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Multicenter Study on the Immunogenicity and Safety of Two
Recombinant Vaccines Against Hepatitis B
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The immunogenicity and safety of a new recombinant hepatitis B vaccine from the Instituto Butantan (Butang®)
were evaluated in a multicenter, double-blind, prospective equivalence study in three centersin Brazl. Engerix B®
was the standard vaccine. A total of 3937 subjects were recruited and 2754 (70%) met all protocol criteria at the
end of the study. All the subjects were considered healthy and denied having received hepatitis B vaccine before the
study. Sudy subjects who adhered to the protocol were newborn infants (566), children 1 to 10 years old (484),
adolescents from 11 to 19 years (740), adults from 20 to 30 years (568), and adults from 31 to 40 years (396).
Vaccine was administered in three doses on the schedule 0, 1, and 6 months (newborn infants, adolescents, and
adults) or 0, 1, and 7 months (children). Vaccine dose was intramuscular 10 pg (infants, children, and adol escents)
or 20 pg (adults). Percent seroprotection (assumed when anti-HBstiterswere > 10ml U/ml) and geometric mean titer
(mIU/ml) were: newborn infants, 93.7% and 351.1 (Butang®) and 97.5% and 1530.6 (Engerix B®); children,
100% and 3600.0 (Butang®) and 97.7% and 2753.1 (Engerix B®); adolescents, 95.1% and 746.3 (Butang®) and
96% and 1284.3 (Engerix B®); adults 20-30 years old, 91.8% and 453.5 (Butang®) and 95.5% and 1369.0
(Engerix B®); and adults 31-40 years old, 79.8% and 122.7 (Butang®) and 92.4% and 686.2 (Engerix B®). There
were no severe adverse events following either vaccine. The study concluded that Butang® was equivalent to
Engerix B® in children, and less immunogenic but acceptable for use in newborn infants, adolescents, and young
adults.
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Butang® hepatitis B vaccine has been devel oped and
is produced by Instituto Butantan (IB), with genetic en-
gineering technology, using Hansenulla polymorpha
yeast cells. The advantage of this yeast expression sys-
tem as compared to other expression systems (such as
Saccharomyces cerevisiae) isthat expressionisestimated
to be4to 10 timeshigher, hel ping to decrease the produc-
tion costs (Hieu et al. 2002). Thevaccine contains(in 1 ml)
20 pg of HBsAg, auminium hydroxide upto 1.25mg (in
Aluminium), and thimerosal 0.05 mg. In pre-licensure stud-
ies Butang showed low reactogenicity and good immu-
nogenicity in adults (Costa et al. 1997, loshimoto et al.
1999), but additional studies were considered necessary.

From 1997 to 2003, 163,836,465 doses of hepatitis B
vaccine have been purchased by the Ministry of Health,
54% of which imported and 46% produced domestically.
Vaccinationis provided free of charge by public services.
By 1995, hepatitis B vaccine was responsible for 73% of
vaccine costs in the National Immunizations Program
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(NIP), although at that time vaccine coverage was low
(Gadelha & Azevedo 2003). Prices have been dropping
steadily, so that by now one dose costs around US$0.28.

We report the results of a study conducted to assess
the performance of the Butantan hepatitis B vaccine, com-
pared to Engerix B®, which is produced using as expres-
sion system S. cerevisiae and widely used and acknow!-
edged as safe and immunogenic both in Brazil and abroad.
Development and production of hepatitis B vaccine by IB
is part of a project to strengthen the Brazilian vaccine
industry, a policy that has been pursued by the Brazilian
NIP asameansto decrease vulnerability to market uncer-
tainties. In the past, immunization activities have been
jeopardized by insufficient availability of vaccines from
international manufacturers. The capacity to both pro-
duce a vaccine and demonstrate its satisfactory perfor-
mance with high scientific standards is strategic for de-
veloping countries.

MATERIALSAND METHODS

Sudy design - Thiswas a double-blind, prospective
equivalence study in three centersin Brazil to assess and
compare theimmunogenicity of aBrazilian hepatitisB re-
combinant vaccine (Butang®, 20 pg/ml), toacommercially
availablevaccine asan active control (Engerix B®, 20 pg/
ml). Three centersin different regions of the country fol-
lowed the same research protocol and addressed differ-
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ent age groups. Instituto Evandro Chagas (IEC) in Belém,
Para (adults and adolescents), Instituto Materno-Infantil
de Pernambuco (IMIP) in Recife, Pernambuco (newborns),
and Educandério Social Lar deFrei Luiz (LFL) inRiode
Janeiro (children aged 1to 11 years).

