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Abstract

Background: The 13-valent pneumococcal conjugate vaccine (PCV13) has been demonstrated to be immunogenic and safe for administration to infants and children aged <5 years. PCV13 recently was approved for children and adolescents aged up to 17 years as the vaccine may be of benefit to some in this older age group.

Methods: In this open-label study, healthy children aged ≥5 to <10 years (ie, the younger age group) previously vaccinated (≥1 dose) with 7-valent PCV (PCV7) and pneumococcal vaccine-naïve children aged ≥10 to <18 years (ie, the older age group) received 1 dose of PCV13. For the younger group, antipneumococcal immunoglobulin (Ig) G geometric mean concentrations 1 month postvaccination were compared with posttoddler dose (PCV13 or PCV7) levels from a historical control study. Opsonophagocytic activity geometric mean titers 1 month postvaccination for the older group were compared with the younger age group. Safety data were collected.

Results: Five hundred and ninety-eight children were enrolled, 299 in each age group. For PCV7 serotypes, IgG geometric mean concentrations in the younger group were 8.23–53.56 μg/mL, ≥2.5-fold greater than historical posttoddler dose values. For the 6 additional serotypes, IgG geometric mean concentrations in the younger group were 2.38–21.51 μg/mL, ≥1.2-fold greater than historical posttoddler dose values. Opsonophagocytic activity geometric mean titers were similar in the older and younger age groups, except for serotype 3 which was lower in the older group. Safety was comparable in both groups.

Conclusions: PCV13 was immunogenic and safe when administered to older children and adolescents, regardless of prior PCV7 vaccination.

Widespread use of the 7-valent pneumococcal conjugate vaccine (PCV7; serotypes 4, 6B, 9V, 14, 18C, 19F and 23F) has resulted in dramatic decreases in invasive pneumococcal disease (IPD) caused by PCV7 serotypes among vaccinated children as well as unvaccinated adults.[bookmark: R1_p]1–4[bookmark: R2_p][bookmark: R3_p][bookmark: R4_p] The emergence of serotypes, particularly serotype 19A, associated with IPD, has led to the development of a 13-valent PCV (PCV13), which adds serotypes 1, 3, 5, 6A, 7F and 19A to those serotypes in PCV7. PCV13 is now approved in >100 countries and used routinely in many countries. In the United States, the Advisory Committee for Immunization Practices (ACIP) recommends routine vaccination with PCV13 as a 4-dose series at ages 2, 4, 6 and 12–15 months. ACIP also recommends that children aged ≤59 months not previously vaccinated with PCV13, or those with an incomplete infant series of PCV7 or PCV13 be vaccinated with ≥1 dose of PCV13, depending on the age of the child.[bookmark: R5_p]5

IPD incidence is bimodal with peaks occurring in children aged <5 years and the elderly. However, older children at increased risk for pneumococcal infections also may benefit from receipt of PCV13. PCV13 was recently approved in the United States and Europe for healthy children aged 6–18 years who had not previously received the vaccine.[bookmark: R6_p]6,[bookmark: R7_p]7 The American Academy of Pediatrics and ACIP recommend 1 dose of PCV13 for children in this age group who are at increased risk of pneumococcal disease regardless of previous vaccination with PCV7 or 23-valent pneumococcal polysaccharide vaccine.[bookmark: R5_p]5,[bookmark: R8_p]8

Data on safety and immunogenicity of PCV13 in children aged ≥6 years have not been published previously. We, therefore, report the results from a study to evaluate the safety and immunogenicity of PCV13 in healthy children aged 5–18 years. Results from this study were used to support licensure and recommendations for this age group.
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METHODS

Study Design and Subjects

This prospective, multicenter, open-label phase 3 study was conducted at 29 sites in the United States. The study included 4 age groups: ≥15 months to <2 years; ≥2 to <5 years; ≥5 to <10 years and ≥10 to <18 years. The immunogenicity and safety of PCV13 in the ≥15 months to <2 years and ≥2 to <5 years groups have been reported previously.[bookmark: R9_p]9 The current article presents the results of a single 0.5 mL dose of PCV13 administered to children in the ≥5 to <10 years and ≥10 to <18 years age groups.

