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Abstract

AIM: To compare intradermal (ID) and intramuscular
(IM) booster doses, which have been used in healthy
and high risk subjects, such as healthcare workers,
haemodialysis patients, human immunodeficiency virus
patients, and renal transplant recipients unresponsive
to initial hepatitis B vaccination, in celiac individuals.

METHODS: We conducted our study on 58 celiac pa-
tients, vaccinated in the first year of life, whose blood
analysis had showed the absence of protective hepati-
tis B virus (HBV) antibodies. All patients had received
the last vaccine injection at least one year before study
enrolment and they had been on a gluten free diet for
at least 1 year. In all patients we randomly performed
an HBV vaccine booster dose by ID or IM route. Thirty
celiac patients were revaccinated with recombinant
hepatitis B vaccine (Engerix B) 2 ug by the ID route,
while 28 celiac patients were revaccinated with Engerix
B 10 pug by the IM route. Four weeks after every boost-
er dose, the anti-hepatitis B surface (HBs) antibody
titer was measured by an enzyme-linked immune-
adsorbent assay. We performed a maximum of three
booster doses in patients with no anti-HBs antibodies
after the first or the second vaccine dose. The cut off
value for a negative anti-HBs antibody titer was 10 IU/L.
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Patients with values between 10 and 100 IU/L were
considered "low responders" while patients with an
antibody titer higher than 1000 IU/L were considered
"high responders".

RESULTS: No significant difference in age, gender, du-
ration of illness, and years of gluten intake was found
between the two groups. We found a high percent-
age of "responders" after the first booster dose (ID =
76.7%, IM = 78.6%) and a greater increase after the
third dose (ID = 90%, IM = 96.4%) of vaccine in both
groups. Moreover we found a significantly higher num-
ber of high responders (with an anti-HBs antibody titer
> 1000 IU/L) in the ID (40%) than in the IM (7.1%)
group, and this difference was evident after the first
booster dose of vaccination (P < 0.01). No side effects
were recorded in performing delivery of the vaccine by
either the ID or IM route.

CONCLUSION: Our study suggests that both ID and
IM routes are effective and safe options to administer a
booster dose of HBV vaccine in celiac patients. Howev-
er the ID route seems to achieve a greater nhumber of
high responders and to have a better cost/benefit ratio.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

In literature there are several reports describing a non-re-
sponsiveness to hepatitis B vaccine in celiac patients' ™,
although the pathogenic mechanism is still unclear. As a
matter of fact it seems that this failed response could be
linked to the "major histocompatibility complex" (MHC)
and human leucocyte antigen (HLA)-II pattern charac-
terizing the disease””, while other studies indicate that
gluten intake at the time of vaccination could influence
the vaccine-induced immune response'”.

However it is not completely understood whether the
unresponsiveness to hepatitis B vaccine in celiac patients
is also linked to a weakened immune response in healthy
older people or to a physiological loss of humoral im-
munity with the flow of time”. Fisman ez 2/"" published
a meta-analysis on the increased risk of unresponsive-
ness to hepatitis B vaccination in older subjects, finding
a low response even in 30 year-old patients.

An important consideration is that the titer of anti-
hepatitis B surface (anti-HBs) antibodies that should be
considered as cut-off for "non-response" to hepatitis B
virus (HBV) vaccine is < 10 IU/L, when the measure-
ment is performed a long time after the vaccination. The
responsiveness to hepatitis B vaccine should usually be
determined by antibody measurement within 2-6 mo
after the third vaccine dose. In those patients with anti-
HBs < 10 IU/L a booster vaccine schedule should be
proposed, but until now there is no consensus on this
kind of management.

In the present study we administered a vaccine boo-
ster dose against HBV by the intradermal (ID) or intra-
muscular (IM) route in celiac patients, whose antibodies
levels against the HBV were low after the first regimen
of hepatitis B vaccine performed in the first year of life.

The aim of out study was to evaluate the possibility
to provide a satisfactory immune response against HBV
by these procedures, compating their efficacy.

