefore provide a
clear antigen-sparing advantage, requiring only 16—80
mcg in total compared with 160 mcg or more in a
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standard four-dose IM series 294841 This 75-90%
reduction in antigen requirement, without major loss
of immunogenicity, reflects the efficient antigen
capture of cutaneous APCs and has significant cost

implications for resource-limited dialysis programs
[21,48,49, 50]

Bi-weekly Intradermal Regimens

Biweekly ID schedules balance dose-sparing with
sustained antigenic stimulation 4. Available studies
suggest that these protocols can rescue prior
intramuscular  non-responders  while achieving
protective antibody levels and more durable responses
than conventional methods 3. A biweekly protocol
was evaluated by Charest et al. (2000), where 5 mcg
of vaccine was administered every 2 weeks to either
reach a peak antibody titer of 1,000 IU/L or greater, or
a maximum of 52 doses P!, The median time to
seroconversion in the ID group was 6.1 £ 0.7 months
B There was no significant difference in
seroconversion between the ID and IM groups (97.6%
vs 90.5%), but the total antigen load required for
response was much lower in the ID group (57.3 = 6.5
mcg vs 127.4 £ 4.5 mcg; P<0.0001) B,

Chanchairujira et al. (2006) evaluated a biweekly
regimen of seven 10 mcg intradermal doses of
recombinant hepatitis B vaccine (Engerix-B) [, At
seven months following the first dose, the protocol
achieved an overall seroconversion rate of 92% 41, In
terms of response quality, 72% of patients maintained
a good response (anti-HBs titers 10-999 IU/L), while
20% achieved an excellent response (>1,000 IU/L) 44,
Similarly, Hanif et al. (2020) evaluated a biweekly
protocol of five 10 mcg intradermal doses at two-week
intervals and reported a seroconversion rate of 75.5%
1331, Historical studies also support this approach;
Waite et al. (1995) used 5 mcg doses every 2 weeks
until seroconversion and achieved a 94%
seroconversion rate within 5.2 = 4.7 months 521, Propst
et al. (1998) similarly reported a 94% seroconversion
rate (anti-HBs >10 IU/L within 12 months after the last
injection) with a biweekly 20 mcg schedule, although
the maximum cumulative dose was higher (240 mcg)
(331 Taken together, these studies suggest that
biweekly intradermal administration within a 5-20
mcg dose range is an effective strategy for achieving
high seroconversion rates while maintaining antigen
sparing (4433511,

Monthly Intradermal Regimens

Several clinical trials have investigated monthly
intradermal vaccination schedules to optimize
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seroconversion rates while extending the time between
doses.

Jhorawat et al. (2018) reported a 58.33%
seroconversion rate with two 40 mcg intradermal
doses given one month apart; among responders,
85.7% achieved protective titers >100 mIU/mL !,
When extending the treatment window to four months,
Roozbeh et al. (2005) showed that a three-dose
intradermal regimen of 20 mcg at 0, 1, and 4 months
achieved a seroconversion rate of 54.3%, suggesting a
cost-saving alternative to standard high-dose IM
methods B4, Another 4 mcg intradermal regimen at 0,
1, 2, and 6 months produced a 77% seroconversion
rate at week 28, compared with 82% in the IM group,
with no statistically  significant difference,
demonstrating comparable efficacy between the two
routes (31, This finding is further supported across a
six-month course by Tavanaee Sani et al. (2013), who
noted that low-dose ID protocols may produce higher
mean anti-HBs titers over time, even when overall
seroconversion rates are similar to standard routes %),

Overall, weekly intradermal regimens appear most
practical for rapid revaccination in prior non-
responders, biweekly regimens appear most balanced
for sustained seroprotection with moderate antigen
sparing, and monthly regimens may be more feasible
operationally in routine dialysis clinics because they
reduce visit burden while preserving acceptable
immunogenicity 2448 49 51-54.56] [n real-world dialysis
care, the choice of schedule should therefore be guided
by clinical urgency, staffing capacity, anticipated
adherence, and the need for rapid protection versus
longer-term maintenance.

