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Immunogenicity and safety following primary and booster vaccination with
a hexavalent diphtheria, tetanus, acellular pertussis, hepatitis B, inactivated
poliovirus and Haemophilus influenzae type b vaccine: a randomized trial in the
United States
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ABSTRACT
Combined hexavalent diphtheria-tetanus-acellular pertussis-hepatitis B-inactivated poliomyelitis and
Haemophilus influenzae type b vaccine (DTaP-HBV-IPV/Hib) can further reduce the number of injections
in pediatric immunization schedules of countries currently using pentavalent DTaP combination vaccines.
This open-label, randomized, multicenter study (NCT02096263) conducted in the United States evaluated
the immunogenicity and safety of DTaP-HBV-IPV/Hib vaccine compared with concomitant administration
of DTaP-HBV-IPV and HibA or DTaP-IPV/Hib and HBV vaccines. We randomized (1:1:1) infants to receive
3-dose priming with DTaP-HBV-IPV/Hib boosted with DTaP+ HibB, DTaP-HBV-IPV+ HibA boosted with
DTaP+ HibA, or DTaP-IPV/Hib+ HBV boosted with DTaP-IPV/Hib, at 2, 4, 6, and 15–18 months of age. We
enrolled and vaccinated 585 participants, 486 received a booster, and 476 completed the study. Of these,
466 participants were included in the primary and 408 in the booster according-to-protocol cohorts for
immunogenicity. We demonstrated non-inferiority of DTaP-HBV-IPV/Hib vaccine to DTaP-HBV-IPV+ HibA
co-administered vaccines in terms of geometric mean concentrations for pertussis antibodies post-primary
vaccination. Post-primary vaccination, seroprotection/seropositivity rates for all vaccine antigens were
similarly high between DTaP-HBV-IPV/Hib (≥ 94.8%), DTaP-HBV-IPV+ HibA (≥ 98.1%) or DTaP-IPV/Hib
+ HBV (≥ 97.8%) groups. We observed robust immune responses post-booster, indicating effective priming
by the 3 regimens. Reactogenicity was similar in the 3 groups. Twenty-eight serious adverse events were
reported during the study; 3 were considered related to vaccination and resolved by the end of the study.
These results confirm that DTaP-HBV-IPV/Hib could be a valuable additional source of pediatric DTaP, IPV,
HBV, and Hib-containing vaccine in countries that currently use multivalent vaccines.
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Introduction

The introduction of new vaccines in already complex pedia-
tric vaccination schedules can be challenging. Combination
vaccines help reduce the number of injections needed during
childhood vaccination and may decrease discomfort for chil-
dren, increase acceptance by parents and pediatricians, reduce
costs, and improve vaccination coverage and compliance.1,2 In
the United States (US), the 2 pentavalent combination vac-
cines, which have been available for more than 10 years, are
diphtheria, tetanus, and acellular pertussis (DTaP), hepatitis
B (HBV) and inactivated poliovirus vaccine (DTaP-HBV-IPV,
Pediarix, GSK);3 and DTaP, IPV and Haemophilus influenzae
type b vaccine (DTaP-IPV/Hib, Pentacel, Sanofi Pasteur).4 In
the US, these combination vaccines are typically administered
concomitantly with recommended monovalent HBV and Hib
vaccines, both of which have well-established immunogenicity
and safety profiles.5–8

An additional combination vaccine, hexavalent DTaP-HBV
-IPV/Hib (Infanrix hexa, GSK), has been licensed in the

European Union since 20009 and is approved in more than
70 other countries,10 although in the US, data on the safety
and immunogenicity of this vaccine is limited.11,12

The primary aim of this study was to evaluate non-
inferiority of the immune responses against pertussis antigens
of DTaP-HBV-IPV/Hib compared with DTaP-HBV-IPV and
Hib post-primary vaccination. The study also assessed the
safety and immunogenicity of the other antigens following
the 3 primary doses in infancy and a booster dose in
the second year of life, in US children.

Results

Study population

We randomized infants into 3 groups: Group 1 received 3
doses of hexavalent DTaP-HBV-IPV/Hib and a booster dose
of DTaP and HibB, Group 2 received 3 doses of pentavalent
DTaP-HBV-IPV and HibA and a booster dose of DTaP and
HibA, and Group 3 received 3 doses of pentavalent DTaP-IPV
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/Hib and HBV and a booster dose of DTaP-IPV/Hib
(Figure 1).

We enrolled and vaccinated 585 participants. There were
466 participants who were included in the primary according-
to-protocol (ATP) cohort for immunogenicity. There were
486 participants who received a booster dose, 476 who com-
pleted the booster vaccination phase and 408 who were

included in the booster ATP cohort for immunogenicity
(Figure 2).

Baseline characteristics were similar between groups in
the primary and booster total vaccinated cohorts (TVC)
and ATP cohorts for immunogenicity although the propor-
tion of girls in the booster phase was lower in Group 2
(Table 1).

Figure 1. Study design.
, vaccination; , blood sampling; DTaP-HBV-IPV/Hib, diphtheria, tetanus, acellular pertussis, hepatitis B, inactivated poliovirus, and Haemophilus influenzae type

b (Hib) vaccine; DTaP-HBV-IPV, diphtheria, tetanus, acellular pertussis, hepatitis B, and inactivated poliovirus vaccine; DTaP-IPV/Hib, diphtheria, tetanus, acellular
pertussis, inactivated poliovirus, and Hib vaccine; DTaP, diphtheria, tetanus, acellular pertussis vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; HRV,
human rotavirus vaccine, administered at 2 and 4 months of age only; HBV, hepatitis B vaccine (not given at 4 months of age if a dose was administered at birth or
30 days prior to enrollment); HibA, HibB, monovalent Hib conjugate vaccines; AE, adverse event; SAE, serious adverse event; NOCIs, new onset of chronic illnesses;
ESFU, extended safety follow-up.Infants in Group 1 received one of three lots of DTaP-HBV-IPV/Hib, but these three groups were pooled for all analyses presented
here. The final randomization scheme was (1:1:1):3:3.