MATERIALS AND METHODS

Our study was a prospective, randomized study, con-
ducted on 58 celiac patients (age, mean * SD, 9.8 £ 6.2
years) of 116 celiac subjects (age, mean + SD, 10.2 *
5.7 years) referred to our Pediatric Department, Univer-
sity of Catania, Italy, whose blood analysis showed the
absence of protective HBV antibodies (anti-HBs). In
all included patients, the diagnosis of celiac disease was
made after one year of age, based on clinical signs and
standard serological markers (antigliadin IgA and IgG,
tissue trans-glutaminase IgA antibody, anti-endomysial
antibody) and on typical histological findings on small
bowel biopsies (villous atrophy with crypt hyperplasia
and increased intraepithelial lymphocytes).

All patients received the anti-HBV vaccine at 3, 5
and 11 mo of age by IM injection on the front-lateral
area of their quadriceps muscle (10 ug of Engerix B,
GlaxoSmith and Kline, Belgium), as planned by the Ital-
ian standard vaccination schedule.
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All patients had received the last vaccine injection at
least one year before the study enrolment and they had
been on a gluten free diet for at least 1 year. None of the
patients had ever been affected by HBV infection.

In all patients we randomly performed an HBV vac-
cine booster dose by the ID or IM route. Thirty celiac
patients were revaccinated by the ID route with a 2 pg
dose of recombinant hepatitis B vaccine (Engerix B)
administered on the flexor surface of the forearm, using
a 1 mL syringe and 26-gauge needle. In all the patients a
visible skin weal was noticed as evidence of the ID in-
oculation.

Twenty-cight celiac patients were revaccinated by the
IM route with a 10 pg dose of Engerix B administered
in the lateral region of their deltoid muscle, using a 5 mL
syringe and 26-gauge needle.

Four weeks after every booster dose, the anti-HBs
antibody titer was measured by enzyme-linked immune-
adsorbent assay (hepanostica anti-HBs, bioMeriuex,
the Netherlands). We performed a maximum of three
booster doses in patients with no anti-HBs antibodies
after the first or the second vaccine dose. The cut off
value for a negative anti-HBs antibody titer was 10 mIU/
mlL. Patients with values between 10 and 100 TU/L were
considered "low responders” while patients with an anti-
body titer higher than 1000 TU/L were considered "high

11
responders".

Statistical analysis

The Mann-Withney U-test was performed to compare
age, duration of illness, years of gluten intake and HBs
antibody titer between the two groups of patients. The
Fisher exact test was used to compare the gender, the
number of non responders, low responders and high re-
sponders between the ID and IM groups. P value < 0.05
was considered statistically significant.

RESULTS

The main features of the two groups of patients are re-
ported in Table 1. No significant difference of age, gen-
der, duration of illness, and years of gluten intake was
found between the two groups.

The number and the percentage of responders to ID
and IM hepatitis B vaccination after every dose injection
are reported in Table 2, together with the mean and SD
of the anti-HB:s titer in the two groups after the first and
the third booster.

Both groups of patients showed a similar percent-
age of responders after the first dose of vaccine (ID =
76.7%, IM = 78.6%) and a major increase after the third
dose (ID = 90%, IM = 96.4%). However, we did not
find any statistically significant difference between the
two groups. We found no statistically significant differ-
ence in anti-HBs titer between the two groups, after the
first and the third doses.

Finally we found a significantly higher number of
high responders (with an anti-HBs antibody titer > 1000
IU/L) in the ID (40%) than in the IM (7.1%) group, and
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Intradermal Intramuscular P value
Age (yr) 10.45 £ 6.7" 93+59' NS
Gender (male /female) 10/20 9/19 NS’
Duration of illness (yr) 6.15+4.1" 75+4.6' NS
Gluten Intake (yr) 53+3.7' 46+32' NS

NS: Not significant. 'mean + SD; 2Marm—Whi‘cney U-test; *Fisher exact test.