Table 2: Summary of Intradermal Hepatitis B
vaccination schedules

Intradermal Dose per | Vaccination
Regimen Administration | timeline
Type (mcg) (in weeks)
Weekly 2 - 10 mcg 8-12
[21,36,48.49]

Bi-weekly 5-20 meg 10-52
[33,44,51-53]

Monthly 4 -40 mcg 4-24
[21,54,55,56]
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Adjuvant-Enhanced Intradermal Strategies

Emerging evidence from randomized trials and
observational studies suggests that the incorporation
of novel adjuvants and immune agonists can
substantially improve the immunogenicity of hepatitis
B vaccination in patients on maintenance
hemodialysis (MHD), particularly when administered
via the intradermal (ID) route 7). These strategies
work by activating innate immune pathways,
particularly pattern recognition receptors such as Toll-
like receptors, thereby strengthening the link between
innate and adaptive immunity. Conventional alum-
adjuvanted vaccines, by contrast, may not achieve this
as effectively within the uremic immune milieu.

TLR7 Agonists: Imiquimod

Among TLR agonists, imiquimod, a TLR7 agonist
applied topically before intradermal hepatitis B
vaccination, has shown the most clinically notable
benefits in hemodialysis patients. In a double-blind
randomized controlled trial by Hung et al. (2021),
topical imiquimod application prior to ID HBV
vaccination achieved a seroprotection rate of 96.9%
(hepatitis B surface antibody >10 mIU/mL) compared
to 74.2% with ID vaccination alone and 48.4% with
standard IM administration, suggesting improved
dendritic cell activation and antigen presentation (42431,
The mechanistic basis for this effect lies in
imiquimod’s ability to activate plasmacytoid dendritic
cells and Langerhans cells via TLR7 engagement,
triggering type I interferon and cytokine responses that
enhance antigen-specific T- and B-cell priming 21, A
comparative cost-effectiveness analysis also supports
the imiquimod-adjuvanted ID regimen as a favorable
strategy relative to standard IM vaccination in the
hemodialysis setting [°%),

TLRY9 Agonists: CpG 1018 (HEPLISAV-B)

HEPLISAV-B (HepB-CpG) is the most clinically
advanced TLRY9 agonist-adjuvanted HBV vaccine
currently available in the United States, where it is
FDA-licensed for adults 18 years and older, and in
parts of the European Union, including Germany 5% 0
611, It combines 20 mcg of recombinant HBsAg with
3,000 mcg of CpG 1018, a synthetic
immunostimulatory oligonucleotide that activates
TLR9 on plasmacytoid dendritic cells and B-
lymphocytes, promoting Thl-skewed immune
responses and more robust germinal center reactions
than alum-adjuvanted vaccines %%,

A multicenter, randomized, open-label phase 3 study
in 155 hemodialysis patients with anti-HBs <10
mIU/mL compared booster doses of HepB-CpG
(HEPLISAV-B), HepB-Eng (Engerix-B), and HepB-
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AS04 (Fendrix) %, In a population where 76.5% were
prior non-responders, HepB-CpG achieved higher
seroprotection rates than HepB-Eng (52.8% vs 32.6%)
and was non-inferior to HepB-AS04 (43.1%) 1921, The
safety profile was comparable across groups, with
fewer local reactions than HepB-AS04 92, These
findings suggest that HepB-CpG is a more
immunogenic and well-tolerated booster option in
difficult-to-immunize hemodialysis patients [6%,
Another phase 3, HBV-17 trial comparing three doses
of HepB-CpG to four double-doses of standard HepB-
Eng (Engerix-B, 2x20 mcg) in CKD patients
demonstrated that the CpG 1018-adjuvanted regimen
achieved seroprotection rates of 89.9% versus 81.8%
for Engerix-B at 28 weeks, meeting prespecified
criteria for both non-inferiority and superiority with
fewer total injections 3], In a phase 3b follow-up
study (HBV- 19) of CKD patients previously enrolled
in the HBV-17 trial, the long-term immunogenicity of
HepB-CpG (HEPLISAV-B) and HepB-Eng (Engerix-
B) was evaluated over 34 months %4, While overall
seroprotection rates were similar between groups,
HepB-CpG induced significantly higher and more
sustained antibody levels (=100 mIU/mL), suggesting
improved durability of protection 4. Safety profiles
were comparable, indicating that HepB-CpG may
provide longer-lasting immunity in CKD patients 4],
Furthermore, a post-hoc analysis of the HBV-18 trial,
which evaluated HEPLISAV-B as a booster strategy
in seroprotection-negative hemodialysis patients who
had previously received HBV  vaccination,
demonstrated a seroprotection rate of 52.8% in HepB-
CpG recipients compared to 32.6% in HepB-Eng
recipients a clinically and statistically meaningful
difference in a difficult-to-immunize population 62,
Safety was comparable across groups, with fewer local
reactions than HepB-AS04, supporting HepB-CpG as
a more immunogenic and well-tolerated booster
option in this population [¢2],