The study was conducted from mid-2001 almost si-
multaneously in the different centers, and field work was
completed in August 2002. The final laboratory studies
were completed in January 2003.

Based on previous studies with Engerix B® at the
National Reference Laboratory onVira Hepatitisat Fiocruz
in Rio deJaneiro (NRLVH) in full-term newborns (Motta
et a. 2002) and on other studiesin children and adoles-
cents (Ferreiraet al. 1993, André 1989, Greenberg 1993,
Adkins & Wagstaff 1998, Mahoney & Kane 1999, Assad
1999), we anticipated 98% of seroprotection (SP), that is,
antibody titer =10 milli International Units per millilitre
(mlU/ml). Based on amore conservative estimate—95%—
we found that 258 subjects would be necessary for 80%
power to show equivalence defined as difference in
seroconversion rates not larger than 5 percentage points
between thetwo vaccines. In adultsaged 21-40 years, 624
subjects would be necessary, considering 90% as the ref-
erencefor seroprotection. Thislast cal culation was based
on previous studiesin adultswith Engerix B® at the same
Brazilian National Reference Laboratory (not published).

Since it had been demonstrated that 3 10 pg-doses of
Engerix B® in adolescents provided high titers of anti-
HBs and high seroprotection, similar to those obtained
with 20 g, it was decided to give the same 10 g dose of
both vaccines to newborn infants, children, and adoles-
cents (L eroux-Roelset a. 2000).

IEC subjects were recruited at schools (adol escents)
and military units (adults). Newbornswererecruited from
IMIP, a private institution, after prenatal screening for
HBsAg.

LFL is a private charitable institution, and subjects
were recruited at the community level with the approval
of the neighbourhood residents’ association.

Subjects or their guardians gave written consent to
the study, following explanation of the study objectives.
The study protocol was approved by ethics committees
from the institutions involved.

Subjectsidentified duringinitial screening asinfected
with hepatitis B virus were offered treatment at reference
centers. Those who failed to demonstrate seroprotection
after the third dose of vaccine were offered additional
doses.

For operational reasons, allocation was systematic: at
IEC and IMIP, by day of the week, with adjustment for
equalizing thetwo armsof the study; at LFL, by month of
birth, without adjustment.

Thetype of vaccine administered was not revealed to
either the vaccine recipients or the research team. A modi-
fied scheme to prevent study participants from discover-
ing their study arm consisted of having original vaccine
vial labels covered with coded labels at the Brazilian Na-
tional Center for Storage and Distribution of |mmuno-
biologicals, adivision of the Ministry of Health. Although
training of study personnel emphasized the importance
of not revealing the study arm, strict blinding was not
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guaranteed, given the differences in via sizes. Blood
sampleswere |abeled only with anumber and the name of
the sourceinstitution, in order to conceal from laboratory
personnel the study group to which the specimen be-
longed.

Inclusion and exclusion criteria - Only healthy sub-
jectswho informed not having received previous hepati-
tis B vaccination were eligible for the study. Candidates
who presented a positive or inconclusive HBV serologi-
cal marker inthefirst blood sample or were anti-HBc posi-
tive after the third dose were excluded from the analysis
of adherence to protocol.

Newborn infants should have at least 2 kg of birth
weight. In this group HBV antibodies were not consid-
ered areason for exclusion, asthey reflected passive im-
munity from the mother. Only newborns of mothers with
HBsAgwereexcluded.

Full compliance to the study protocol was defined by
thefollowing criteria: providing ablood samplefor serol-
ogy before the first dose; receiving three doses of vac-
cine; interval between the first two doses > 28 days and
< 90 days, interval between the second and third doses
of at least 120 days, interval between the third dose and
final blood sample = 28 days and < 100 days, and blood
sample and serology after the third dose.

