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Here, monophosphoryl lipid A (MPLA) and aluminum salt (Alum) were introduced into a hyaluronic acid
(HA)-based combination vaccine adjuvant for hepatitis B vaccine (HBV). Although Alum is a well-known
hepatitis B vaccine adjuvant that induces an enhanced humoral immune response, it cannot induce the
cellular immune responses. On the other hand, MPLA has been generally reported to promote IFN-y pro-
duction via antigen-specific CD4* T cells, but it is not water soluble as a result of its long hydrophobic
alkyl chains. To this end, water insoluble MPLA could be solubilized in an aqueous solution with the help
of HA, which contains many carboxyl and hydroxyl groups that can be used to attach to the hydroxyl head
Hepatitis B vaccine groups of MPLA via hydrogen bonds. Three groups of mice were treated with either hepatitis B surface
Hyaluronic acid antigen (HBsAg) alone, HBsAg_Alum complex, or HBsAg_Alum_MPLA/HA complex. The group immunized
MPLA with the HBsAg_Alum_MPLA/HA complex exhibited a high increase in cellular immune response as well
Alum as in humoral immune response relative to the other two groups. The antibody, cytokine and T cell
levels were most elevated in the group of mice immunized with HBsAg_Alum_MPLA/HA complex, even
at a 1 pg/mice dose, and the magnitude was still maintained even after 8 weeks. Specifically, the anti-
body value was 120 times larger in mice vaccinated with HBsAg_Alum_MPLA/HA complex than in mice
vaccinated with HBsAg_Alum complex designed similar to commercially available hepatitis B vaccine,
Engerix B. The cytokine and T cell proliferation levels were 2 times and 6 times larger in mice adjuvanted
with HBsAg_Alum_MPLA/HA complex than in those vaccinated with HBsAg_Alum. The results therefore
indicate that incorporating MPLA and Alum with HA can be a potent strategy to increase both the magni-
tude and the persistence of HBsAg-specific immune responses to protect hosts against hepatitis B virus
infection.
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1. Introduction

Although more than 2 billion people worldwide have been
infected with hepatitis B virus (HBV) [1], current prophylactic
hepatitis B vaccines based on recombinant hepatitis B surface anti-
gen (HBsAg) have been highly successful in preventing infection
and transmission [2-4]. The hepatitis B surface antigen has poor
immunogenicity [5], so the HBV vaccine requires the use of adju-
vants. These adjuvants act as a delivery system, improving the
uptake of antigens by antigen presenting cells (APCs), and allow
for persistent release of the antigen, delayed clearance and bet-
ter exposure to the immune system. Adjuvants are associated with
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the induction of cellular and humoral adaptive immune responses,
and so can also be referred to as immuno-enhancers. They may
increase the ability of antigens to activate signaling pathways to
control the induction of innate and adaptive immunity, predom-
inantly targeting APCs [6-11]. For over 70 years, aluminum salts
(Alum) have been used as adjuvants in human vaccines [12,13].
They act as a depot for vaccine antigen components in order to
enhance antigen uptake by APCs. Recent studies have found that
antigens absorbed by Alum are presented in a particulate multi-
valent form and are more efficiently internalized by APCs [14,15].
Alum have been proven to improve the humoral immune response,
and to date, this approach toward vaccines is useful in cases where
antibodies represent the main protection mechanism against a
given disease. However, Alum are often not sufficiently effective
when higher levels of antibodies and/or T-cell-mediated immunity,
especially T helper-1 (Th1)-biased responses, are required, and for
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that reason, they are not the optimal choice in several vaccines cur-
rently under development where a Th1-type of immune response
is needed.

LPS has been found to function as a specific agonist of TLR4,
and MPLA is a detoxified derivative of lipopolysaccharide (LPS) iso-
lated from the Gram-negative Salmonella Minnesota R595 bacterial
strain [16,17] that interacts accordingly via TLR4 [8,18,19]. Several
immunogenicity studies in mice, guinea pigs, monkeys and humans
have shown MPLA effectively improves the specific antibody and
cellular immune response [20]. MPLA activates the TLR4 pathway,
which results in an enhanced production of cytokines that leads
to the maturation and migration of APCs to the lymph nodes. The
innate immune response can be improved by stimulating TLR4 in
order to activate NF-kB transcription, which leads to the expression
of pro-inflammatory cytokines such as TNF-a and IL-6 [21]. These
cytokines enhance the adaptive immune response by inducing APC
maturation and simultaneously inhibit the tolerance response by
repressing regulatory T cell activity [22]. MPLA has been generally
reported to promote IFN-y production by antigen-specific CD4* T
cells, therefore skewing the immune response toward a Th1 profile
[17]. However, MPLA is poorly soluble and is difficult to disperse
in an aqueous solution, so various solubility-enhancing techniques
have been developed, including formulation in emulsions, formu-
lation in aqueous dispersions containing amounts of surfactants or
helper lipids, and inclusion in liposomes [16-18].

