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An alternative vaccine delivery system for needle injections is the Bioneedle. Hepatitis B surface antigen
(HBsAg) was formulated with Bioneedles. Three formulations were used: plain antigen, HBsAg adjuvated
with aluminum hydroxide and HBsAg with LPS-derived lpxL1. Bioneedles with HBsAg-lpxL1 were the most
stable and the most immunogenic formulations. The conventional liquid alum adjuvated vaccine lost 40% of
its antigenicity after 1 week at 50 °C whereas the HBsAg-lpxL1 Bioneedles showed no significant decrease
after 3 weeks at 50 °C. In vivo studies revealed that the HBsAg-lpxL1 Bioneedle formulations induced
comparable IgG titers as conventional liquid formulations after 2 immunizations, but higher IgG2a titers
were found already after 1 immunization. The in vivo and in vitro studies showed that the Bioneedle is an
attractive alternative for needle injections of HBsAg vaccines.
.H.B. Hirschberg).
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1. Introduction

Most vaccines are delivered as a liquid formulation by using syringes
and needles. Despite their common use, regular injections have several
limitations such as the risk of needle stick injuries and the reuse of
needles and syringes. Injections, although safe in the developed
countries and relatively painless, may cause serious stress, fear and
concern in children as well as parents [1–4].This may lead to reduced
participation in vaccination programs. Therefore, in Western countries
only limited injections per immunization session are given. In e.g. The
Netherlands the policy is to give children no more than two injections
per session. Since children, until the age of nine years, already receive 14
injections in 7 sessions, the vaccination program is considered full. The
further extension of the vaccination program leads tomore injections or
more complex antigen mixtures in the form of combination vaccines.
The development of combination vaccines is difficult and expensive
[5,6] due to possible immunological interference.

To address all the limitations of needle injections, research is being
carried out on alternative delivery methods and alternative routes [7].
Alternative routes can be mucosal routes (oral, pulmonary, nasal) [8–
11] or dermal [12–15]. These routes can be reached without needles;
vaccines can be delivered via liquid formulations, functional foods,
droplets, sprays, microneedles, or patches. For these routes lipid- and
polymeric based nanoparticle and microparticle delivery systems can
be used to protect the antigen and to enhance the delivery.
The conventional method for vaccine delivery is subcutaneous or
intramuscular injection. Needle free approaches for subcutaneous and
intramuscular delivery can be liquid jet injectors and powder jet
injections [16,17]. Less common approaches are implants from
biological material incorporating the vaccine. Examples are silicone
implants [18], sugar-glass needle [19] and the Bioneedle [20].

Bioneedles are small hollow mini-implants fabricated from
biodegradable polymers. These mini-implants are filled with liquid
formulations and freeze dried. The freeze dried Bioneedles can be
injected using compressed air. Once beneath the skin, subcutaneous
or intramuscular, the biodegradable mini implant dissolves and the
antigen is released, being reconstituted by the body fluids. It has been
shown that Bioneedles can penetrate through the skin causing less
external skin damage than with conventional needles [20]. A phase 1
clinical study in 18 volunteers (van de Wijdeven et al., publication in
preparation), each receiving 2 Bioneedles subcutaneously in the arm,
showed that the Bioneedles were safe and showed minimal adverse
local and systemic effects. Previous research has shown that
Bioneedles filled with tetanus toxoid induced a same antibody
response in mice with four times less antigen [21]. The tetanus toxoid
Bioneedles showed a better thermostability than the conventional
liquid formulations. These stable formulations diminish the need for
a cold chain during transport and for short term storage. With the
Bioneedle a fast delivery procedure is possible without the risk of
cross contamination, since there are no needles and syringes that can
be re-used or cause needle stick injuries. No needles are perceived
which is expected to lead to less stress and fear in children as
well as in parents. For Western countries this is a big advantage
over the conventional needles. For developing countries, the safe

http://dx.doi.org/10.1016/j.jconrel.2010.06.028
mailto:hoang.hirschberg@nvi-vaccin.nl
http://dx.doi.org/10.1016/j.jconrel.2010.06.028
http://www.sciencedirect.com/science/journal/01683659


212 H.J.H.B. Hirschberg et al. / Journal of Controlled Release 147 (2010) 211–217
immunization practice with the Bioneedles and the lack of need for a
cold chain are important advantages.

When developing a new delivery system for vaccines, the most
important requirement is that the delivery via the new system is as
least as effective as the conventional delivery system. Besides the
advantages of needle free delivery systems, as described above,
aspects such as improved immunogenicity by using adjuvants, dose
reduction and higher stability of the formulation are all advantages
that make the alternative even more attractive.

In this paper hepatitis B surface antigen has been formulated in
Bioneedles and compared in vitro and in vivo with conventional
injections. LpxL1 has been compared to aluminum hydroxide as an
adjuvant and the heat stability and dose reduction has been evaluated
for liquid and Bioneedle formulations.

2. Materials and methods

Three sources of yeast derived, commercial GMP grade, hepatitis B
surface antigen (HBsAg) bulk material have been used. In the text the
three sources are referred to as manufacturer A, manufacturer B and
manufacturer C.