Collectively, these findings position HEPLISAV-B as
a potentially superior alternative to conventional
alum-adjuvanted vaccines in the CKD and
hemodialysis setting, particularly because it requires
fewer injections and may produce stronger immune
responses. However, several of the strongest data for
HEPLISAV-B come from CKD cohorts rather than
exclusively from MHD populations, so direct
extrapolation to dialysis patients should be made
cautiously [63:64],

AS04 Adjuvant (Fendrix)

Fendrix (HBV-AS04) is a recombinant HBV vaccine
formulated with the AS04 adjuvant system, which
combines aluminum salt with monophosphoryl lipid A
(MPL-A), a TLR4 agonist derived from Salmonella
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minnesota lipopolysaccharide. This dual-adjuvant
approach synergistically activates dendritic cells via
TLR4 engagement and aluminum-mediated NLRP3
inflammasome activation, promoting a Thl-biased
immune response with enhanced antibody affinity
maturation [,

Clinical studies have shown that Fendrix achieves
higher seroprotection rates and anti-HBs geometric
mean titers in hemodialysis populations than
conventional alum-adjuvanted vaccines [, In head-
to-head comparisons with Engerix-B, Fendrix induced
seroprotection in approximately 50% of dialysis
patients by month 2 compared to 20% for Engerix-B;
by month 3 the rates were 75% versus 50%,
respectively [, Although seroprotection rates
converge to approximately 85-90% by month 7 for
both vaccines, the geometric mean titer achieved with
Fendrix was approximately threefold higher than with
Engerix-B at the same timepoint, which may be
relevant because higher peak anti-HBs titers are
associated with longer protection [©°1. Across follow-
up in hemodialysis populations, seroprotection rates
remained higher with Fendrix, supporting its clinical
utility in this setting, particularly in European clinical
practice guidelines [¢7],

The HBV-AS04 vaccine also demonstrated a
seroprotection rate of 95% (97/102) in pre-dialysis
patients and 82% (202/248) in dialysis patients one
month after completing the vaccination schedule 6],
These data support ASO4-adjuvanted vaccination as a
highly effective strategy for the CKD-to-ESRD
vaccination continuum [©6:67],

Other Adjuvant Strategies

Earlier adjuvant strategies included levamisole, an
immunomodulatory agent that enhances T-cell
function and may improve depressed cell-mediated
immunity when used with hepatitis B vaccination [¢8],
Meta-analyses showed only modest improvements in
seroconversion rates in hemodialysis patients, and the
benefit was smaller than that seen with TLR agonist-
based adjuvants P®1. With the availability of more
targeted innate immune activators, the clinical role of
levamisole has declined ().

Emerging preclinical and early clinical data suggest
that  nano-adjuvant  systems, cytokine co-
administration (particularly IL-12 and interferon-
gamma), and next-generation third-generation
recombinant vaccines incorporating pre-Sl1/pre-S2
surface antigens may further augment immunogenicity
in uremic patients 2. Third-generation vaccines
presenting the full surface antigen complex, including
pre-S1, pre-S2, and S proteins, may engage a broader
B-cell epitope repertoire and help overcome the
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immune limitations of conventional S-antigen-only
vaccines in MHD populations #>7%. These platforms
remain promising areas for future investigation and
may eventually help address the most refractory
hemodialysis non-responders.