Healthy children aged ≥5 to <10 years, that is, from age 5 years to prior to the 10th birthday (the younger age group), were eligible if they previously had received ≥1 dose of PCV7, with the last dose having been administered ≥56 days before study entry. Healthy children aged from ≥10 to <18 years, that is, from age 10 years to prior to the 18th birthday (the older age group) were eligible if they had never received a dose of pneumococcal vaccine (conjugate or polysaccharide). In these age groups, 17.4% of participating children had a history of asthma, which has been associated with increased risk of IPD.[bookmark: R10_p]10

Subjects were excluded if they had history of anaphylactic reaction to any vaccine or vaccine-related component, contraindication to vaccination with a PCV or intramuscular injection, history of culture-proven IPD, serious chronic disorder or significant neurologic disorder, receipt of blood products or gamma globulin in the previous 6 months, known or suspected immune deficiency or suppression, participation in another investigational or interventional trial, pregnancy or breast feeding or previous vaccination with PPSV23.

This study was conducted in accordance with the ethical principles that have their origins in the Declaration of Helsinki. All relevant study materials were approved by independent ethics committees and/or institutional review boards. Written informed consent was provided by each subject’s parents/legal guardians. Study-specific assent forms were provided to subjects in older age groups as applicable under institutional review board requirements.

 

Back to Top

Vaccines

PCV13 contains serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F, with each saccharide covalently conjugated to CRM197, a nontoxic variant of diphtheria toxin. Each 0.5 mL dose of PCV13 contains 2.2 μg of each saccharide except for 4.4 μg of serotype 6B, 5 mM succinate buffer, 0.02% polysorbate 80 and 0.125 mg of aluminum as aluminum phosphate. PCV13 was administered intramuscularly into the left arm or leg.

Routine pediatric vaccines could be administered concurrently with PCV13. Other registered, commercially available vaccines could be administered >14 days (nonlive vaccines) or >28 days (live vaccines) before PCV13 or >7 days after PCV13.
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Immunogenicity Assessment

Blood was drawn immediately before and 1 month (28–42 days) after vaccination with PCV13. Antipneumococcal immunoglobulin G (IgG) geometric mean concentrations (GMCs) for each of the PCV13 serotypes were determined using the standardized double-absorption enzyme-linked immunosorbent assay. This enzyme-linked immunosorbent assay uses a cell wall extract containing cell wall polysaccharide plus serotype 22F capsular polysaccharide containing cell wall extract containing cell wall polysaccharide 2 for preabsorption of test samples.[bookmark: R11_p]11–15[bookmark: R12_p][bookmark: R13_p][bookmark: R14_p][bookmark: R15_p] Functional serotype-specific antibodies were assessed using microcolony opsonophagocytic activity (OPA) assays and results reported as antibody titers.[bookmark: R16_p]16,[bookmark: R17_p]17
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Safety Assessment

Local reactions (redness, swelling and tenderness) at the PCV13 vaccination site, systemic events [fever, decreased appetite, irritability, increased or decreased sleep and hives (urticaria)], and the use of antipyretic medication to prevent or to treat symptoms were recorded by parents/legal guardians in an electronic diary for 7 days postvaccination. Tenderness was recorded as no discernible tenderness, discernible tenderness present or tenderness interfering with limb movement. Parents/legal guardians used a caliper to measure the size of redness and swelling; measurements were categorized as absent, mild (0.5–2.0 cm), moderate (2.5–7.0 cm) or severe (>7.0 cm). Temperature was measured at bedtime or whenever fever was suspected during the 7 days postvaccination, using an age-appropriate method. Fever was categorized as absent (<38.0°C), mild (≥38.0°C to ≤39.0°C), moderate (>39°C to ≤40.0°C) or severe (>40.0°C). Other adverse events (AEs) were collected for 1 month postvaccination and serious AEs were collected for 6 months postvaccination.
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Statistical Analysis

Immunogenicity Analysis: Study Cohorts and Comparators

Initially, the study was designed to include 100 children in each of the age groups; however, after consultation with the United States Food and Drug Administration, the design was modified to increase enrollment to 300 children in each group.