Control vaccine: Engerix-B 20 μg/1 ml hepatitis B vaccine (adju-
vated to Al(OH)3) from GSK, Rixensart, Belgium.

Al(OH)3, Alhydrogel 2% was obtained from Brenntag Biosector,
Denmark.

lpxL1 LPS was obtained from ImsaVac, Bilthoven, The Netherlands.
Bioneedles were produced of thermoplastic starch according to

Bioneedle Technologies Group's proprietary procedures using injec-
tion moulding. Bioneedles are 16 mm long and 1.2 mm wide. The
cavity inside the Bioneedles has a volume of 4.0 to 4.5 μl.

2.1. Formulations

All formulations contained 2 μg HBsAg. The adjuvants used were
either 50 μg Al(OH)3 or 0.5 μg lpxL1. Formulations with only HBsAg
(HepB), with HBsAg adsorbed to Al(OH)3 (HepB+Al) or with HBsAg
adjuvated to lpxL1 (HepB+ lpxL1) have been prepared. Liquid
formulations (L) for subcutaneous injections were formulated in a
volume of 500 μl. Liquid formulations for intramuscular injections
were formulated in a volume of 100 μl. The freeze dried formulations
(F) were formulated in 500 μl and freeze dried using a Leybold GT 4/6
freeze dryer. Bioneedles (B) were filled, by using a specially designed
filling apparatus, with liquid formulations containing 5% w/w of D-
trehalose di-hydrate (purchased from Biosynth, Switzerland) as a
stabilizer. The filled Bioneedles were frozen on a plate at minus 45 °C.
Subsequently the freeze dried Bioneedles were transported to a
Leybold GT 4/6 freeze dryer with a shelf temperature of minus 45 °C
and freeze dried. Freeze dried Bioneedles were individually stored in
vials, closing these under ambient air and relative humidity, using
rubber stoppers and alucaps.

2.2. Hepatitis B antigen ELISA

Bioneedlesweredissolved by incubation in 1 mlwater, adding5 μl of
a 120 kilonovo units/ml solution of 1,4-α-D-glucan glucano hydrolase
(Novozymes, Denmark) and 5 μl of a 330 units/ml solution of pull-
ulanase (Novozymes, Denmark)during 1 h at room temperature. A
kilonovo unit is the amount of enzymewhich degrades 4870 mg starch
drymatter, Merck soluble amylum, per hour under standard conditions.

For HBsAg quantification a commercial kit of Abbott, Murex HBsAg
version 3, was used according to the manufacturers specifications. In
short, the sample was pre-incubated in microwells (3 or 4 dilutions)
pre-coated with a mixture of mouse monoclonals specific for different
epitopes on the ‘a’ determinant of HBsAg. Affinity purified goat
antibody to HBsAg conjugated to horseradish peroxidase was then
added. After washing, to remove sample and unbound conjugate,
peroxidase activity is detected by addition of 3,3′,5,5′-tetramethyl-
benzidine (TMB) substrate and hydrogen peroxide. The enzyme
reaction was terminated with sulfuric acid. Substrate conversion was
determined spectrophotometrically at 450 nm.

Each ELISA plate contained a reference HBsAg sample (liquid
formulation stored at 4 °C) for calculation of the antigen concentra-
tion in the samples.

2.3. Circular dichroism

Liquid and reconstituted freeze dried HepB formulations, in the
presence and absence of lpxL1 were analyzed with a Chirascan™
Circular Dichroism Spectrometer (Applied Photophysics, UK). Liquid
and freeze dried formulations were stored for 3 weeks at 4 °C, 37 °C,
50 °C and 60 °C prior to the measurements. Freeze dried formulations
were reconstituted with water prior to the measurements. Far UV
spectra were taken at 25 °C in the region of 200–260 nm. A protein
concentration of 40 μg/ml was used in 1 mm Quartz cuvettes. The scan
velocity was 0.1 nm/s with step lengths of 0.5 nm. The monochromator
bandwidth was 1 nm. The CD spectra were corrected for buffer and
smoothedwith a smoothing factor of 5. Chirascan™ CDNNsoftwarewas
used to provide an estimate of the secondary structure. The software is
based on algorithms designed for fitting CD spectra of proteins.

2.4. In vivo studies

All in vivo experiments were approved by the animal ethics
committee of the NVI.

Prior to immunization, all animals were anesthetized with a
mixture of 1-isoflurane, N2 and O2. In all experiments BalB/C mice
obtained from Harlan (Horst, The Netherlands) of 10–14 g, were
immunized via regular injection or with Bioneedles. Two weeks after
primary immunization, blood was collected prior to a booster
vaccination. Four weeks after the booster vaccination, all mice were
sacrificed by bleeding.

Liquid formulations were either injected intramuscularly (I.M) in
the rear leg, in a volume of 100 μl or subcutaneously (s.c.) in the groin,
in a volume of 500 μl. Freeze dried formulations were reconstituted in
500 μl water prior to subcutaneous injection.