Here, we have developed a novel formulation of the HBV vac-
cine system consisting of the hepatitis B surface antigen and a
hyaluronic acid (HA)-based combination adjuvant that contains
water-insoluble MPLA and Alum. The MPLA was solubilized in
an aqueous solution with the help of HA. HA is a copolymer of
N-acetyl-p-glucosamine and D-glucuronic acid, and it is widely dis-
tributed throughout connective, epithelial, and neural tissues. HA
and its derivatives are viscoelastic, biocompatible compounds that
are commonly used in the medical and cosmetic industry, and since
HA contains many carboxyl and hydroxyl groups, it can be used
to assemble other materials via hydrogen bonds and hydropho-
bic interactions. In this study, we used HA to successfully disperse
MPLA in an aqueous solution through the interaction with the many
hydroxyl groups of MPLA. The combined Alum and MPLA/HA vac-
cine adjuvant is used for a novel formulation of an HBV vaccine
system that is expected to induce both humoral and cellular immu-
nity of the hepatitis B surface antigen (Fig. S1).

Supplementary Fig. S1 related to this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.vaccine.2015.08.006

2. Materials and methods

2.1. Antigen, adjuvant, vaccine formulation

To produce the MPLA/HA complex, MPLA (4 mg/ml) was dis-
solved in dimethylsulfoxide (DMSO), and HA (133 pg/ml) was
dissolved in distilled water. 250 ul of the MPLA solution (1 mg,
0.57 umol) were added to the HA solution (13.3 mg, 0.03 umol).
The mixture was strongly stirred at room temperature for 5min,
then kept in a shaking incubator at 25°C for 24 h, and finally
lyophilized. It was then re-dissolved in 10 ml of distilled water and
was dialyzed for 3 days by using a cellulose membrane tube (MWCO
12-14kDa) in distilled water. The MPLA/HA complex is obtained
in powder form by freeze-drying and is then dissolved in PBS by
vortexing.

1ug of HBsAg, kindly provided from LG Life Sciences Ltd.
(Daejeon, Korea), is then diluted in PBS to a concentration of
524 pg/ml, and 20 ug of Alum are diluted at a concentration of
20 mg/ml. First, the HBsAg and Alum are inverted before mixing,
and then the MPLA/HA complex solution is added. After reacting
for 20-30 min, we immunized the mice.

2.2. Mice and immunizations

C57BL/6 mice (Female, 6-8 weeks old) were purchased
from KOATECH (Pyeongtaek, Korea) and were maintained under
pathogen-free conditions. All of the experiments employing mice
were performed in accordance with the Korean NIH guidelines
for care and use of laboratory animals. The mice were immunized
twice at 2-week intervals using an intramuscular injection in accor-
dance with the experimental group. Before immunization, all of
the mice were anesthetized with 200 ul of a 2.5% avertin solution
(2,2,2-tribromoehanol-tert amyl alcohol, Sigma). Serum samples
were collected from the immunized mice via retro-orbital plexus.
The sera were obtained from blood samples by centrifugation at
13,000 rpm for 20 min, and the serum samples were then stored at
-20°C prior to use.

2.3. ELISA (Enzyme-linked immunosorbent assay)

ELISA was conducted to measure the HBsAg-specific antibody
response in the immunized mice by determining the total IgG,
IgG1, and IgG2c. Briefly, HBsAg (0.5 ;ug/ml) was absorbed to 96-well
immunoplates (Nunc, Roskilde, Denmark) overnight at4 °C and was
then blocked with PBS containing 2% BSA for 1h at 37°C. 100 ul of
sera diluted in blocking solution (1:100 for IgG2c and IgG1, 1:300
for IgG) were added and incubated for 1 h at 37 °C, followed by the
addition of HRP-conjugated anti-mice IgG, IgG1 or IgG2c at room
temperature for 1h. 100 ul of peroxidase substrate tetramethyl-
benzidine (TMB) (BD PharMingen) was added for 10 min, and the
reaction was stopped with H,SO4. The optical density of the sam-
ples was measured at 450nm (OD 450 nm) with a micro-reader
(Molecular Devices, Sunnyvale, CA).