Based on consultation with the Food and Drug Administration, the first 100 subjects enrolled in each age group (≥5 to <10 years and ≥10 to <18 years) were designated as the “exploratory” cohort, and the following 200 subjects were designated as the “confirmatory” cohort. Data from the exploratory cohorts were used to establish primary endpoint criteria for testing in the confirmatory cohorts, but only the results of the analyses from the confirmatory cohorts are presented.

In consultation with the Food and Drug Administration, the benchmark for immunogenicity in this study was based on the IgG response of infants who received a 4-dose series (at ages 2, 4, 6 and 12 months) of PCV13 or PCV7 in a previous study (subsequently referred to as the “historical” study).[bookmark: R18_p]18 This allowed data from the older children and adolescents in the present study to be bridged to data from a population (ie, infants and toddlers) with demonstrated immune responses to PCV13. Infants and toddlers also represent the age group in which the efficacy and effectiveness of PCV7 have previously been demonstrated.[bookmark: R2_p]2,[bookmark: R19_p]19–21[bookmark: R20_p][bookmark: R21_p] The primary comparison for the younger age group (confirmatory cohort) involved demonstration of noninferiority of serotype-specific IgG levels compared with the IgG posttoddler responses from the historical study (bridging). As it is unclear at what age serotype-specific IgG levels are no longer predictive of protection, OPA geometric mean titers (GMTs) were also assessed. Accordingly, the primary comparison for the older age group (confirmatory cohort) involved demonstration of noninferiority comparing the OPA responses in this age group to those that of the younger age group.
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Immunogenicity Analyses

Pneumococcal IgG GMCs and geometric mean fold rises (GMFRs) in antibody concentrations (postvaccination/prevaccination) were calculated for each age group. Two-sided 95% confidence intervals (CIs) were constructed by back transformation of the CIs for the mean of the logarithmically transformed assay results and GMFRs, computed using the Student t distribution.

OPA GMTs and GMFRs were calculated for each age group. The proportion of subjects achieving OPA assay titers greater than or equal to the lower limit of quantitation was calculated for each serotype, along with exact, 2-sided, 95% CIs. OPA LLOQs were defined for each serotype as the lowest titer value demonstrating acceptable linearity (relative accuracy) and precision, as defined in a validation protocol.

For the primary endpoint in the younger group, antipneumococcal IgG GMCs following vaccination were compared with values following the toddler dose in the PCV7 and PCV13 groups from the historical study. The geometric mean ratio of the IgG GMCs was calculated for each PCV13 serotype. For the PCV7 serotypes, comparisons were with subjects who received PCV7 in the historical study; for the 6 additional serotypes, comparisons were with subjects who received PCV13 in the historical study. For the primary OPA endpoint in the older group, OPA GMTs following vaccination were compared with the OPA GMTs after vaccination in the younger group, and the geometric mean ratio of the OPA GMTs for each PCV13 serotype was calculated. Two-sided 95% CIs for the GMRs were estimated by back transformation of the CIs for the difference in means of the logarithmically transformed assay results, based on the Student t distribution. For both IgG GMCs and OPA GMTs, noninferiority for a given serotype was met if the lower limit of the 2-sided 95% CI (LCI) for geometric mean ratio was >0.5 (ie, ≤2-fold).

Evaluable immunogenicity populations included subjects who received the required study vaccination, had blood drawn before vaccination and within 27–56 days after vaccination, had ≥1 valid and determinate assay result before and after vaccination and had no major protocol violations.
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Safety Analyses

Safety endpoints included local reactions, systemic events and AEs. Safety data were descriptively summarized, and no formal statistical comparisons were performed. The safety population included all subjects who received 1 dose of PCV13.
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RESULTS

Subject Disposition and Demographics

A total of 598 children enrolled, including 199 each in the confirmatory cohorts of the younger and older age groups, respectively. The evaluable immunogenicity populations included 182 and 190 subjects in the younger and older age groups, respectively. [bookmark: T1_p]Table 1 presents subject demographics for all subjects; demographic data were similar in the confirmatory and evaluable immunogenicity populations. Most subjects (72.2%) were white ([bookmark: T1_p]Table 1). In a post hoc analysis, no differences in response to PCV13 were noted based on race (data not shown).

[image: TABLE 1.]

