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Abstract

Background: This study evaluated the immunogenicity, reactogenicity and safety of the combined Haemophilus influenzae type B Neisseria meningitidis serogroup C tetanus toxoid conjugate vaccine (Hib-MenC-TT) coadministered with diphtheria, tetanus, acellular pertussis hepatitis B–inactivated poliovirus (DTPa-HBV-IPV) as 2 primary and 1 booster doses at 3, 5 and 11 months of age.

Methods: In this phase III open study (NCT00327184), 709 infants were randomized in 2 parallel groups (1:1) to receive either Hib-MenC-TT coadministered with DTPa-HBV-IPV or control vaccines (MenC-TT coadministered with DTPa-HBV-IPV/Hib). Serum bactericidal activity for MenC (rSBA-MenC) and antibody concentrations against polyribosylribitol phosphate from Hib (anti-PRP) and hepatitis B (anti-HBs) were measured at 1 month after dose 2, before booster and 1 month after booster dose. Solicited (local/general) and unsolicited symptoms were assessed up to 4 and 31 days, respectively, after each vaccination. Serious adverse events were recorded throughout the study.

Results: One month after dose 2, high percentages of infants in both groups had rSBA-MenC titers ≥8 (≥99.1%), anti-PRP concentrations ≥0.15 μg/mL (≥96.5%) and anti-HBs concentrations ≥10 mIU/mL (≥95.3%), which persisted up to the booster vaccination (≥94.5%, ≥86.1%, ≥94.2%) and increased again after the booster dose (100%, 100%, ≥99%). Exploratory analyses indicated that rSBA-MenC geometric mean titers were lower and anti-PRP geometric mean concentrations were higher in the infants vaccinated with Hib-MenC-TT compared with the control vaccines at all time points. The safety profiles of the coadministered vaccines were similar in both groups.

Conclusions: The Hib-MenC-TT and DTPa-HBV-IPV vaccines are immunogenic with a clinically acceptable safety profile when coadministered as 2 primary doses during infancy and 1 booster dose at 11 months of age.

Neisseria meningitidis and Haemophilus influenzae type B (Hib) are 2 major causes of invasive bacterial infections worldwide, with the majority of the cases occurring in infants and young children and with the highest disease burden in the first year of life.1–4 Serogroups B and C of N. meningitidis are responsible for the majority of invasive meningococcal disease in Europe.2 Although the development of vaccines against serogroup B has been hindered by the poor immunogenicity of its capsular antigens in humans,5 conjugate vaccines against meningococcal serogroup C (MenC) are available and have been widely used since 1999.6–8 In addition, immunization of infants with Hib conjugate vaccines has been recommended in most industrialized countries since the 1990s.9 Conjugate vaccines against MenC and Hib are immunogenic in infants and young children, and their use has resulted in a dramatic decline in the incidence of invasive diseases caused by these pathogens.6,9–11

GlaxoSmithKline (GSK) Biologicals has developed a combined Hib-MenC conjugate vaccine using tetanus toxoid (TT) as the carrier protein (Hib-MenC-TT). The Hib-MenC-TT vaccine has been investigated according to various vaccination schedules in infants and toddlers, because these are the age groups at highest risk for both diseases.12–20 In the United Kingdom, the Hib-MenC-TT vaccine has been used as a booster vaccination for the Hib and MenC antigens in the second year of life since September 2006. The vaccine is currently approved in some European countries, Brazil and New Zealand for 3-dose primary vaccination in infants from the age of 2 months up to 12 months and for booster vaccination in toddlers up to the age of 2 years. The vaccine also is approved in Australia for 1-dose vaccination in toddlers previously primed with Hib but naïve for MenC.12

The coadministration of Hib-MenC-TT with combined diphtheria, tetanus, acellular pertussis (DTPa)-based vaccines offers an interesting alternative to the DTPa/Hib combinations coadministered with stand-alone meningococcal vaccines, which are administered routinely to infants in various European countries. Previous studies have shown that primary vaccination with DTPa/Hib combinations induces a lower Hib antibody response compared with Hib vaccine administered alone, although this may not translate to lower efficacy if a booster dose is administered in the second year of life.21–25 The coadministration of the Hib-MenC-TT vaccine with a DTPa hepatitis B–inactivated poliovirus (DTPa-HBV-IPV) vaccine previously was shown to be immunogenic and to have a clinically acceptable safety profile when both vaccines were administered as a 3-dose primary vaccination at 2, 3 and 4 months of age or at 2, 4 and 6 months of age.15–17,19,20 High responses to both Hib and MenC antigens were observed after the second dose in these studies, suggesting a potential 2-dose primary vaccination schedule during infancy, followed by a booster dose in the second year of life. This schedule would facilitate the inclusion of the Hib-MenC-TT vaccine in some countries such as Italy, Scandinavian countries, and some Eastern European countries, which are administering routine childhood vaccines as 2 primary doses at 3 and 5 months of age with a booster dose at 11 to 12 months of age.26,27

