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population unresponsive to primary vaccination series
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Abstract

Introduction: The response to hepatitis B vaccine in the dialysis population is reduced compared
to the general population. The intradermal (ID) hepatitis B vaccine has been studied as a
potential alternative to intramuscular (IM) administration. This alternative route of administra-
tion may illicit a response via a distinct immunologic pathway that may help achieve higher
seroconversion rates and thus, protection against hepatitis B infection in this vulnerable patient
population. Methods: A literature search was performed in January 2015 using Embase,
MEDLINE, and the Cochrane Central Register of Controlled Trials with keywords including,
hepatitis B vaccines, intradermal, dermal, intracutaneous, dialysis, hemodialysis, continuous
ambulatory peritoneal dialysis, CAPD, peritoneal dialysis, renal failure, chronic renal failure, chronic
kidney disease, chronic renal insufficiency, End Stage Renal Disease, ESRD, and CKD. Our search
strategy was restricted to human studies published in the English language, and additional
literature was retrieved by hand-searching bibliographies of relevant articles. Two reviewers
(F.Y. and S.G.) independently reviewed abstracts and/or full texts of articles retrieved from the
electronic database using the above-mentioned search strategy. Inclusion criteria were as
follows: (1) Published, English-language studies performed in the human population, (2) adult
patient population (>18 years of age), (3) randomized trials, (4) patient population must have
been unresponsive to a primary IM hepatitis B vaccination protocol, (5) patients must be
chronic dialysis patients, either on maintenance hemodialysis or continuous ambulatory
peritoneal dialysis (CAPD), (6) studies that compare IM and ID hepatitis B vaccination-associated
seroconversion rates, (7) results must be reported as seroconversion rates at 1-3, 6-9, 12, or 20
months post-vaccination, and (8) seroconversion (protective antibody levels) defined as >10 or
>101U/L. Results: Our initial literature review yielded 113 results, of which four were included in
our final review. These four prospective trials studied a combined total of 204 dialysis patients.
Of these patients, 120 (59%) had received the hepatitis B vaccine intradermally, while 84 (41%)
received it intramuscularly. Hepatitis B vaccination type, dose, route, and seroconversion rates
were tabulated for each study. Each of the studies used different protocols for patient inclusion,
schedule of vaccine administration, and time-points for measuring seroconversion.
Seroconversion rates at either 1, 2, 3, 6-9, 12 and/or 20 months were reported. The combined
seroconversion rates were 91%, 83%, 86%, 81%, 76%, and 32% at 1, 2, 3, 6-9, 12, and 20 months
in the ID group, respectively, and 55%, 72%, 58%, 44%, 24%, and 0% in the IM group,
respectively. Chi-square analysis revealed a significantly higher proportion of patients achieving
seroconversion in the ID group versus the IM group (p<0.05). Conclusions: Our review
demonstrates that ID hepatitis B vaccination in primary non-responders undergoing dialysis
provides an effective alternative to IM vaccination as a means of protection against hepatitis B
infection in this highly susceptible population. Additional well-designed, double-blinded,
randomized trials are warranted to establish clear guidelines on ID Hepatitis B vaccine dose and
duration of vaccination schedule.
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Introduction

Hepatitis B infection has been a threat that has largely been
removed from the general population due to the
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implementation of an intramuscular (IM) hepatitis B vaccine
schedule in children and adults. However, studies have shown
that vaccination with IM injection against hepatitis B has been
less effective in the immunocompromised dialysis popula-
tion." Compared with the immunocompetent adult, only 64%
of dialysis patients achieve protective antibody levels (defined
as >101IU/L) after hepatitis B vaccination."? This is an issue
for both patients and healthcare providers given the high-risk
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environment of the dialysis unit. The risk of acquisition and
transmission of Hepatitis B virus among hemodialysis (HD)
patients is heightened due to their increased exposure to
blood, transfusion requirements and from sharing of dialysis
equipment.®* Primary hepatitis B infection is often self-
limited in the immunocompetent host, but it progresses to
chronic infection in two-thirds of immunocompromised
patients.” Chronic disease may later manifest as liver
conditions ranging from chronic hepatitis and liver cirrhosis
to hepatocellular carcinoma and 15-25% of these patients die
prematurely as a result of these conditions.! A recent
retrospective review by Lin et al. also reports non-respon-
siveness to hepatitis B vaccination as an independent
predictor of infection-associated but not all-cause mortality
in ESRD dialysis patients, after 5-year follow-up and
adjustment for age, diabetes, albumin levels, gender, and
dialysis modality.®