2.4. Enzyme linked ImmunoSpot

Interferon-y (IFN-vy) and interleukin-4 (IL-4) ELISPOT assays
were performed in order to detect the HBsAg-specific T cell
response in the mouse splenocytes. Mouse IFN-vy and IL-4 kits (BD
PharMingen) were used according to manufacturers’ instructions.
Briefly, the IP-plates were coated with 5 pg/ml of purified rat-anti-
mouse IFN-vy or IL-4 antibodies in PBS at 4 °C overnight. The plates
were washed three times with PBS, and each plate was then blocked
by adding 200 .1 of blocking buffer (RPMI with 10% FBS) (Invitro-
gen) in each well for 2 h at RT. The extracted spleens were rinsed in
sterile PBS, and 1.0 x 106 splenocytes per well plated were coated
on 96-well plates the day before. The splenocytes were left unstim-
ulated or were stimulated with 5 pg/ml of HBsAg for 60 h at 37 °C.
After washing, the samples were incubated with 100 .l of biotiny-
lated rat-anti-mouse IFN-vy or IL-4 antibodies, respectively, and
were further incubated at 37°C for 1 h. After an additional wash,
100 pl of HRP-conjugated streptavidin complex were added to each
well in the above dilution buffer at 37°C for 1h. The plates were
washed, and the spots representing individual IFN-y or IL-4 produc-
ing cells were detected after a 20 min color reaction using an AEC
coloring system (Sigma). The spot forming cells/well (SFC) were
counted with a CTLImmunoSpot analyzer (Cellular Technology Ltd.,
OH, USA).

2.5. Tcell proliferation assay

The spleens were rinsed in sterile PBS/0.1% BSA, and isolated
spleen cells were pelleted and incubated in an RBC lysis solu-
tion. After washing with PBS/0.1% BSA, the cells were incubated
for 10 min at room temperature with 1 wM of CFSE. Staining was
quenched, and the splenocytes were cultured at 106 cells/well in
24-well plates for 5 days at 37 °Cin 5% CO, with HBsAg, then stained
with anti-mouse PE-CD4 and anti-mouse PE-CD8 antibodies, and
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Fig. 1. Alum_MPLA/HA adjuvant enhances anti-HBs antibody titers. Mice (n=5) were immunized intramuscularly twice at a 2-week interval with HBsAg alone or together
with Alum, MPLA/HA or Alum_MPLA/HA in 50 .l PBS. Blood samples were collected 2 weeks after the second immunization. (a) Anti-HBs total IgG, (b) IgG1, and (c) IgG2c

measured by ELISA (**p<0.01, ***p <0.001, NS: not significant).

analyzed on a FACScanto (BD Biosciences, San Jose, CA, USA). T cell
proliferation was expressed as the percentage of divided daughter
cells among the total T-cells. Since many daughter cells were gener-
ated from each proliferating antigen-specific T cell, this percentage
response is proportional but not equal to the actual antigen-specific
precursor T cell frequency.

2.6. Statistical analysis

GraphPad Prism 5.0 for Windows was used to draw the graphs
and to carry out the statistical analysis (GraphPad Software, San
Diego, CA, USA). All results are expressed as the mean differences
and were tested for significance using Student’s t-test, wherein sig-
nificance is indicated with a p value of <0.05 (*), <0.01 (**), <0.001
(***). p<0.05 is considered to be a significant difference.

3. Results
3.1. MPLA/HA complex development

Alum is well known to have a ‘depot effect’ and to improve
the antibody response, which is part of the humoral immune
response, and the addition of MPLA can induce T-cell-mediated cel-
lular immunity [19,23,24]. However, MPLA is hydrophobic, and so
itis difficult to incorporate it into a vaccine with antigen and Alum.
Here, we used HA to disperse MPLA in an aqueous solution [25]. HA
has many carboxyl and hydroxyl groups, and it can be assembled
with other materials via hydrogen bonds and hydrophobic interac-
tions. HA in an aqueous solution can stabilize water insoluble MPLA
by protecting its hydrophobic groups from the water molecules.