Bioneedles were implanted in mice by using a sterilized trocart
with mandrin (1 in., 14 gauge). The procedure is identical to the
application of electronic identification chips in animals, but instead of
a chip, a Bioneedle is applied subcutaneously in the neck between the
ears. In animals as small as mice, Bioneedles cannot be delivered
intramuscularly.

Formulations used for the heat stability study were incubated for
3 weeks at either 4 °C, 37 °C 50 °C or 60 °C prior to immunization. For
the dose response study, the hepatitis B doses used were 2 μg, 1 μg,
0.5 μg and 0.1 μg.

2.4.1. IgG, IgG1 and IgG2a ELISA
Polystyrene microtiter plates were coated with 0.2 μg/well HBsAg

diluted in phosphate buffered saline (PBS), pH 7.2 (Gibco, Paisly, UK).
The plates were incubated overnight at room temperature. The plates
were washed with tap water containing 0.1% (w/v) Tween 80. Serum
was added in series of three fold dilutions. All dilutions of serumwere
prepared in PBS containing 0.5% (w/v) BSA and 0.05% (w/v) Tween 80.
After 2 h of incubation at 37 °C the plates were washed and goat anti
mouse immunoglobulin conjugated to horse radish peroxidase (IgG-
HRP, IgG1-HRP or IgG2a-HRP) from Southern Biotech, Birmingham,
Ala, USA) was added in the concentration that was given by the
manufacturer (1/5000). The conjugate was incubated for 1.5 h at
37 °C. After washing the plates, 100 μl TMB substrate solution (see
above) was added to each well. The reaction was stopped after 10 min
with 2 M H2SO4 and the absorbance was measured at 450 nm. The



Fig. 2. IgG titers after one (14 days) and two immunizations (42 days). L: liquid
formulation; B: Bioneedle formulation, HepB: HBsAg from manufacturer B, Al: Al(OH)3,
S.C: subcutaneous, I.M: intramuscular. Asterisks (*) indicate titers that are significant
different (*pb0.005) from the liquid i.m. group for the titers after 14 days. Asterisks (**)
indicate titers that are significant different (*pb0.005) from the liquid i.m. group for the
titers after 42 days. Titers are average titers of the responders. The lowernumberof animals
after 14 days is due to insufficient serum from some animals to perform the ELISA test.
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titre was determined as the dilution factor at which the absorbance
was 50% of the maximum absorbance (plateau value).

2.5. Statistics

Antibody titers are expressed as themean log10 titer of eight or ten
independent observations plus the standard errors of the means.
Antigenic recoveries are expressed as the mean of three independent
observations, plus the mean standard errors of the means.

Statistical evaluations are done with a Student t test (one way
ANOVA) by using a two tailed distribution and a two sample unequal
variance.

3. Results

3.1. Liquid formulations vs. freeze dried formulations vs. Bioneedles

The commercial hepatitis B vaccine is a liquid vaccine of HBsAg
adjuvated to Al(OH)3 and delivered intramuscularly (L[HepB+Al]_IM).
Since Bioneedles are freeze dried formulations that can only be
delivered subcutaneously in mice, the effect of freeze drying and the
route of immunization on the IgG titer were evaluated with liquid
vaccine formulations. The commercial available Engerix-B vaccine, an
alum adjuvated vaccine, was used to evaluate the difference between
subcutaneous and intramuscular injections. Intramuscular injections
performed significant better (p=0.003) than subcutaneous injections.

To evaluate the effects of freeze drying, HBsAg was freeze dried,
reconstituted in water and injected subcutaneously. The reconstituted
freeze dried formulations induced comparable IgG titers as the liquid
formulations injected subcutaneously but with liquid HepB formula-
tions one non responder was found within the group. Liquid HepB
formulations were tested several times and always showed one or
two non responders after subcutaneous injection (Fig. 1).

3.2. Adjuvant

In a pilot experiment, Bioneedle formulations of HepB adjuvated
with alum performed not as good (several non responders) as the
conventional liquid vaccine delivered via the intramuscular route. To
improve the Bioneedle formulations another adjuvant, the LPS
derivative lpxL1, was evaluated as well as no adjuvant at all (Fig. 2).
Mice were immunized with formulations containing no adjuvant,
with aluminum hydroxide or with lpxL1 as adjuvant.

With Bioneedle formulations containing alum comparable IgG
titers were induced as with liquid formulations containing alum, (L
[HepB+Al]_sc), but with non responders within the group. When
lpxL1 was used as an adjuvant or when no adjuvant was used at all, all
mice responded in the group.
Fig. 1. IgG titers in mice (n=8); L: Liquid formulations, F: freeze dried formulations,
HepB: hepatitis B surface antigen of manufacturer C, Al: aluminum hydroxide, S.C:
subcutaneous, I.M intramuscular. Engerix-B: commercial available vaccine from GSK.
When lpxL1 is present in either liquid or Bioneedle formulations,
comparable IgG titers were induced as with the intramuscular
conventional vaccine, L[HepB+Al]_im. After one vaccination
(14 days) Bioneedle formulations with lpxL1 showed the best immu-
nogenicity results. Allmice responded and the IgG titerwas significantly
(pb0.001) higher as compared to the intramuscular L[HepB+Al]_im
group. After 2 immunizations (42 days) the IgG responses were
comparable to the responses in the L[HepB+Al]_im group.