Figure 2. Flow of participants.
N, number of participants in each group; SAE, serious adverse event; TVC, total vaccinated cohort; ATP, according-to-protocol. Group 1 received DTaP-HBV-IPV/Hib at
primary vaccination and DTaP and HibB at booster vaccination. Group 2 received DTaP-HBV-IPV and HibA at primary vaccination and DTaP and HibA at booster
vaccination. Group 3 received DTaP-IPV/Hib and HBV at primary vaccination and DTaP-IPV/Hib at booster vaccination.
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Immunogenicity

Immune response following primary vaccination
Comparing Group 1 with Group 2 (for the primary objective),
1 month post-primary vaccination, the ratio (Group 2 divided
by Group 1) of antibody geometric mean concentrations
(GMCs) was 1.10 for pertussis toxoid (PT), 1.14 for filamen-
tous hemagglutinin (FHA), and 0.79 for pertactin (PRN). The
upper limit (UL) of the 95% confidence intervals (CIs) was
≤ 1.5 (pre-specified non-inferiority clinical limit) for each
antigen (Table 2), meeting the primary objective.

Aside from the primary objective, all other endpoints were
descriptive with no adjustments for multiple comparisons.

Therefore, group differences mentioned subsequently based
on CI overlap should be interpreted with caution and no firm
conclusions can be drawn about similarities or differences
between groups.

Although antibody GMCs for the 3 pertussis antigens in
Group 3 were lower than those in Groups 1 and 2, based on
non-overlapping 95% CIs, 99.3%–100% of infants in Group 3
had antibody concentrations above the assay cut-offs for all
3 pertussis antigens (Table 3).

One month post-primary vaccination, 94.8% of infants in
Group 1 had anti-polyribosylribitol phosphate (PRP) antibody
concentrations ≥ 0.15 µg/mL (indicative of short-term protec-
tion), compared with 98.1% in Group 2 and 98.7% in Group
3. Following the same trend, the observed anti-PRP antibody
GMC was lower in Group 1 (non-overlapping 95% CIs), and
trended lower in Group 3 compared with Group 2 (although
95% CIs overlapped marginally) (Table 3).

One month post-primary vaccination, seroprotection rates
across all groups were 100% for diphtheria and ≥ 99.3% for
tetanus. Antibody GMCs for diphtheria tended to be lower in
Group 3 compared with Groups 1 and 2 (based on non-
overlapping 95% CIs) (Table 3).

All infants in Groups 1 and 2 and ≥ 98.4% of infants in
Group 3 had antibody titers ≥ 8 ED50 (median effective dose)
against poliovirus types 1, 2, and 3, although the observed
geometric mean titers (GMTs) for polio antibodies seemed
lower in Group 3 based on non-overlapping 95% CIs (Table 3).

All infants in Groups 1 and 2 and 97.8% in Group 3 had
antibody concentrations ≥ 10 milli international units

Table 1. Demographic characteristics (total vaccinated cohorts and ATP cohorts for immunogenicity).

Primary phase Booster phase

Groups
Group 1 (DTaP-HBV-

IPV/Hib)
Group 2 (DTaP-HBV-

IPV + HibA)

Group 3
(DTaP-IPV/Hib

+ HBV)
Group 1 (DTaP

+ HibB)
Group 2 (DTaP

+ HibA)
Group 3 (DTaP-

IPV/Hib)

Total vaccinated cohort N = 195 N = 194 N = 196 N = 167 N = 158 N = 161
Mean age at dose 1 (weeks)/booster dose

(months) ± SD
8.5 ± 1.0 8.6 ± 1.1 8.6 ± 1.1 15.3 ± 0.7 15.3 ± 0.6 15.3 ± 0.7

Girls, n (%) 101 (51.8) 80 (41.2) 95 (48.5) 87 (52.1) 58 (36.7) 73 (45.3)
Race, n (%)

White Caucasian/European heritage 118 (60.5) 128 (66.0) 115 (58.7) 101 (60.5) 101 (63.9) 94 (58.4)
African/African American 16 (8.2) 9 (4.6) 20 (10.2) 14 (8.4) 9 (5.7) 16 (9.9)
American Indian or Alaskan Native 15 (7.7) 15 (7.7) 17 (8.7) 12 (7.2) 14 (8.9) 16 (9.9)
Other 46 (23.6) 42 (21.7) 44 (22.4) 40 (23.9) 34 (21.5) 35 (21.8)
Hepatitis B vaccination at birth, n (%) 181 (92.8) 172 (88.7) 180 (91.8) 153 (91.6) 139 (88.0) 149 (92.5)

Tdap vaccination of mother, n (%)
Yes 102 (66.7) 94 (62.7) 98 (60.9) 90 (67.7) 85 (68.0) 82 (59.9)
No 51 (33.3) 56 (37.3) 63 (39.1) 43 (32.3) 40 (32.0) 55 (40.1)
Missing 42 44 35 34 33 24

ATP cohort N = 154 N = 156 N = 156 N = 138 N = 139 N = 131
Mean age at dose 1 (weeks)/booster dose

(months) ± (SD)
8.6 ± 0.9 8.6 ± 1.1 8.6 ± 1.0 15.3 ± 0.6 15.3 ± 0.6 15.3 ± 0.7

Girls, n (%) 85 (55.2) 61 (39.1) 74 (47.4) 72 (52.2) 47 (33.8) 58 (44.3)
Race, n (%)