Nutritional evaluation - Subjects were measured
(weight and recumbent or vertical height as indicated)
and classified into nutritional categories. For children>1
to <2years z-scoreof weight for height (CDC 2000) was
used asfollows. underweight =z <-2; adequate=z>2to
< 2; overweight = z > 2; children = 2years and adoles-
cents. z-score of BMI —body massindex — (CDC 2000):
underweight =z <-2; adequate=z>2to< 2; overweight
=z>2; adults>20 years (Bray 1989): underweight = BMI
< 20; adequate=BMI 20-24.9; overweight = BMI 25-29.9;
obese=BMI = 30. All newbornswere considered adequate
nutritionally , as we included only those with = 2kg of
birth weight, agroup known to respond very well to hepa-
titisB vaccine (Saari 2003).

Vaccine administration - Vaccine administration was
intramuscular in the deltoid (adults, adolescents, and chil-
dren) and in the antero-lateral thigh (infants). Needlesize
was chosen according to fat thickness at the injection
site. In general, the needles used were 24 G 3/4 ininfants
and childrenand 22 G 1 or 22 G 1 1/4 in adolescentsand
adults. For both vaccines, a dose of 10 ug (0.5 ml) was
administered to infants, children and adolescents and 20
Mg (1 ml) to adults. The recommended schedulewasO, 1,
and 6 months.

Due to the expiration date of Butang®, the vaccine
lot for the first two doses was different from the lot used
for the third dose. With Engerix B®, the same lot was
used for all three doses.

Laboratory tests- Serological studieswere performed
at |EC and at the Department of Virology of the Oswaldo
Cruz Foundation (Fiocruz), the Brazilian Ministry of Hedlth
reference laboratories for viral hepatitis. Both laborato-
ries used the methods described bel ow.

Serological analysiswas conducted on blood samples
drawn on two occasions: just prior to the first vaccine
dose, and from 28-100 days after thethird dose. At IEC an
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additional blood samplewas drawn in 20% of volunteers,
just prior to the third dose.

Serum samples collected before the first dose were
screened for HBV markers (HBsAg, anti-HBs, and anti-
HBc). Anti-HBc and quantitative determination of anti-
HBswere performed after the third dose.

HBsA(g, anti-HBs, and anti-HBc were evaluated by
the enzyme immunoassay from Hepanostika® Organon
[Marcy I’ Etoile, France]: HBsAg- HBsAg Uniform1; Anti-
HBc - Hepanostika anti-HBc Uniform; anti-HBs -
Hepanostikaanti-HBs.

Automatic quantitative analysis of anti-HBs(mIU/ml)
was performed using the Access® AbHBsII immunoen-
zymatic assay from Beckman Coulter (Fullerton, Califor-
nia, US).

A sub-sample of 100 blood samples selected randomly
from seratested at the Evandro Chagas L aboratory (from
adolescents and adults) were recoded and sent to be re-
tested for quantitative antiHBs at the Fiocruz laboratory.
Likewise, 100 blood samples selected randomly from
blood samplestestedinitially at Fiocruz wererecoded and
sent to be retested at Evandro Chagas Laboratory. Anti-
HBs levels were measured without knowledge of previ-
ousresults. Reliability of the measurementswas assessed
by the intra-class correlation coefficient (ICC) stratified
by origin of the samples.

Data base and analysis - Data were entered into an
Epi-Info database (Dean et al. 1994), and analyzed with
SPSSv. 11 (SPSS|nc., Chicago, US, 1999).

All subjects entered into the database remained there,
even if they failed to adhere to the study protocol. Sub-
jects found to have received hepatitis vaccine outside
the study after it began were excluded from analysis.

Two variableswere considered for anti-HBs quantita-
tive evaluation after the third dose: seroprotection de-
fined as anti-HBs = 10 mlU/ml (primary outcome) and
anti-HBstitersin mlU/ml (secondary outcome). Similar
criteriawere used for evaluation of immunogenicity after
the second dose (secondary outcomes).

Seroprotection and immunogenicity were evaluated
for al subjects adhering to the protocol, and for al sub-
jects with quantitative anti-HBs results, including non-
compliers, so that any exclusion bias could be detected.
These criteria were used for analysis of the final blood
sample (after thethird dose) and also for the sample prior
to thethird dose. In the latter case, adherence to protocol
was verified at the moment of the second blood sample,
just prior to the third dose.

