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ABSTRACT

Here we present the technological design, development and introduction in the immunization program, of a
combined vaccine of diphtheria anatoxin, tetanic anatoxin, whole cells of Bordetella pertussis, and recombinant
hepatitis B virus surface antigen (DPT-HB®). The commercial name of the vaccine is Trivac HB®. One novel element
in its design is the use of aluminum hydroxide as the adjuvant which was essential in avoiding the Glaxo Smith Kline
patent for polyvalent vaccines. This is the second tetravalent vaccine registered in the world and the first in Latin
America containing these antigens. The formulation of the Cuban Trivac HB® vaccine is stable for 24 months when
stored at 3 + 5 °C. Trivac HB® is an effective vaccine and well tolerated by infants. Trivac HB° was therefore

registered in Cuba in 2004.

Introduction

Global Alliancefor Vaccinesand Immunization (GAVI)
was created with the resolution and experience of a
group of researchers, experts and vaccines producers
in the world. Thisis a historic alliance of the private
and the public sectors, with the mission of saving
children and protecting people from diseaseswith the
use of vaccines.

The World Health Organization (WHO) and the
United Nations Children’'s Fund (UNICEF) have set
three main goalsin their World Vision and Strategy of
Immunization (WVEI) program: @ immunize more
people against more diseases, b) disseminate several
new vaccines and technologies worldwide and c) ac-
complish decisive interventions on health through
immunization.

Throughout history, vaccination has been a highly
successful public health operation. It has also been
one of the high cost and efficacy. For example, vacci-
nation haseradicated smallpox; it hasreduced theworld
incidence of poliomyelitis in 99% since 1988 and
greatly reduced morbidity and mortality from diph-
theria, tetanus, whooping cough and measles. In 2003
alone, immunization avoided more than 2 million
deaths. However, immunization is far from been uni-
versal: many countriesareretreating from their former
levels of vaccination coverage. In 2003, about 27 mil-
lion infants and 40 million pregnant women were un-
protected against preventable diseases. “ One in four
childreninisstill deprived of lifesaving vaccines that
should be within reach”, pointed the director of
UNICEF, Ann M. Veneman. “This new strategy rec-
ognizes that if we are to improve child survival, im-
munization must be sustained year in and year out”.

For years WHO, UNICEF and GAVI have
argumented the advantages of introducing “combined
vaccines’ as a new generation of vaccines conferring
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protection against four or five diseases at the same
time instead of applying two or three vaccines sepa-
rately. The benefits of this new strategy are obvious:
fewer needles are used, less handling procedures and
human resources are needed to guarantee vaccination
and fewer visits of parents and children to the vacci-
nation area are required, among other factors.

V accine supply today does not cover world demand
whichwill requireyears[1]. Recommendations of these
world organizations point at very important vaccines
combinations. atetravalent vaccine against diphtheria,
tetanus, pertussis and hepatitis B (DPT-HB) and a
pentavaent vaccine a so againstHaemophilusinfluenzae
type b (DPT-HB-Hib). Because of a shortage of these
vaccines GAVI executives express that “this has cre-
ated a big chalengefor us’ [2].

Combined vaccines are manufactured as a physica
mixture of two or more vaccines that are admi-nistered
at the same time and anatomical location [3]. The first
vaccine combination was made in 1949 [4], when the
anti-whooping cough vaccine was mixed with the anti-
tetanic vaccine. Since then and until 1983, 13 other
combined vaccineswereregistered. Furthermore, inthe
last two decadestheinterest for combined vaccines has
risen. The main reasons are:

1. There are about 30 vaccines available, three of
them are parenterals: anti poliomyelitis, the vaccine
against typhus fever and the cholera vaccine.

2. There are approximately 200 vaccines in the
Research and Development phase and it is expected
that in 2010 there will be 25 pediatric vaccinesin the
world market.

3. There is a concern that children are becoming
“pincushions” [5].

4, Until oral vaccinesfor all theimmuno-prevent-
able diseases are fully available, it would be ideal to
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be able to combine the largest number of antigensin
asingleinjection.