Emerging Adjuvant Platforms Under Investigation

Beyond TLR agonists, next-generation adjuvants
under preclinical and early clinical evaluation include:
(1) STING (stimulator of interferon genes) agonists,
which activate cytosolic DNA sensing pathways and
potentiate type I interferon responses "1 ; (2) saponin-
based adjuvants (e.g., Matrix-M) that enhance antigen
cross-presentation and CD8+ T-cell responses ["?; and
(3) nanoemulsion adjuvants that provide sustained
antigen release and depot effects [, While none of
these have been evaluated specifically in MHD
populations, their mechanisms suggest potential utility

in overcoming uremia-associated immune deficits "
73]

Durability and Waning of Vaccine-Induced
Seroprotection

Despite the strong initial efficacy of high-frequency
and adjuvant-enhanced protocols, the longitudinal
durability of the resulting immune response remains a
major clinical concern M0 Although weekly,
biweekly, and adjuvant-enhanced intradermal
schedules can achieve seroconversion rates of up to
97.6%, longitudinal data show that antibody
persistence declines over time B374,

Comparative kinetic analyses reveal differential
waning patterns: weekly ID regimens show 41% loss
of seroprotection at 12 months 8 | while AS04-
adjuvanted Fendrix demonstrates 15-20% loss at the
same timepoint [**), and HEPLISAV-B maintains 85%
seroprotection at 24 months in CKD patients [%3],
Available long-term data suggest somewhat better
antibody persistence with AS04-adjuvanted Fendrix
and CpG 1018-adjuvanted HEPLISAV-B than with
conventional  alum-adjuvanted  vaccines, but
comparative follow-up beyond 24-36 months in
hemodialysis populations remains limited [6263.66],

These differences likely reflect the quality of germinal
center reactions (TLR agonists promote long-lived
plasma cell differentiation), the peak antibody titers
achieved (higher peaks correlate with slower decay),
and the strength of memory B-cell induction (more
robust with adjuvanted vaccines), all of which tend to
be greater with adjuvanted vaccines [7>77). This pattern
suggests that adjuvanted platforms should be
considered when long-term durability is particularly
important, such as in transplant candidates %,
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Morais et al. also found that only 58.7% of
hemodialysis patients maintained protective antibody
levels (anti-HBs >10 mIU/mL) at one year 81, A study
by Launay et al. observed that 74% of patients in the
IM group (40 mcg x 4) had anti-HBs titers of at least
100 mIU/mL, considered fully protective and
associated with long-term response, while only 53% of
patients in the ID group (4 mcg x 4) seroconverted 53,

The German Standing Committee on Vaccination
(STIKO) recommends that hemodialysis patients
receive a booster injection when anti-HBs
concentration decreases below 100 mIU/mL, a
threshold that provides a more conservative buffer
above the minimum protective titer of 10 mIU/mL and
correlates with longer sustained protection "8, This
recommendation reflects the rapid antibody decay
seen in this population and supports pre-emptive
booster administration rather than waiting for
protection to be lost.

Because antibody levels decline substantially over
time, fixed vaccination timelines alone are
insufficient. Therefore, routine annual anti-HBs
monitoring  together  with  timely  booster
administration is essential to maintain long-term
protective immunity in this vulnerable cohort [1824],

Overall, these data indicate that high initial
seroconversion does not necessarily translate into
durable  protection, making  post-vaccination
monitoring a necessary part of HBV immunization
strategy in hemodialysis patients % 78,

Clinical Practice Recommendations

In patients with ESRD on maintenance hemodialysis,
hepatitis B vaccination should follow intensified
strategies with emphasis on appropriate vaccine
selection,  post-vaccination  monitoring,  and
management of non-responders [31. In India, current
clinical practice largely follows international
evidence, including high-dose IM schedules, early
vaccination in CKD, and routine antibody monitoring
in dialysis units ['% 7. However, practice remains
variable across centers, particularly regarding booster
thresholds and the use of alternative strategies such as
intradermal vaccination . Globally, adjuvanted
vaccines and individualized booster strategies are
being used more often, although access and cost
continue to influence implementation, especially in
resource-limited settings (42435862661 ' Commonly used
vaccines in in India and internationally include
Engerix-B®, Recombivax HB® (dialysis
formulation), Revac-B®, Fendrix® (AS04-
adjuvanted vaccine; Europe), and HEPLISAV-B®
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(CpG 1018-adjuvanted vaccine; USA and selected
regions) [60: 61, 81,82],