White Caucasian/European heritage 98 (63.6) 106 (67.9) 89 (57.1) 84 (60.9) 90 (64.7) 72 (55.0)
African/African American 13 (8.4) 8 (5.1) 17 (10.9) 12 (8.7) 8 (5.8) 12 (9.2)
American Indian or Alaskan Native 12 (7.8) 8 (5.1) 16 (10.3) 11 (8.0) 10 (7.2) 14 (10.7)
Other 31 (20.2) 34 (21.9) 34 (21.7) 31 (22.4) 31 (22.3) 33 (25.1)

Hepatitis B vaccination at birth, n (%) 143 (92.9) 136 (87.2) 144 (92.3) 129 (93.5) 122 (87.8) 120 (91.6)
Tdap vaccination of mother, n (%)

Yes 83 (66.4) 79 (64.8) 81 (61.4) 79 (69.9) 75 (68.2) 73 (62.9)
No 42 (33.6) 43 (35.2) 51 (38.6) 34 (30.1) 35 (31.8) 43 (37.1)

Missing 29 34 24 25 29 15

ATP, according-to-protocol; DTaP-HBV-IPV/Hib, diphtheria, tetanus, acellular pertussis, hepatitis B, inactivated poliovirus, and Haemophilus influenzae type b (Hib)
vaccine; DTaP-HBV-IPV, diphtheria, tetanus, acellular pertussis, hepatitis B, and inactivated poliovirus vaccine; DTaP-IPV/Hib, diphtheria, tetanus, acellular pertussis,
inactivated poliovirus and Hib vaccine; DTaP, diphtheria, tetanus, acellular pertussis vaccine; HibA, HibB, monovalent Hib conjugate vaccines; N, number of
participants in each group; SD, standard deviation; n (%), number (percentage) of participants in each category; Tdap, reduced antigen content tetanus, diphtheria,
acellular pertussis vaccine.

Table 2. Geometric mean concentration ratio between groups for antibodies to
pertussis antigens, 1 month after primary vaccination (primary ATP cohort for
immunogenicity).

Group 1
(DTaP-HBV-IPV/Hib)

Group 2
(DTaP-HBV-IPV + HibA)

GMC ratio (95% CI)
Group 2/Group 1

Antigen N GMC N GMC

PT 146 43.6 149 47.9 1.10 (0.92–1.31)
FHA 146 107.3 149 122.6 1.14 (0.97–1.35)
PRN 146 58.2 149 46.1 0.79 (0.63–0.99)

PT, pertussis toxoid; FHA, filamentous hemagglutinin; PRN, pertactin.
ATP, according-to-protocol; DTaP-HBV-IPV/Hib, diphtheria, tetanus, acellular per-
tussis, hepatitis B, inactivated poliovirus, and Haemophilus influenzae type
b (Hib) vaccine; DTaP-HBV-IPV, diphtheria, tetanus, acellular pertussis, hepatitis
B, and inactivated poliovirus vaccine; HibA, monovalent Hib conjugate vaccine;
N, number of participants with available results in each group; GMC, geometric
mean concentration; CI, confidence interval.

Note: Bolded values indicate that the non-inferiority criterion (upper limit of the
95% CI of the GMC ratio [Group 2 divided by Group 1] ≤ 1.5) was met.
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(mIU)/mL for hepatitis B surface antigen (HBs). Observed
anti-HBs GMCs were lower for infants in Group 3 (based
on non-overlapping 95% CIs) (Table 3), a difference observed
only among infants who received HBV at birth
(Supplementary Table 1); these infants received only 2 doses
of HBV during the primary series.

Persistence of antibodies 9 months after primary
vaccination

Antibody GMCs and GMTs decreased between 1 and
9 months post-primary vaccination for all antigens, with
more than 80% of children in the 3 groups remaining sero-
positive/seroprotected against all antigens, except for PRN in
Groups 2 (78.8%) and 3 (75.8%), PT in Group 3 (52.1%), PRP
in Groups 1 (69.5%) and 3 (77.7%), and polio type 3 in Group
3 (68.4%) (Table 4). Observed anti-PRP antibody GMCs were
still lower in Group 1 and observed antibody GMCs or GMTs
for PT, FHA, polio types 1, 2 and 3, in Group 3 remained
lower at the 9 months post-priming time point (based on
non-overlapping 95% CIs), while the observed antibody
GMCs for PRN, diphtheria, and tetanus were similar across
groups (overlapping 95% CIs) (Table 4).

Immune response following booster vaccination

Antibody GMCs and GMTs increased from pre-booster to
post-booster vaccination for all antigens across the 3 groups
regardless of vaccines used for booster vaccination (DTaP
+ HibB for Group 1, DTaP + HibA for Group 2, and DTaP-
IPV/Hib for Group 3) indicating satisfactory priming by the
different primary vaccines.

One month post-booster, all children across the 3 groups
were seropositive for the pertussis antigens PT and FHA, and
≥ 99.2% of children were seropositive for PRN. Booster
response rates were ≥ 93.1% for PT, ≥ 97.7% for FHA, and
≥ 97.4% for PRN (Supplementary Table 2). Similar to the
primary series responses, antibody GMCs for FHA and PRN
were lower in Group 3 (non-overlapping 95% CIs) (Table 4).

All children in Groups 1 and 2 and 98.5% in Group 3 had
post-booster anti-PRP antibody concentrations ≥ 0.15 µg/mL.
The percentage of children with anti-PRP antibody concen-
trations ≥ 1.0 µg/mL, indicative of long term protection, was
98.6% in Group 1, 99.3% in Group 2, and 97.7% in Group 3
(Table 4). In contrast to the primary series, there were no
clear differences in anti-PRP antibody GMCs in Group 1
compared to the other groups, although the GMCs trended
higher in Group 2 (overlapping 95% CIs).

All children across the 3 groups were seroprotected against
diphtheria and tetanus, except for tetanus in Group 3 where
99.2% were seroprotected. Observed post-booster antibody
GMCs for diphtheria and tetanus were in similar ranges
across groups (overlapping 95% CIs) (Table 4).