Intradermal (ID) hepatitis B vaccination of chronic dialysis
patients, as opposed to IM vaccination, has been proposed
because of its efficacy, cost-effectiveness, and smaller dose
requirements.*’~!! The efficacy of the ID vaccination may be
related to the dense network of immunological dendritic cells
located within the dermis of the skin. After administration of
the ID vaccination, the antigen is taken up by dendritic cells
residing in the dermis, which mature and travel to the regional
lymph node where further immunostimulation takes place.'?

To date, studies comparing the ID hepatitis B vaccination
to the IM injection have proved favorable to the ID route, but
no lasting changes have been made to vaccination protocols in
light of the new evidence. As the threat of chronic liver
disease secondary to hepatitis B infection increases in the
high-risk setting of the dialysis unit, clinical interpretation of
current studies is needed in order to develop best-practice
guidelines.® The objective of this review is to summarize the
available literature on seroconversion rates following ID and
IM hepatitis B vaccination in dialysis patients failing to
respond to the primary hepatitis B vaccination series.

Methods
Search methods for identification of studies

A literature search was performed in January 2015 using
Embase, MEDLINE, and the Cochrane Central Register of
Controlled Trials with keywords including, hepatitis B
vaccines, intradermal, dermal, intracutaneous, dialysis,
hemodialysis, continuous ambulatory peritoneal dialysis,
CAPD, peritoneal dialysis, renal failure, chronic renal
failure, chronic kidney disease, chronic renal insufficiency,
End Stage Renal Disease, ESRD, and CKD. The following
search strategy was used: hepatitis B vaccine AND (intrader-
mal OR dermal OR intracutaneous) AND (dialysis OR renal
dialysis OR hemodialysis OR continuous ambulatory peri-
toneal dialysis OR CAPD OR peritoneal dialysis OR renal
failure OR chronic renal failure OR chronic kidney disease
OR renal insufficiency OR chronic renal insufficiency OR
End Stage Renal Disease OR ESRD OR CKD). From the
published literature search results, non-English and non-
human studies were manually removed. Additional literature,
including reviews and textbook chapters, was retrieved
by hand-searching bibliographies of relevant articles.

ID versus IM hepatitis B vaccination in ESRD 1081

Additional information regarding qualitative methods was
requested by directly contacting each article’s corresponding
author.

Study selection criteria

Two reviewers (F.Y. and S.G.) independently reviewed
abstracts and/or full texts of articles retrieved from the
electronic database using the above-mentioned search strat-
egy. Inclusion criteria were as follows: (1) Published, English-
language studies performed in the human population, (2) adult
patient population (>18 years of age), (3) randomized trials,
(4) patient population must have been unresponsive to a
primary IM Hepatitis B vaccination protocol, (5) patients
must be chronic dialysis patients, either undergoing mainten-
ance HD or peritoneal dialysis, (6) studies that compare IM
and ID hepatitis B vaccination-associated seroconversion
rates, (7) results must be reported as seroconversion rates at
1-3, 6-9, 12, or 20 months post-vaccination, and (8)
seroconversion (protective antibody levels) defined as >10
or >101IU/L.

Assessment of methodological quality

The methodological quality of each included study was
evaluated by two authors (F.Y. and S.G.) based on random-
ization, blinding, allocation concealment, and follow-up
completeness, in accordance with Schulz et al.'*> These four
criteria of methodological assessment were characterized as
adequate, unclear, or inadequate, with additional details when
available. Any disagreements between the reviewers were
resolved by consulting senior author, C.C.

Analysis of seroconversion rates

Patient numbers and their corresponding combined serocon-
version rates for each group at each available time-point were
calculated.

Results

Our initial literature search yielded 113 results, 45 from
Embase (1980 to Week 1 2015), 47 from MEDLINE (1946 to
Week 3 November 2014), and 21 from the Cochrane Central
Register of Controlled Trials (December 2014). Each article
abstract was then read to filter for studies that met our inclusion
criteria. Fifty studies were excluded from our results as
duplicates and 59 were excluded for not meeting one or more of
our inclusion criteria. Thus, our analysis of the available
literature yielded four articles which met our inclusion criteria
and were included in our final review (Figure 1). All search
results and reasons for exclusion are represented fully in
Appendix 1. Responses to queries regarding method of
randomization and concealment were not received from the
corresponding authors of the included articles.