Anti-HBs titres should be assessed 1-2 months after
completion of vaccination and monitored annually
thereafter. Although >10 mIU/mL is considered
protective, higher thresholds such as >100 mIU/mL
are often targeted in hemodialysis patients to support
sustained immunity 578, Booster doses should be
administered when titres fall below recommended
threshold (1415621 Patients with anti-HBs <10 mIU/mL
after primary vaccination should receive a repeat full
vaccination series using a high-dose regimen, and
alternative approaches such as intradermal vaccination
or adjuvanted vaccines should be considered when
available *#1. Persistent non-responders should be
managed with strict infection control measures and
appropriate post-exposure prophylaxis.

Taken together, current evidence supports appropriate
vaccine selection, regular antibody monitoring, timely
booster administration, and individualized strategies
for non-responders to maintain protection in this high-
risk population 831,

Synthesis, Limitations, and Future Directions

Meta-analytic evidence supports the superiority of
intradermal (ID) vaccination in hemodialysis
populations, particularly among prior non-responders.
A pooled analysis by Fabrizi et al. (2011) of eight
randomized trials (n=743) demonstrated significantly
higher seroconversion rates with the ID route
compared to intramuscular (IM) administration (OR
2.84, 95% CI 1.92—4.21, P<0.001) B, Greater benefit
was observed in patients with longer dialysis vintage,
suggesting that ID vaccination may partially overcome
advanced uremia-associated immune dysfunction.
Earlier meta-analytic findings also consistently
demonstrated superior immunogenicity with the ID
route across multiple datasets . A recent scoping
review by Chancharoenthana et al. (2025) similarly
reported improved seroprotection with intensified or
adjuvanted strategies and reinforced the advantage of
vaccination during earlier stages of chronic kidney
disease before dialysis initiation %],

From an economic and public health perspective,
intradermal delivery represents a valuable strategy in
resource-limited settings. By leveraging the cutaneous
antigen-presenting cell network, ID vaccination
enables antigen-sparing approaches that may expand
vaccine coverage across high-risk populations [**]. The
cumulative antigen dose required to achieve
seroprotection via ID regimens (16-80 mcg) is
substantially lower than that required for standard IM
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protocols (=160 mcg), translating into meaningful cost
savings. Pharmacoeconomic analyses, including those
incorporating  imiquimod  pretreatment,  have
demonstrated superior effectiveness at lower per-
patient cost than conventional IM vaccination %,

The safety and tolerability profile of intradermal
hepatitis B vaccination has been consistently
favorable. Local injection site reactions such as
erythema, induration, pruritus, and transient pain
occur more frequently with ID administration but are
usually mild and self-limiting, resolving within 24-72
hours "84, Systemic adverse events, including low-
grade fever, myalgia, and fatigue, occur at rates
comparable to or lower than those seen with IM
vaccination 341 Adjuvanted vaccines have also
demonstrated acceptable safety profiles, with no major
safety concerns reported in studies evaluating
HEPLISAV-B and Fendrix in CKD and dialysis
populations 362661 Topical imiquimod may increase
local skin irritation, but this does not appear to
significantly affect treatment adherence 3],

Despite these encouraging findings, the current
evidence base has several important limitations.
Studies are heterogeneous with respect to patient
demographics, dialysis vintage, comorbidity profiles,
vaccine formulations, dosing schedules, and
definitions of seroprotection, which limits direct
comparison and protocol standardization. Many
studies are also limited by small sample sizes and
single-center designs, reducing external validity
(3647491 T ong-term antibody persistence beyond 24
months remains inadequately characterized, especially
for intradermal and adjuvanted vaccination strategies
[24.63.6466]  Tn addition, the lack of head-to-head
randomized comparisons between different ID dosing
regimens prevents identification of an optimal
strategy.