The purpose of this study was to evaluate the immunogenicity, reactogenicity and safety of the Hib-MenC-TT vaccine coadministered with DTPa-HBV-IPV versus control vaccines when administered as 2 primary doses at 3 and 5 months of age and 1 booster dose at 11 months of age.
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MATERIALS AND METHODS

Study Design

This was an open, phase III, randomized, controlled study conducted in 12 clinics of the Vaccine Research Center of the University of Tampere in Finland and 4 independent centers in Italy between April 2006 and June 2007. This study was conducted according to the International Conference on Harmonization Good Clinical Practice guidelines and the Declaration of Helsinki. In Finland, the study protocol was approved by the Ethics Review Committee of the Pirkanmaa University Hospital District. In Italy, the study protocol was approved by the Ethics Review Committees of the study centers. Written informed consent was obtained from the parents or guardians of the participants before the study entry. This study has been registered at www.clinicaltrials.gov NCT00327184. A summary of the protocols is available at http://www.gsk-clinicalstudyregister.com (GSK study ID 106388 and 106390).

Infants were randomized (1:1) in 2 parallel groups to receive either Hib-MenC-TT coadministered with DTPa-HBV-IPV (HibMenC group) or a MenC conjugate vaccine using TT as the carrier protein (MenC-TT) coadministered with DTPa-HBV-IPV/Hib (control group) (Fig. 1). The study was conducted in 2 phases. Infants received 2 doses of the vaccines at 3 and 5 months of age in the primary vaccination phase, and they received a booster dose of the same vaccines at 11 months of age in the booster vaccination phase. The immune responses were evaluated in all the participants at 1 month after dose 2, just before the booster dose and at 1 month after booster dose.

[image: Figure 1]FIGURE 1. Study design. M0 indicates month 0, first primary dose administration; M2, month 2, second primary dose administration; M3, month 3, postdose 2 blood sample taken at 1 month after the second primary dose; M9, month 9, prebooster blood sample and booster dose administration; M10, month 10, postbooster blood sample taken at 1 month after the booster dose.



The randomization list was generated at GSK Biologicals using a standard Statistical Analysis System (SAS) program to number the vaccines. A 1:1 randomization and a block scheme of 4 were used to ensure that the balance between treatments was maintained. The treatment allocation at the investigator site was performed using a central randomization system on the Internet developed by GSK and the randomization algorithm used a minimization procedure accounting for center.

The primary objectives of the study were to demonstrate the noninferiority of the MenC and the Hib immune responses induced by the 2-dose primary vaccination course in the HibMenC group versus the control group. The secondary objectives were: (1) to demonstrate the noninferiority of the persistence of the MenC and the Hib immune responses in the HibMenC group versus the control group; (2) to evaluate the MenC and Hib immunogenicity of the 2 primary vaccination doses and of the booster dose of Hib-MenC-TT coadministered with DTPa-HBV-IPV compared with the control vaccines at 1 month after dose 2, just before the booster dose and at 1 month after booster dose; (3) to evaluate the hepatitis B immunogenicity of the 2 primary vaccination doses and of the booster dose of DTPa-HBV-IPV coadministered with Hib-MenC-TT compared with the control vaccines at 1 month after dose 2, just before the booster dose and at 1 month after booster dose; and (4) to assess the local reactogenicity up to 4 days after vaccination and the safety throughout the study period for the 2 vaccines administered in each group.
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Study Participants

Study participants were healthy infants aged between 6 and 12 weeks at the time of the first vaccination and who were born after a gestation period of 36 to 42 weeks. Participants were excluded if they had the following: previous administration since birth or planned administration during the study period of any investigational or nonregistered product, of immunoglobulin or any blood product or of a vaccine not foreseen by the study protocol (with exception of Bacillus Calmette-Guérin); previous vaccination against any of the diseases targeted by the study vaccines; immunosuppression from any cause; history of Hib or MenC disease, of allergic reactions or reactions likely to be exacerbated by any component of the vaccine or of any neurologic disorders or seizures; or major congenital defects, a serious chronic illness or an acute disease at the time of enrollment.
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Vaccines

Each dose of the Hib-MenC-TT vaccine (Menitorix; GSK Biologicals, Rixensart, Belgium) contained 5 μg polyribosylribitol phosphate (PRP) from Hib and 5 μg MenC polysaccharide, and each polysaccharide (PRP and MenC polysaccharide) was conjugated to TT (no adjuvant added). One dose of the MenC-TT vaccine (NeisVac-C; Baxter, Volketswil, Switzerland) contained 10 μg capsular polysaccharide conjugated to TT and adjuvanted with 500 μg aluminum.28 The compositions of DTPa-HBV-IPV (Infanrix penta; GSK Biologicals) and DTPa-HBV-IPV/Hib (Infanrix hexa; GSK Biologicals) have been described elsewhere, both adjuvanted with aluminum as salts.29 All the vaccines were administered intramuscularly into the thigh of the infants.