3.2. HBsAg Alum_MPLA/HA complex enhances anti-HBs antibody
responses

The HBsAg antigen was mixed with an adjuvant system com-
posed of Alum and MPLA/HA complex in PBS, and mice were

immunized with this HBV vaccine system via intramuscular
injections. The antibody response was evaluated via ELISA after
immunization with HBsAg (0.5 pg per one mice), Alum (20 pg),
and MPLA/HA complex (10 pg/133 pg). When the Alum_MPLA/HA
complex was used as vaccine adjuvant, the antibody titers exhib-
ited a 2000-times increase relative to antigen alone and 120 times
increase relative to antigen and Alum (Fig. 1a). We also mea-
sured the production of IgG1 and IgG2c subtypes, which indicate
the Th2 response and Th1 response, respectively. In the case of
IgG1, the mice immunized HBsAg_Alum_MPLA/HA complex exhib-
ited a 162-times increase compared to that of antigen only and
a 4-times increase compared to antigen plus Alum. In the case of
IgG2c, the antibody response showed a 500-times increase when
compared with the group immunized with antigen alone and 100-
times increase when compared to HBsAg_Alum. The results of the
experiment indicate that the HBsAg_ Alum_MPLA/HA complex in
the hepatitis B virus vaccine induced a high increase in antibody
production (Fig. 1b and c).

The capability of the HBsAg Alum_MPLA/HA complex to
enhance humoral immunity at a low dose was tested by serially
diluting the antigen dose (0.05-0.5 p.g/mice). Fig. 2 shows that the
antibody titer value depended on the concentration of the antigen
used. The antigen dose was lowered by a factor of 20 relative to
the antigen dose in the commercially available Engerix B hepati-
tis B vaccine. The adjuvant effect was dominant in the mice that
had been immunized with HBsAg_Alum_MPLA/HA complex, even
at the lowest concentration of antigen, while the effect was not so
large in mice immunized with antigen alone or with HBsAg_Alum. It
should be noted that the value of induced IgG1 antibody titer was
not increased even when Alum was adjuvanted with the diluted
amount (0.05 pg) of HBsAg. We investigated effect of the adjuvant
on the production of antibody subtypesIgG1 and IgG2c as well as on
IgG in general. The antibody response was most dominant in mice
immunized with the HBsAg_Alum_MPLA/HA complex. The savings
in antigen dosage should be emphasized both for its cost-savings
and for the global coverage it allows (Fig. 2).
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Fig. 2. The effect of the vaccine adjuvant hepatitis B vaccine is dependent on the antigen dose. Mice (n=5) were intramuscularly immunized twice at a 2-week interval with
the indicated amount of antigen alone or together with adjuvant in 50 w1 PBS. Antibody titer: (a) IgG, (b) IgG1, (c) IgG2c were measured by ELISA [(1, 4, 7, 10); antigen alone,

(2,5,8,11); HBsAg_Alum, (3, 6, 9, 12); HBsAg_Alum_MPLA/HA].

3.3. HBsAg.Alum_MPLA/HA complex increases Ag-specific T cell
responses

We also examined HBsAg-specific Th1 and Th2 responses
after immunization with HBsAg_Alum_MPLA/HA complex. Th1 cells
secrete IFN-vy, which activates macrophages and induces the pro-
duction of opsonizing antibodies by B cells. The Th1 response leads
mainly to cell-mediated immunity that protects against intracel-
lular pathogens. Th2 cells secrete cytokines, including IL-4, which
induces B cells to produce neutralizing antibodies. Th2 cells gener-
ally induce a humoral response that is critical in the defense against
extracellular pathogens.