The response of primary interest was the percentage
of vaccines achieving a seroprotective level of anti-HBs
after thethird dose of vaccine (= 10 mlU/ml), while mea-
sures of secondary interest were the percentage achiev-
ing seroprotection after the second dose and the geomet-
ric mean titer (GMT) of anti-HBs after the second and
third doses of vaccine.

Differences in the proportions of seroprotection
(Butang® — Engerix B®) and 90% confidence intervals
were calculated, as has been recommended for equiva-
lence studies (Blackwelder 1998). A -5% difference was
accepted as the limit for defining equivalence between
the two vaccines. The null hypothesis of superiority of
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Engerix B® wasrejected when thelower limit of the con-
fidenceinterval was not lower than —5%.

Theratio between the geometric mean anti-HBstiters
(GMT) for the two vaccines after the third dose and the
corresponding 90% confidenceinterval swere cal cul ated.
The null hypothesis of superiority of Engerix B® wasre-
jected when the lower limit of the confidenceinterval for
theratio GMT Butang®/GMT Engerix® was higher than
0.67.

To estimate the statistical significance of the differ-
ence in proportions between seroprotected versus non-
seroprotected, one-sided chi-square and Fisher exact test
were used. The 90% confidence intervals for this differ-
ence were calculated by the large samples method with
Fleiss continuity correction. Logistic regression and mul-
tiple regression techniques were applied to adjust for im-
bal ances between groups in relevant covariates.

RESULTS

A substantial proportion of study participants (par-
ticularly among adults and newborns) failed to meet all
the protocol requirements, dueto serological evidence of
previous vaccination, previous or concurrent infection or
losstofollow up (Tablel). The proportion of non-compli-
ant participants was similar across comparison groups.
Results for adult vaccines were partitioned into two sets
for descriptive summarization and analysis because
Butang® was clearly lessimmunogenic in older (31-40
years) as opposed to younger (20-30 years) (Tablel).

In newborns, only two babies were excluded because
of positive serology before first dose, in both cases due
to HBsAQ positivity intheir mothers.

In children before the first vaccine dose, there was
serological evidence of previous vaccination (positive
anti-HBswasthe only marker found) in 2.8% of subjects,
mostly in children under 4 years of age, an age group that
represented 11.5% of recruited children and 7.4% of those
who adhered to protocol. Another 4% of subjects had
someother positive or inconclusive HBV marker and were
also excluded from the analysis of adherenceto protocol.

At IEC, positive serology before thefirst dose caused
aproximately 15% of losses. In adolescents, positive se-
rology indicated previous vaccination in most cases. In
adults 31-40 yearsold, positive serology were mostly from
prior infection, while in young adults (20-30 years old)
there was asimilar percentage of subjects with serologi-
cal evidence of prior vaccination or infection.

Study subjectsinthe Butang® and Engerix B® groups
had abal anced distribution by age, sex, nutritional status,
and intervals between doses and between last dose and
blood collection, except sex in adolescents, where there
was a significantly larger proportion of females among
subjectsvaccinated with Butang®. The statistical differ-
ence between 2nd and 3rd dose in adol escents and adults
has no biological meaning (Tablell).

Immunogenicity - Retesting of seracollected after dose
3 showed very high agreement between the two labora-
tories. Comparison of thelogN transformed anti-HBsti-
tersshowed an 1 CC of 0.975 (95% Cl: 0.882-0.990) for the
seratested first at |[EC and 0.995 (95% Cl: 0.992-0.997) for
those originally testedat NRLVH.
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For both vaccines, proportions of seroprotection (SP)
and geometric meantiters(GMT) weremaximal in children
(TableI11). In newborn infants and adolescents, SP rates
were similar whereas in adults Engerix performed much
better. Children aged 1-10 years showed the strongest
immune response, which decreased with age, particularly
in the Butang group. Considering SP and GMT, Engerix
B® performed better than Butang®, except in children 1-
10 years of age, for whom vaccines could be considered
equivalent, because the confidence limits of the differ-
encein proportionsand of the GMT ratio were within the
limits set to define equivalence between the vaccines.
Among adolescents, the data showed equivalence in SP
but not in GMT. For newborn infants, adults 20-30 years
of age, and especially in adults 31-40 years of age, confi-
dencelimitswere outside those limitsboth for differences
in seroprotection ratesand GMT (Tablelll).

