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Abstract

AIM: (1) To gain information on immune responses to
an accelerated schedule of 0, 1, and 2 mo in paramedical
staff and BDS students who are at an increased risk of
getting hepatitis B infection and come under high risk
groups. (2) To assess the efficacy and safety of Enivac-
HB in different age groups, using genetically modified
yeast strain Pichia pastoris, a new recombinant hepatitis
B vaccine developed and manufactured in India.

METHODS: A prospective, comparative, and single
blinded trial of rapid (0, 1, and 2 mo) hepatitis B
immunization schedulewas reported. A total of three
hundred and seven (212 females and 95 males) healthy
volunteers divided into three age groups (18-29, 30-39,
and 40-49) were enrolled after screening for markers
of hepatitis B. All the volunteers received 20 mg of the
vaccine intramuscularly at 0, 1, and 2 mo.

RESULTS: Geometric mean titers were calculated pre
and post vaccination. Before immunization the GMT was
0.0124 mIU/mL. One month after the administration of
the third dose of recombinant vaccine 296/307 (96.5%)
subjects achieved seroprotective levels of anti-HBs. The
geometric mean anti-HBs titers achieved after one month
of the third dose was 2 560.0 mIU/mL. The geometric
mean anti-HBs titer of males was 2 029.0 mIU/mL, while
that of the females was 2 759.0 mIU/mL. In the age
group of 18-29 years, anti-HBs titer was 3 025.0 mIU/
mL, while that in the age group of 30-39 years was 2
096.0 mIU/mL. In third age group of 40-49 years, anti-
HBs titer was 1 592.0 mIU/mL. Hyper-responses (anti-

HBs=100 mIU/mL) were shown in 88.0% (271/307) of
subjects. Eleven (3.5%) subjects responded poorly to
the vaccine in the age group of 40-49 years. There was
only mild pain at the site of injection otherwise there
were no other adverse drug reactions (ADRs).

CONCLUSION: This vaccine (Enivac-HB) is safe and
efficacious, providing significant protection after the
third dose and rapid hepatitis B immunization schedule
of 0, 1, and 2 mo can be recommended whenever rapid
protection is the goal.

© 2005 The WG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatitis B virus (HBV) infection is responsible for a
high proportion of the worlds cases of cirrhosis, and
is the cause of up to 80% of all cases of hepatocellular
carcinoma (HCC)“’Z]. The situation is grim in developing
countries like India, where blood bank infrastructure is
non-existent outside the major metropolitan cities and safe
blood handling practice standards are low". The weighed
prevalence of hepatitis B in India has been estimated to
be 4.7%™ which makes this an intermediate prevalence
country.

Hepatitis B vaccination has been one of the success
stories of the 20" century and has been extensively used
in a wide range of groups throughout the world. Hepatitis
B vaccination program have successfully reduced the
prevalence of hepatitis B, in Taiwan!” where universal
HBYV vaccination has led to a significant reduction of
hepatitis B prevalence and incidence of hepatocellular
carcinoma in children. The immunogenicity, efficiency,
and safety profile of hepatitis B vaccine has been well
established. More than 90% seroconversion has been
achieved in adult populations consistently’ ", The safety
profile of the recombinant hepatitis B vaccine has been
very good“”.
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Numerous genetically engineered hepatitis B vaccines
are available in India today. However, vaccines do differ
in terms of latency (time taken for the production of
effective antibodies), reactogenicity and price. Newer
technologies involving more advanced yeast strains like
Pichia pastoris"™
today revolutionizing genetically engineered hepatitis B

used for manufacturing the vaccines are

vaccines.

The aim of the study was (1) to gain information on
immune responses to an accelerated schedule of 0, 1, and
2 mo in paramedical staff and BDS students who are at
an increased risk of getting hepatitis B infection and come
under high risk groups. (2) To assess the efficacy and safety
of Enivac-HB in different age groups, using genetically
modified yeast strain P pastoris, a new recombinant hepatitis
B vaccine developed and manufactured in India.

MATERIALS AND METHODS

Blood samples

The study was conducted in Maulana Azad Medical
College, New Delhi for over the period of 6 mo (October
2002-April 2003). Five milliliters of blood sample was
taken by venipuncture with the informed consent of all the
317 volunteers. Serum sample was separated and stored at
-20 °C to perform various serological tests.