From an implementation standpoint, intradermal
vaccination is technique-dependent and requires
accurate deposition into the dermal layer for optimal
immunogenicity ®4. Incorrect deposition into
subcutaneous tissue may reduce vaccine efficacy, and
the need for trained personnel remains a practical
barrier to widespread adoption [*%]. Emerging
delivery technologies such as microneedle systems
may help mitigate this limitation in the future B3],

Looking ahead, several research priorities must be
addressed to optimize hepatitis B vaccination
strategies in maintenance hemodialysis populations.
High-quality evidence is needed from head-to-head
randomized controlled trials directly comparing
different intradermal dosing schedules, such as
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weekly, biweekly, and monthly regimens, using
standardized outcome measures [21:33:44:48:49.51.53.55]
addition, long-term follow-up studies beyond five
years are needed to define antibody durability,
particularly for newer adjuvanted vaccine platforms,
while optimal booster timing and dosing strategies
remain to be clearly established ¢,

Methodologically, future studies should use
standardized definitions of seroprotection and
harmonized time points for durability assessment to
improve comparability across trials. Consistent
reporting of baseline patient characteristics, including
dialysis vintage and comorbidity burden, is also
essential to support meaningful subgroup analyses.
Furthermore, cost-effectiveness evaluations across
diverse healthcare systems will be important for
guiding large-scale implementation.

From a translational perspective, emerging research
should identify biomarkers of vaccine responsiveness,
including pre-vaccination immune profiling such as T-
cell phenotyping, to support personalized vaccination
strategies ®°. Novel platforms, including mRNA-
based hepatitis B vaccines and third-generation
recombinant vaccines, are promising advances that
may further transform vaccination in
immunocompromised populations, including patients
on maintenance hemodialysis [4%.

Collectively, these findings underscore the need for
large, multicenter randomized controlled trials with
standardized outcome definitions and extended
follow-up to establish optimal vaccination strategies
for patients with end-stage renal disease on
maintenance hemodialysis.

Conclusion

Intradermal hepatitis B vaccination is a promising,
flexible, and cost-efficient strategy for improving
seroprotection in maintenance hemodialysis patients.
The uremia-associated immune dysfunction that limits
standard intramuscular vaccination is partly overcome
by the intradermal route, which engages the dense
antigen-presenting cell network of the skin-associated
lymphoid tissue while using substantially lower
antigen doses. Weekly and biweekly ID schedules
achieve high seroconversion rates in both vaccine-
naive and intramuscular non-responder populations,
while adjuvant-enhanced ID regimens, particularly
those incorporating TLR7 agonists such as imiquimod,
can produce very high seroprotection rates.

Novel adjuvanted  intramuscular  platforms,
particularly HEPLISAV-B (CpG 1018) and AS04-
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adjuvanted Fendrix, are important advances that
complement or rival intradermal strategies while
retaining the operational simplicity of intramuscular
delivery. The evidence supports these adjuvanted
platforms as potentially better alternatives to
conventional alum-adjuvanted vaccines in MHD
populations, and their incorporation into routine
dialysis vaccination programs deserves serious
consideration. Pre-dialysis vaccination at CKD stage
4-5 remains an underutilized but highly effective
strategy that should be systematically implemented in
nephrology care pathways whenever possible.

Nevertheless, long-term antibody persistence remains
suboptimal across vaccination strategies in MHD
patients compared with the general population,
making annual anti-HBs monitoring and timely
booster administration essential. Individual predictors
of non-response, including advanced age, diabetes
mellitus, obesity, HCV co-infection, and prolonged
dialysis ~ vintage, should guide personalized
vaccination strategies based on each patient’s
immunological risk profile.

Ultimately, large multicenter clinical trials with
standardized protocols, long-term follow-up, and
harmonized outcome definitions are essential to build
universal clinical guidelines for safeguarding this
vulnerable population. Taken together, the best future
strategy is likely to combine intradermal delivery,
adjuvanted vaccines, and individualized risk
stratification, because no single approach fully
resolves vaccine hyporesponsiveness in maintenance
hemodialysis patients.
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