Reactogenicity and safety

Primary vaccination phase
The most common solicited symptoms after primary vaccina-
tion were injection site pain (39.0%–67.7% of infants) andTa
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irritability (62.2%–87.3% of infants) across groups and doses
(Figure 3). Pain (0.0%–12.7%) and irritability (3.3%–9.0%)
were the most frequently reported grade 3 symptoms. For all
other solicited symptoms, grade 3 intensity occurred for
≤ 6.4% of infants after any of the doses. Across groups and
doses, 11.9%–25.8% of infants had fever, with 2 infants (1.1%)
having grade 3 fever (> 40.0°C) after the third dose.

Across groups, unsolicited adverse events (AEs) were
recorded for 49.0%–57.9% of infants (Table 5). The most
common unsolicited AEs were upper respiratory tract infec-
tion (URTI; 15.4%), cough (7.7%), and fever (6.2%) in Group
1; URTI (11.9%), vomiting, teething, conjunctivitis, and gas-

troesophageal reflux disease (4.1% each) in Group 2; and
URTI (13.3%), fever (7.7%), vomiting, and diarrhea (5.1%
each) in Group 3.

Seven infants in Group 1 (3.6%) had new onset of
chronic illnesses (NOCIs) anytime up to 6 months after
dose 3 (5 with atopic dermatitis and 2 with bronchial
hyperreactivity), 11 infants in Group 2 (5.7%; 7 with atopic
dermatitis and 1 each with bronchial hyperreactivity, drug
hypersensitivity, food allergy, and urticaria), and 10 infants
in Group 3 (5.1%; 7 with atopic dermatitis, 1 with asthma,
1 with asthma and food allergy and 1 with allergic rhinitis)
(Table 5).

Figure 3. Incidence of local (A) and general (B) solicited symptoms post-primary vaccination (primary total vaccinated cohort, Days 0–3).
Footnote: N, maximum number of participants with ≥ 1 documented dose. Infants received 3 doses of study vaccines at 2, 4 and 6 months of age. Infants also
received PCV13 (3 doses at 2, 4 and 6 months of age) and oral HRV (2 doses at 2 and 4 months of age). Local symptoms are those reported at the DTaP combination
vaccine and Hib or HBV injection sites. Local symptoms at the PCV13 injection site were not recorded.Note: Fever was defined as a temperature ≥ 38.0°C. Grade 3
symptoms are as defined in the Patients and Methods section.

Table 5. Percentage of children with unsolicited adverse events occurring within the 31-day post-vaccination periods, serious adverse events* and new onset of
chronic diseases* (total vaccinated cohorts).

Group 1
(DTaP-HBV-IPV/Hib [primary] and DTaP

+ HibB [booster])

Group 2
(DTaP-HBV-IPV + HibA [primary] and DTaP

+ HibA [booster])

Group 3
(DTaP-IPV/Hib + HBV [primary] and DTaP-

IPV/Hib [booster])

n % (95% CI) n % (95% CI) n % (95% CI)

Primary TVC N = 195 N = 194 N = 196

Any unsolicited AE 113 57.9 (50.7–65.0 108 55.7 (48.4–62.8) 96 49.0 (41.8–56.2)
Grade 3 13 6.7 (3.6–11.1) 12 6.2 (3.2–10.6) 7 3.6 (1.4–7.2)
Related to vaccination 24 12.3 (8.0–17.8) 28 14.4 (9.8–20.2) 34 17.3 (12.3–23.4)
NOCIs* 7 3.6 (1.5–7.3) 11 5.7 (2.9–9.9) 10 5.1 (2.5–9.2)
SAEs* 7 3.6 (1.5–7.3) 1 0.5 (0.0–2.8) 7 3.6 (1.4–7.2)
Related to vaccination** 2 0 0

Booster TVC N = 167 N = 158 N = 161

Any unsolicited AE 37 22.2 (16.1–29.2) 35 22.2 (15.9–29.4) 41 25.5 (18.9–32.9)
Grade 3 5 3.0 (1.0–6.8) 3 1.9 (0.4–5.4) 3 1.9 (0.4–5.3)
Related to vaccination 3 1.8 (0.4–5.2) 3 1.9 (0.4–5.4) 3 1.9 (0.4–5.3)
NOCIs* 4 2.4 (0.7–6.0) 1 0.6 (0.0–3.5) 1 0.6 (0.0–3.4)
SAEs* 1 0.6 (0.0–3.3) 0 0.0 (0.0–2.3) 1 0.6 (0.0–3.4)

DTaP-HBV-IPV/Hib, diphtheria, tetanus, acellular pertussis, hepatitis B, inactivated poliovirus, and Haemophilus influenzae type b (Hib) vaccine; DTaP-HBV-IPV,
diphtheria, tetanus, acellular pertussis, hepatitis B, and inactivated poliovirus vaccine; DTaP-IPV/Hib, diphtheria, tetanus, acellular pertussis, inactivated poliovirus
and Hib vaccine; HibA, HibB, monovalent Hib conjugate vaccines; HBV, hepatitis B vaccine; AE, adverse event; CI, confidence interval; n (%), number (percentage) of
children with ≥ 1 reported AE; N, number of children in each group; SAE, serious adverse event; NOCIs, new-onset of chronic illnesses; TVC, total vaccinated cohort.

*SAEs and NOCIs were recorded until 6 months post-primary vaccination and 1 month post-booster vaccination.
**SAEs related to vaccination were recorded throughout the study.
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There were a total of 22 serious AEs (SAEs) anytime up to
6 months post-dose 3, reported for 7 (3.6%) infants in Group
1, 1 (0.5%) infant in Group 2, and 7 (3.6%) infants in Group
3. Three SAEs reported for 2 infants in Group 1 were con-
sidered by the investigator to be related to vaccination (1 with
lethargy who was withdrawn from the study and 1 with an
apparent life-threatening event and leukocytosis). These SAEs
resolved by the end of the study.