Back to Top

Assessment of Immunogenicity

Functional meningococcal antibodies against MenC were measured by a serum bactericidal activity assay using rabbit complement as the exogenous complement source (rSBA).30 The cut-off of the assay was an rSBA-MenC titer of 8, predictive for short-term protection. The more conservative correlate of protection value of rSBA titers ≥128 also was evaluated.31,32 The concentrations of antibodies against PRP from Hib (anti-PRP IgG) were evaluated by an enzyme-linked immunosorbent assay with a cut-off concentration of 0.15 μg/mL, indicative of short-term protection against Hib, and the percentages of infants with anti-PRP concentrations ≥1.0 μg/mL, indicative of long-term protection, also were evaluated.33–35 Enzyme-linked immunosorbent assay was used to measure concentrations of antibodies against hepatitis B antigens (anti-HBs IgG) with a cut-off concentration of 10 mIU/mL.36 All assays were performed at the GSK Biologicals laboratories.
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Assessment of Safety

Solicited local symptoms at the injection site (pain, redness and swelling) and general symptoms (drowsiness, fever [rectal temperature >38.0°C], irritability and loss of appetite) were recorded up to 4 days after administration of each vaccine dose. Unsolicited adverse events (AEs) were recorded up to 31 days after each vaccination. For all reported symptoms, intensity was scored on a 3-grade scale. Pain at the injection site was considered to have a grade 3 intensity if the limb was spontaneously painful or if the child cried when the limb was moved; redness and swelling at the injection site if the diameter was >30 mm; fever if rectal temperature was >40.0°C; loss of appetite if the child did not eat at all; and irritability if the child cried and could not be comforted. Drowsiness and unsolicited AEs were considered of grade 3 intensity if they prevented normal activity. All solicited local symptoms were defined in the protocol to be considered as causally related to vaccination. Using their clinical judgment, the investigators assessed the presence or absence of a possible causal relationship to vaccination for all other AEs.

Serious AEs were reported and described in detail throughout the entire study period. Serious AEs were defined as any untoward medical occurrence that resulted in death, was life-threatening, required hospitalization or prolongation of existing hospitalization, resulted in disability or incapacity or was an important medical event.
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Statistical Analyses

With a target sample size of 580 infants evaluable for immunogenicity (290 per group), the study power to demonstrate both co-primary objectives was 94.9%. Considering that up to 15% of the participants enrolled might be excluded, enrolling 684 infants was planned. Demographic characteristics were summarized by group using descriptive statistics.

Immunogenicity was assessed for the according to protocol (ATP) immunogenicity cohorts. These included all infants who met eligibility criteria, complied with protocol defined procedures and for whom immunogenicity data for antibodies against at least 1 vaccine antigen were available. In line with the study design, infants were assigned to 3 distinct ATP immunogenicity cohorts based on compliance with the study protocol up to a given time point (primary ATP immunogenicity cohort, booster ATP cohort for persistence and booster ATP immunogenicity cohort) (Fig. 2).

[image: Figure 2]FIGURE 2. Number of enrolled infants in each treatment group and reason for elimination from study cohorts. TVC indicates total vaccinated cohort; N, number of infants; SAE, serious adverse event; ATP, according to protocol; AE, adverse event; HibMenC group, infants who received Hib-MenC-TT + DTPa-HBV-IPV vaccines; Control group, infants who received MenC-TT + DTPa-HBV-IPV/Hib vaccines. *Two infants were randomized to the control group for the primary and booster phases. In the primary vaccination phase, they received the study vaccine (Hib-MenC-TT and DTPa-HBV-IPV) and were reassigned to the HibMenC group for the analyses. In the booster vaccination phase, they received the control vaccines (MenC-TT and DTPa-HBV-IPV/Hib) as planned in the randomization. They have been eliminated from the booster ATP immunogenicity cohort.



The geometric mean titers (GMTs), the geometric mean concentrations (GMCs) and the percentages of infants with titers or concentrations above the prespecified cut-offs were calculated with exact 95% confidence intervals (CIs) at 1 month after dose 2, just before the booster dose and at 1 month after booster dose. GMTs and GMCs were calculated by taking the anti-log of the mean of the log10 titer/concentration transformations. Antibody titers or concentrations below the cut-off of the assay were given an arbitrary value of half the cut-off for the purpose of GMTs/GMCs calculation.

The co-primary objectives of noninferiority were met if at 1 month after dose 2, the lower limit of the standardized asymptotic 95% CI for the difference between the HibMenC and the control groups in terms of percentages of infants with rSBA-MenC titers ≥8 was >−5% and anti-PRP concentrations ≥0.15 μg/mL was >−10% (inferential analyses). The secondary noninferiority objectives for antibody persistence were met if, just before the booster vaccination, the lower limit of the standardized asymptotic 95% CI for the difference between the HibMenC and the control groups in terms of percentages of infants with rSBA-MenC titers ≥8 was >−10% and anti-PRP concentrations ≥0.15 μg/mL was >−10% (inferential analyses).