Booster Intradermal Intramuscular P
doses value
Responders Anti-HBs  Responders Anti-HBs

titer titer

First 23/30(76.7) 43335+ 22/28(78.6) 2804+ NS
476.76 328.97

Second 4/30 (13.3) 5/28 (17.8) NS

Third 0/30 (0) 459 + 0/28 (0) 294+  NS'
455.87 320.8

Total 27/30 (90) 27/28 (96.4) INER

'Fisher exact test (intradermal vs intramuscular responders) and Mann-
Whitney U-test (antibodies titer comparison); *Fisher exact test (intradermal
vs intramuscular responders). NS: Not significant.

this difference was evident after the first booster dose of
vaccination (Figure 1). No side effects were recorded in
performing both ID and IM injections.

DISCUSSION

Literature data describe that 4%-10% of healthy, im-
mune competent individuals fail to elicit protective levels
of antibodies to recombinant HBs antigen after com-
pleting the standard hepatitis B vaccination schedule!”
Even though the pathogenic mechanism leading to a
failed response to hepatitis B vaccine is still unknown,
there are several hypotheses trying to explain this link.
Recently Zingone ez al® reported a possible association
with gluten intake at the time of vaccination that may
influence the vaccine-induced immune response. Never-
theless the most likely hypothesis is related to a specific
pattern of MHC™ and HLA-TI antigens linked to the
disease. As a matter of fact, homozygosis for HLA-BS,
DR3 and DQ?2 alleles was found to have a significantly
hig[h%:r incidence in hepatitis B vaccine non respond-
This HLA-DQ2 haplotype is present in 90%-95%'"*"”

of celiac patients and it seems to explain the relation-

€ers

ship between the disease and the non-responsiveness
to hepatitis B vaccine. Thus, in celiac non responders a
re-vaccination should be recommended because of the
wotldwide spread of the disease.

Nowadays there is no consensus on the management
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Figure 1 Percentage of high responders, low responders and non respond-
ers after the first booster dose. P value was calculated by Fisher exact test.

of celiac patients with anti-HBs antibody levels < 10
IU/L after the IM vaccine. In healthy people a common
practice is to administer a higher dose of HBV recom-
binant vaccine (HBRV) or a second course of three
doses of TM recombinant vaccine IMRV)"", but it does
not seem to be successful. In fact it has been reported
that more than 50% of non responders are not able to
acquire an protective anti-HBs titer with at least two ad-
ditional IMRV booster doses in the primary course! """,

In human immunodeficiency virus patients, repeated
vaccination is commonly considered as a first satisfac-
tory strategym]. Some investigators have even increased
the dose of hepatitis B vaccine with varying success”!!
or have used a double dose of a combined hepatitis A
and B vaccine.

The United States Center for Disease Control and
Prevention recommends the administration of an ad-
ditional series of three doses of IM vaccine in chronic
hemodialysis patients””. For those non-responders after
two series (six doses of vaccine in total), there is no data
to support the use of additional doses to induce an im-
mune response.

Another approach is to administer HBRV vaccine by
the ID route. In fact a recent meta-analysis by Fabrizi
et al”" concluded that the ID route is associated with
higher anti-HBs antibody levels, although this is not sus-
tained over time. Recently in a pilot study we found an
effective response after ID administration of HBRV in
celiac patients too™

At present this is the first study comparing the 1D
and IM routes in these patients. In our study we found a
high percentage of response after the first dose of vac-
cination in both groups (ID: 76.7% »s IM: 78.6%) and a
higher response after the third booster dose (ID: 90% 25
IM: 96.4%). Moreover, the percentage of responders in
both groups after the three doses of vaccine was similar
to those found in vaccinated healthy people“zj.

Our data confirms that both routes are effective to
perform a booster strategy in celiac patients with low
anti-HBs antibodies, as 90% of ID patients and 96.4%
of IM subjects showed a protective anti-HBs titer after
the third booster dose. However the ID route seems to
produce a significantly higher percentage (40%) of high
responders (anti-HBs > 1000 IU/L) than the IM route
(7.1%).
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In our opinion, this result may have an important
clinical significance, because a protective anti-HBs titer
may persist to 64% after 10 years in normal children if
there is a high value of anti-HBs antibody titer at the
end of the initial schedule”.