TABLE 1. Subject Demographics in All Subjects
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Immunogenicity

Younger Age Group

Subjects in the younger age group responded to PCV13 with IgG GMCs increasing from pre- to postvaccination by ≥4.5-fold for the PCV7 serotypes and by ≥1.4-fold for the 6 additional serotypes ([bookmark: T2_p]Table 2), and OPA GMTs increasing from pre- to postvaccination by ≥4.2-fold for the PCV7 serotypes and by ≥9.7-fold for the 6 additional serotypes ([bookmark: T2_p]Table 2). OPA titers ≥ lower limit of quantitation 1 month postvaccination were achieved by 98.9–100% of subjects for the PCV7 serotypes and 97.8–100% for the 6 additional serotypes (Table, Supplemental Digital Content 1,  http://links.lww.com/INF/B710).

[image: TABLE 2.]

TABLE 2. Immune Responses in the Younger (≥5 to <10 Years) Age Group: IgG GMCs and GMFRs and OPA GMTs and GMFRs

For the primary comparison of PCV7 serotypes, IgG GMCs were ≥2.5-fold greater than posttoddler dose IgG GMCs in the PCV7 group in the historical study, demonstrating noninferiority and statistically significant greater (95% LCI of the ratio >1.0) responses for all serotypes ([bookmark: T3_p]Table 3). For the 6 additional serotypes, IgG GMCs were ≥1.2-fold greater than values in the combined PCV13 groups posttoddler dose in the historical study, demonstrating noninferiority and statistically significant greater (95% LCI of the ratio >1.0) responses for all serotypes ([bookmark: T3_p]Table 3).

[image: TABLE 3.]

TABLE 3. Comparison of the Younger (≥5 to <10 Years) Age Group Postvaccination Antipneumococcal IgG Responses With the Study 3005 PCV7 Group Posttoddler Responses
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Older Age Group

Subjects in the older age group also responded to PCV13, with IgG GMCs increasing from pre- to postvaccination by ≥3.6-fold for the PCV7 serotypes and by ≥1.9-fold for the 6 additional serotypes ([bookmark: T4_p]Table 4). OPA GMTs increased by ≥8.6-fold for the PCV7 serotypes and by ≥11.8-fold for the 6 additional serotypes ([bookmark: T4_p]Table 4), and OPA titers ≥ lower limit of quantitation were achieved by 100% of subjects for the PCV7 serotypes and 94.5–100% for the 6 additional serotypes (Table, Supplemental Digital Content 1,  http://links.lww.com/INF/B710).

[image: TABLE 4.]

TABLE 4. Immune Responses in the Older (≥10 to <18 years) Age Group: IgG GMCs and GMFRs, and OPA GMTs and GMFRs

For the primary comparison, OPA GMTs were noninferior in the older age group compared with the younger age group for 12 of 13 serotypes and statistically significantly greater for serotypes 1, 4, 6A, 6B, 9V, 14, 19A, 19F and 23F ([bookmark: T5_p]Table 5). The one exception was serotype 3, which was lower in the older age group compared with the younger age group (95% LCI <0.5; [bookmark: T5_p]Table 5).

[image: TABLE 5.]

TABLE 5. Comparison of the Older Age Group Postvaccination OPA GMTs With the Younger Age Group Postvaccination Responses

 

Back to Top

Safety

Similar proportions of subjects in the younger and older age groups reported local reactions (89.6% and 90.5% of subjects, respectively; [bookmark: T6_p]Table 6). Most local reactions were mild or moderate and lasted for <3 days. Significant tenderness was reported by more subjects in the older age group (43.8%) than the younger age group (19.5%). Both severe redness and severe swelling were reported by 7 (3.3%) and 4 (1.9%) subjects in the younger and older age groups, respectively. Systemic events were reported by similar proportions of subjects in the younger and older age groups (47.2% and 51.4% of subjects, respectively; [bookmark: T6_p]Table 6). One subject in each age group reported fever >40°C.

[image: TABLE 6.]