To assess whether the HBsAg_Alum_MPLA/HA complex simi-
larly enhances the HBsAg-specific T cell immunity, splenocytes
were isolated from mice to measure the cytokine production using
the ELISPOT assay. The potential of the HBsAg Alum_MPLA/HA
complex to induce the anti-HBs IFN-y-secreting T cells was
directly compared to those of antigen only and antigen plus
Alum. Mice that had received the HBsAg_Alum_MPLA/HA complex
had an approximately 3-times, 5-times increase in the frequency
of IFN-y-secreting T cells relative to those of antigen only and
antigen plus Alum. In the case of the IL-4-secreting T cells, we
observed a 2-times, 3-times increase in mice immunized with
HBsAg_Alum_MPLA/HA complex relative to those of antigen only
and antigen plus Alum (Fig. 3). For HBsAg specific T cell prolifer-
ation assay, we extracted splenocytes from mice that had been
immunized twice, and then splenocytes were labeled with CFSE
and cultured with HBsAg for 5 days. HBsAg specific T cell prolif-
eration was determined by FACS to evaluate CFSE-labeled T cell
proliferation after they were stained with anti-mouse CD4 and CD8
antibodies [26]. HBsAg_Alum_MPLA/HA complex showed the most

potent effect to stimulate both CD4* and CD8" T cell proliferation
when compared to that of HBsAg alone and HBsAg_Alum complex

(Fig. 3).

3.4. HBsAg Alum_MPLA/HA complex has large effect even at low
dose of MPLA

The adjuvants may be added to the vaccine in order to mod-
ify the immune to produce a higher amount of antibodies, thus
minimizing the amount of material that is injected. We con-
firm that the HBsAg_Alum_MPLA/HA complex is effective at low
dose of MPLA. The doses tested included 10 pg/mice, 5 pLg/mice,
2.5 pg/mice or 1pg/mice of MPLA concentration. As shown in
Fig. 4, the mice immunized with HBsAg_Alum_MPLA/HA showed
significantly higher levels of IgG than mice immunized using anti-
gen alone or HBsAg Alum complex groups at a low dose. When
compared to the 10 pg/mice dose and 1 pg/mice dose of MPLA,
the effect of the antibody response was larger by a factor of 8
in mice immunized with a 10 wg/mice dose of MPLA. In addi-
tion, we investigated the effect of the adjuvant on the production
of antibody subtypes IgG1 and IgG2c as well as IgG in general.
Although the antibody levels are considered to be dependent on
the adjuvant dose, the antibody response in mice immunized with
HBsAg_Alum_MPLA/HA complex (ata 1 pg/mice dose of MPLA) was
similar to that in mice immunized with HBsAg_Alum.

3.5. HBsAg Alum_MPLA/HA complex helps to maintain immunity
during a certain period

A vaccine system that can maintain the immune response
for a long period is very important to the vaccine industry.
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Fig. 3. Alum_MPLA/HA adjuvant enhances T cell responses. Spleen were collected from mice (n=5) immunized with HBsAg alone or together with Alum, MPLA/HA or
Alum_MPLA/HA complex in 50 il PBS. The cytokines (a: IFN-vy, b: IL-4) were quantified via ELISPOT assay. CD4* (c) and CD8* (d) T cell proliferation was measured by culturing

CFSE-labeled splenocytes with HBsAg for 5 days (**p<0.01, ***p<0.001).

Several factors have been shown to contribute to protection
for a long period, including immune memory. Memory B and
T cells are generated after the initial immune response to vac-
cination. The contribution of the memory immune response
to long-term protection is evidenced by the rapid increase
in antibodies after vaccination and by the persistent immu-
nity in individuals after the subsequent decrease in antibody
levels.

We have investigated whether a vaccine system composed of
HBsAg_Alum_MPLA/HA complex still maintain the adjuvant effect
for a certain period. After administering the vaccine in mice twice,
the antibody response was analyzed using ELISA (Fig. 5) at 3 and
at 8 weeks, and the T cell immunity was analyzed through an
ELISPOT assay and CFSE T cell proliferation assay at 8 weeks (Fig. 6a
and b). The antibody, cytokine and T cell levels were still high in
the mice immunized with HBsAg_Alum_MPLA/HA complex. In the
future research, more systematic study on the memory response
that can be maintained for longer time and be enhanced with an
additional booster, will be conducted.