Conventional categories of nutritional status did not
discriminate study subjects. There were very few indi-
viduals in the “underweight” and “obese” categories
(Tablell). BMI in adults and z scores of weight for agein
children were not correlated with magnitude of immune
response (see multivariate analysis below).

The difference in immunogenicity between Butang®
and Engerix B® wasgreater in newbornsand adults, and
GMT was consistently higher infemalesin all age groups.
Ageand sex appeared to modify the comparative effects
of thevaccines (TablesIl and V).
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On logistical regression, seroprotection was signifi-
cantly associated with type of vaccinein older adults (>31
years old) only. In young adults (20-30 years old) BMI
and sex were independent predictors and confounders of
the association of type of vaccine and seroprotection,
which showed marginal statistical significance (odds ra-
tio=1.85; p=0.09).

In multiple regression, the type of vaccine was asig-
nificant predictor of the magnitude of theimmune response
(anti-HBstiters) in all age groups, adjusting for relevant
covariates. The only significant modification of the effect
of vaccine was found in children: in boys but not in girls
the type of vaccine explained part of the difference in
anti-HBs titers between vaccination groups. Among
study subjects with age above 11 years, women had a
stronger immune response compared to men. Nutritional
status was an independent predictor of the strength of
immune response only in young adults (higher BMI had
weaker immune response) and newborns (larger infants
had stronger immune response). The effect of BMI onthe
immune response among adolescents was not conclusive
(marginal statistical significance).

Immune response after two doses was evaluated in a
sub-sample of adolescents (N = 115 Butang® and 160
Engerix B®), 20-30-year-old adults (N = 105 Butang® and
90 Engerix B®), and 31-40-year-old adults (N = 47 Butang®
and 67 EngerixB®). Seroprotection rates (GMT) werere-
spectively 60% (13.8 miU/ml), 61% (16.4 mlU/ml), and

TABLE I

Proportions and differences in proportions of seroprotection (SP), geometric mean titers (GMTs), and ratio of GMTs after third
dose of Butang® and Engerix B® in subjects that adhered to protocol

Institution N % SP % differencein SP GMT GMT ratio
(age groups) Butang Engerix Butang Engerix (90% IC) Butang Engerix (90% IC)
IMIP 284 282 93.7 97.5 -3.8 351.1 1530.6 0.23
(newborns) (-7.0t0 —0.6) (0.17t0 0.31)
LFL 219 265 100.0 97.7 2.3 3600 2753.1 131
(1-10 years) (0.4t04.2) (0.94t0 1.81)
IEC 391 349 95.1 96.0 -0.9 746.3 1284.3 0.58
(11-19 years) (-3.7t01.9) (0.44 10 0.76)
IEC 280 288 91.8 95.5 -3.7 4535 1369.0 0.33
(20-30 years) (-7.4t0 0.02) (0.24 10 0.47)
IEC 198 198 79.8 92.4 -12.6 122.7 686.2 0.18
(31-40 years) (-18.7 to 6.5) (0.12t0 0.28)

SP: seroprotection (antibody titer = 10mlU/ml); GMT: geometric mean titer in mlU/ml; IMIP: Ingtituto Materno-Infantil de
Pernambuco; LFL: Lar Frei Luiz, Rio de Janeiro; IEC: Instituto Evandro Chagas, Belém, PA

TABLEIV

Geometric mean titers, GMT (mlU/ml) and seroprotection (SP) (%) by vaccine, sex, and age group in subjects that adhered to
the study protocol

Vaccine S Newborns Children Adolescents Adults 20-30 years Adults 31-40 years
GMT SP GMT SP GMT SP GMT SP GMT SP

Butang Male 3253 905 2911.7 100.0 602.4 9.1 312.6 89.6 99.3 78.0
Femae 390.3 970 4551.9 100.0 836.6 95.7 1169.0 97.5 327.9 88.6

EngerixB  Male 14262 973 1384.5 955 1045.1 95.5 905.1 94.5 541.9 915
Femde 16620 97.8 5561.9 100. 15114 96.4 3452.3 97.8 1531.2 95.6
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44.7% (7.8 mlU/ml) with Butang®, and 78.8 (37.7 mlU/ml),
82.2(36.3mlU/ml), and 74.6 (31.2 mlU/ml) with Engerix
B®.