Booster vaccination phase

The most common solicited symptoms after booster vaccina-
tion were injection site pain, (39.3%–51.0% of children), and
irritability (50.3%–62.7%; Figure 4). Grade 3 solicited symp-
toms were uncommon (≤ 5.2% of children). Across groups,
2.6%–7.3% of children had fever, none with grade 3 fever.
Three children in Group 1 (1.9%) and 1 child (0.7%) in Group
2 had large swelling reactions.

Across groups, unsolicited AEs were reported for 22.2%–
25.5% of children (Table 5). The most common unsolicited
AEs were fever (3.0%) in Group 1; fever, URTI, and otitis
media (3.2% each) in Group 2; and URTI (5.0%) and viral
infection (3.1%) in Group 3.

Four children (2.4%) in Group 1 had NOCIs within
31 days after booster vaccination (3 with seasonal allergies
and 1 with allergic rhinitis), 1 child (0.6%) in Group 2 had
atopic dermatitis, and 1 child (0.6%) in Group 3 reported
asthma (Table 5).

There was a total of 2 SAEs within 31 days after the booster
dose, in 1 child (0.6%) in Group 1 and 1 child (0.6%) in
Group 3. None of these were considered related to vaccina-
tion. There were an additional 3 SAEs in a child in Group 1
between the 6-month follow-up period after primary vaccina-
tion and administration of the booster dose, and 1 SAE in
a child in Group 1 after the 31-day post-booster follow-up

period, none of which were related to vaccination. This
resulted in a total of 28 SAEs from dose 1 up to the study
end. There were no deaths during the study.

Discussion

This randomized, open-label study in children in the US
showed that immune responses after 3 primary doses of
a hexavalent DTaP-HBV-IPV/Hib combination vaccine
were similar for all vaccine components to those after con-
comitant injections of DTaP-HBV-IPV and HibA, or DTaP-
IPV/Hib and HBV. The 3 vaccine regimens also resulted in
robust immune responses after DTaP and Hib or DTaP-IPV
/Hib booster vaccination, indicating that mixed schedules
induce clinically acceptable immune responses. Our study
demonstrated that antibody GMCs for pertussis antigens
after primary vaccination with DTaP-HBV-IPV/Hib were
non-inferior to those after primary vaccination with sepa-
rate DTaP-HBV-IPV and HibA vaccines, and met its pri-
mary objective. Further, antibody persistence for pertussis
antigens 9 months post-priming was similar for both regi-
mens and the DTaP booster elicited an equally strong
booster response in both groups. Because there is no corre-
late of protection for pertussis, immunity wanes rapidly,13,14

and there are ongoing pertussis epidemics,15 evaluating the
immune response to the pertussis components elicited by
DTaP-HBV-IPV/Hib vaccination is critical to ensuring that
vulnerable infants are protected. In this study the hexavalent
DTaP-HBV-IPV/Hib vaccine elicited similar pertussis
immune responses to combination vaccines currently avail-
able in the US.

Previous trials have reported that Hib-containing combina-
tion vaccines result in lower antibody GMCs for PRP than Hib
vaccine administered separately.16–21 Consistent with these ear-
lier studies, we also observed that anti-PRP antibody GMCs

Figure 4. Incidence of local and general solicited symptoms post-booster vaccination (booster total vaccinated cohort, Days 0–3).
Footnote: N, maximum number of participants with ≥ 1 documented dose. Children received the booster dose a 15–18 months of age. Grade 3 symptoms are as
defined in the Patients and Methods section.
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following the primary series were lower after DTaP-HBV-IPV
/Hib-vaccine than after separate DTaP-HBV-IPV and HibA
vaccines. However, this difference was less pronounced after
the Hib booster, indicating that the hexavalent combination
vaccine effectively primed Hib immune responses. Further, the
proportions of DTaP-HBV-IPV/Hib-vaccinated infants who
achieved post-primary and post-booster anti-PRP concentra-
tions indicative of short-term protection (≥ 0.15 µg/mL) and
post-booster anti-PRP concentrations indicative of long-term
protection (≥ 1.0 µg/mL) were comparable with those in infants
who received separate DTaP-HBV-IPV and HibA vaccines.

The mechanisms by which mixing Hib-PRP with DTaP
combination vaccines reduces the Hib immune response is
not known. Several hypotheses have been proposed, including
TT carrier-induced epitopic suppression, incompatibility with
the Al(OH)3 adjuvant or interactions between vaccine com-
ponents affecting the conformation or presentation of
epitopes.16,22,23 It is not clear whether there are clinical impli-
cations for the lower anti-PRP antibody GMCs post-primary
vaccination, particularly since previous studies have shown
that compared with monovalent Hib vaccines, Hib-
containing combination vaccines demonstrate similar anti-
body avidity, functional opsonic activity, and induction of
immune memory.24,25 A recent review of European surveil-
lance data from countries using (almost exclusively) GSK’s
hexavalent DTaP-HBV-IPV/Hib vaccine showed that invasive
Hib disease remained well controlled after introduction of the
hexavalent vaccine.26 A case-control study conducted in the
Netherlands showed that Hib vaccine effectiveness has not
decreased over time or by the introduction of the hexavalent
DTPa-HBV-IPV/Hib vaccine in 2011.27

Our current study further found that immune responses to the
other antigens (diphtheria, tetanus, polio types 1–3, and HBs)
were similar in children receiving DTaP-HBV-IPV/Hib to those
receiving separate DTaP-HBV-IPV and HibA vaccines, both after
primary vaccination and after the DTaP and Hib booster doses
(diphtheria and tetanus only). Consistent with previous studies,
our results suggest that administering Hib together with DTaP-
HBV-IPV in the same injection did not interfere with the immune
response to these additional antigens.11,20,28,29