Two of the four trials have described an adequate method
of randomization and two trials have an adequate follow-up.
The method of randomization, blinding, concealment, and
follow-up was unclear in the remaining trials, which create
a moderate risk of bias. These elements are important
to the integrity of any prospective trial and are summarized
in Table 1.
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Figure 1. Literature search.

Results derived from search on
MEDLINE, Embase and the
Cochrane Central Register of
ControlledTrials(n=113)
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Studies screened by title or
abstract (n=63)

50
Duplicate results excluded

4 articles excluded for not
meeting inclusion criteria #1

Studies screened by title or
abstract (n=59)

12 articles excluded for not
meeting inclusion criteria #3

Studies screened by title or
abstract (n=47)

7 articles excluded for not
meeting inclusion criteria #4

Studies screened by title or
abstract (n=40)

4 articles excluded for not
meeting inclusion criteria #5

Studies screened by title or
abstract (n=36)

9 articles excluded for not
meeting inclusion criteria #6

Studies screened by title or
abstract (n=27)

2 articles excluded for not
meeting inclusion criteria #7

Studies screened by title or
abstract (n=25)

3 articles excluded for not
meeting inclusion criteria #8

Studies screened by title or
abstract (n=22)

18 articles excluded for not
meeting multiple inclusion criteria

Studies included in final
review (n=4)

In these four trials, a combined total of 204 subjects were
studied. Of these, 120 (59%) had received the hepatitis B
vaccine intradermally, while 84 (41%) received it intra-
muscularly. The demographics of the patient population
included in these trials are described in Table 2. There
was no significant difference between the number of
patients with diabetes in both the IM and ID groups of
Barraclough et al. (ID: 10, IM: 7, p=0.3) and Fabrizi et al.

(ID: 8, IM: 5, NS).'”'! The other two included studies did not
report diabetes status. Significant differences in age were also
not found between groups in Barraclough et al. (ID: 60 + 15,
IM: 54 + 18, p=0.2), Micozkadioglu et al. (ID: 60, IM: 55.5,
p>0.05) and Fabrizi et al. (ID: 67.4, IM: 63.1, NS).1011-14
Dialysis vintage was also not significantly different in 3 of 4
studies, with a mean time on dialysis of 35 months (22-48) in
the ID group and 31 months (15-70) in the IM group (p =0.9)
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Table 1. Methodological quality of included studies.
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Study Randomization Blinding Concealment Follow-up
Barraclough et al. Adequate Unclear Unclear Adequate;
(2009) Computer generated permuted blocks of 4 Open-Label 7 lost to follow-up
without stratification, p. 96 4 due to patient preference
1 due to transplantation and two because
of death
51D, 2 IM
Radziszewski et al. Unclear Unclear Unclear Unclear
(2007)
Micozkadioglu et al. Unclear Unclear Unclear Adequate
(2007) ‘‘Randomly assigned’’, p. 286 2 lost to follow-up from IM group. One
exitus, another transferred to another
HD center
Fabrizi et al. (1997) Adequate Unclear Unclear Unclear

Table of random numbers, p. 1205

Table 2. Demographics of included studies.

Barraclough Radziszewski Micozkadioglu Fabrizi et al.
et al. (2009) et al. (2007) et al. (2007) (1997)
Combined
ID M patient data 1D M 1D M
Age (years) 60+ 15 54+ 18 56 (22-78) 60 55.5 67.4 63.1
Gender (M:F) 17:12 17:13 38:24 20:13 13:12 17:8
Body mass index (kg/m?) 26+7 27+5 NA 23 23 NA NA
Time on dialysis (months) 35 (22-48) 31 (15-70) 23 (1-118) 28 29.5 41 19
Diabetes 10 7 9.6% NA NA 8 5
HCV NA NA 7 patients HCV-Ab and NA NA 28% (7/25) 12% (3/25)
HCV-RNA positive
Hemoglobin (g/L) 11.0 (8-12.1) 10.8 (9.8-12.0) NA 10.1 9.9 NA NA
Albumin (g/L) 3.8 (3.5-4.0) 4.0(3.8-4.3) NA 39 3.7 NA NA
KtV 14 (1.3-1.7) 1.4 (1.3-1.5) NA 1.2 1.2 NA NA
ESA use 23 24 61 40001IU/wk 4000 IU/wk NA NA
Etiology of ESRD
e Chronic GN NA NA 18% 13% (4 patients) 6/50=12%
e Diabetic nephropathy NA NA 14.5% 32% (10 patients) 13/50 =26%
e Chronic interstitial nephritis NA NA 10.5% 13% (4 patients) 5/50=10%
Tubulointerstitial nephritis
e Polycystic kidney disease NA NA 5% NA NA 8/50=16%
e Nephroangiosclerosis NA NA NA NA NA 10/50 =20%
e Kidney cancer NA NA 3.3% NA NA NA NA
e Amyloidosis NA NA 1.6% 6% (2 patients) NA NA
e Lupus nephritis NA NA 1.6% NA NA NA NA
e Autoimmune causes NA NA NA NA NA 1/50 =2%
e Unknown etiology NA NA 45% 19% (6 patients) ““‘Others” 7/50 =16%