The advantages of combined vaccines are clear:

1. Number of injections decrease and so does the
suffering and anxiety of the receptor and tutors.

2. Number of visits to the vaccination area is re-
duced as well asthe social cost associated to vaccina-
tion.

3. Vaccination programs are better accepted by
parents and sanitary personnel [6].

4. Transportation and storage cost of vaccines de-
cline[7].

5. Vaccine delivery cost islowered since less sani-
tary operations are needed as well as fewer syringes
and injection needles.

Combined vaccines could also imply certain dis-
advantages [8]. Antigens could interfere with each
other leading to a diminished potency for one or all
vaccines, and antigen stability could be compromised.
Theinterference could be of physical (maximum tem-
perature for optimal potency) or chemical nature
throughout the different adjuvants, preservative,
inactivators or stabilizers [9]. There could be an in-
compatibility between the DPT and the VPI vac-
cines due to the presence or lack of thimerosal [10],
immunological interference and/or biological inter-
ference between the attenuated agents [11]. Under
these situations, the administration of the combined
products has led to a lower immune response than
through the administration of the individual compo-
nents.

In spite of the difficulties encountered in devel-
opment and marketing, there are many combined
vaccines available, some of which are widely used.
Most of them are against: diphtheria, tetanus, and
either cellular or acellular B. pertussis.

Cuba has had the Hepatitis B vaccine Heberbiovac
HB® since 1992 and two years ago the DPT vaccine
was a so registered. With the aim of incorporating Cu-
ban researchers to the development of new combined
vaccines so that the country may become asupplier for
UNICEF and GAVI programs in the near future, a
multicenter project for the development of a tetrava-
lent Cuban vaccinewas created. The project conducted
by the CIGB and Finlay Institute began in 1997.

Manufacturing a combined vaccine is not the
simple combination of single components. We must
find the appropriate conditions for the physical,
chemical and biological compatibility not only be-
tween the active components but also between these
and the adjuvants, excipients and preservatives. The
development of a combined vaccine requires numer-
ous laboratory, pre-formulation, stability, toxicol ogi-
cal and clinical studies.

Here we summarize the devel opment stages of the
product using exclusively Cuban technology in order
to evade the Glaxo Smith Kline patent, the world leader
of thistype of vaccines. Thisenablesthe free market-
ing of the product avoiding patent claims.

Materials and methods

Pre-formulation stage

Three technological variants of the formulation were
designed at the scale of 1 liter. All three variants had
3% of the aluminum hydroxide adjuvant (Alhydrogel)
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(Breentag, Denmark) and the same batches of each
anatoxin i.e. diphtheria (D), tetanic (T), B. pertussis
(P), as well as the recombinant hepatitis B virus sur-
face antigen (HBsAQ) (Table 1). Every batch was ap-
proved by the Quality Control Direction of the Cen-
ter for Genetic Engineering and Biotechnology (CIGB),
and the Finlay Institute for Seraand Vaccines. Thime-
rosal was employed as the preservative.

The formulation strategies are the following:

1. Invariants 1 and 2 HBsAg was added without its
previous absorption to the aluminum hydroxide gel.

2. Invariant 3, the HBsA g was absorbed to the gel
before including it in the formul ation. Hence, when B.
pertussis cells were added, there was no interaction
with the HBsAQ.

3. In the three variants, the components were in-
corporated according to their molecular weights.
Therefore, diphtheriaanatoxin (63 000 Da) was added
first followed by tetanic anatoxin (150 000 Da) and
then HBsAg whichisaparticle of 42 nm. B. pertussis
cells of 1-2 mm were added at the end. The rationale
of this procedure was to reduce a possible steric hin-
drance between the antigens.

4. Theformulation pH during storage was controlled
with 4 mMol/L of phosphate buffer. This buffer so-
lution together with a saline solution favors the isoto-
nicity of the preparation.

The technologica variants studied were the follow-
ing:
Variant 1: The antigens were introduced sequen-
tially and B. pertussis was incorporated in two sepa-
rate additions.

Variant 2: The antigens were introduced sequen-
tially and B. pertussis was incorporated in one addi-
tion.

Variant 3: HBsAg was absorbed to the aluminum
hydroxide gel before its introduction to the formula-
tion and B. pertussis was incorporated in one addi-
tion.

All three variants have the same final composition
of each one of the ingredients.