Exploratory analyses were conducted at 1 month after dose 2, just before the booster dose and at 1 month after booster dose to detect significant differences between the 2 groups if the standardized asymptotic 95% CI for the difference between groups (HibMenC minus control group) in terms of the percentages of infants with titers/concentrations greater than or equal to the specified cut-offs did not include the value “0,” or if the 95% CIs for the GMT-to-GMC ratios between groups (HibMenC over control group) did not include the value “1.” The computation of the ratios was performed using an analysis of variance (ANOVA) model on the log10 transformation of the titers/concentrations. The results of the exploratory group comparisons should be interpreted with caution considering that there was no adjustment for multiplicity for these comparisons and considering that the clinical relevance of the differences is unknown.

In the primary and the booster vaccination phases, safety analyses were performed for the primary total vaccinated cohort, which included all infants who received at least 1 vaccine dose, and for the booster total vaccinated cohort, which included all infants with booster dose administration documented. The incidence (any, grade 3, related to vaccination and grade 3 and related to vaccination) of each solicited and unsolicited symptom was calculated overall per dose with exact 95% CI after each vaccination. The software SAS (version 8.2) and StatXact version 5.0 were used for the statistical analyses.
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RESULTS

Study Participants

A total of 709 infants were enrolled and vaccinated in the study, and 695 of them completed the primary vaccination phase. Of these, 690 infants participated in the booster phase of the study, and 683 infants completed the study (Fig. 2). Three infants in the HibMenC group were withdrawn from the primary vaccination phase because of a serious AE (Bardet Biedl syndrome, neonatal tremor and congenital heart defect). None of these events was considered by the investigator to be related to the vaccination. In the primary vaccination phase, 2 infants, who were randomized to the control group, received the study vaccines (Hib-MenC-TT and DTPa-HBV-IPV) and were reassigned to the HibMenC group for the analyses. In the booster vaccination phase they received the control vaccines (MenC-TT and DTPa-HBV-IPV/Hib) as planned in the randomization and they were eliminated from the booster ATP immunogenicity cohort.

The mean age of the infants in the total vaccinated cohort was 10.8 weeks at the time of the first vaccine dose administration and 11.6 months at the time of the booster dose administration (Table 1). In the primary vaccination phase, the proportion of female participants was 46.3% (328/709) and the majority of the participants were white or Caucasian (98.9%, 701/709). The demographic characteristics in the booster vaccination phase were consistent with those in the primary vaccination phase and were comparable in both groups.

[image: Table 1]TABLE 1. Demographic Characteristics of Enrolled and Vaccinated Infants in Primary and Booster Phases (Primary and Booster Total Vaccinated Cohort)
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Immunogenicity

At 1 month after the 2 primary doses and just before the booster dose, the Hib-MenC-TT vaccine met the per-protocol prespecified noninferiority criteria when compared with the control vaccines for both Hib and MenC antigens (Table 2).

[image: Table 2]TABLE 2. Percentage of Subjects With Titers Above Threshold and GMTs/GMCs for rSBA-MenC, Anti-PRP and Anti-HBs Antibodies at 1 Month After Primary Vaccination (Primary ATP Immunogenicity Cohort) Just Before Booster Vaccination (Booster ATP Cohort for Persistence) and at 1 Month After Booster (Booster ATP Immunogenicity Cohort)



Immune Response to MenC At 1 month after dose 2, the percentages of infants with rSBA-MenC titers ≥8 reached 99.1% in the HibMenC group and 100% in the control group (Table 2). Just before the booster dose administration, the percentages of infants with rSBA titers ≥8 were still as high as 94.5% in the HibMenC group and 100% in the control group. At 1 month after the booster dose, all infants in both groups had rSBA titers ≥8, whereas 98.1% and 100% of them had rSBA titers ≥128 in the HibMenC and the control groups, respectively. The booster vaccination induced a robust increase of the rSBA-MenC GMTs in both groups (15.3-fold in the HibMenC group and 14.2-fold in the control group). The rSBA-MenC GMTs after the booster were higher than those measured after the 2 primary doses (4.0-fold in the HibMenC group and 3.2-fold in the control group).

Exploratory analyses indicated that the rSBA-MenC GMTs and the percentage of infants with rSBA-MenC titers ≥128 were lower in the HibMenC group than in the control group at 1 month after dose 2, just before the booster vaccination and at 1 month after booster vaccination (Table 2).

Immune Response to Hib The percentages of infants with anti-PRP concentrations ≥0.15 μg/mL reached 96.9% in the HibMenC group and 95.5% in the control group at 1 month after dose 2, and decreased to 86.1% and 87.4% in the HibMenC and the control groups just before the booster dose administration (Table 2). The percentages of infants with anti-PRP concentrations ≥1.0 μg/mL at 1 month after dose 2 were 78.8% and 73.6%, and at prebooster were 50.3% and 32.3% in the HibMenC and the control groups, respectively. At 1 month after booster vaccination, 100% and 99.4% of the participants in both groups reached anti-PRP concentrations ≥0.15 μg/mL and ≥1.0 μg/mL, respectively. The booster dose induced a robust increase of the anti-PRP GMCs in both groups (33.2-fold in the HibMenC group and 30.6-fold in the control group). The postbooster anti-PRP GMCs were higher than those measured after the 2 primary doses (7.2-fold in the HibMenC group and 7.0-fold in the control group).