Note: NA indicates that data were not available.

in Barraclough et al., 28 months in the ID group and 29.5
months in the IM group (p =0.9) in Micozkadioglu et al. and
41 months in the ID group and 19 months in the IM group
(p=0.06) in Fabrizi et al.'®'"'3 The fourth study by
Radziszewski et al. included patients with a mean time on
dialysis of 23 months (1-118). Statistical significance and
specific information on dialysis vintage for IM and ID groups
were not reported.’

The hepatitis B vaccination type, dose, route, and
seroconversion rates were tabulated for each study
(Table 3). Each of the studies used different protocols for
patient inclusion, schedule of vaccine administration and
time-points for measuring seroconversion. Seroconversion
rates at 1, 2, 3, 6-9, 12 and/or 20 months were reported. The
combined seroconversion rates were 91%, 83%, 86%, 81%,
76% and 32% at 1, 2, 3, 6-9, 12, and 20 months in the ID

group, respectively, and 55%, 72%, 58%, 44%, 24%, and 0% in
the IM group, respectively.

Radziszewski et al. performed their analysis on 62 patients
who were all on maintenance HD for an average of 23 months
(range: 1-118).° Forty-nine patients were included in the ID
group and 13 in the IM group. All chosen subjects had been
unresponsive to a standard double dose (40 mcg) of Engerix B
(SmithKline & Beecham, Brentford, United Kingdom) IM
vaccination protocol given at 0, 1, 2 and 6 months.
Unresponsive status was determined by anti-HBs levels
<9IU/L in a period of 1-6 months after vaccination.
Patients in the ID and IM groups received the same dose of
Engerix B vaccine (120 mcg) over a 12-week period. The site
of ID and IM injections were not specified. Seroconversion
rates at 1, 2, 3, 9, and 12 months post-vaccination for the ID
group were 88%, 86%, 88% 84%, and 88%, respectively; and



