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Objective: Comparing the immunogenicity and reactogenicity of three vaccine combinations. These were
GlaxoSmithKline Biologicals’ (GSK) Haemophilus influenzae type b vaccine (Hib-TT; Hiberix ™) administered
with the local Government Pharmaceutical Organization’s (GPO) diphtheria-tetanus-pertussis whole cell
(DTPw) vaccine, Hib-TT mixed with GPO's DTPw vaccine, or Hib -TT mixed with GSKs’ DTPw vaccine
(Tritanrix ™

Material and Method: An open, randomized, controlled, single center study of three hundred and sixty
infants. They were randomized into three groups to receive either Hib-TT; Hiberix™ mix with GPOs’ DTPw
vaccine (group 1), Hib-TT mixed with GPO's DTPw vaccine (group 2), or Hib -TT mixed with GSKs’ DTPw
vaccine (Tritanrix ™; group 3) at two, four and six months of age.

Result: One month after the third dose, all subjects had antibodies level against Hib polyribosylribitol phos-
phate (PRP) > 0.15 ug/ml. All subjects except two (in group 2) had anti-PRP levels > 1.0 ug/ml. The geometric
mean concentrations were similar in all three groups. Over 96% of the subjects in all three groups demon-
strated an immunological response to diphtheria, tetanus, and pertussis antigens. There was no difference
among the three groups in terms of severe local reaction and fever.

Conclusion: The present study showed that the combined vaccines produced an effective antibody response
with no increase in reactogenicity compared to separately administrated vaccines.
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Combined vaccines are important tools in the
control of preventable childhood infectious diseases.
They offer the advantages of convenience, cost-effec-
tiveness, and better compliance. The combined trivalent
diphtheria, tetanus, whole-cell pertussis (DTPw) vac-
cine has been available since 1940s and has been part
of the World Health Organization’s (WHO) Expanded
Program on Immunization (EPI) since the late 1970s. It
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is well established as part of the routine vaccine prac-
tice worldwide. The DTPw vaccine contains inactivated
Bordetella pertussis bacteria, diphtheria and tetanus
toxoids. Three doses of DTPw vaccine, given intra-
muscularly, are usually administered within the first six
months of age.

Haemophilus influenzae type b (Hib) is the
main pathogen causing meningitis in infants and
young children and can cause other invasive infections
such as pneumonia, empyema, suppurative arthritis,
and cellulitis". In the past, Hib infection caused con-
siderable morbidity, long-term sequelae, mortality, and
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had a strong impact on healthcare costs in both
developed and developing countries®. Hib vaccines,
originally containing purified polyribosylribitol phos-
phate (PRP) capsular polysaccharide from Hib®, were
introduced in the mid 1980s. However, the vaccine was
found to have variable efficacy in children younger
than 18 months because of the nature of the immune
response to the PRP polysaccharide. Subsequently,
conjugated C vaccines were developed in which the
pathogenic antigen is linked to a more immunogenic
‘protein carrier’, with the aim to improve efficacy. By
the early 1990s, Hib conjugated vaccines were used
to vaccinate infants. The introduction of effective
vaccines, has resulted in the virtual disappearance of
invasive Hib diseases and has markedly lowered the
prevalence of upper respiratory carrier of Hib?'?. In
1997, WHO recommended the worldwide inclusion of
Hib conjugated vaccines in infant immunization pro-
grams, as appropriate to national capacities and priori-
ties"V. This initiative requires the addition of another
series of inoculations into the recommended schedule
for infants and children. The complicated logistics of
administering additional vaccines, each requiring
several inoculations, may pose a significant barrier to
the success of universal immunization. Compliance
with vaccination schedules would be enhanced if Hib
vaccines could be mixed with DTP vaccines for a single
injection, without intensifying the reactogenicity and
safety profile or causing interference with the immune
response compared to the separate vaccines.

The present study was conducted to demon-
strate the immunogenicity and reactogenicity of
GlaxoSmithKline Biologicals ‘Hib vaccine (Hib-TT;
Hiberix™) administered separately or mixed with lo-
cally produced DTPw vaccine (GPO-DTPw), and to
demonstrate the non-inferiority to GlaxoSmithKline
Biologicals’ extemporaneously mixed combination of
DTPw (GSK-DTPw; Tritanrix™) and Hib-TT when
given at 2, 4 and 6 months of age.

Material and Method

The present study was an open, randomized,
phase II clinical trial, conducted at Phramongkutklao
Hospital, Bangkok. The present study was approved
by the National and Institutional Ethic Committees, and
conducted according to the Declaration of Helsinki
and Good Clinical Practice. Written informed consent
was obtained from the parents or guardians prior to
enrollment.