Our study also compared immune responses to those fol-
lowing separate administration of concomitant HBV and
DTaP-IPV/Hib vaccines (Group 3). Anti-HBs antibody
GMCs were lower 1 and 9 months post-primary vaccination
after separate HBV and DTaP-IPV/Hib vaccines than after
hexavalent (Group 1) or separate DTaP-HBV-IPV and HibA
vaccines (Group 2). While nearly all infants in Group 3
achieved anti-HBs seroprotection 1 month post-primary vac-
cination, seroprotection rates declined in this group to 86.8%
9 months post-priming, a decrease not observed for the other
groups. This was not unexpected as the study protocol man-
dated that infants in Group 3 who were vaccinated with HBV
at birth – which was the case for most infants – only received
an additional 2 HBV doses, while infants in the other groups
received 3 HBV doses in addition to the birth dose.
Consistently, in the small number of infants who did not
receive HBV vaccine at birth, post-primary antibody GMCs
were similar across groups.

In our study, infants who received DTaP-IPV/Hib and
HBV separately also tended to have lower antibody GMCs
for several other vaccine antigens (diphtheria, pertussis, and
polio antigens) after primary vaccination compared with the 2
other groups. The clinical significance of these differences is
not clear as they became less pronounced after the booster
dose, and we observed similarly high levels of seroprotection
and strong booster responses across groups.

Reactogenicity and safety profiles were similar for the 3
regimens, with a possible trend for lower reactogenicity after
hexavalent DTaP-HBV-IPV/Hib vaccination. The clinical sig-
nificance of this observation may be limited, as grade 3 symp-
toms occurred infrequently in all groups and participants in
Group 1 received just one study vaccine at each vaccination
compared to 2 study vaccines in the other groups. In addition,
the incidence of AEs reported in this study in US children was
in line with that in previous studies,28–31 and with that gener-
ally expected following routine pediatric vaccines.

Our study had limitations. Aside from the primary objec-
tive, all other endpoints were descriptive with no adjustments
for multiple comparisons. Therefore, no firm conclusions can
be drawn about similarities or differences between groups and
the results for the secondary objectives should be interpreted
with caution. We also did not compare the kinetics of early
immune responses against Hib between the 3 regimens, which
may be important for high-risk groups. Further, although
infants also concomitantly received 13-valent pneumococcal
conjugate vaccine (PCV13) and human rotavirus vaccine
(HRV) with DTaP-HBV-IPV+ HibA, we did not evaluate the
immune responses to the antigens in these vaccines. In addi-
tion, this was an open-label study and thus the reactogenicity
and safety findings could have been biased. Although this
study had a relatively high drop-out rate, it was equally dis-
tributed between the study groups and was unlikely to have
introduced bias in the results. Finally, the study design pro-
vided enough power to conclude non-inferiority of pertussis
responses to DTaP-HBV-IPV/Hib vaccination compared with
separate DTaP-HBV-IPV and HibA vaccines.

Conclusion

Following 3 doses of the combination vaccine DTaP-HBV-IPV
/Hib, the immune response to the pertussis antigens was non-
inferior when compared with separate DTaP-HBV-IPV and
HibA vaccines. Immune responses against the other vaccine
antigens after 3 doses of DTaP-HBV-IPV/Hib were also gener-
ally similar to those after separate DTaP-HBV-IPV and HibA, or
DTaP-IPV/Hib and HBV vaccines. Regardless of the vaccines
administered for the primary series, DTaP and Hib booster
doses elicited a robust response indicative of effective priming.
The DTaP-HBV-IPV/Hib safety and reactogenicity profile was
similar to that of the 2 other vaccine regimens. Overall, the
results from this study demonstrate that DTaP-HBV-IPV/Hib
could be considered an alternative DTaP, IPV, HBV, and Hib-
containing vaccine to protect infants in countries currently
using lower-valent vaccines. Figure 5 summarizes the research,
clinical relevance and impact on the patient population.
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Patients and methods

Study design and participants

This was a phase III, open-label, randomized, controlled study
conducted in 43 centers in the US between April 2014 and
November 2015. The study had a primary phase with 3 vaccina-
tion visits, a blood sampling visit, and a safety follow-up contact,
and a booster phase with a vaccination and a blood sampling
visit (Figure 1). We randomized 6–12-week-old healthy infants
to receive 3 primary vaccine doses of hexavalent DTaP-HBV-
IPV/Hib (Group 1), pentavalent DTaP-HBV-IPV and HibA
(Group 2), or pentavalent DTaP-IPV/Hib and HBV (Group 3)
at 2, 4, and 6 months of age. Infants concomitantly received 3
doses of PCV13 (Prevnar13, Pfizer Inc.) at 2, 4, and 6 months of
age and 2 doses of HRV (Rotarix, GSK) at 2 and 4 months.
Infants in Group 3 who had been given HBV at birth or up to
30 days prior to the first study dose did not receive HBV at
4 months of age. Infants in Group 1 received one of three lots of
DTaP-HBV-IPV/Hib to obtain more representative data for the
vaccine. These 3 groups were pooled for all analyses presented
here. As such, infants were randomized using a (1:1:1):3:3 block-
ing scheme.

During the booster phase, we gave children who partici-
pated in the primary phase a booster dose of DTaP and HibB
(Group 1), DTaP and HibA (Group 2), or DTaP-IPV/Hib
(Group 3) at 15–18 months of age.

Both study phases were open-label because of the differ-
ence in the number of injections and the appearance of the
administered vaccines. However, the laboratories in charge of
serology testing were blinded to the treatment.

A complete list of inclusion and exclusion criteria is pre-
sented in Supplementary Material 1.