Ren Fail, 2015; 37(7): 1080-1088

F. Yousaf et al.

1084

69000=d 10000>d 10000>d 91000=d 8v00'0=4d 10000=4
00:0098  #0)6:(9L)9S  WWETIPL  (89)TT:(98)Y9 (89)5T:(€8)59  (S9)TT:(16)L9 $3Jel UOTSISAUOD0ISS PIUIqUIOT)
yuowr
I pue ( 18 50w Of NI
SN SN 8r00=d SN 1000=4d SYeaM 9 (weyosag UonBuIooRA (L66T)
(00:(09)8 (00:(09)€T DY (69)LT TTTER)TT VN (07)01:(96)¥T 08:08 10§ yoom Kroas Fow ¢ :(qf 2 QUINYNWS)  XHASug  (ST:6T) 0S ALH I € x 8w (o Te 10 1zHqeq
sypuowt 9
pue ‘g ‘1 ‘0 18 Sow O AT uoneurooea AH
1moo=d Syoom g 10y NI # X 3ow o Jo (L00D) e 1
VN VN (09)L:(r6)91 VN VN VN 091:08 yoom Arond Sow O L (mayseq) g oeAdqueD  (HI:L]) T¢  SOUEs ¢ 0) dAlsuodsarun)  nSOIPENZOIIN
PAIRUTULIO)
UONBUIOORA JOYLINY
“I/NI001< Apoqnue JI..
UQAIS 2IoM $ASOP T/N101> Apoqnue
Auew moy 1o ‘sesop J1 UAIS sesop Sw ()|
JOPUTWIAL AY) USAIS d1om 19)800q 7 JO WNWIXRIA 4
syuaned yorym Kjroads syoam 7 10§ syjuowr 9—| jo porrad
jou soop Apmig ‘sjuaned yoom K1oad Sow (] AL e ur Apoquue /NI 6>
G O} UDAIS SISOP Iopuruay syoam 7 IoJ (wreyoaag puUR puB UONBUIOIBA (L002) TB 19
VN (69)6:(88)er  (TOTI:WRTY  (SOTT:(8)EY  (00DET(98)TH  (SYITT(8Y)EY 021:0C1T yoom Krona Sowr 01 1 2 QUINYNWS) ¢ XUASug  (E1:6%) 79 ALH WI + % 80w o DISMIZSIZpEY
sAep sIsA[eIp-uou
uo § pue
T Yoom 1e Sow O AT yiuowr |
skep e Apoqnue /NI0T>
2000=d SISATRIp UO SYoom § (S[eOTINQORULIEYJ QUITY puE UOTIRUIOIBA (6007) Te 1@
VN VN VN VN (or)zr:(eLee VN 08:08 10§ 00M/0IM] Fow G (] Prusoxe[n) g xuasuyg  (0€:67) 65 AFH I € x 80w ysnopoeLreq
ow ()7 owyg| ow g—9 ow ¢ owyg ow | (Sow) INI:AI asop uonoafur ad£y ourdoep (NI:dD N uoneudoeA A1ewng ERLBIEIEN|

(BINDU:(%AD) u

(TN101 < 10 YNIOT< APOIUT) UOISIOAUO0IIS

9SOp QAlR[NWIND

Jernosnurenur
pue JewIopenuy

*S9IPNJS PApN[OUI JO SHNSIY ‘€ J[qeL



DOI: 10.3109/0886022X.2015.1055698

those for the IM group were 85%, 100%, 85% 92%, and 69%,
respectively (Table 3). Reminder doses were given to 15
patients during the trial, however, specific information
regarding the number of doses given and which group these
patients belonged to (IM vs. ID) was not given.

Each of the patients considered for inclusion in Fabrizi
et al. completed a course of three doses of 40mcg of
recombinant HB vaccine via the IM route, and did not
show positive anti-HBs antibody post-vaccination.'' Fifty
patients were included in their final analysis, 45 of whom
were on chronic maintenance HD and five on continuous
ambulatory peritoneal dialysis (CAPD). Twenty-five patients
were randomly allocated to the ID group and 25 to the IM
group. This is the only article included in our review
which included peritoneal dialysis patients in their cohort.
Both IM and ID groups were given an equal cumulative dose
of 80 mcg of Engerix-B (SmithKline & Beecham, Brentford,
United Kingdom). However, the IM schedule ended at 1
month after two doses of 40mcg, while the ID schedule
continued for 16 weeks with 5mcg weekly. Seroprotective
antibody levels were defined as >10IU/L. Seroconversion
rates for the ID group were 96% at 1 month, 83% at 3 months,
69% at 6 months, 50% at 12 months, and 30% at 20 months.
Seroconversion rates for the IM group at 1, 3, 6, 12, and
20 months were 40%, 44%, 14%, 0%, and 0%, respectively
(Table 3). No additional doses were given to patients,
regardless of antibody level status. Fabrizi et al. was
the only study to perform an analysis of costs comparing
different vaccination protocols, finding that their IM
and ID wvaccination protocols saved between $46 and
$92 USD, compared to the standard IM re-vaccination
protocol.

Barraclough et al. included patients who had anti-HBs
antibody titers less than 10IU/L 1 month after a primary
vaccination series of three 40 mcg doses of recombinant
hepatitis B vaccine (brand not mentioned) via the IM route at
0, 1, and 6 months.'® Twenty-nine patients in the ID group
and 30 patients in the IM group were given the same
cumulative dose of 80 mcg. No additional doses of vaccine
were administered to members of either group. However, the
patients in the ID group received vaccine injections on
dialysis days, while the IM group received them on non-
dialysis days to ‘‘avoid IM injection coinciding with heparin
administration’”.'”  Seroprotective antibody levels were
defined as >10IU/L. Seroconversion rates at 2 months
post-vaccination were 79% in the ID group and 40% in the IM
group (Table 3).