Healthy 6-12 week-old infants who had re-
ceived two doses of hepatitis B vaccine at birth and
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1 month of age were recruited. The subjects were
excluded if they had a history of previous disease or
vaccination against diphtheria, tetanus, pertussis, or
Haemophilus influenza type B; if they had received a
vaccine not foreseen in the present study protocol
within 30 days prior to the present study start or after
receiving a study vaccine. Additional exclusion criteria
were history of allergic disease or reactions likely to be
exacerbated by any component of the vaccine. The
infants were also excluded if they had a history of
chronic administration (more than 14 days) of immuno-
suppressants or other immune-modifying drugs prior
to the first vaccine dose, continuing any chronic drug
therapy during the present study period, confirmed or
suspected immunosuppressive or immunodeficiency
condition, including HIV infection, or administration
of immunoglobulins or any blood products since birth
or planned administration during the present study
period. The infants were also excluded if they had any
underlying condition such as major congenital defects
or serious chronic illness, neurological disorders in-
cluding seizure, or developed acute disease at the time
of enrollment.

Study groups and Vaccines

The infants were randomized according to a
1:1:1 randomization scheme to receive either Govern-
ment Pharmaceutical Organization’s (GPO) local com-
mercially available combined GPO-DTPw concomitantly
with Hib-TT conjugated (Hiberix™) vaccine (group 1)
or GPO-DTPw mixed with Hib-TT conjugated vaccine
(group 2) or GSK-DTPw (7ritanrix™) mixed with Hib-
TT conjugated vaccine (group 3).

Hib-TT conjugated (Hiberix™) and GSK-
DTPw vaccines (Tritanrix™), were developed and ma-
nufactured by GlaxoSmithKline Biologicals, Rixensart,
Belgium?. The GPO-DTPw vaccine was developed
locally in Thailand. A single lot of each vaccine was
used in the present study.

GSK-DTPw vaccine was supplied in 0.5 ml
monodose vials, each containing a minimum of 30 IU,
60 IU, and 2 TU of diphtheria, tetanus, and inactivated
Bordetella pertussis antigen, respectively. Hib-TT
conjugated vaccine was supplied in 0.5 ml, and con-
taining 10 pg Haemophilus influenza type b capsular
polysaccharide conjugated to 20-40 g Tetanus Toxoid.
This vaccine was supplied as a freeze-dried pellet for
reconstitution before use.

The GPO-DTPw vaccine was supplied as a
multidose per vial each 0.5 ml containing 30 Lf, 6 Lf,
and 20,000 million cells of diphtheria toxoid, tetanus

1331



toxoid, and Bordetella pertussis, respectively.

Vaccines were administered by deep intra-
muscular injection in the left deltoid region at 2, 4, and
6 months of age in groups 2 and 3, and in bilateral
deltoid region in the concomitant vaccination group 1.
The duration of each subject’s participation in the
present study was seven months.

Assessment of immunogenicity

Blood samples were taken prior to the first
dose of vaccination and 1 month after completing the
full vaccination course for antibody measurement
against diphtheria, tetanus toxoid, Bordetella pertussis,
and Hib antigens. All antibody levels were measured
by enzyme-linked immunosorbent assay (ELISA) at GSK
Biologicals’ central laboratory (Rixensart, Belgium). The
protective level at 0.1 IU/ml was used as assay cut-off
for diphtheria and tetanus antibodies. For Bordetella
pertussis toxoid (BPT) antibodies, seropositivity was
used at 15 EL.U/ml. The Hib PRP cut-off was set at0.15

pg/ml.

Assessment of reactogenicity

All subjects were observed closely for at
least 30 minutes after each vaccination. Solicited local
symptoms (pain, redness, and swelling) at the injection
site and solicited general symptoms (fever, drowsiness,
loss of appetite, and restlessness/fussiness) were re-
corded on diary cards for 4 days following vaccina-
tion. Serious adverse events were recorded up to one
month following vaccination. A 3-point scale was used
for grading the intensity of symptoms; grade 1: an ad-
verse event that is easily tolerated causing minimum
discomfort or not interfering with everyday activities,
grade 2: an adverse event that is sufficiently discom-
forting to interfere with normal everyday activities,
grade 3: an adverse event that prevents normal, every-
day activities

Statistical analysis

Immunogenicity: Analysis was performed
on two cohorts: total and according to protocol (ATP)
cohorts with analysis on ATP cohort considered as the
primary analysis. Seroprotection/ seropositivity rates
and Geometric mean concentrations/titers (GMC/GMT)
for antibodies against all vaccine antigens were calcu-
lated with 95% confidence intervals (CI), at each blood
sampling time point.