The three formulation variants were then evalu-
ated using the potency tests established for the four
antigens and theimmunogenicity assay of the HBsAg.
The assays were made just after mixing the compo-
nents (t=0) and after 6 months of storageat 5 + 3°C.
Based on the results of these evaluationsthree 5 liter
batches were formulated using different active phar-
maceutical ingredients (AFI) which were subjected
to arigorous stability study.

The methodology for the evaluation of the potency
of diphtheria, B. pertussis, tetanus and HBsAg, as
well as the immunogenicity test for the latter is de-
scribed in the following section.

Potency test for the diphtheriaand tetanic anatoxins
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Table 1. Batches of Diphtheria, tetanic, B. pertussis and HBsAg anatoxins
employed in the preparations of the three technological variants evaluated in

the pre-formulation study

Antigen Batch Concentration Purity
T. diphtheria 002/97 660 Lf/mL 3 300 Lf/mg NP
T. tetanic P-019/96 1000 Lf/mL 1400 Lf/mg NP
B. pertussis A-2/97 788 U.O. not done
HBsAg 02MPAC625 1.27 mg/mL >95%
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The test was performed following the Standard
Operational Procedures (SOP) established for each case
[12, 13]. Thepotency isexpressed ininternational units
(IU) of anatoxins of diphtheria and tetanus present in
the sera of animals that had received the immunogenic
stimulation using each corresponding antigen.

The procedure is based on the determination of the
neutralization capacity of the diphtheria and tetanic
anatoxins present in the sera of animals immunized
with the vaccine compared to areference preparation
of each toxin. For both anatoxins the batch is ap-
proved if thevalueis >2 IU/mL.

Potency test of B. pertussis

We used the methodology described to evaluate the
degreeof protection conferred by thevaccine expressed
as |U of protection against and B. pertussis, present
in the sera of the animals that had received immuno-
genic stimulation by each corresponding antigen.

The test consists of measuring the capacity of the
vaccine preparation of protecting immunized mice
against an intracranial challenge of the strain 18323 of
B. pertussis. Thetest was performed according to the
corresponding SOP[14]. The batch isapproved if the
valueis > 4 |U/doses of 0.5 mL and the lower limitis
> 2 1U/doses of 0.5 mL.

Relative potency test of HBsAg

Immunogenicity study of the HBsAg

Theimmunogenicity study of the HBsAg component
was to compare the results of the immune response
against the antigen in the three variants, measured by
the antibody titer.

Five groups of 10 Balb/C mice were immunized
with the three variants, a reference material of the
HBsAg vaccine (HB 07-0902) and a placebo. The
determination of the antibody titer was done as fol-
lows: mice were immunized with different doses of
the vaccines (1.25, 0.312, 0.075, 0.039 and 0.019 mg).
The immunization schedul e consisted of asingle dose
administered intraperitoneally. Mice were bled 28
days after immunization.

A concentration of 1.25 mg was used to determine
the anti-HB antibody titers. This concentration corre-
sponds to 1/16, which is the first dilution and conse-
quently the one that should show more animals with
seroconversion. The sera of the mice at this dilution
were pooled to increase the volume of the sample and
to obtain asingle valuefor theantibody titer, regardless
the value of each animal. The assay was performed
according to the corresponding SOP [15-16].

Stability study

The goal of this part of the study was to assess the
stability of the Trivac® vaccine, formulated with Cu-
ban technology and stored at 3 + 5 °C. For this we
used three consecutive batches (DPT-HB/VII, DPT-
HB/VIIl and DPT-HB/IX). The batches were formu-
lated according to variant 3 and the technology em-
ployed was evaluated.

General methodology of the study

The three batches were formulated using production
batches of active ingredients of D, P, T and HB.

167

Samplesfrom each formulation batch were storedin a
refrigerated room at 3+ 5 °C. The stability study was
performed in a time period of six months, under a
defined sampling schedule. In the last year the time
period was extended to 12 months. Samples were
evaluated for different physical, chemical and biol ogi-
cal parameters. The duration of the study was of 30
months.