Micozkadioglu et al. included patients with anti-HBs
antibody titers <10IU/L after two separate IM vaccination
series’ of Genhevac B (Pasteur, Paris, France ) 40 mcg given
at 0, 1, 2, and 6 months.'* This is in contrast to the other three
studies in this review, which declared non-responder status
after one failed IM vaccination series. Of 31 patients included
in the final analysis, ID vaccination was administered to 17
patients and IM vaccination to 14 patients. Seroprotective
antibody levels were defined as >10IU/L. Seroconversion
rates at 6-9 months post-vaccination were 94% in the ID
group and 50% in the IM group (Table 3). Additional
information on the allocation and demographics of the patient
population is represented in Tables 1 and 2, respectively. Of
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note, Micozkadioglu et al. were the only study to use
Genhevac B (Pasteur, Paris, France) hepatitis B vaccine,
which is not a licensed hepatitis B vaccine in the USA. Also,
the cumulative doses of the IM group (160 mcg) exceeded the
dose of the ID group (80 mcg) by double. An explanation for
this difference in dosage was not given.

The presence of side effects after vaccination was noted
in two of four studies. Fabrizi et al. reported 5 patients who
complained of pain and erythema at the injection site in the
first 24 h after vaccination. Of these, two were in the IM
group and three in the ID group.'' Barraclough et al.
reported that patients in both groups noticed minor symp-
toms of local pain and/or erythema, but this did not lead to
withdrawal or modification of the vaccination schedule in
any patients.' However, the number of patients who
experienced side-effects and their group placements were
not mentioned.'® Radziszewski et al. report that side effects
were not noted in any of their 62 patients who were asked to
report the presence of adverse reactions during a 3-day
period after each inoculation.” Micozkadioglu et al. did not
mention the side-effect profile after IM or ID vaccination in
their patients.'*

Discussion

It is clear that ID hepatitis B re-vaccination offers an efficacy
advantage over IM vaccination when considering the large
percentage of non-responders within the dialysis population.
For those in whom IM vaccination has proven successful, no
change in vaccine protocol is necessary. However, for non-
responders to standard IM injection, alternatives are of
paramount importance due to patients’ high risk of acquiring
hepatitis B and the clinical significance of progressing
disease. Mast et al. show that even among HD patients who
respond to vaccine administration, clinically significant
hepatitis B infection has been documented in those who did
not maintain anti-HBs titers above 10 mIU/mL."> Our review
is the first of its kind to summarize the efficacy of ID hepatitis
B vaccination specifically in the non-responsive dialysis
population. Moreover, our review demonstrates that ID
vaccination is an efficacious and safe alternative to the
current protocol of hepatitis B vaccination in non-responders
undergoing maintenance dialysis.

Currently, the Centers for Disease Control and Prevention
(CDC) recommend hepatitis B vaccination for all susceptible
pre-end-stage renal disease and chronic peritoneal and HD
patients. Per CDC recommendations, those patients who have
anti-HBs levels below10 mIU/mL after primary vaccination
series should be re-vaccinated with a second IM vaccination
series, consisting of 3—4 doses of hepatitis B vaccine. Patients
in whom IM re-vaccination fails to produce protective
antibody levels should then be tested for HBsAg. Those
patients with positive HBsAg are to undergo appropriate
medical management and household, sex, and/or needle-
sharing contacts should be identified and vaccinated. HBsAg
negative patients should be considered susceptible to hepatitis
B infection and counseled about proper precautions to protect
against infection.! No other alternative management is
currently in place for patients who are HBsAg negative and
do not respond to two IM vaccination series. Thus, ID
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hepatitis B vaccination provides an attractive alternative for
this particular population.

Our analysis demonstrates that the response to ID hepatitis
re-vaccination was superior to IM re-vaccination despite
differing doses, vaccination schedules, and types of vaccin-
ation employed in the four prospective trials. A fully
representative comparison of the four studies was not possible
due to the heterogeneity of patient population, vaccine type,
protocol for both primary vaccination and re-vaccination and
time-points of anti-HBs testing after vaccination protocol
between studies. However, every effort has been made to
analyze the similarities and differences between each of the
included studies and represent the conclusions made by each.
Though heterogeneous, data from each study were pooled as
it was deemed reasonable to combine similar time-points for
representation of seroconversion within the IM and ID groups.
The components of each study, including vaccine type,
protocol, patient demographics, cumulative dosing, and
seroconversion rates at different time-points are depicted in
Tables 2 and 3. The evidence obtained from these four
studies, although exposed to a moderate risk of bias, shows
that ID administration poses a viable and safe alternative to
IM administration of hepatitis B vaccination. At 1, 2, 3, 6-9,
12, and 20 months post-vaccination, combined ID serocon-
version rates were 91%, 83%, 86%, 81%, and 76%, respect-
ively, and combined IM seroconversion rates were 55%, 58%,
58%, 44%, and 24%, respectively (Table 3).