We obtained written informed consent for each infant
from the parent or the legally acceptable representative
(LAR). We conducted the study according to the
Declaration of Helsinki, International Conference on
Harmonization (ICH) Good Clinical Practice guidelines,
ICH Harmonized Tripartite Guideline for clinical investiga-
tion of medicinal products in the pediatric population (ICH
E11), and US laws and regulations. The study protocol, the
amendments, the informed consent form, and all documents
requiring pre-approval were reviewed and approved by
Institutional Review Boards or Independent Ethics
Committees. The study is registered at www.clinicaltrials.gov

Figure 5. Focus on the Patient.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 817

http://www.clinicaltrials.gov


(NCT02096263). A summary of the study protocol is available
at http://www.gsk-clinicalstudyregister.com (GSK study ID:
117119). Anonymized individual participant data and study
documents can be requested for further research from www.
clinicalstudydatarequest.com.

Study objectives

The primary objective was to demonstrate the non-inferiority
1 month post-primary vaccination of DTaP-HBV-IPV/Hib
compared with DTaP-HBV-IPV co-administered with HibA
in terms of antibody GMCs for pertussis antigens (PT, FHA,
and PRN). Non-inferiority was defined as demonstrated if,
for each of the 3 antigens, the UL of the 95% CI for
the GMC ratio (DTaP-HBV-IPV + HibA divided by DTaP-
HBV-IPV/Hib) was ≤ 1.5.

Secondary objectives included assessing immune responses
1 month post-primary vaccination for all study vaccines (DTaP-
HBV-IPV/Hib, DTaP-HBV-IPV, HibA, DTaP-IPV/Hib, and
HBV) with regard to seroprotection/seropositivity, GMCs or
GMTs of antibodies to all vaccine antigens; pre-booster persis-
tence of all antibodies; immune responses 1 month post-booster
to DTaP, HibB, HibA, and DTaP-IPV/Hib, which consisted of
assessing seroprotection/seropositivity, and GMCs of antibodies
to DTaP and Hib vaccine antigens and booster response for
pertussis antigens; and safety and reactogenicity of primary
and booster vaccination.

Vaccines

DTaP-HBV-IPV/Hib contained ≥ 30 IU of diphtheria toxoid
(DT); ≥ 40 IU tetanus toxoid (TT); 25 µg PT; 25 µg FHA; 8 µg
PRN; 10 µg recombinant HBs; 40 D-Antigen Units (DAgU)
poliovirus type 1 (Mahoney strain); 8 DAgU poliovirus type 2
(MEF-1 strain); 32 DAgU poliovirus type 3 (Saukett strain); and
700 µg Al3+ and had to be mixed with the Hib component: 10 µg
PRP conjugated to ~ 25 µg TT and 0.12 mg Al3+. DTaP-HBV-
IPV had the same composition as DTaP-HBV-IPV/Hib without
the Hib component. DTaP-IPV/Hib contained 15 limit of floc-
culation units (Lf) DT; 5Lf TT; 20 µg PT; 20 µg FHA; 5 µg
fimbriae; 3 µg PRN; 40 DAgU poliovirus type 1 (Mahoney
strain); 8 DAgU poliovirus type 2 (MEF-1 strain); 32 DAgU
poliovirus type 3 (Saukett strain); and 330 µg Al3+; mixed with
the Hib component: 10 µg PRP conjugated to 24 µg TT. DTaP
contained ≥ 30 IU DT; ≥ 40 IU TT; 25 µg PT; 25 µg FHA; 8 µg
PRN; and 500 µg Al3+. HibA and HibB each contained 10 µg of
Hib conjugated to 24–~25µgTTandNaCl (60mMand150mM,
respectively). HBV contained 10 µg HBs and 250 µg Al3+. The
co-administered PCV13 and HRV were as described
previously.32,33

All vaccines were administered intramuscularly in the
thigh (each vaccine at a different location), except HRV
which was administered orally.

Immunogenicity assessment

We collected 3 blood samples for the analysis of antibody
responses: 1 month post-primary (7 months of age, 5.0 mL), pre-

booster (15–18 months of age, 5.0 mL), and 1 month post-
booster vaccination (16–19 months of age, 3.5 mL) (Figure 1).

Enzyme-linked immunosorbent assays (ELISAs) for
diphtheria, tetanus, and the 3 pertussis antigens were redeve-
loped and revalidated in 2014–2016 (i.e., during the course of
this study). Assay units and cut-offs were adapted.

Seroprotection for diphtheria and tetanus was defined as
an antibody concentration ≥ 0.1 IU/mL.34,35 The assay cut-
offs for the redeveloped and revalidated ELISA were 0.057 IU/
mL for diphtheria and 0.043 IU/mL for tetanus.

The new assay cut-offs for pertussis antigens were 2.693
IU/mL for PT, 2.046 IU/mL for FHA, and 2.187 IU/mL for
PRN. Booster response was defined 1 month post-vaccination
as antibody concentration ≥ 4 times the assay cut-offs for
children with pre-vaccination antibody concentration below
the assay cut-offs; ≥ 4 times the pre-vaccination antibody
concentration for children with pre-vaccination antibody con-
centration between the assay cut-offs and < 4 times the assay
cut-offs; and ≥ 2 times the pre-vaccination antibody concen-
tration for children with pre-vaccination antibody concentra-
tion ≥ 4 times the assay cut-offs.

Antibodies against poliovirus types 1, 2, and 3 were deter-
mined by a virus micro-neutralization test adapted from the
World Health Organization Guidelines for WHO/EPI
Collaborative Studies on Poliomyelitis,36 with antibody titers
≥ 8 ED50 considered protective.