Pre-clinical study

The pre-clinical study was made to assess the
reactogenicity of the combined DPT-HB vaccine, by
the inoculation of high doses through the intramuscu-
lar routefollowed by 14 days of surveillance to detect
any clinical symptoms of toxicity or death of the ani-
mals. The following pre-clinical studies were con-
ducted:

1. Evaluation of acute toxicity in Sprague-Dawley
ras.

2. Evauation of acute toxicity in Balb/C mice.

3. Evaluation of local tolerance in OF-1 mice.

Toxicity tests were made according to the guide-
lines approved by the Organization for the Coopera-
tion and the Economical Development (OCED). The
protocols employed corresponded specifically to the
401% OCED guideline but using the intramuscular
route [17]. The samples evaluated corresponded to
the final formulation used in the clinical study. The
doses assayed were selected taking into account the
antigen-adjuvant ratio. The lower dose used was 15
times the dose of the clinical study. The intermediate
and highest doses were 30 and 60 times the doses of
the clinical study respectively. Local tolerance was
evaluated in OF-1 mice. Maximum dose volume was
fixed to 0.5 mL asused for intramuscular routeinrats.
For the highest dose the total volume was divided for
its administration in both legs.

Clinical trials

Clinical studieswere conducted in two phases: phase
I, for safety evaluation and phase |1, to assess vaccine
immunogenicity. In phase Il we evaluated both,
seroconversion of individuals and the antigen-specific
antibody titers elicited against each antigen included
in the vaccine.

Clinical studieswere open, prospective, controlled
and randomized. A total of 274 healthy newborn in-
fants were initially enrolled in the study. Twenty-
eight children | eft the study either because of the deci-
sion of their parents or tutors, because they moved
out from the province, or due to migration or illness.

The Trivac® vaccine schedule consists of aseriesof
three vaccinations given at 2, 4 and 6 months of age
anditisadministered in dosesof 0.5 mL inthefrontal
region of theright thigh. The Trivac vaccineisapplied
after the vaccination with the Heberbiovac HB® vac-
cine using the same route and dose volume.

Inthefinal reactogenicity analysisweincluded 246
newborn infants of both sexes which had previously
received the three doses of vaccination. The sera of
the same children, but collected one month after the
last dose of the clinical assay, were used for theimmu-
nogenicity analysis. All parents and tutors gave their
informed consent for the participation of the children
in the clinical study and signed the corresponding
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12.PNO 12-237 yPNO 12-131. Procedi-
miento para determinar la potencia de
la anatoxina tetdnica.

13.PNO 12-137 y PNO 12-047. Procedi-
miento para determinar la potencia de
la anatoxina diftérica.

14. PNO 12-043. Procedimiento para
determinar la potencia de la Bordetella
pertussis.

15. PPO 4.09.060.92. Edicién 05. Procedi-
miento para la determinacién de la
potencia in vivo de la Vacuna Recombi-
nante contra la Hepatitis B y la vacuna
combinada DPT-HB.

16.PPO 4.09.038.92. Edicién 05. Procedi-
miento para determinar la concentracién
de los anticuerpos monoclonales anti-
hepatitis B por ELISA.

17. PPO 1.27.136.96. Administracion
parenteral de la sustancia de ensayo a
ratas.
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forms. Parents were interviewed by pediatricians in
order to obtain information regarding the mother’s
pregnhancy, delivery and the first two months of life of
each child. A detailed physical examination of the chil-
dren was also conducted. Only healthy eutrophic new-
born infants were included in the study.

Datawas recorded independently by two different
researchers. The information was organized using a
Microsoft Excel database. Both records were care-
fully compared and Scomp Software (version 2.0 of
2000) was used to eliminate errors and for data vali-
dation.

Determination of antibody titers against
tetanic toxoid

The Anti-tetanic toxin titer was determined using a
commercia assay from Nova Tec Immnodiagnostica
Gmbh, Germany (NovaTec-Clostridium tetani 1gG-
ELISA Prod. No. TETG0430). The assay consists of
adirect ELISA for the quantification of the anti teta-
nic toxin 1gG in the human sera. This assay was used
to assess the patient’s immunological conditions in
order to decide the need of a basic immunization or a
booster.