Two studies performed in the non-responsive dialysis
population were not included in our review. One study by
Chang et al. analyzed the difference between intracutaneous
(IC) and IM administration of hepatitis B vaccine in 25 non-
responsive HD patients and found a 90% response rate in the
IC group versus 57% in the IM group, which support the
findings of our review.'® This study was excluded from our
analysis because the time-points of reported seroconversion
rates were unclear. The other study by Sorkhi et al. compared
seroconversion rates after either IM, ID, or subcutaneous (SC)
administration of one dose of Engerix B vaccine to a total of
34 HD patients that had antibody levels <100 mIU/mL after
three doses of Engerix B vaccine. At 45 days post-
vaccination, both the ID and the SC groups had higher rates
of seroconversion as compared with the IM group. Six months
later, there was a decrease in seroconversion rates at 6 months
in the ID and SC groups, which was greater than that in the
IM group.'” However, this study described an antibody
response of >100mIU/mL as seroconversion as well as for
defining non-responsiveness to primary hepatitis B vaccin-
ation series. Therefore, this study was excluded from our
review because it did not meet our criterion of seroconversion
threshold of >10IU/L.

Practical concerns might be raised regarding the safety and
convenience of ID injections revolving around pain caused by
hypodermic needles, and inconsistent delivery, even among
skilled professionals. Only two of the four studies reviewed
reported minimal side effects including mild local pain and/or
erythema at the injection site.'®'" While side-effects were not
mentioned in Micozkadioglu et al., the remaining study had
no reported vaccine side-effects in a total of 62 patients.’
With the development of new ID delivery methods such as the
hollow microneedle and needle-free liquid jet injection
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system, even these concerns are largely eradicated. Kim and
Prausnitz even suggest these new ID methods to be so
revolutionary as to allow ‘‘skin vaccination [to] transition
from a topic of immunological interest with limited clinical
utility to a viable method of vaccination to increase vaccine
immunogenicity and broaden vaccination coverage.'® A
broad review by Bryan et al. of Engerix B, Recombivax HB
and the plasma-derived Hepatavax-B vaccinations given via
ID injection in reduced doses showed the method to be cost-
effective, safe and able to produce impressive percentages of
seroconversion; from 49% to 100%."°

Several theories addressing the lack of seroconversion with
the IM vaccination in dialysis patients have been proposed,
including the possibility that the issue may be inherent to the
patient population itself. Whether vaccinated by the ID or IM
route, all patients show a decreased rate of seroconversion
over time. Radziszewski et al. make the argument for the role
of hematological factors contributing to the effectiveness of
vaccination, thereby explaining the lack of immune response
in the anemic or uremic dialysis patient. No compelling
in vivo studies have been published, but an in vitro study by
McFaul et al. showed an enhanced secretion of pro-inflam-
matory cytokines by leukocytes after the addition of and
stimulation by purified hemoglobin.?® Factors intrinsic to the
pathophysiology of chronic kidney disease may contribute to
the poor seroconversion of some patients, and warrant further
investigation. Of note, the vaccination of patients against
hepatitis B prior to the initiation of renal replacement therapy
has been associated with better outcomes, making vaccination
an important consideration early in the management of CKD
patients.?’