Inferential analysis: Equivalence between the
treatment groups and the control group was demon-
strated by calculating the standardized asymptotic
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95% CI for the between-group treatment differences in
seroprotection rates/vaccine response rates for each
antigen and verifying that the confidence limits were
within pre-defined clinical limits [-10%, 10%]. Similarly,
95% CI for the ratio of GMTs between groups (treat-
ment group/control) was computed and compared
with pre-defined clinical limits (1.5 fold difference) to
verify equivalence of groups.

Reactogenicity: Analysis was performed
only on the ATP reactogenicity cohort. The overall
incidence of solicited symptoms during the 4-day
follow-up period vaccination was tabulated with exact
95% CI. The incidence, relationship to vaccination and
intensity of unsolicited symptoms was also tabulated.

Exploratory analysis: Fisher’s exact test was
performed to compare the incidence of any solicited
local symptom, any severe solicited local symptom, in-
cidence of fever and incidence of each of the solicited
local symptom in the three groups.

Results

Three hundred and sixty infants were enrolled
in the present study and were randomized to one of the
three study groups (120 subjects/group). The demo-
graphic characteristics for all three-vaccination groups
were similar. Twenty-four infants (6.6%; 8 in group 1,
GPO-DTPw + HibTT; 6 in group 2, GPO-DTPw/Hib-TT;
10 in group 3, GSK-DTPw/Hib-TT) were not included
in the immunogenicity analysis, due to protocol viola-
tion or non-compliance with either the vaccination or
blood-sampling schedule.

Immunogenicity results

One month after completing the full vaccina-
tion course, all subjects (ATP-cohort) in all three groups
had anti-PRP antibody concentrations > 0.15 pg/ml.
Moreover, all except two subjects (in group 2) had anti-
PRP antibody concentrations > 1[g/ml. The measured
GMCs were high (above 15 mg/ml) and similar in all
three groups (Table 1).

Over 96% of the subjects in all three groups
achieved anti-diphtheria sero-protection rates. Anti-
diphtheria GMCs were 1.123 [U/ml, 0.833 IU/ml and 0.932
IU/ml in groups 1, 2 and 3 respectively. All subjects in
all three groups developed sero-protection against
tetanus with high GMCs in all three groups (Fig. 1).

One month after the full vaccination course,
97-99% of subjects in all three groups developed sero-
positivity for anti-BPT antibodies. GMCs were 75.5
EL.U/ml, 66.1 EL.U/ml, and 72.7 EL.U/ml in groups 1, 2,
and 3, respectively (Fig. 1).
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Table 1. Percentage of subjects with anti-PRP antibody concentrations > 0.15 pig/ml and > 1.0 pg/ml and GMCs

Group Timing N >0.15 pg/ml >1.0 pg/ml GMC (95% CI)
n % n % Hg/ml LL UL
1 Pre 111 101 91.0 16 14.4 0.356 0.296 0.428
Post 112 112 100.0 112 100.0 17.655 14.495 21.504
2 Pre 110 97 88.2 18 16.4 0.352 0.290 0.426
Post 111 111 100.0 109 98.2 15.285 12.253 19.068
3 Pre 110 100 90.9 21 19.1 0.408 0.338 0.492
Post 110 110 100.0 110 100.0 15.447 13.298 17.943
Group 1 received GPO DTPw + GSK Hib at 2, 4 and 6 months of age
Group 2 received GPO DTPw/GSK Hib at 2, 4 and 6 months of age
Group 3 received GSK DTPw/GSK Hib at 2, 4 and 6 months of age
N: number of subjects with available results
n (%): Number (percentage) of subjects with antibody concentrations above the cut-off
95%CI, LL, UL: 95% confidence interval; Lower Limit; Upper Limit
Pre: Day 0; Post: One month after the third dose
GMC: geometric mean concentration
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Fig. 1 Percentage seropositivity and GMC levels pre-dose 1 and one month post-dose 3
Label values are the GMCs
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GMC unit of anti-BPT antibody = EL.U/ml
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Reactogenicity results

The safety evaluation included data from 357
subjects. Eight subjects (2 in group 1, 5 in group 2, and
1 in group 3) reported serious adverse events during
the present study. None was considered by the invest-
gator to be causally related to vaccination. The number
of subjects reporting any solicited/unsolicited local and
generalized symptoms was similar in all groups. Pain at
the injection site was the most frequent solicited local
symptom both in terms of any or grade 3 intensity (grade
3 intensity was defined as spontaneously painful or
crying when the limb was moved) during the 4-day
follow-up period in all three groups. There were no
significant differences among the three groups in terms
of incidence of grade 3 pain. Grade 3 fever (> 39.5°C)
occurred in 1.7%, 3.3%, and 1.7% of subjects in Groups
1,2, and 3, respectively. The differences were not sta-
tistically significant.