Determination of antibody titer against the
diphtheria toxin

It was employed a commercial kit from Novatec
Immunostica Gmbh, Germany (NovaTec-Corynebac-
terium diphtheriaelgG-ELISA Prod. No. CORG0090).
Theassay consistson adirect ELISA for the quantifi-
cation of the anti diphteria toxin 1gG in the human
sera. Thisassay was employed for the assessment of
patient’simmunological conditionsin order to decide
the need of a basic immunization or a booster.

Determination of the IgG titer against philamentous
hemaglutinin and pertussis toxin from B. pertussis.

Antibody titers against B. pertussis weredetermined
using a commercial assay from Nova Tec Immno-
diagnostica Gmbh, Germany (NovaT ec-Bordetella per-
tussis IgG-ELISA Prod. No. BOPG0030). Theintended
use of this ELISA is the qualitative determination of
1gG antibodiesin human sera

Determination of the IgG titer against HB

Anti-HBswere assessed by acommercial immunoen-
zymatic assay based on a sandwich procedure
(Hepanostika anti-HBs, Organon Teknika, The Neth-
erlands). Polystyrene stripes coated with HBsAg are
incubated with serum samples. Next, a conjugate of
HBsAg-horseradish peroxidase (HRP) isadded. When
apositive reaction occurred, the HBsAg- HRP conju-
gate reacts with the HBsAg-antibody complexes pre-
viously formed on the solid phase. Tetrame-
tilbenzidine is used as enzyme substrate which yields
a blue color that turns yellow upon the addition of
sulfuric acid to stop the enzymatic reaction while
maintaining low background color.

Protection levels for each antigen were determined
as recommended by the producers of diagnostic kits
employed.

Vaccinated children are considered protected against
tetanus anatoxin if they reach levels of specific anti-
bodies in serum above 0.11 Ul/mL and against diph-
theriawhen specific antibody levelsare above 0.1 Ul/
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mL. For B. pertussis it is not well established a clear
correlation between serum titers produced after vac-
cination and protection (seroproteccion). However,
Nova Tec suggests considering a positive sample if
total 1gGs against B. pertussis or B. pertussis's toxin
are higher than 11 Novatec Units (NU). In case of
Hepatitis B, it is worldwide established that titers
equal or above 10 Ul/mL of anti-HB in serum of vac-
cinated children are enough to confer protection against
the disease.

Scale-Up

Third variant of vaccine production previously de-
scribed was sel ected for scaled up. A totdl of six batches,
three of 20 L and other three of 100 L were formu-
lated and subjected to physical, chemical and biologi-
cal assays for the Quality Control Department ap-
proval.

Results and discussion

Pre-formulation

Potency resultsfor each of the four antigensare shown
intable2. Thetechnological variantswere analyzed at
two different times.

For al antigens potency results obtained using tech-
nological variants 2 and 3 satisfied the specification
limits. Thiswas not the case for HB antigen in techno-
logical variant 1 where the potency was consistently
below the specification limits. In this variant HBSAg
was incorporated to the formulation without previ-
ous adsorption to the aluminaand subsequently whole
cells of B. pertussis were added. Consisting of entire
cells, this latter component is the most aggressive in
the formulation due to the presence of proteases and
agglutinogens among other unwanted biomolecules.
When the first fraction of B. pertussis cellsisadded it
could produce contacts with the HBsAg leading to
chemical interference. Thiscontact isrepeated when a
second fraction of B. pertussis isadded 16 hours|ater
potentially producing asecond interference effect over
HBsAg.

This phenomenon could take placeasoin variant 2
because HBsA g isalso added to the formulation with-
out previous adsorption. Nevertheless potency re-
sults are within the specifications limits for this as-
say. The incorporation of B. pertussisin a single
addition could reduce the contact between the HBsAg
and B. pertussis cellsleading to adiminished interfer-
ence.