Exploratory analyses indicated that the anti-PRP GMCs were higher in the HibMenC group than in the control group at 1 month after dose 2, just before the booster vaccination and at 1 month after booster vaccination (Table 2).

Immune Response to HBs At 1 month after dose 2, the seroprotection rates (anti-HBs concentrations ≥10 mIU/mL) reached 98.3% in the infants who received DTPa-HBV-IPV (HibMenC group), which was higher than 95.3% in the infants who received DTPa-HBV-IPV/Hib (control group) (Table 2). Just before the booster vaccination, they were still as high as 98.1% and 94.2%, and at 1 month after booster vaccination they increased to 99.7% and 99.0% in the HibMenC and the control groups, respectively.

Exploratory analyses indicated that in addition to anti-HBs seroprotection rates, the anti-HBs GMCs were higher in the HibMenC group than in the control group at 1 month after dose 2 and just before booster dose (Table 2). Robust increases of the anti-HBs GMCs were observed from prebooster to postbooster vaccinations in both groups (27.1-fold and 27.2-fold for the infants who received DTPa-HBV-IPV and DTPa-HBV-IPV/Hib, respectively). Still, anti-HBs GMCs were higher in the infants who received DTPa-HBV-IPV compared with those who received DTPa-HBV-IPV/Hib at 1 month after booster dose.
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Safety

In both groups, the most frequently reported solicited local symptom overall per dose, regardless of the injection vaccine site and the number of doses, was redness (after 34.1% [239/701] and 39.3% [277/705] of doses in the primary vaccination phase [Fig. 3A] and after 46.8% [159/340] and 50.3% [176/350] of the booster doses [Fig. 3B] for the HibMenC group and the control group, respectively). Each grade 3 symptom was reported infrequently (after maximum 5.9% of the doses; swelling in the HibMenC group after the booster dose).

[image: Figure 3]FIGURE 3. Overall per dose incidence of solicited local and general symptoms during the 4-day follow-up period after (A) primary vaccination and (B) booster vaccination (total vaccinated cohort). Grade 3 indicates symptoms reported with grade 3 intensity. Error bars represent 95% CI. Hib-MenC indicates HibMenC group, infants who received Hib-MenC-TT + DTPa-HBV-IPV vaccines; NeisVac, control group, infants who received MenC-TT + DTPa-HBV-IPV/Hib vaccine.



Irritability was the most frequently reported solicited general symptom overall per dose in both groups (after 51.8% [363/701] and 58.6% [413/705] of the doses in the primary vaccination phase [Fig. 3A], and after 51.8% [176/340] and 56.9% [199/350] of the booster doses [Fig. 3B] for the HibMenC group and the control group, respectively). Fever (rectal temperature >38.0°C) was reported after 20.5% (144/701) of Hib-MenC-TT/DTPa-HBV-IPV primary doses versus 37.7% (266/705) of MenC-TT/DTPa-HBV-IPV/Hib primary doses (Fig. 3B). Grade 3 general symptoms were reported after no more than 2.3% of the doses (irritability in the control group after primary vaccinations).

Unsolicited symptoms were reported after a similar percentage of doses in both groups (up to 27% in the primary vaccination phase and up to 42% in the booster phase). After primary vaccination, 1 grade 3 unsolicited symptom that was considered related to vaccination was reported in 3 participants in the HibMenC group (insomnia, Bacillus Calmette-Guérin injection site infection, infection of Bacillus Calmette-Guérin injection scar near the injection site of the Hib-MenC-TT vaccine at 1 day after dose 1 of the Hib-MenC vaccine, and hiccups) and in 1 participant in the control group (convulsion). Serious AEs (all nonfatal events) were reported in 44 infants throughout the entire study. None of these was considered related to the vaccination.
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DISCUSSION

This study evaluated the immunogenicity and safety of the Hib-MenC-TT vaccine coadministered with DTPa-HBV-IPV versus control vaccines (MenC-TT coadministered with DTPa-HBV-IPV/Hib) when administered as 2 primary doses at 3 and 5 months of age and 1 booster dose at 11 months of age. Although the Hib-MenC-TT vaccine previously has been evaluated on multiple 3-dose priming schedules,15–17,19,20 the immunogenicity of this vaccine administered according to a 2-dose primary vaccination schedule was evaluated for the first time here. The co-primary objectives of the study were met because the two primary doses of the Hib-MenC-TT vaccine were not inferior to the 2 primary doses of control vaccines, both in terms of seroprotection rates for MenC and Hib.