Anti-PRP antibodies were measured by ELISA, with anti-
body concentrations ≥ 0.15 µg/mL and ≥ 1.0 µg/mL indicative
of short and long-term protection, respectively.37,38 Anti-HBs
antibodies were tested by a commercial chemiluminescence
immunoassay (CLIA, Centaur, Siemens Healthcare) with
a cut-off of 6.2 mIU/mL defining seropositivity and 10 mIU/
mL defining seroprotection .39,40

Reactogenicity and safety assessment

The parent(s)/LAR(s) recorded any solicited local (injection
site pain, redness, swelling) and general (drowsiness, irritabil-
ity, loss of appetite, fever) symptoms that occurred up to
4 days (Days 0–3) and any unsolicited AE up to 31 days
(Days 0–30) after each vaccine dose using diary cards. We
defined fever as a temperature ≥ 38.0°C, with the preferred
temperature measurement of rectal in the primary phase and
axillary in the booster phase. Post-booster vaccination,
parent(s)/LAR(s) measured the circumference of the injected
limb and recorded any increase as solicited local AE. Large
injection site reactions (defined as swelling with a diameter
> 50 mm, noticeable diffuse swelling, or increase of limb
circumference) occurring within 4 days after the booster
dose were also reported.

We defined grade 3 symptoms as crying when the limb was
moved or the limb being spontaneously painful for the symp-
tom pain, > 20 mm diameter for redness and swelling, drow-
siness or irritability preventing normal activity, irritability
resulting in crying that could not be comforted, loss of appe-
tite resulting in not eating at all, and fever with a temperature
> 40.0°C. We considered an increase in limb circumference of
> 40 mm (after the booster dose) grade 3. We defined all other
AEs as grade 3 if they prevented normal, daily activities.
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We considered all solicited local reactions causally related to
vaccination. The investigators assessed causality of all other AEs.

We recorded all SAEs and NOCIs such as autoimmune
disorders, asthma, type I diabetes, and allergies from Day 0 up
to 6 months after the last primary vaccination and from the
booster dose up to 1 month after booster vaccination. (S)AEs
leading to withdrawal from the study and SAEs related to
study participation or vaccination were recorded throughout
the entire study.

Statistical analysis

A total of 378 participants (126 per group) evaluable for
immunogenicity post-dose 3 was needed to demonstrate the
primary objective with 94% power considering a 2.5% type
I error, 0.1761 (= log10(1.5)) as non-inferiority margin and
0.274, 0.307 and 0.392 as the standard error of log10 trans-
formed antibody concentration for PT, FHA and PRN,
respectively. Assuming that 65% of enrolled participants
would be evaluable for immunogenicity post-dose 3, we
aimed to enroll 585 infants.

We performed immunogenicity analyses on the primary or
booster ATP cohorts for immunogenicity, which included all
eligible participants who received the study vaccines as per
protocol, complied with study procedures, and had post-
primary or post-booster vaccination serology results available.
We conducted safety analyses on the primary or booster TVCs
which included all participants who received ≥ 1 primary dose
(primary cohort) and a booster dose (booster cohort).

We assessed pertussis antibody GMC group ratios using an
analysis of variance (ANOVA) model on the log-transformed
concentrations. The ANOVA model included the vaccine
group as fixed effect and the Tdap vaccination of the mother
during pregnancy as regressor. The GMC group ratio and its
95% CI were derived as exponential transformation of the
corresponding group contrast in the model.

We calculated percentages of participants with antibody
concentrations/titers above the seropositivity or seroprotec-
tion cut-offs and percentages of participants reporting AEs
with exact 95% CIs.41 Antibody GMCs and GMTs were cal-
culated with 95% CIs, obtained by exponential transformation
of the CI for the mean of the log-transformed concentration
or titer. The CIs for GMCs and GMTs were obtained within
each group separately. The CIs for the mean of log-
transformed concentration/titer were first obtained assuming
that log-transformed values were normally distributed with
unknown variance. The CIs for the GMCs/GMTs were then
obtained by exponential transformation of the CIs for the
mean of log-transformed concentration/titer.

Trademark

Infanrix hexa, Hiberix, Pediarix, Rotarix, Engerix-B, and Infanrix are
trademarks of the GSK group of companies. ActHIB and Pentacel are
trademarks of Sanofi Pasteur SA. Prevnar13 is a trademark of Pfizer Inc.
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Abbreviations

AE adverse event
ANOVA analysis of variance
ATP according-to-protocol
CI confidence interval
CLIA chemiluminescence immunoassay
DAgU D-Antigen Units
DT diphtheria toxoid
DTaP diphtheria, tetanus, and acellular pertussis
DTaP-HBV-IPV pentavalent diphtheria-tetanus-acellular pertus-

sis-hepatitis B-inactivated poliomyelitis vaccine
DTaP-IPV/Hib pentavalent diphtheria-tetanus-acellular pertus-

sis-inactivated poliomyelitis and Haemophilus
influenzae type b vaccine

DTaP-HBV-IPV/Hib hexavalent diphtheria-tetanus-acellular pertussis-
hepatitis B-inactivated poliomyelitis and
Haemophilus influenzae type b vaccine

ED50 median effective dose
ELISA enzyme-linked immunosorbent assay
FHA filamentous hemagglutinin
GMC geometric mean concentrations
GMT geometric mean titer
HBV hepatitis B vaccine
HibA, HibB monovalent Haemophilus influenzae type

b vaccines
HRV human rotavirus vaccine
ICH International Conference on Harmonization
IPV inactivated poliomyelitis virus
IU international units
LAR legally acceptable representative
Lf limit of flocculation units
mIU milli international units
NOCI new onset of chronic illness
PCV13 13-valent pneumococcal conjugate vaccine
PRN pertactin
PRP polyribosylribitol phosphate
PT pertussis toxoid
SAE serious adverse event
Tdap reduced antigen content tetanus, diphtheria, acel-

lular pertussis vaccine
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TVC total vaccinated cohort
TT tetanus toxoid
UL upper limit
URTI upper respiratory tract infection; US, United

States.
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