There is an obvious greater effectiveness in the re-
sponse for variant 3 probably because of the protection

Table 2. Potency results for the four antigens present in Trivac HB® vaccine formulation
evaluated for the 3 technological variants under study. Assays were conducted at 0 and 6

months
A Specificati Variant 1 Variant 2 Variant 3
n

ssay pecficalions 7.0 T=6m | T=0 T=6m | T=0  T=6m
Diphtheria 32.0U/mL 9.60 5.40 10.00 8.20 10.00 11.20
Tetanus 32.0U/mL 30.0 42.00 41.00 28.00 30.00 38.00

P B. . 3 4.0 U/dosis 13.70 8.60 14.50 12.30 13.60 15.00

ertussis

HBsAg 30.5 0.14 0.23 0.80 1.20 2.74 2.53

0.18* 0.19*

* This assay was made in two independent experiments.

Biotecnologia Aplicada 2006; Vol.23, No.2
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conferred to HBsAg whenit isadded to theformul ation
previously absorbed to dlumina. With variant 3 not only
isfulfilled the specification, but also even better results
were achieved since the values were 2 or 3 times higher
than the obtained for variant 2. Hence the final proce-
dure chosen for vaccine formulation includes both, pre-
adsorption of HB antigen to alumina and incorporation
of B.pertussis cellsin asingle addition.

In the three variants the potency assays for D, P
and T antigens satisfied specification limits.

HB component immunogenicity

Results of the immunogenicity study of HB compo-
nent are shown in figure 1.

The anti-HB antibody titers agreed with potency
test results obtained for each group. Even more, in
variants 2 and 3 the anti-HB titer was higher than
reference batch. This enhancing of the immunological
response could be a consequence of the presence of
other antigens in the formulation while in the refer-
ence batch HB antigen is alone.

For variant 1 the anti-HB response was not satis-
factory indicating that thisvariant is neither the choice
for scale up nor for the stability study.

Finally, additional physico-chemical studies per-
formed to the formulations of the three technol ogi-
cal variants showed no difference and satisfied the
specifications established for each case.

Considering that variant 3 rendered the best results
for HB antigen and the biological assaysfor D, P and
T antigenswere satisfactory, thisvariant was sel ected
to beincluded in the stability study.

Stability study

Three batches were stored 30 months at 5 +3 °C.
Results of the physico-chemical assays carried out
to these batches satisfied the specifications regulate
for each case. PH and concentration of alumina,
Thimerosal and formaldehyde, affect the organol ep-
tic characteristics of the vaccine. Thesefactors could
lead to the formation of clots, turbidity or changein
vaccine color. The technology employed for the ad-
dition of the components as well as the controlled
stirring used during the formulation process are also
important for the organoleptic characteristics. The
procedure employed in this work for the combina-
tion of the adjuvant, preservants and excipients al-
lowed to obtain afinal product with proper organo-
leptic characteristics. A non toxic response was
observed for the product during the evaluation pe-
riod. It was also possible to identify all antigens on
the vaccine.

Potency of the antigens

Inthetime course of the stability study potency tests
were carried out at different sampling times. In all
cases, resultsfor the four antigens present on the vac-
cine Trivac HB® were found within acceptance limits.
Deviations observed were always associated to the
utilization of biological systems which generally im-
ply a considerable variability in the results. Potency
test for tetanic anatoxin showed the greatest variabil-
ity reaching sometimes values above the correspond-
ing specification. Different from this case, for the diph-
theria anatoxin the results obtained for the different
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Figure 1. Anti-HB antibody titer. Variants 1, 2 and 3 are presented as V-1, V-2 and V-3. Antibody titers

are expressed as 1U/mL.

sampling times and batches were very similar. The
variability for the HBsAg and B. pertussis was less
noticeable.

It isimportant to remark that the relative humidity
inthe cold rooms employed for the storage was higher
than 90%. This becomes a challenge for the preserva-
tion of the vaccine and the results obtained are very
satisfactory since thisvalueis higher than the average
of relative humidity reported by Cartwright [18] for
the tropical regions (70%).

Also during the 30 months of the stability study,
the sterility test demonstrated primary package and
the closing mechanism were adequate and safe for the
preservation of the product.

Therewas good correlation between the identifi-
cation results of the four antigens and the potency
testsfor each of them. All theantigenswere consis-
tently identified and the potency test satisfied the
specifications for each case. The results for 30
months demonstrated the safety on the time of use
of the product for the clinical study.

Pre-clinical studies

The body weight of the animalsimmunized increased
with time and there were no differences related to
gender within the groups neither between the differ-
ent groups eval uated.