The sera after42 dayswerealso analyzed for IgG1and IgG2aantibody
responses. Fig. 3 shows the IgG2a/IgG1 ratio. Formulations containing
lpxL1 showed significant higher IgG2a/IgG1 ratios as compared to the
intramuscular group with alum. This was true for both Bioneedle
formulations and liquid formulations. With Bioneedle formulations
containing aluminum hydroxide no IgG2a could be detected.

3.3. Dose response

The dose response for conventional liquid formulations L[HepB+
Al]_im was compared to the dose response of Bioneedle lpxL1-HBsAg
formulations delivered subcutaneously. Fig. 4 shows that both the
Fig. 3. IgG2a/IgG1 response after 42 days. L: liquid formulation; B: Bioneedle
formulation, HepB: HBsAg from manufacturer B, Al: Al(OH)3, S.C: subcutaneous, I.M.:
intramuscular. Asterisks (*) indicate titers that are significant different from the liquid
i.m. group. Titers are average titers of the responders.
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liquid formulations and Bioneedle formulations showed a plateau
value for the IgG titer with 2, 1 and 0.5 μg HepB. For both formulations
a significant decrease (pb0.005) was only observed when formula-
tions contained 0.1 μg HepB.

In order to discriminate between the subcutaneous and intramus-
cular routes, liquid formulations L[HepB+ lpxL1] were injected both
intramuscularly and subcutaneously (Fig. 5). Just like alum containing
formulations (see Fig. 1), lpxL1 formulations induced significant
higher IgG titers after 42 days (p=0.012) via intramuscular injections
as compared to subcutaneous injections. Via the intramuscular route,
lpxL1 formulations (L[HepB+ lpxL1]_IM) showed comparable immu-
nogenicity to aluminum hydroxide formulations(L[HepB+Al]_IM).
The L[HepB+ lpxL1]_sc and B[HepB+ lpxL1]_sc formulations showed
in this experiment significant (p-values were respectively 0.0012 and
0.0011) lower IgG titers as compared to the L[HepB+Al]_IM
formulations whereas in Fig. 2 comparable titers were induced with
these formulations.

The IgG2a/IgG1 ratio for the liquid formulations containing
aluminum hydroxide, L[HepB+Al]_IM, was significant lower than
for all formulations containing lpxL1. All formulations containing
lpxL1 showed similar IgG2a/IgG1 ratio's irrespective of delivery route
or of formulation (liquid or Bioneedle).

3.4. Heat stability of liquid formulations vs. Bioneedles

The stability of Bioneedle formulations without adjuvant and with
lpxL1 was determined. This was done in vitrowith an antigen ELISA, to
measure the recovery in antigenicity, and with circular dichroism for
the α-helical content. In vivo studies were performed to measure the
immunogenicity of heat treated samples.

3.4.1. Antigenicity of stressed antigen
Bioneedle formulations containing plain HepB or HepB+ lpxL1 and

conventional liquid formulations of HepB adjuvated to alum were
incubated at different temperatures. The antigenic recoveries are
shown in Fig. 6.

The recoveries shown in Fig. 6 are average values of 3 experiments. In
each experiment each formulation was incubated in duplicate or in
triplicate at thedifferent temperatures. After 1 and 3 weeks each sample
Fig. 4. Dose response. Antibody titers after 42 days (2 immunizations). Mice (n=10)
have been immunized with conventional formulations containing alum via i.m
injections and with Bioneedle formulations (inserted subcutaneously) containing
lpxL1. The dose of adjuvant is kept constant whereas the dose of antigen is variable
(2, 1, 0.5 and 0.1 μg hepatitis B/dose). HepB: HBsAg frommanufacturer A, Al: Al(OH)3,
S.C: subcutaneous, I.M: intramuscular. Titers are averages of the responders. Asterisks
(*) indicate titers within the L[HepB+Al] groups that are significant different from
the L[2 μg HepB+Al]_IM group (*pb0.005). Asterisks (**) indicate titers within the
B[HepB+ lpxL1] groups that are significant different from the B[2 μg HepB+ lpxL1]
group.
was measured in an antigen ELISA. The conventional liquid vaccine
formulation L[HepB+Al] showed a significant decrease in antigenicity
after 3 weeks at 37 °C. After 1 week at 60 °C a recovery of 40%was found
and the recovery decreased to 20% after 3 weeks at 60 °C.

Bioneedle formulations containing only HBsAg retained all
antigenicity after 3 weeks at 37 °C. A significant decrease (pb0.001)
was found after 3 weeks at 50 °C. After 1 week at 60 °C a recovery in
antigenicity was found of 60%. Unlike the conventional formulation no
further decrease in antigenicity was observed after incubation of 2
moreweeks at 60 °C. Bioneedle formulations containing lpxL1 showed
excellent stability. After 3 weeks at 50 °C this formulation lost 10% of
its antigenicity. Although a significant decrease in antigenicity was
only found after 3 weeks at 60 °C a recovery in antigenicity of 60%was
still found with the B(HepB+ lpxL1) formulations whereas for liquid
formulations (L[HepB+Al]) only 20% recovery was found.