TABLE 6. Local Reactions and Systemic Events Within 7 Days After Vaccination: Safety Population

AEs were reported by 19.4% and 24.2% of subjects in the younger and older age groups, respectively, and were generally consistent with childhood illnesses expected in these age groups. The most frequently reported AEs in the younger age group were cough (10 subjects, 3.4%), vomiting (8 subjects, 2.7%), pyrexia (7 subjects, 2.4%) and streptococcal pharyngitis (6 subjects, 2.0%). In the older age group, the most frequently reported AEs were headache (10 subjects, 3.4%), cough (5 subjects, 1.7%), pharyngitis (5 subjects, 1.7%), influenza (5 subjects, 1.7%), oropharyngeal pain (5 subjects, 1.7%) and sinusitis (5 subjects, 1.7%). Three subjects in each age group reported AEs considered related studying vaccine. There were no AEs that led to withdrawal from the study, no serious AEs considered related to study vaccine and no deaths.
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DISCUSSION

PCV13 was immunogenic and safe when administered to healthy older children and adolescents, regardless of prior PCV7 vaccination. Antipneumococcal IgG GMCs and OPA GMTs increased from pre- to postvaccination, demonstrating a substantial response to PCV13 in both age groups. For the primary comparison, IgG GMCs in the younger age group were shown to be noninferior and statistically significantly greater compared with posttoddler IgG GMCs in subjects receiving PCV7 or PCV13 in the historic comparison study. Protective levels of antipneumococcal IgG antibodies have not been established in this age group; however, these data bridge the immune responses to PCV13 in this age group to a population with known efficacy, suggesting that a single dose of PCV13 induces a protective immune response in children aged ≥5 to <10 years.

With the exception of serotype 3, OPA GMTs were noninferior in the older age group compared with the younger age group. Despite meeting criteria for noninferiority, the OPA GMTs for serotypes 3, 5, 7F and 18C in the older age group were actually statistically significantly lower than those for the younger age group (nonoverlapping CIs of the OPA GMTs), but the 95% LCIs for the OPA GMRs for serotypes 5, 7F and 18C were >0.5 and, therefore, satisfied the noninferiority criterion; however, for serotype 3, the 95% LCI was <0.5 indicating that this serotype did not achieve noninferiority. Nevertheless, OPA GMTs for serotype 3 increased by approximately 10-fold from pre- to postvaccination in both age groups, demonstrating a functional immune response to this serotype. Notably, for the children in the younger age group, all of whom had been vaccinated previously with PCV7, the single dose of PCV13 represented a booster dose for the serotypes common to PCV7 and PCV13. The OPA responses in children in the older age group, all of whom were pneumococcal vaccine-naïve, were noninferior to those in the younger age group for most serotypes, suggesting that a single dose of PCV13 in children aged >5 years may be sufficient for development of a robust immune response, regardless of past receipt of PCV7.

Comparisons between the younger age group and the historic data permitted bridging of immune responses in this age group to immune responses in the age group in which efficacy of PCV7 has been established.[bookmark: R19_p]19–23[bookmark: R20_p][bookmark: R21_p][bookmark: R22_p][bookmark: R23_p] Similarly, bridging of the antipneumococcal OPA responses in the older age group was achieved by comparison with OPA responses in the younger age group. Concordance between IgG and OPA responses has been demonstrated in previous studies of infants and toddlers,[bookmark: R24_p]24,[bookmark: R25_p]25 providing additional justification for using the younger age group as an appropriate basis for comparison of the older age group.

Recent studies have demonstrated the effectiveness of PCV13 in children aged <2 years.[bookmark: R26_p]26,[bookmark: R27_p]27 Although risk of pneumococcal diseases is higher among younger children (especially those aged <2 years), healthy older children and adolescents still have some risk of pneumococcal diseases.[bookmark: R1_p]1,[bookmark: R28_p]28 In particular, asthma is an independent risk factor for pneumococcal disease.[bookmark: R10_p]10 In the present study, 17.4% of subjects had a history of asthma, suggesting that a substantial proportion of the population might have been at higher risk of pneumococcal disease. A post hoc analysis suggested the immune responses to PCV13 were similar in subjects with or without asthma (data not shown); thus, a single dose of PCV13 in older children with asthma may provide an adequate protective immune response. Moreover, because pneumococcal pneumonia is a secondary complication of influenza, and risk of pneumococcal pneumonia following influenza in children has been shown to be reduced with PCV7,[bookmark: R29_p]29 PCV13 is likely to provide a similar protective effect. The American Academy of Pediatrics and ACIP recommend 1 dose of PCV13 for children aged 6 through 18 years who are at increased risk of pneumococcal disease regardless of previous vaccination with PCV7 or 23-valent pneumococcal polysaccharide vaccine.[bookmark: R5_p]5,[bookmark: R8_p]8