Ontheclinical inspection, the animals had no signs
of any toxicity effect or alterations in their behavior.
There was no mortality among the animals in any of
the study groups.

On the macroscopic examination of the organsthere
were observed calcifications in the pericardia region
indistinctively in control animals as well as treated
animals. Pericardia calcification is frequently found
in Balb/C mice. Thissymptom isof genetic origin and
the magnitude depends on different factors such as
age, gender and diet of the animal. Hence it was con-
sidered not relevant for the study. The bal ano-postitis
with deposited semen reported for very few animals
was al so considered not significant for the study. This
anomaly appears spontaneously because of multiple
causes not related with the object of this study [19].

Clinical studies

Phase |

On this phase was eval uated vaccine reactogenicity in
vaccinated children. Main findings of this part of the
study are summarized below:
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Reportes

Reports

1. Only 112 children (41.9%) showed adverse re-
actions and these were essentially mild.

2.1n 85.5% of cases reactions were reported in the
first 24 hours.

3. 74.5% of adverse reactions reported were sys-
temic events like fever (45%) and febricula (23%).

The above mentioned resultsdemonstratethat Trivac
HB® vaccine is atoxic and well tolerated by children.

Phase Il

Two fundamental aspects evaluated in phase Il of the
clinical studies were: 1. percentage of seroprotection
which refersto the fraction of the children that devel-
oped the necessary antibody level asto be protected
against each antigen and 2. geometric mean of the an-
tibody titers after the vaccination.

Global seroprotection was 98.8% for anti-HB anti-
bodies, 97.9% for anti-tetanic toxin, 100% for the
antibodies anti-diphtheria toxin and 93.1% for anti-
pertussis antibodies.

Global geometric mean of antigen-specific antibody
titerswere: 387.07 U/mL for anti-HB antibodies, 0.56
U/ml for anti-tetanic toxin antibodies, 1.13 U/mL for
anti-diphtheria toxin antibodies and 21.67 NU
(Novatec Units) for anti-pertussis antibodies.

Results of the vaccination with Trivac HB® were sat-
isfactory. Sero-protection due to antibodies was above
97%. Thisresult isparticularly relevant in the case of B.
pertusss considering that for this antigen an antibody
response between 80-90% is considered a very good
result. It is aso significant that in al cases geometric
means of antigen-specific antibody titers were higher
than the required to confer protection. On this respect,
the lowest values of antibody titers were obtained for
thetetanic anatoxin and eveninthiscasewere 5 times of
the necessary titer to confer protection.

Thisstage of the study demonstrated that the com-
bined vaccine Trivac HB® confers an adequate pro-
tection for vaccinated children.

170

Scale up

The study with six batches at ascale of 20 and 100 liters
satisfied the specifications established for their control.

Theresults of the study of potency of B. pertussis
for the batches formulated at the scale of 100 liters
were better than the results obtained for the batches
formulated at the scale of 20 liters. This fact demon-
strated that the scale up process did not impair the
quality of the vaccine.

Conclusions

After the evaluation of three technological variants
for production of the combined vaccine DPT-HB, vari-
ant 3 was selected as the technological candidateto be
scaled up. This variant was also used in the study of
the shelf life of the formulation. The stability studies
render the vaccine as stable for 24 monthswhen stored
at 5 +3 °C. The primary package is adequate since no
interactions between the vial and the product were
detected. Also, it was demonstrated that the package
preservethe sterility and all quality parameters of the
product.

Pre-clinical studies demonstrated the vaccine is
atoxic. On the other hand, evidences from the clinical
study shown the four antigens included in the vaccine
capable of conferring a high protection to the immu-
nized children. It was also demonstrated that DPT-
HB vaccineis safe and effective.

Results obtained in this study showed the effi-
cacy of the procedure employed for the scale up of
the formulation which is one of the most important
goals in the bulk production of the tetravalent vac-
cine Trivac HB®. On this ground, Cuban National
Regulatory Authority granted the Sanitary License
for Pharma-ceutical Operations and the Trivac HB®
Register for the production and commercialization
of the vaccine. This achievement allowed introduc-
ing the Trivac HB® vaccine in the National Immuni-
zation Program of Cuba.
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