3.4.2. Higher order structure of stressed antigen
Liquid formulations and freeze dried formulations of hepatitis B

surface antigen in the presence and absence of lpxL1 were stored for
3 weeks at 4 °C, 37 °C, 50 °C and 60 °C and the tertiary structure of the
antigen was determined with circular dichroism.

As shown in Fig. 7, both liquid and freeze dried formulations of
only HBsAg showed a decrease in α-helix content at higher
temperatures. For liquid samples, L[HepB], a significant decrease
(pb0.05) in α-helix content was observed at 50 °C as compared to
4 °C, whereas for freeze dried samples, F[HepB], this significant
decrease was only observed at 60 °C. When lpxL1 was included in the
formulations, no significant change in α-helix content was observed
after 3 weeks storage at temperatures up to 60 °C. This was true for
both liquid and freeze dried formulations. When liquid HBsAg was
incubated overnight at 100 °C the protein denatured, resulting in a
decrease of the α-helix content to only 25%.

3.4.3. Immunogenicity of stressed antigen
The immunogenicity and antigenicity of heat treated formulations is

shown in Fig. 8. As shown in Fig. 6, a significant decrease in antigenicity
was found for liquid formulations (54% recovery) and Bioneedle
formulations of HepB (67% recovery) incubated for 3 weeks at 50 °C.

Both liquid formulations and Bioneedle formulations induced
comparable IgG titers after heat treatment, regardless of antigenic
recoveries. In the negative control group (overnight at 100 °C) which
lost all antigenicity, immunogenicity also disappears. For both liquid
formulations and for Bioneedle formulations a decrease in IgG2a
was observed as compared to the conventional L[HepB+Al]_im
group, although for the Bioneedle formulation this decrease was less
evident (p=0.007 for group L[HepB+Al]_50 °C and p=0.029 for
group B[HepB]_50 °C).

4. Discussion

Bioneedles have been tested in vivo in mice. The read out for the in
vivo studies were antibody responses. For hepatitis B this is the
correlate of protection [22]. In such small animals as mice, Bioneedles
can only be delivered subcutaneously. Results have shown (see Figs. 1
and 5) that the subcutaneous delivery induces lower IgG titers than
the intramuscular delivery. The study was designed to optimize
Bioneedle formulations and to achieve at least comparable antibody
responses as the conventional alum adjuvated vaccine.

Bioneedle formulations of conventional alum adjuvated hepatitis B
(B[HepB+Al]) showed relatively low IgG titers and non responders.
The lower performance of the freeze dried Bioneedle formulations
with alum can probably be explained by the coagulation of aluminum
hydroxide during freeze drying. The HBsAg is entrapped in the
coagulated alum matrix and cannot be released resulting in a lower
immunogenicity [23]. When HBsAg is freeze dried, reconstituted, and
injected subcutaneously, comparable IgG titers (see Fig. 1) to liquid

image of Fig.�4


Fig. 6. Stability of Bioneedle formulations of HepB after 1 week and 3 weeks incubation
at 4 °C, 37 °C, 50 °C and 60 °C as measured with an antigen ELISA. L: liquid formulation,
B: Bioneedle formulation, HepB: HBsAg, Al: Aluminum hydroxide. Asterisks (*)
represents recoveries of L[HepB+Al] formulations that are significant lower
than L[HepB+Al] _4 °C (Pb0.001 as determined by the Student t test). Asterisks
(**) represents recoveries of B[HepB] formulations that are significant lower than
B[HepB] _4 °C (Pb0.001 as determined by the Student t test). Asterisks (***) represents
recoveries of B[HepB+ lpxL1] formulations that are significant lower than B[HepB+
lpxL1]) _4 °C (Pb0.001 as determined by the Student t test).

Fig. 5. IgG titers and IgG2a/IgG1 ratio. N=10. The effect of delivery route
(intramuscular and subcutaneous), of the adjuvant (Alum or lpxL1) and of the
formulation (liquid or Bioneedle) are compared. Titers are averages of the responders
within a group. Asterisks (*) indicate titers that are significant different from the L[2 μg
HepB+Al]_IM group. P-values between other groups are indicated in the graph. HepB:
HBsAg from manufacturer A, Al: Al(OH)3, S.C: subcutaneous, I.M: intramuscular.
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alum adjuvated (L[HepB+Al]_SC) formulations were induced, show-
ing that the freeze drying procedure has no effect on the immuno-
genicity of HBsAg. Freeze drying of HBsAg in Bioneedles, in the
presence of trehalose, showed comparable immunogenicity results
and therefore we conclude that HBsAg can be freeze dried in
Bioneedles without loss of immunogenicity.