4. Discussion

The HBsAg based vaccine against HBV has been available since
the early 1980s and shown highly protective and safe efficacy.
However, 5-15% of normal vaccine recipients considered as non-
responders to hepatitis B vaccination as well as patients with a
chronic liver disease failed to develop detectable specific anti-
bodies and remained susceptible to HBV even after the hepatitis
B vaccination according to the recommended three-dose sched-
ule [27,28]. Thus, there has been a need for a more immunogenic
vaccine and vaccine adjuvant for enhanced protective immunity.
Aluminum salt is a well-known adjuvant in the hepatitis B vac-
cine that have been shown to induce an enhanced Th2 response,
which control the humoral immune response. However, it induces
a weak Th1 response that can be correlated with cytotoxic T lym-
phocyte (CTL) responses. CTL has been proved to be important in
protection from against many infectious diseases as well as can-
cer [29]. Although not essential for protective immunity against
HBV, CTL may nevertheless play an important role for avoiding
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or overcoming the chronic carrier state [30]. It was reported that
a Th2 adjuvant is problematic in the primary protective immune
response associated successful production of antibodies in non-
responding populations, while an adjuvant inducing a balanced
Th1/Th2 response can overcome such non-responsiveness to vac-
cine in normally non-responder B10.M mice [31]. In particular,
the use of alum induced the risk of developing Th2-type diseases
such as rheumatoid arthritis, type I diabetes mellitus and systemic
lupus erythematosus [32]. This phenomenon, though rare, occurs
to an unknown extent in susceptible individuals such as neonates
and children. Thus, T cell immune response is needed to facilitate
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together with Alum or Alum_MPLA/HA in 50 nl PBS. Blood samples were collected
from 5-weeks to 8-weeks after the second immunization [(1-3); 2-weeks, (4-6);
5-weeks, (7-9); 6-weeks, (10-12); 7-weeks, (13-15); 8-weeks] (*p <0.05,**p<0.01).

humoral responses and cytotoxic T cell responses for protective
immunity.

In this respect, alum can be combined with monophosphoryl
Lipid A (MPLA) to induce the cellular immune response by releas-
ing cytokines [33-36]. However, MPLA is hydrophobic due to its
large quantity of hydrophobic alkyl chains. This problem can be
addressed through a number of processing techniques developed
by the pharmaceutical industry [37,38], such as sonication, which
is limited in applicability and is cumbersome. Therefore, an alter-
native method is needed to diffuse MPLA in water, and to this
end, we developed the MPLA/HA complex that can be formed in
water by blending at an adequate mass ratio of 10:133. Mice immu-
nized with the HBsAg_Alum_MPLA/HA complex exhibited a high
increase cellular immune response and humoral immune response
relative to mice vaccinated with HBsAg alone and HBsAg Alum
complex. The effect of the combination was far superior to that
of HBsAg_Alum complex, which has similar composition with
a commercially available HBV vaccine, Engerix B. In particular,
HBsAg_Alum_MPLA/HA complex affected the production of anti-
bodies to achieve a 120-times increase over HBsAg_Alum complex,
while cytokine production and T cell proliferation value were 2-
times to 6-times higher than those for HBsAg_Alum complex. Our
results indicate that MPLA as a TLR4 agonist increased the pro-
duction of proinflammatory cytokine through signal transmission
and stimulated proliferation, differentiation and activation of T cells
and B cells. Activated T cells promoted differentiation to cytotoxic T
cells and engaged in cellular immunity by releasing cytokines such
as IFN-vy [39,40]. Since the HBsAg_Alum_MPLA/HA complex showed
a promising contribution to the persistence of an immune response
for a long period as well as a reduction in the antigen dose by a fac-
tor of 20, it can be used as a novel vaccine formulation against HBV.
The results of the experiment suggest that HBsAg_Alum_MPLA/HA
complex has promising characteristics for use in hepatitis B vac-
cines that can supplement commercial hepatitis B vaccines. In this
respect, HBsAg_Alum_MPLA/HA complex would be an alternative
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Fig. 6. Alum_MPLA/HA adjuvant sustains the enhancement of Th1, Th2 cytokine secretion. Mice were intramuscularly immunized twice at a 2-week interval. Spleen were
collected from mice (n=5) 8 weeks after immunization with HBsAg alone or together with Alum or Alum_MPLA/HA in 50 w1 PBS. The cytokines (IFN-v, IL-4) were quantified
via (a) ELISPOT assay and (b) HBsAg-stimulated CD4 and CD8T cell proliferation measured by culturing CFSE-labeled splenocytes (*p <0.05, **p<0.01, ***p<0.001, NS: not

significant).

for hepatitis B vaccine non-responders and patients with a chronic
liver disease.
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