Safety - Adverse events were actively searched for
and no serious adverse event attributable to the vaccines
was observed in any study subject. Adverse events fol-
lowing the previous dose led to interruption of the vac-
cine schedule and elimination from the study in 13 cases
(8 with Butang® and 5 with Engerix B®), but in only 2
casesthere was aclear indication of acausal relationship
to vaccination: generalized pruritus in 1 adolescent and
generalized urticariain 1 adult. Both occurred soon after
Engerix B®, with full and fast recovery.

DISCUSSION

A comparison between different studies on theimmu-
nogenicity of hepatitis B vaccinesis difficult, dueto dif-
ferencesin vaccine characteristics and formulation, vac-
cination schedules, vaccination sites, injection proce-
dures, timing of blood sampling, sensitivity of laboratory
methods, and unexplained factors, resultingin awiderange
of seroprotection and anti-HBs geometric mean titers
(GMTs) with the same vaccine (André 1989, Greenberg
1993, Adkins & Wagstaff 1998, Mahoney & Kane 1999,
Assad 1999, Keating & Noble 2003).

Overall, in the present study, after 3 doses, Butang
was equivalent to Engerix B in children and lessimmuno-
genicinnewborn infants, adolescents, and adults. After 2
doses, in adolescents and adults, Butang was less immu-
nogenic than Engerix B.

Our resultsin adolescents are similar to those obtained
by Baldy with 3 doses of 10 pg of Butang or Engerix B
(Baldy et al. 2004). Our finding of decreased immunoge-
nicity after 30 years with Butang isin agreement with a
recent meta-analysis of the effect of age onimmunologic
response to recombinant hepatitis B vaccine (Fisman et
a. 2002). The effect of sex and nutritional status on the
immune response to vaccination against hepatitis B had
also been reported before, but have no clear biological
explanation.

Thereasonisnot entirely clear for the somewhat lower
results of immunogenicity from Engerix B® after 3 doses
in adults and after two doses in adolescents and adults,
compared to those reported in the literature, but this may
be due to lower sensitivity of the laboratory test used.
Although the comparability of test results obtained by
the two laboratories involved in the study was guaran-
teed by the high degree of agreement obtained with blind
retesting, commercial laboratory kitsdo vary in accuracy.

Itisalso not clear why Butang® displayed lower im-
munogenicity than Engerix B®, since the two vaccines
theoretically had the same concentration of HBsAg. Itis
possible that differences caused by different expression
systems, different methods of quantification of HBSAg
content by manufacturers, or minor differences in vac-
cine composition, account for the immunological differ-
ence, as has been reported (ul-Hag et al. 2003, Vanland-
schoot et al. 2003).

Lack of randomization, losses to follow-up, and vul-
nerable blinding of allocation were the main limitations of
thisstudy. However, systematic all ocation appearsto have
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generated comparable, well-balanced groups in terms of
sex and age, which weretherelevant prognostic variables.
Therefore, allocation does not appear to have apprecia-
bly influenced the results. Results were consistent across
institutions and age groups, except for children (LFL cen-
ter), which were scrutinized in search of protocol viola-
tions, and none were found that might have influenced
the immunogenicity results. Among the study’s strengths
were its large sample size approached with the same re-
search protocol, homogeneous immunization procedures,
precise and accurate laboratory methods used in strictly
blinded samples, stringent criteriafor adherenceto proto-
col, and independencein relation to the vaccine manufac-
turers. The high agreement on serological results after
blinded cross-retesting of samples between the two refer-
ence laboratories ensured the confidence in the labora-
tory evaluation of immunogenicity.

Butang® was highly immunogenic and equivalent to
Engerix B® in children, but lessimmunogenicin newborn
infants, adolescent and adults. This study reinforces the
concept that each hepatitis B vaccine produced by differ-
ent manufacturers must be viewed as a distinct product.
Thereisno minimum requirement for antigen content of a
hepatitis B vaccine, and based on the results of clinical
trials, manufacturers should establish the protein/antigen
content of their vaccine (WHO 2001). The Butantan Insti-
tute vaccine showed satisfactory performancein thisclini-
cal trial, which support its use in younger age groups.
However, thereisroom for further improvement in its
immunogenicity, particularly in adults. The implications
of the comparatively lower immunogenicity for individu-
alswithimmunodeficiency and for the duration of protec-
tion remain to be seen.
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