Clinical protocol

Permission to conduct this study on adult human
volunteers was obtained from Drugs Controller of
India. The Institute Ethics Committee approved the
study protocol. The study population consisted of 317
volunteers. The following inclusion criteria had to be
met. The subjects had to be tested negative for hepatitis
B surface antigen (HBsAg), anti-hepatitis B surface
antibody (anti-HBs), and anti-hepatitis B core antibody,
IgM anti-HBe, IgG anti-HBe and subjects had to be
at least 18 years of age and had to sign an informed
consent. Subjects were excluded from the study if they
had been previously vaccinated with HBV vaccine; or
if they were presently taking immunosuppressive drugs;
or had a history of hypersensitivity to yeast; or had to
receive immunoglobulins, blood or blood products within
the previous 6 mo. Subjects who were pregnant, who
had significant hematological, hepatic, renal, cardiac or
respiratory diseases or who had participated in any other
trial 30 d before or during the present study were excluded.
Physical examination such as pulse, blood pressure,
temperature, and edema were checked. All the 307 healthy
seronegative volunteers of the age ranging between 18 and
49 years were recruited for participating in the vaccination
schedule of 0, 1, and 2 mo.

HBYV vaccination

Of the 317 volunteers, 307 volunteers, who were negative
for all the serological markers of hepatitis B infection,
completed the hepatitis B vaccination program. Seven were
positive for HBV markers and three volunteers had high

anti-HBs titers. All the 307 volunteers received the three
doses of HBV vaccination. The subjects were administered
1 mL (20 mg of recombinant DNA) of hepatitis B
(Enivac-HB) vaccine intramuscularly in the deltoid muscle
according to the following schedule: 1 dose-0 d, 2™
dose -30 d after the 1%dose, 3"'dose-60 d after the 1"dose.
Vaccinees were monitored for adverse events closely for
3 d after each dose, i.c. fever, pain at the site of injection,
erythema, and swelling, nausea, rash, fatigue, bodyache,
and scored as absent, mild, moderate or severe. Samples
for anti-HBs antibody titers were determined at 0 and 90
d. Anti-HBs antibodies were done using a commercially
available quantitative ELISA kit (AUSAB-EIA, Abbot
Labs, USA). Protection with hepatitis B vaccination was
considered to be achieved when the concentration of anti-
HBs antibody titers was =10 mIU/mL. A non-response
was defined as anti-HBs antibody titers <10 mIU/ mL[B],
responders were those with titer levels =10 mIU/mL and
<100 mIU/ml., high responders were those with anti-
HBs titers =100 mIU/mL, and those with titers =1 000
mIU/mL was hyper-responder'”.

Vaccine

A new recombinant DNA hepatitis B vaccine (Enzvac-
HB, Panacea Biotec, India) containing hepatitis B surface
antigen (s-gene) produced in genetically engineered
yeast P pastoris cells"” was evaluated. A derivative of the
plasmid V322 carrying hepatitis B viral DNA was used
to amplify the HBsAg. The s-gene isolated from hepatitis
B was placed in P pastoris cell. The HBsAg nucleotide
sequencel14l was purified to >95% by adsorption by the
antigen in the cellular extract to colloidal silica, followed
by its desorption, ion exchange chromatography and
ultracentrifugation. The vaccine was prepared by adsorbing
the purified HBsAg onto aluminum hydroxide gel (0.5
mg aluminum per dose) and thiomersal was added as
a preservative to a final concentration of 0.05 mg/dL.
P pastoris is the most advance second generation yeast
strain with proven advantages over other yeast strains like
Saccharomyees cerevisiae” which is used in the manufacturing
process of many commercially available genetically
engineered hepatitis B vaccines in India. The yeast strain
P pastoris can grow at a highly acidic pH that becomes
a barrier for growth of many contaminating microbes
during the process of fermentation!”. In short, the
manufacturing process itself is a purification procedure.
The yield of hepatitis B surface antigen obtained with
this strain of P pastoris is higher and it means per liter
more surface antigen is obtained with P pastoris than with
many other strains' . Enivac-HB is manufactured using a
technology that is free from toxic substances like cesium
chloride!™”. Some commercially available vaccines in India
are known to use technology that involves the usage of
cesium chloride!”. This advantage automatically translates
into lesser contamination and hence, lesser chances of
reactogenicitym.

Statistical analysis
Seroconversion and seroprotection were compared by
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Figure 1 Efficacy of Enivac-HB in study participants by gender variation (A) and age (B) on the 90" d evaluation after the initial vaccination. The anti-HBs titer is expressed

in milli-international unit per milliliter.

descriptive statistics. Geometric mean titers (GMTs) pre
and post-vaccinations were compared by Student’s 7 test.
P<0.05 was compared as statistically significant (95%CI).