In conclusion, PCV13 was immunogenic and safe in healthy older children and adolescents. Immune responses were noninferior to those in a population in which efficacy of PCV7 was established. Further studies on immunogenicity, safety and effectiveness of PCV13 in children and adolescents at high risk of pneumococcal disease are ongoing.
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Immune

Measurement AgeGroup  n®  Serotype
PCVT serotypes
4 6B v 14 18C 19F 2F
1gG GMCH Older§  182-188 6912 (6101.2- 14224 (123164~ 4485 40011 6804 (6028.3- 6263 (5436.4— 2280 (19494~ 3808 (3354.7—
(95% CI?) pg/mlL 16,427.3) 5027.5) 7884.0) 7215.1) 2667.6) 4322.6)
Younger]  175-181 4629 (4017.2— 14,996 (13,164.1- 4733 (4208.3— 4759 41204~ 8815 (7738.2— 1559 (12033 3245 (2818.8—
5334.3) 17,083.1) 5328.4) 5497.0) 10,041.0) 1878.9) 3135.5)
Ratiol (95% CI:) 15(124-1.80) 0.9(0.78-115) 09(080-112)  14(L19-176)  07(059-0.86)  15(115-186)  12(0.97-142)
6 additional serotypes
1 3 5 6A T 194
IgG GMCT Older§  181-189  319(271.2-376.0)  114(100.4-120.4)  336(270.3-417.6) 9928 (B457.0- 6584 (5829.4— 1276 (11317
5% CI) pg/mL 11,654.8) 7435.5) 1439.0)
Younger]  178-180 187(160.4-2186)  202(180.9-2263)  491(4263-565.3) 7514 (6350.8- 10,334 (9099.0- 1180 (10475~
90.7) 11,736.8) 1329.4)
Ratiol (95% CI$) 17(136-2.13) 0.6 (0.48-0.67) 0.7(053-089)  13(105-167)  06(053-0.76)  11(0.91-128)

“Number of subjects with a determinate antibody concentration for the specified serotype.
4GMTs were calculated using all subjects with available data for the specified blood dray.
£l are back-transformations of a C1 based on the Student ¢ distribution for the mean logarithm of the tters or the mean difference of the logarithms of the measres (older age group minus younger age group).

§210 to <18 years of age.
925 to <10 years of age.
IRatio of GMTs

\der age group to younger age group.
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Immune

Measurement  Age and Study Group Serotype
PCVT serotypes
1 B 1 18C 19F 23F
1gG GMCT Study 3011: 169-171  8.45 (7.24-9.87) 53.56 (45.45-63.07) 9.51(8.38-10.78) 29.36 (24.78-34.78) 8.23(7.13-9.51) 17.58 (14.95-20.67) 11.26 (9.79-12.95)
(95% CI) pg/ml, 25 t0 <10 years
Study3005:PCVT  172-173 279 (245-3.18) 947 (826-10.86) 197(177-219) 819 (731-9.18) 233 (205-265) 331(287-381) 449 (3.86-5.23)
Ratio§ (95% CI2) 303(248-3.71) 566(457-699) 483(410-570) 3.58(293-439) 353 (291420) 531(429-658)  2.51(2.04-3.08)

6 additional serotypes

1 3 5
169-171  3.57(3.05-4.18) 2.38(207-274)  552(4.82-632) 21.51(1815-2551) 624 (5.49-7.08)

1gG GMCt Study 3011: 17.18 (15.01-19.67)
(95% CI) pg/ml, 25 to <10 years

Study 3005PCV13  1056-1068 290 (275-3.05) 0.75(0.72-0.79)  2.85(272-298)  7.11(678-746) 439 (4.18-4.61) 8.44 (5.05-8.86)
Ratiof (95% CI%) 123(107-142) 317(278-362)  194(L71-220) 303 (264-347)  142(124-162) 203 (1.78-2.32)

“Number of subjects with a determinate antibody concentration for the specified serotype.