One month after administration of the 2 primary doses of the Hib-MenC-TT and MenC-TT vaccines, 99.1% and 100% of the infants had seroprotective rSBA-MenC titers that which persisted up to the booster vaccination at 11 months of age in 94.5% and 100% of the vaccinees, respectively, which is consistent with previous studies.13,14,16,18 However, in another study, much lower percentages of MenC-TT–primed toddlers retained seroprotective rSBA-MenC levels up to the booster administration (48%).37 The reasons for this discrepancy between studies are unclear, although potential explanations include differences between studies in vaccination schedules, assay methodology and study populations. The booster dose of the Hib-MenC-TT vaccine in the present study elicited a further robust increase of the rSBA-MenC GMTs (15.3-fold), which were well above those achieved after the 2 primary vaccine doses (4.0-fold). These results were in line with findings of a previous study in which primary vaccination with Hib-MenC-TT was shown to induce immune memory for MenC after administration of a polysaccharide challenge in the second year of life.16 The postbooster rSBA-MenC GMTs, which are strongly dependent on the vaccine used for both primary and booster vaccinations,37,38 were in the same range as those measured after the booster dose in previous studies using 3-dose primary vaccination with Hib-MenC-TT.14,16,18

The Hib-MenC-TT vaccine induced lower rSBA-MenC GMTs than the MenC-TT vaccine after primary and booster vaccination. This also was observed in a previous study after the second dose of a 3-dose primary vaccination course at 2, 4 and 6 months of age with Hib-MenC-TT compared with MenC-TT or MenC-CRM197.17 In contrast, the rSBA GMTs measured after the third dose of Hib-MenC-TT in the same study were higher compared with those measured after 3 doses of MenC-CRM197. Two other studies using an accelerated 3-dose primary vaccination schedule at 2, 3 and 4 months of age showed lower rSBA-MenC GMTs at 1 month after the third primary dose of Hib-MenC-TT compared with MenC-CRM197.15,16 The reasons for the higher rSBA-MenC GMTs observed in the MenC-TT recipients compared with the Hib-MenC-TT recipients are unclear. This observation may not be explained by the difference in MenC antigen content between the 2 vaccines (10 μg versus 5 μg). A previous study comparing 2 different formulations of the Hib-MenC-TT vaccine showed that rSBA-MenC titers were higher with the formulation with the lower (5 μg) antigen content.16 However, the higher rSBA-MenC GMTs induced by MenC-TT may be attributable to the use of the de-O-acetylated polysaccharide in MenC-TT, which has been suggested to be more immunogenic than the O-acetylated form used in Hib-MenC-TT and MenC-CRM197.37,39 Other potential explanations include the use of aluminum hydroxide as adjuvant in MenC-TT or other differences in vaccine composition, such as conjugation method or polysaccharide sizing.40,41 Nonetheless, the difference in postprimary vaccination rSBA-MenC GMTs between the 2 groups in the present study may not be clinically significant because rSBA-MenC GMTs achieved were high in both groups, and because most vaccinees still had protective levels of rSBA titers up to the time of booster vaccination.6

The two primary doses of the Hib-MenC-TT vaccine also induced high seroprotection rates (anti-PRP concentrations ≥0.15 μg/mL) against the Hib antigen (96.9%), which persisted up to the booster vaccination at 11 months of age in 86.1% of the infants and were higher compared with those induced by the DTPa-HBV-IPV/Hib vaccine. The 0.15 μg/mL threshold was chosen to evaluate the persistence of the immune response up to the administration of the booster dose because this threshold is considered as the minimal concentration required for protection at a given moment in time.34 The booster dose of the Hib-MenC-TT vaccine elicited a robust increase of the anti-PRP GMCs (33.2-fold), which were well above those achieved after the 2 primary vaccine doses. This confirms that the Hib-MenC-TT vaccine induces immune memory for Hib. The Hib response measured here after 2 primary doses of the Hib-MenC-TT vaccine was similar to that seen after the second dose in previous studies with a 3-dose primary vaccination schedule with Hib-MenC-TT.16,17 The Hib response measured before the booster here also was in the same range or even higher when compared with the response reported after priming with 3 doses of a Hib conjugate vaccine coadministered with a DTPa-HBV-IPV vaccine.42 At all the time points, the Hib-MenC-TT vaccine induced higher anti-PRP concentrations than the DTPa-HBV-IPV/Hib vaccine. This was expected because it has been well-documented that the Hib response is reduced when Hib is combined with DTPa-based vaccines.21–23 Previous studies already had shown higher anti-PRP concentrations after 3 doses of the Hib-MenC-TT vaccine compared with DTPa-IPV/Hib or DTPa-HBV-IPV/Hib coadministered with MenC-CRM197.15–17 However, the MenC-TT vaccine, which was used as the control vaccine in the present study, is well-known to enhance the Hib response of DTPa/Hib combination vaccines.43