When lpxL1 was included in the formulations, significantly higher
IgG titers were obtained (see Fig. 2). With subcutaneous delivery of
HepB+ lpxL1, comparable titers were obtained as with conventional
vaccine via the intramuscular group (L[HepB+Al]_IM). The high IgG
titers are rather attributed to lpxL1 as an adjuvant than to the
Bioneedles, since liquid vaccine containing lpxL1, injected subcuta-
neously, also performed with high IgG titers. These results were not
confirmed in the dose response in vivo study (Figs. 4 and 5). Here,
both liquid and Bioneedle formulations with lpxL1 induced significant
lower IgG titers than with the conventional alum adjuvated
intramuscular vaccine. In the two in vivo experiments (adjuvant
study and dose response study) different HBsAg sources have been
used. In the adjuvant study (Fig. 2) HBsAg of manufacturer B was
used whereas in the dose response study (Figs. 4 and 5), HBsAg of
manufacturer A was used. Three formulations, L[HepB+Al]_im, L
[HepB+ lpxL1]_sc and B[HepB+ lpxL1]_s.c, have been prepared with
both HBsAg sources and are present in both in vivo studies. The
formulations with lpxL1, L[HepB+ lpxL1]_sc and B[HepB+ lpxL1]_s.c,
showed the same titers in both experiments. Differences were only
observed in the groups receiving the conventional alum adjuvated
vaccine via the intramuscular route. Apparently the alum adjuvated
HBsAg of manufacturer A performed, via the regular i.m. route,
superior to the alum adjuvated HBsAg of manufacturer B. This may
explain the difference in the significant decrease in the dose response
study and the non significant decrease in the adjuvant study of lpxL1
formulations. The higher IgG response of HBsAg of manufacturer A
via the intramuscular route is confirmed in the immunogenicity study
with stressed antigen.

The IgG2a/IgG1 ratio was higher for the lpxL1 formulations than
for all other formulations. The high IgG2a production with the lpxL1
formulations indicates a Th1 skewed response. This is in agreement
with earlier findings, showing Th1 directed responses by LPS-derived
adjuvants [24–26]. The value of this superior Th1 directed immune
response is not fully clear. Clinical trials are needed to find out

image of Fig.�6
image of Fig.�5


Fig. 7. Circular dichroism: α-helix content of formulations incubated for 3 weeks at
different temperatures. L: liquid formulation, F: freeze dried formulations. Presented
values are the average of 3 independent samples. Asterisks (*) represent liquid
formulations with a significant lower α-helix content as compared to the liquid HepB
formulation at 4 °C. Asterisks (**) represent freeze dried formulations with a significant
lower α-helix content as compared to the freeze dried HepB formulation at 4 °C.

Fig. 8. Immune response in mice (n=10) after 2 vaccinations with heat treated
formulations. L: liquid formulation; B: Bioneedle formulation; HepB: HBsAg (manu-
facturer A); Al: (Al(OH)3. Liquid formulations were incubated for 4 h at 100 °C, 3 weeks
at 4 °C, 37 °C or 50 °C prior to intramuscular injection. Bioneedle formulations were
incubated for 3 weeks 4 °C, 37 °C or 50 °C prior to subcutaneous insertion. Titers are
average titers of all 10 mice (responders and non responders). Antigenicity recovery as
determined with an ELISA is indicated above. (^) antigenicity recovery that are
significant different from the same formulation stored 3 weeks at 4 °C. (*) Significant
differences in IgG (*), IgG1 (**) and IgG2a (***) within the liquid formulations as
compared to L[HepB+Al]_4 °C. (#) Significant differences in IgG (#), IgG1(##) and
IgG2a (###) within the Bioneedle formulations as compared to B[HepB]_4 °C.
Differences are significant when pb0.05 as determined with a Student t test.
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whether this Th1 skewed response will also be found in humans and
whether this results in better protection.

Hepatitis B vaccines are known to be rather heat stable. Different
studies with heat treated hepatitis B vaccines show that the vaccine is
potent for up to 4 years at temperatures of 8 °C, for months at 25 °C,
for weeks at 37 °C and for days at 45 °C [27]. Studies in endemic
countries showed that hepatitis B vaccines, given by midwives to
babies, are safe and effective whether stored cold or outside the cold
chain [28–30]. Nevertheless there is no recommendation to store
hepatitis B vaccine entirely outside the cold chain yet. Because of
freeze drying, Bioneedle based vaccines have an improved thermo-
stability as compared to the liquid form. Bioneedle formulations of
HepB (B[HepB]) are stable for at least 3 weeks at 37 °C whereas liquid
formulations show a significant decrease under the same conditions.
When lpxL1 is included, the Bioneedle formulations can be stored for
3 weeks at 50 °C without significant loss in antigenicity. The exact
mechanism of stabilization of lpxL1 is not clear but lpxL1 may prevent
HBsAg particle disintegration, perhaps by interaction with the lipid
core of the HBsAg particles. This was indicated by size exclusion
chromatographic analysis and is subject to further investigation.

Gaining approval for new adjuvants is time consuming due to
extensive (pre) clinical studies. Nevertheless the approval of MPL, also
a lipid A derivative, in HPV vaccines shows that the introduction of
new adjuvants is possible.