#GMCs were caleulated using all subjects with available data for the specified blood drav.

£Cls are backtransformations of a CI based on the Student f distribution for the mean logarithm of the concentrations (GMCs) o the mean difference of the logarithms o the measures (Study 3011, 25 to <10 years age group minus
Study 3005 PCVT group or PCV13 group).

§Ratio of GMCs: Study 3011 25 to <10 years age group to Study 3005 PCV7 group or PCV13 group.
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Immune measurement

Prevaccination
IgG GMC*
(95% CI¥) ug/mL
ni = 163-181

Postvaccination
IgG GMC*
(95% CI¥) ug/mL

ni = 163-181

IgG GMFR§
(95% CIt)
163-181

Prevaccination OPA
GMT* (95% CI+)
14-186

Postvaccination OPA
GMT* (95% CI+)
114-186

OPA GMFR§
(95% CI¥)
114-186

PCVT serotypes
4 029(0.23-0.36)
6B 3.47(2.7-4.04)
9V 1.47(1.28-1.69)
14 0.46(0.36-0.58)
18C  0.65(0.54-0.79)
19F  1.76 (1.46-2.11)
23F  1.81(1.55-2.12)

6 additional serotypes
1 0.80(0.66-0.97)
3 093(0.78-1.11)
5 3.69 (3.23-4.22)
6A 3.36 (2.93-3.85)
T 1.05(090-124)
19A  5.07 (4.42-5.82)

4.71 (3.95-5.60)
26.23 (21.41-32.14)

5.29 (4.61-6.08)
20.36 (15.83-26.19)

6.75 (5.65-8.07)
13.63 (11.36-16.37)
15.43 (12.51-19.02)

6.51 (5.43-7.80)
1.84 (1.62-2.09)
7.08 (6.13-8.17)
17.20 (14.22-20.81)
6.39 (5.57-7.33)
17.26 (15.17-19.64)

16.50 (13.22-20.61)
7.57(6.21-9.21)
3.60 (3.14-4.13)

44.47 (34.88-56.69)

10.35 (8.56-12.52)
7.75 (6.46-9.31)
8.51(7.09-10.21)

8.13 (6.72-9.83)
1.98 (1.79-2.19)
1.92 (1.71-2.14)
5.12 (4.29-6.11)
6.06 (5.12-7.17)
3.40 (2.98-3.88)

134 (73.7-244.0)
1820 (1298.1-2552.0)
45 (28.7-70.3)
156 (102.7-236.6)
74 (45.5-121.6)
20 (13.9-27.7)
25(16.3-38.0)

5(4.5-5.4)
10(7.9-11.8)
5(4.1-5.1)
16 (11.2-23.3)
179 (107.9-298.1)
30(22.4-41.4)

6625 (5609.3-7824.5)
15,701 (1.3E+04-1.9E+04)
4279 (3779.6-4844.2)
6643 (5761.9-7658.6)
5818 (4990.0-6784.3)
2219 (1880.3-2618.1)
3512 (3055.9-4036.5)

315 (267.4-370.9)

114 (100.0-130.1)

323 (258.2-404.3)
9695 (8098.5-1.2E+04)
6860 (5958.6-7897.8)
1250 (1104.6-1414.1)

49.4 (27.39-89.10)
8.6 (5.93-12.54)
95.4 (61.47-147.93)
42.6 (27.45-66.17)
78.2 (48.52-126.01)
112.9 (77.59-164.39)
141.3 (92.14-216.80)

64.0 (54.50-75.14)
11.8 (9.54-14.62)
70.6 (56.23-88.67)

600.7 (398.36-905.77)

38.2 (22.62-64.65)
41.1(29.93-56.35)

*GMCs and GMTs were calculated using all subjects with available data for the specified blood draw.
#Cls are back-transformations of a CI based on the Student ¢ distribution for the mean logarithm of the concentrations, titers, or fold rise.
Number of subjects with a determinate IgG antibody concentration or OPA GMT to the given serotype.
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Age Group

Screened Only Younger* Older7 Total
(n =36) (n =299) (n =299) (N =598)

Sex (%)

Male 36.1 48.2 54.5 50.5

Female 63.9 51.8 45.5 49.5
Race (%)