In this study, we showed that the immune response to hepatitis B, against which infants are not routinely vaccinated in Scandinavia, was higher in the recipients of DTPa-HBV-IPV coadministered with Hib-MenC-TT compared with the recipients of DTPa-HBV-IPV/Hib coadministered with MenC-TT after both primary and booster vaccination. It could be proposed that the removal of the Hib antigen from the combination had an effect on the anti-HBs immune response, but this is in contrast with results from a previous study in which the anti-HB immune responses measured after vaccination with DTPa-HBV-IPV/Hib were similar to those measured after vaccination with DTPa-HBV-IPV.44 However, the clinical relevance of the observed difference in the present study may be limited, because the anti-HB seroprotection rates were high in both groups at the different time points. The anti-HB immune responses elicited here after the 2 primary doses in the infants who received DTPa-HBV-IPV coadministered with Hib-MenC-TT were similar to those seen after a 3-dose primary vaccination schedule with the same vaccines in terms of anti-HB seroprotection rates (98.3% versus 98.2%) and GMCs (704.7 versus 742.9 mIU/mL).17

This study also showed that the Hib-MenC-TT vaccine may be coadministered with the licensed DTPa-HBV-IPV combination vaccine without much impact on the reactogenicity or safety profiles. The rates of reported solicited adverse events were observed to be in the same range or lower in the children who received the Hib-Men-C-TT vaccine compared with the control vaccines.

This study was limited by the necessity for an open design because of differences in presentation between the vials containing the Hib-MenC-TT and the DTPa-HBV-IPV/Hib vaccines and the vials containing the control vaccines. Other limitations were the numerous exploratory statistical comparisons performed without adjustment for multiplicity. Nonetheless, the study was powered to demonstrate the 2 co-primary end points, so the conclusions drawn from those statistical evaluations are reliable.

In summary, seroprotection rates induced by the Hib-MenC-TT vaccine coadministered with DTPa-HBV-IPV were high for both meningococcal serogroup C and Hib at 1 month after the 2 primary doses (99.1% and 96.9%), just before the booster dose (94.5% and 86.1%) and at 1 month after the booster dose (each 100%). However, the magnitude of the rSBA-MenC GMTs was observed to be lower after administration of the Hib-MenC-TT vaccine compared with the MenC-TT vaccine. Conversely, the magnitude of the anti-PRP GMCs was lower when Hib was administered as part of the DTPa-based combination than when it was combined in the Hib-MenC-TT vaccine. Moreover, anti-HBs antibody GMCs induced by the DTPa-HBV-IPV vaccine were observed to be higher when compared with those induced by the DTPa-HBV-IPV/Hib vaccine. The clinical significance of these interactions, if any, is unknown at present. These results suggest that the Hib-MenC-TT and the DTPa-HBV-IPV vaccines can be administered safely as a 2-dose primary vaccination schedule at 3 and 5 months of age with a booster dose in second year of life.
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HibMenC Control HibMenC Control

N 355 354 340 350
Age*

Mean (SD) 10.8 (1.19) 10.8 (1.21) 11.6 (0.53) 11.5(0.52)

Range (min-max) 7-14 7-12 11-13 11-13
Sex

Female/male (%) 47.9/52.1 44.6/55.4 48.8/51.2 45.1/54.9
Race

‘White-Caucasian/European heritage, n (%) 350 (98.6) 351(99.2) 335 (98.5) 347 (99.1)

‘White-Arabic/North African heritage, n (%) 1(0.3) 0(0.0) 1(0.3) 01(0.0)
Other n (%) 4(1.1) 3(0.8) 4(1.2) 3(0.9)

HibMenC group included infants who received Hib-MenC-TT plus DTPa-HBV-IPV vaccines.
Control group included infants who received MenC-TT plus DTPa-HBV-IPV/Hib vaccines.
“The age of the infants is given in weeks in the primary phase and in months in the booster phase.

N indicates number of vaccinated children; Max, maximum; min, minimum; SD, standard deviation; n (%), number (percentage) of infants with the
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rSBA-MenC

Group Timing N % 28 (95% CI) % 2128 (95% CI) GMT (95% CI)

HibMenC PII (M3) 323 99.1(97.3-99.8)1 82.4 (77.7-86.4)* 466.1 (399.5-543.7)*
Before booster 326 94.5 (91.4-96.7) 53.1(47.5-58.6)* 121.7 (105.7-140.1)*
After booster 310 100 (98.8-100) 98.1 (95.8-99.3)* 1861.8 (1646.2-2105.6)*

Control PII (M3) 313 100 (98.8-100) 96.2 (93.4-98.0) 1362.6 (1189.1-1561.4)
Before booster 332 100 (98.9-100) 80.7 (76.1-84.8) 304.2 (274.1-337.6)
After booster 310 100 (98.8-100) 100 (98.8-100) 4317.8 (3912.3-4765.4)

Anti-PRP

Group Timing N % 20.15 pg/mL (95% CI) % 21.0 pg/mL (95% CI) GMC, pg/mL (95% CI)