Fig. 6 shows that there is no correlation between immunogenicity
and antigenicity. Formulations with significant lower antigenicity all
showed comparable IgG titers as the formulations with conserved
antigenicity upon heat exposure. However, the negative control group
(L[HepB+Al]_100 °C), which has been incubated at 100 °C, shows a
restored link between antigenicity and immunogenicity; both are zero.
It may be that the accuracy in the animal studies is too low in order to
establish a reliable correlation. It is often difficult to demonstrate a
relation between in vitro and in vivo assays. Parallel testing of many
batches is usually required, which is beyond the scope of this study.

Gómez-Gutiérrez et al. [31] showed that antigenic activity of the
surface antigen was abolished at 60 °C corresponding to a decrease in
helical content. Circular dichroism (CD) results (see Fig. 7) indicate
indeed a decrease in helical content of liquid formulations at
temperatures higher than 50 °C. The analytical characterization of
Bioneedle content was technically not possible. Instead, circular
dichroism has been performed with freeze dried HBsAg samples in
vials. The helical content of surface antigen in freeze dried samples
was better conserved upon heat exposure. In Bioneedle formulations,
HBsAg is also freeze dried. Therefore the conformation of HBsAg in
Bioneedle formulations is probably better conserved This higher
antigenic stability of freeze dried HBsAg, as shownwith the Bioneedle
formulations, is in accordance with the results of Diminsky et al. [32].
They showed that hepatitis B liquid formulations (without alum)
retained their antigenic stability after 6 months storage at 4 °C, but
lost 80% of their antigenicity after 3 months at 37 °C. Freeze dried
samples in contrary were stable for 6 months at 37 °C without loss in
antigenicity.

With lpxL1 in the formulation, no decrease in helical content was
observed upon exposure to 60 °C. Apparently not only freeze drying,
but also the presence of lpxL1, plays a role in conserving the helical
content upon heat exposure.

The study shows that hepatitis B was successfully formulated with
Bioneedles. Bioneedles with lpxL1, when delivered subcutaneously,
induce higher IgG titers after one vaccination than conventional liquid
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alum adjuvated vaccine delivered intramuscularly. After a booster
vaccination comparable IgG titers are induced as with the conven-
tional liquid vaccine but with higher IgG2a/IgG1 ratios. Bioneedles with
lpxL1 also showed much better heat stability than the conventional
liquid vaccine. Although these advantages are mainly attributed to
lpxL1, the Bioneedle has the additional advantages that it is a fast
delivery system with no perceived sharps and with no sharp waste
after delivery.

References

[1] R.M. Jacobson, A. Swan, A. Adegbenro, S.L. Ludington, P.C. Wollan, G.A. Poland,
Making vaccinesmore acceptable—methods toprevent andminimize pain and other
common adverse events associated with vaccines, Vaccine 19 (2001) 2418–2427.

[2] Y. Nir, A. Paz, E. Sabo, I. Potasman, Fear of injections in young adults: prevalence
and associations, Am. J. Trop. Med. Hyg. 68 (2003) 341–344.

[3] A. Taddio, A.L. Ilersich, M. Ipp, A. Kikuta, V. Shah, Physical interventions and
injection techniques for reducing injection pain during routine childhood
immunizations: systematic review of randomized controlled trials and quasi-
randomized controlled trials, Clin. Ther. 31 (Suppl 2) (2009) S48–S76.

[4] S. Wright, M. Yelland, K. Heathcote, S.K. Ng, G.Wright, Fear of needles—nature and
prevalence in general practice, Aust. Fam. Physician 38 (2009) 172–176.

[5] J.U. Igietseme, F.O. Eko, Q. He, C.M. Black, Combination vaccines: design strategies
and future trends, Expert Rev. Vaccin. 5 (2006) 739–745.

[6] E. Mallet, B.H. Belohradsky, R. Lagos, et al., A liquid hexavalent combined vaccine
against diphtheria, tetanus, pertussis, poliomyelitis, Haemophilus influenzae type B
andhepatitis B: reviewof immunogenicity and safety,Vaccine 22 (2004)1343–1357.

[7] G. Kersten, H. Hirschberg, Antigen delivery systems, Expert Rev. Vaccin. 3 (2004)
453–462.

[8] M.A. Aziz, S. Midha, S.M. Waheed, R. Bhatnagar, Oral vaccines: new needs, new
possibilities, Bioessays 29 (2007) 591–604.

[9] J.F. Mann, R. Acevedo, J.D. Campo, O. Perez, V.A. Ferro, Delivery systems: a vaccine
strategy for overcoming mucosal tolerance? Expert Rev. Vaccin. 8 (2009) 103–112.

[10] J. Mestecky, M.W. Russell, C.O. Elson, Perspectives on mucosal vaccines: is
mucosal tolerance a barrier? J. Immunol. 179 (2007) 5633–5638.

[11] R. Singh, S. Singh, J.W. Lillard, Past, present, and future technologies for oral
delivery of therapeutic proteins, J. Pharm. Sci. 97 (2007) 2497–2523.

[12] A. Arora Test, Micro-scale devices for transdermal drug delivery, Int. J. Pharm. 364
(2008) 227–236.