However, whether the ID route is a better strategy
than IM hepatitis B vaccine still remains an open ques-
tion. In fact several studies in high-risk groups[Z(”zS]
showed that low dose ID injections resulted in long
term sero-protection in a large number of subjects non
responsive to IM vaccination. However, a recent meta-
analysis of 757 adults by Sangaré e a/*” demonstrated
that ID hepatitis B vaccination was less effective to
achieve sero-protection than IM vaccination.

Recently a randomized study on ID »s IM hepatitis B
vaccination in human immunodeficiency virus-infected
children, without severe immunosuppression, confirmed
this issue™”. In particular, in the study by Medeiros ez at™"
on hemodialysis patients, the percentage of responders
was very low (13.3%).

Our data seem to suggest that the use of the ID
route for the booster dose of hepatitis B vaccine in
celiac patients is a better option to obtain an higher ti-
ter of antibodies against HBV. Moreover the 1D route
allows a better cost/efficacy ratio, because of the cost
reduction exceeding 50% (2 pg per dose) compared with
a standard TM vaccine regimen (10 pg per dose)™. In
conclusion it is important to highlight that the ID route
could represent an efficacious and cost-saving option for
difficult-to-vaccinate and high-risk patients, as reported
in other studies™”” and also for the observed 4%-10%
of healthy people who normally fail to respond to the
standard HBV vaccination regimen™.

COMMENTS

Background

The hepatitis B vaccine is a mandatory vaccine for all children. Nevertheless
around 4%-10% of healthy subjects and a higher percentage of patients af-
fected by celiac disease do not respond to the standard cycle of vaccination
provided by the Ministry of Health. As a matter of fact they show an antibody ti-
ter less than 10 IU/L after the standard vaccination doses. This population could
be considered at risk for potential exposure to hepatitis B virus (HBV) infection.
Thus, it is proposed that the revaccination of "non-responders” at the first cycle
of scheduled HBV vaccination, by booster doses, could improve HBV antibody
titer and this study compared the efficacy of intramuscular (IM) boosters vs
intradermal (ID) vaccination.

Research frontiers

The ID route of vaccination is an effective way to vaccinate people, it is safe
and it seems to be easier to practice than the IM route. This way should be
considered in "non-responder” celiac patients, not only for the high response to
vaccination, but also because it allows a better cost/efficacy ratio, with a cost
reduction exceeding 50% compared with an IM vaccine regimen. This cost
decrease is linked to the lower dosage of vaccine used in the ID route (2 pug per
dose) than in the IM route (10 pg per dose).

Innovations and breakthroughs

The problems of responsiveness to vaccinations such as anti HBV vaccine
have been widely studied, and researchers have demonstrated how this lack
of response could be linked to genetic and environmental factors. Actually
there are few studies that respond to the question on how to solve this non-
responsiveness to HBV vaccine. Some studies found a good strategy was re-
vaccination by the IM route, others demonstrated a better outcome with the ID
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route. Moreover, other researchers find the practice of applying booster doses
to "non-responders" not useful, as they conserve their intra-cellular immunity.
Nevertheless, as the problem has widely interested the scientific community in
these last years, it could be useful to establish a common behavior to solve this
question. For this reason, studies on new vaccination schedules could be use-
ful and this study is the first one that compares two vaccination routes in order
to better understand the way the research should address its efforts.

Applications

The study results suggest that ID route of HBV vaccination is a potential thera-
peutic strategy that could be used in improving responsiveness to HBV vaccine
and in preventing a potential infection in a "non-responders" population.

Peer review

This is a good prospective, randomized study in which the authors analyzed the
efficacy of ID and IM routes in HBV vaccinated children to improve their respon-
siveness to standard vaccination. The results are interesting and suggest that
the ID route of booster vaccination is not only as effective as the IM one, but it
is also less expensive, so it could easily be considered as a successful strategy
for booster doses of HBV vaccine in "non-responder" patients.
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