RESULTS

A total of 317 subjects were screened, 307 subjects
negative for all the serological markers of hepatitis B
were enrolled in the study. The mean age of the study
group was 33.519.4 years, with 95 male subjects and 212
female subjects. Dose schedules were 0, 1, and 2 mo.
Adverse events were recorded by specifically interviewing
cach subject during the entire duration of the study. The
adverse drug reactions (ADRs) were assessed closely for
3 d after each dose and that no vaccinee had fever or any
other designated systemic complaint with only mild pain
at the site in 79%, 84.9%, and 75.4% of the vaccinees
following doses 1, 2, and 3, respectively. Hematological
and biochemical parameters were normal in all the subjects
at the end of the study compared to the baseline value.
None of the patients became HBsAg and/or anti HBe
positive during the follow-up period. “The geometric
mean anti-HBs titer” at the initiation of the vaccination
program was 0.124 mIU/mL. One month after the
administration of the third dose of recombinant vaccine,
296/307 (96.5%) subjects achieved seroprotective levels of
anti-HBs antibodies. “The geometric mean anti-HBs titer”
achieved after one month of the third dose was 2 560.0
mIU/ml geometric mean titers. “The geometric mean
anti-HBs titer” of males was 2 029.0 mIU/ml., while that
of females was 2 759.0 mIU/mlL as shown in Figure 1A.
In the age group of 18-29 years, anti-HBs titer was 3 025.0
mIU/ml., while that of 30-39 years was 2 096.0 mIU/mlL..
In 40-49 years of age, anti-HBs titer was 1 592.0 as shown
in Figure 1B. The above value is statistically significant
with P<0.05, and had 95%CI. Hyper-responses (anti-HBs
2100 mIU/mL) was shown by 88.0% (271/307; P<0.05)
of subjects. Twenty subjects all in the age group of 40-49
were (11/307; 3.5%) non-responders, with the geometric
mean anti-HBs titers 8.60 mIU/mL. The mean age of
the 11 non-responders was 46.446.9 years, 1.3% (4)
males and 2.2% (7) females were non-responders but the
difference was not statistically significant.

DISCUSSION

Accelerating the vaccination schedule against hepatitis B is
appealing because it may increase patient compliance and
provide earlier protection for the people who are already
in a high risk group or environment. A comparative Indian
study of HBV vaccine in three age groups, 18-29, 30-39,
and 40-49 years, was done. The experimental data obtained
during the course of the trial indicated that seroprotection
one month"” after the third dose was (96.5%) with mean
geometric anti-HBs titers 2 560.0 mIU/mL. Twenty
subjects all in the age group of 40-49 years (11/307; 3.5%)
showed low response to the vaccine and demonstrated
an antibody titer of 8.60 mIU/mL. While all the subjects
in rest of the age group achieved 100% seroconversion.
Risk factors that have been associated with non-response
to hepatitis B vaccine include increasing age, male gender,
obesity, history of smoking, administration of vaccine in
buttock rather than deltoid"”. The relationship of hepatitis
B vaccination response with age is controversial. Our
study suggests that seroconversion in age group >40 years
is 79% which is considered high compared to most other

16,17 .
I Where seroconversion rate of 60% has been

studies
reported. However, as all the above studies, we too found a
decreasing seroconversion rate with increasing age. These
findings favor the hypothesis that increasing age decreases
seroprotective antibody formation after vaccination.

In the present clinical study, it was observed that
female volunteers showed a better response in comparison
to male volunteers (P<0.001). Jilg ez al™ reported a slightly
lower response in males and Dentico e/ al" also reported
that the sex factor is one of the parameters influencing
the response following vaccination. Whether or not there
exists a sex related variation of the immunogenic response
is still controversial.

The vaccination schedule (0, 1, and 2 mo) employed
in the present study has been well studied in the other
trials!">"”. Marsano ¢ a/*” have established that the 0,
1, and 2 mo schedule of vaccination gives a rate that is
quicker than and identical to the rate of seroprotection of
the standard schedule of vaccination of 0, 1, and 6 mo and
is much quicker. The recombinant yeast-derived vaccine
evaluated did not produce any severe adverse reactions.
There was only mild pain at the site of injection otherwise
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it was completely safe with no adverse drug reactions.

From the present data, we can confirm that the
Enivac-HB is highly immunogenic. This new indigenously
manufactured vaccine using P pastoris as yeast strain is
safe and provides effective titers against hepatitis B. In a
country with an estimated 40 million or more carriers of
the hepatitis B virus and an estimated 18 million newborns
each year, the availability of an indigenously manufactured
vaccine would probably make it easier to include the
vaccine in a community-based program.

The study conclusively proves that the recombinant
DNA hepatitis B vaccine (Enivac-HB) produced using
genetically engineered yeast cell P pastoris appears to be
highly immunogenic and safe and confers a seroprotection
of 96.5% of the subjects with 88.0% showing hyper-
response. The study suggests that the vaccine appears to
be well tolerated and the rapid vaccination schedule of 0, 1,
and 2 mo can be recommended whenever rapid protection
is the goal.
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