[13] G.M. El Maghraby, A.C. Williams, B.W. Barry, Can drug-bearing liposomes
penetrate intact skin? J. Pharm. Pharmacol. 58 (2006) 415–429.
[14] D.G. Koutsonanos, M.M. del Pilar, V.G. Zarnitsyn, et al., Transdermal influenza
immunization with vaccine-coatedmicroneedle arrays, PLoS ONE 4 (2009) e4773.

[15] K. Rai, Y. Gupta, A. Jain, S.K. Jain, Transfersomes: self-optimizing carriers for
bioactives, PDA J. Pharm. Sci. Technol. 62 (2008) 362–379.

[16] E.L. Giudice, J.D. Campbell, Needle-free vaccine delivery, Adv. Drug Deliv. Rev. 22
(2006) 68–89.

[17] S. Mitragotri, Current status and future prospects of needle-free liquid jet
injectors, Nat. Rev. Drug Discov. 5 (2006) 543–548.

[18] S.A. Lofthouse, M. Kajihara, S. Nagahara, et al., Injectable silicone implants as
vaccine delivery vehicles, Vaccine 20 (13–14) (2002) 1725–1732.

[19] J.S. Lloyd, Technologies for Vaccine Delivery in the 21st CenturyWorld Health
Organisation website, http://whqlibdoc.who.int/HQ/2000/WHO_V&B_00.35.
pdf2000.

[20] G.G. van de Wijdeven, Development and assessment of mini projectiles as drug
carriers, J. Control. Release 85 (2002) 145–162.

[21] H.J. Hirschberg, G.G. van de Wijdeven, A.B. Kelder, G.P. van den Dobbelsteen, G.F.
Kersten, Bioneedles as vaccine carriers, Vaccine 26 (2008) 2389–2397.

[22] S.A. Plotkin, Vaccines: correlates of vaccine-induced immunity, Clin. Infect. Dis. 47
(2008) 401–409.

[23] Y.F. Maa, L. Zhao, L.G. Payne, D. Chen, Stabilization of alum-adjuvanted vaccine dry
powder formulations: mechanism and application, J. Pharm. Sci. 92 (2003)
319–332.

[24] C. Arigita, T. Luijkx,W. Jiskoot, et al.,Well-defined and potent liposomalmeningococcal
B vaccines adjuvated with LPS derivatives, Vaccine 23 (2005) 5091–5098.

[25] J.J. de Vries, L. Bungener, V.W. Ter Veer, et al., Incorporation of LpxL1, a detoxified
lipopolysaccharide adjuvant, in influenza H5N1 virosomes increases vaccine
immunogenicity, Vaccine 27 (2009) 947–955.

[26] V. Jain, R. Sahu, S. Misra-Bhattacharya, S.P. Vyas, D. Kohli, Enhancement of T-helper
type I immune responses against hepatitis B surface antigen by LPS derivatives
adjuvanted liposomes delivery system, J. Drug Target. 16 (2008) 706–715.

[27] A. Galazka, J. Milstien, M. Zaffran, Thermostability of Vaccines, 1998Report, http://
whqlibdoc.who.int/HQ/1998/WHO_GPV_98.07.pdf1998.

[28] M. Creati, A. Saleh, T.A. Ruff TA, et al., Implementing the birth dose of hepatitis B
vaccine in rural Indonesia, Vaccine 25 (2007) 5985–5993.

[29] D.B. Hipgrave, J.E. Maynard, B.A. Biggs, Improving birth dose coverage of hepatitis
B vaccine, Bull. World Health Organ. 84 (2006) 65–71.

[30] D.B. Hipgrave, T.N. Tran, V.M. Huong, et al., Immunogenicity of a locally produced
hepatitis B vaccine with the birth dose stored outside the cold chain in rural
Vietnam, Am. J. Trop. Med. Hyg. 74 (2006) 255–260.

[31] J. Gomez-Gutierrez, I. Rodriguez-Crespo, J.M. Gonzalez-Ros, et al., Thermal stability of
hepatitis B surface antigen S proteins, Biochim. Biophys. Acta 1119 (1992) 225–231.

[32] D. Diminsky, N. Moav, M. Gorecki, Y. Barenholz, Physical, chemical and
immunological stability of CHO-derived hepatitis B surface antigen (HBsAg)
particles, Vaccine 18 (1999) 3–17.

http://whqlibdoc.who.int/HQ/2000/WHO_V&B_00.35.pdf
http://whqlibdoc.who.int/HQ/2000/WHO_V&B_00.35.pdf
http://whqlibdoc.who.int/HQ/1998/WHO_GPV_98.07.pdf
http://whqlibdoc.who.int/HQ/1998/WHO_GPV_98.07.pdf

	Bioneedles as alternative delivery system for hepatitis B vaccine
	Introduction
	Materials and methods
	Formulations
	Hepatitis B antigen ELISA
	Circular dichroism
	In vivo studies
	IgG, IgG1 and IgG2a ELISA

	Statistics

	Results
	Liquid formulations vs. freeze dried formulations vs. Bioneedles
	Adjuvant
	Dose response
	Heat stability of liquid formulations vs. Bioneedles
	Antigenicity of stressed antigen
	Higher order structure of stressed antigen
	Immunogenicity of stressed antigen


	Discussion
	References