HibMenC PII (M3) 325 96.9 (94.4-98.5)1 78.8 (73.9-83.1) 4.236 (3.503-5.123)*
Before booster 332 86.1(82.0-89.7)% 50.3 (44.8-55.8)* 0.917 (0.780-1.078)*
After booster 311 100 (98.8-100) 99.4 (97.7-99.9) 30.490 (26.735-34.771)*

Control PII (M3) 314 95.5 (92.6-97.5) 73.6 (68.3-78.4) 2.487 (2.105-2.940)
Before booster 334 87.4 (83.4-90.8) 32.3 (27.3-37.6) 0.569 (0.497-0.651)
After booster 314 100 (98.8-100) 99.4 (97.7-99.9) 17.415 (15.278-19.851)

Anti-HBs

Group Timing N % 210 mIU/mL (95% CI) % 2100 mIU/mL (95% CT) GMC, mIU/mL (95% CI)

HibMenC PII (M3) 302 98.3 (96.2-99.5)* - 704.7 (605.3-820.4)*
Before booster 320 98.1(96.0-99.3)* -— 168.9 (147.1-193.8)*
After booster 305 99.7 (98.2-100) 97.7(95.3-99.1) 4583.4 (3918.4-5361.4)"

Control PII (M3) 296 95.3 (92.2-97.4) —_ 390.8 (324.8-470.1)
Before booster 328 94.2(91.1-96.5) = 103.4 (89.4-119.6)
After booster 304 99.0 (97.1-99.8) 94.7 (91.6-97.0) 2813.5 (2352.5-3364.9)

“Statistically significant differences relative to the control group (exploratory analyses).
#The noninferiority co-primary objectives were met at 1 month after the 2 primary doses (inferential analysis). The lower limit of the standardized asymptotic 95% CI for the
difference between the groups in terms of percentage of infants with rSBA-MenC titers 28 was ~2.69% (above the prespecified noninferiority limit of ~5%) and in terms of percentage
of infants with anti-PRP concentrations 20.15 ug/mL was ~1.67% (above the prespecified noninferiority limit of ~10%).
#The noninferiority secondary objectives were met just before the booster dose (inferential analysis). The lower limit of the standardized asymptotic 95% CI for the difference
between the groups in terms of percentage of infants with rSBA-MenC titers 28 was ~8.56% (above the prespecified noninferiority limit of ~10%) and in terms of percentage of infants

with anti-PRP concentrations 20.15 ug/mL was ~6.49% (above the prespecified noninferiority limit of ~10%).

HibMenC group indicates infants who received Hib-MenC-TT plus DTPa-HBV-IPV vaccines; control group, infants who received MenC-TT plus DTPa-HBV-IPV/Hib vaceines;
95% CI, exact 95% confidence interval; N, number of infants with available results; PII (M3), month 3, postprimary vaccination blood sample taken at 1 month after the second pri-
mary dose; before booster, prebooster blood sample taken just before booster vaccination; after booster, postbooster blood sample taken at 1 month after the booster dose.
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709 enrolled and vaccinated in the primary vaccination phase

HibMenC group TVC (N = 355)*

Control group TVC (N = 354)

325included in the primary ATP immunogenicity cohort
30 excluded: study vaccine not administered according to protocol
(1); protocol violation (2); non compliance with vaccine schedule (9);
non compliance with blood sampling schedule (5); essential
serological data missing (13)

314included in the primary ATP immunogenicity cohort

40 excluded: study vaccine not administered according to protocol

(1); non compliance with vaccine schedule (8); non compliance with
blood sampling schedule (10); essential serological data missing (21)

72

346 completed the primary phase
9 withdrawn: SAE (3); non serious AE (5); other reason (1)

349 completed the primary phase
5 withdrawn: non serious AE (2); consent withdrawal (1);
migrated/moved from study area (1); other reason (1)

340 vaccinated in the booster vaccination phase
15 withdrawn: non eligibility (6); AE or SAE (5); other reason (4)

350 vaccinated in the booster vaccination phase
4 withdrawn: non eligibility (1); lost to follow-up (1); AE or SAE (2)

340 included in the booster ATP cohort for persistence

345included in the booster ATP cohort for persistence
5 excluded: administration of vaccine forbidden in the protocol (1);
randomization failure (2); randomization failure with primary
vaccination (2)

v

07

311 included in the booster ATP immunogenicity cohort
29 excluded: protocol violation (6); administration of medication
forbidden by protocol (1); non compliance with blood sampling
schedule (14); essential serological data missing (8)

314included in the booster ATP immunogenicity cohort
31 excluded: protocol violation (3); non compliance with blood
sampling schedule (15); essential serological data missing (13)

338 completed the booster phase
2 withdrawn: consent withdrawal (2)

345 completed the booster phase
5 withdrawn: consent withdrawal (1); migrated/moved from study
area (2); lost to follow-up (2)
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683 completed the booster vaccination phase