A recent article by Eleftheriadis et al. categorizes the
factors affecting hepatitis B vaccination in HD patients into
patient-associated factors, dialysis-associated factors and
vaccine-associated  factors.””  Patient-associated  factors
include acquired immunity disturbances, age, diabetes
mellitus, malnutrition, and stage of chronic kidney disease.
Three of the four included studies analyzed various demo-
graphic characteristics of their patient populations as pre-
dictors to seroconversion. All three studies found age, sex,
BMI, and duration of dialysis to be insignificant.*'*'* One
study found alcohol abuse, ESRD etiology and diabetes
mellitus to be insignificant factors,4 while the other two found
dialysis adequacy, laboratory parameters including hemoglo-
bin, albumin and therapy with erythropoietin or erythropoi-
etin stimulating agents to be insignificant factors.'®!*
Significant factors included hematocrit, RBC count, and
hemoglobin level.’ This finding is in keeping with previous
studies showing that anemia may lead to a decrease in
immunological function in patients undergoing chronic dia-
lysis.*® Malnutrition and acquired immunity disturbances
could not be assessed from these studies. Dialysis-associated
factors cited by Eleftheriadis et al. included mode of dialysis
(peritoneal dialysis vs. HD), the use of high-flux versus low-
flux membranes, treatment with rHuEPO and Vitamin D
deficiency. Lastly, vaccine-associated factors included dose
and route of hepatitis B vaccination, with dose-doubling and
repeated ID vaccination leading to increased seroconversion
rates.*?* TIn addition, the concomitant administration of
immunostimulants  such as levamisole, granulocyte



DOI: 10.3109/0886022X.2015.1055698

macrophage-colony stimulating factor (GM-CSF), thymopen-
tin (TPS5), recombinant interferon-alpha-2b (IFN-o2b) is
associated with increased response to vaccination. The use
of newer hepatitis B vaccinations, including HB-AS02 and
HB-AS04, which have been licensed in Europe since 2005
and show promising results, show faster and higher initial
response rates, especially with HB-AS04.”> Of note,
Eleftheriadis et al. include in their review that ‘‘intradermal
vaccination could be useful in HD patients [failing] to
respond after two series of the recommended IM vaccine
schedule’’, which supports the findings of this review.** Also,
our included studies did not employ the use of immunosti-
mulants, however, Fabrizi et al. showed via a cost-analysis
that the use of low-dose (2.52 x 10°IU) human recombinant
interleukin-2 costs $784 USD, recombinant interferon-gamma
costs $140 USD for 2mlIU and $73 USD for each dose of
thymopentin (TP5). In comparison, a 20 mcg dose of recom-
binant hepatitis B vaccine administered intradermally costs
$23 USD and is a clearly more cost-effective option if it
achieves a similar degree and duration of seroconversion.'"

Our review adds to a previously published meta-analysis
on this topic by Fabrizi et al.*> The current review looked
exclusively at prospective trials within the dialysis population,
which offers greater insight and clinical strength to the results.
Our focus on ESRD patients, rather than the larger CKD
population help draw conclusions specific to primary non-
responder patients receiving immunization while on main-
tenance dialysis, whereas previous reviews have included
patients of various stages of CKD.?® Publication bias cannot
be assessed because fewer than 10 studies have been included
in our review. Furthermore, our review focuses on patients
who have never had a response to IM vaccination and shows
the potency of the ID route in this population. Our results
favor an alternative approach to the current protocol of
managing those with failed hepatitis B vaccination by clearly
showing that dialysis patients unresponsive to IM vaccination
have an improved response after ID vaccination. All of the
studies in our review demonstrate superior efficacy of the ID
hepatitis B re-vaccination versus IM re-vaccination. Both
Bommer et al. and Radziszewski et al. agree that at least five
doses of vaccine are necessary to obtain a satisfactory level of
protection against infection.”?® Radziszewski et al. conclude
that repeated vaccination is required to ensure immunocom-
promised patients in the dialysis population have consistent
protection. In light of this notion, the most cost-effective, safe,
and successful approach should be used in the early treatment
of all susceptible patients.® According to our review, ID
vaccination is a better option for the management of
vaccination against hepatitis B in the non-responder dialysis
population; and it is reasonable and appropriate to offer a trial
of ID re-vaccination to all dialysis patients who fail to respond
to the IM route as standard clinical practice.

Conclusion

Our review suggests that ID vaccination against hepatitis B in
non-responders in the dialysis population is an effective
alternative to the IM series. The studies analyzed have shown
a consistently increased rate of seroconversion and longer
maintenance of protective titers after ID vaccination as
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opposed to IM vaccination. In order to implement change in
the current hepatitis B vaccination, recommendations for the
non-responding dialysis patient population, additional well-
designed, double-blinded, randomized trials are warranted to
establish clear guidelines on ID hepatitis vaccine dose and
duration of vaccination schedule. Given these results, studies
should also be considered to investigate the clinical and cost
benefits of ID vaccination as a first-line method for hepatitis
B vaccination in the dialysis population.
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