Discussion

In the present study, all subjects in the three
vaccination groups recorded concentrations of anti-
PRP > 0.15 pg/ml, which is widely accepted as being
the conservative threshold level of protection!*!¥.
Whereas a serum concentration > 1.0 pg/ml is believed
to correlate with long term protection?. Using this
cut-off level, the Thai subjects included in the present
study demonstrated a high overall immunogenicity
against anti-PRP antibodies irrespective of whether
the study vaccines were administered combined or
separately. The present results confirmed the previous
studies showing a high immunogenicity to PRP antigen
when Hib and DTPw vaccines were given in combina-
tion>'?, Anti-PRP antibody GMCs in the subjects, who
received combination vaccines, were somewhat lower
than those in the group who received vaccines in a
separate arm (17.0 pig/ml in group 1 vs. 15.2 pg/ml and
15.4 pg/ml in groups 2 and 3, respectively). This find-
ing has been observed previously when the subjects
given the vaccines in the same syringe had statisti-
cally significantly lower Hib GMCs"*'®. Nevertheless,
these observations are not clinically relevant since the
GMC level is high above the protective level.

The GMCs of antibodies against the DTP
components were slightly, but consistently lower for
all three components in the mixed vaccination groups.
However, the differences were neither statistically nor
clinically significant and are similar to those observed
in another study?.

Generally, the presented data of local DTPw
mixed with GSK Biologicals’ Hib vaccine are consis-

1334

tent with the results of combining GSK Biologicals’
Hib with a commercially available DTPw vaccine in
the UK!®.

Interestingly, the present study recorded a high
percentage of anti-PRP and anti-tetanus antibodies pre-
vaccination, due to the transplacental transfer of high
maternal antibody levels. This is also seen in a lesser
extent for anti-diphtheria. Although Hib vaccine is not
recommended in pregnant women in Thailand, two
doses of tetanus vaccine are routinely administered
during pregnancy. Thus, the evidence of anti-PRP
antibody levels in their mothers is naturally acquired,
showing a sign of the prevalence of Hib infection.
Inhibitory effects have been reported following im-
munization with tetanus and diphtheria toxoids**,
pertussis®", conjugated Hib® and hepatitis A vac-
cines®; with every vaccine administered in the
presence of significant titers of maternal antibodies.
Significant inhibitory effects on infant antibody re-
sponses reflected by lower sero-conversion rates and/
or GMT in infants immunized in the presence of high
levels of maternal antibodies were found. However,
this inhibition of B-cell mediated immune response is
determinant-specific, and leaves infant T-cell responses
largely unaffected by these transferred antibodies@*%.
That leads to efficient immunological priming. This in-
duces infant antibody response as soon as maternal
antibody titers decline below the infant response
threshold and can serve as an excellent basis for
future response®**. Thus, neonatal priming and early
boosting with vaccine formulation optimized for suffi-
cient early life immunogenicity and maximal safety pro-
files, could allow better control of the huge infectious
disease burden in early life@*>.

Despite the presence of high maternal anti-
PRP and anti-tetanus antibodies, Hib conjugated and
tetanus vaccines can overcome the theoretical inhibi-
tory effect, as demonstrated by all subjects develop-
ing antibodies against tetanus and PRP antigen after
completing their primary schedule. These findings are
consistent with those of Englund et al (2003) where
Hib conjugated vaccine was administered to pregnant
women and high anti-PRP levels were demonstrated in
their infants®®. The present study demonstrated that
the impact of increased levels of Hib antibodies in
infants at the time of primary Hib immunization did not
appear to interfere with vaccine efficacy. However,
higher antibody levels in infants at the time of immuni-
zation may transiently decrease the infant’s antibody
response to active immunization after the first or second
immunization, although overall, the antibody response
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to PRP conjugated vaccines after the series of vac-
cines was similar to controls©@®.

In contrast to anti-PRP and anti-tetanus anti-
bodies, insignificant pre-vaccination anti-diphtheria and
anti-BPT antibody titers were found. This confirms the
waning immunity after routine immunization of DTP
vaccine in childhood and supports the recommenda-
tion for pertussis booster vaccination in adults.

There were no significant differences among
the three study groups with respect to the incidence of
severe local symptoms, fever, or other systemic re-
actions. This confirms that the local GPO-DTPw
vaccines can be mixed with GSK Biologicals’ Hib-TT
vaccine without increasing the frequency and severity
of reactions usually seen following DTPw vaccination.

The present study confirmed that GSK Bio-
logicals’ Hib-TT conjugated vaccine combined with
local commercially available GPO-DTPw vaccine, given
as a single injection, is safe and immunogenic. Follow-
ing regulatory approval, this new combined vaccine
could facilitate the introduction of Hib vaccine into the
National EPI by reducing the number of required injec-
tions and subject visits, lowering costs, and ultimately
increasing subject compliance and vaccine coverage.
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