White 69.4 66.9 77.9 722

Black or African-American 13.9 26.4 17.7 21.6

Asian 5.6 17 13 1.7

Other 11 5.0 3.0 4.4
Age at enrollment, median (range), years 7.5 (1.0-14.0) 7.5 (5.0-10.0) 13.6 (10.0-18.0) 9.6 (1.0-18.0)
History of asthma (%) N/A 174 174 174
Previous doses of PCV7 (%)

0 N/A 1.7 0 N/A

1 N/A 5.0 0 N/A

2 N/A 9.4 0 N/A

3 N/A 29.1 0 N/A

4 N/A 54.5 0 N/A

5 N/A 0.3 0 N/A

Demographics data in the confirmatory and evaluable immunogenicity populations were similar to the overall population.
#25 to <10 years of age.

210 to <18 years of age.

N/A, not applicable.
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Immune Measurement

Prevaccination  Postvaccination
IgG GMC* IgG GMC* Prevaccination OPA  Postvaccination OPA GMT*
(95% CI%) pg/mL (95% CIT) pg/mL IgG GMFR§ GMT* (95% CIt) (95% CIt) ‘OPA GMFR§
ni = 145-167 ni = 145-167 (95% CIt) ni = 119-175 ni=119-175 (95% CI¥)
PCV7 serotypes
040 (0.33-048) 850 (7.21-10.01)  21.22 (1696-2657) 134 (75.8-238.4) 4555 (3780.9-5487.1) 33.9 (19.34-59.37)
GB 5.98(5.17-6.92) 53.67(45.36-63.50)  8.97 (7.37-10.91) 3562 (3107.1-4083.2) 15,007 (13,000-17,000) 4.2(3.51-5.05)
9V 1.72 (1.49-1.99) 9.47 (8.34-10.75) 5.51(4.73-6.43) 73 (45.6-117.5) 4496 (3931.5-5141.9) 61.5(38.77-97.43)
14 0.62(051-0.77) 29.85(25.15-35.41) 47.83 (36.77-62.22) 486 (348.8-677.0) 4679 (4029.0-5434.5) 9.6 (6.87-13.50)
18C  0.62(0.53-0.74)  8.18(7.06-9.47)  13.09 (10.76-15.92) 100 (60.9-163.5) 8568 (7462.6-9836.2) 85.9 (53.63-137.56)
19F 3.87(3.214.66) 17.72(15.04-20.87)  4.58 (3.82-5.50) 94 (65.4-136.3) 1526 (1256.6-1853.7) 16.2 (10.95-23.88)
23F 2.28(1.95-2.66) 11.06(9.60-12.73) 4.85 (4.06-5.80) 264 (176.6-394.1) 3261 (2805.8-3790.8) 12.4 (8.35-18.30)
6 additional serotypes
1 046(0.35-0.59) 353(2.964.22)  7.74(6.15-9.73) 4(4.0-4.5) 188 (160.7-220.5) 44.6(37.62-52.80)
3 122(098-153) 244(211-282)  1.99 (1.72-2.30) 21(16.4-27.1) 205 (182.6-229.9) 9.7(7.45-12.67)
5 3.78 (3.24-4.41) 5.51(4.82-6.30) 1.46 (1.32-1.61) 4(3.9-4.3) 492 (425.6-568.3) 119.8(103.52-138.55)
6A 4.30(3.714.99) 21.79(18.32-25.92)  5.06 (4.15-6.18) 53 (34.4-80.3) 7642 (6401.0-9124.4) 145.4 (92.17-229.41)
TF 096 (0.79-116)  622(545-7.10) 649 (5.46-7.72) 450 (279.9-724.5) 10,019 (8752.8-11,000) 22.2 (13.48-36.72)
19A  6.68(5.86-7.63) 17.17(15.00-19.66) 257 (2.26-2.92) 75 (55.8-99.8) 1181 (1046.0-1333.6) 15.8 (11.63-21.51)

*GMCs and GMTs were calculated using all subjects with available data for the specified blood draw.

#Cls are back-transformations of a CI based on the Student ¢ distribution for the mean logarithm of the concentrations, titers, or fold rise.
Number of subjects with a determinate IgG antibody concentration or OPA GMT to the given serotype.
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