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ABSTRACT
Immune responses to 13-valent pneumococcal conjugate vaccine (PCV13) and quadrivalent inactivated
influenza vaccine (QIV) in older adults may vary with coadministration and previous pneumococcal
polysaccharide vaccination. This study assessed safety and noninferiority of immune responses to
coadministered PCV13 and QIV compared with each vaccine given alone. Adults ≥50 years old pre-
immunized with ≥1 dose of 23-valent pneumococcal polysaccharide vaccine (PPSV23) ≥1 year before
enrollment were randomized 1:1 to receive PCV13+QIV then placebo 1 month later or placebo+QIV then
PCV13 1 month later. Administration of PCV13 and placebo was blinded; QIV was administered open-
label. Pneumococcal serotype-specific opsonophagocytic activity (OPA) geometric mean titers (GMTs)
1 month after PCV13, and influenza hemagglutination inhibition assay GMTs 1 month after QIV were
measured. Prespecified noninferiority was demonstrated by a lower bound of the 2-sided 95% CI for
geometric mean ratios >0.5. Safety endpoints included proportions of subjects with adverse and serious
adverse events. Of 882 randomized subjects, 846 comprised the evaluable immunogenicity population.
Immune responses to all 13 pneumococcal serotypes and all 4 influenza strains 1 month after PCV13
+QIV were noninferior to responses 1 month after each vaccine given alone. No safety concerns were
identified. Immune responses to coadministered PCV13 and QIV were noninferior to responses after
each vaccine given alone, although generally lower for coadministered PCV13. PCV13 and QIV can be
administered concomitantly to adults ≥50 years of age preimmunized with PPSV23.
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Introduction

Disease caused by Streptococcus pneumoniae is responsible for
substantial global morbidity and mortality.1 The World
Health Organization estimates that 1.6 million people die
from pneumococcal disease annually.2 Among adults, the
most common clinical manifestation of pneumococcal disease
is pneumonia.3 Pneumococcal pneumonia also complicates
influenza infection,4,5 another important contributor to adult
morbidity and mortality.6 In the United States, seasonal influ-
enza vaccination in adults is the primary means of preventing
influenza illness and its complications7,8 and offers an impor-
tant vaccine opportunity for pneumococcal disease as well.

The 13-valent pneumococcal conjugate vaccine
(PCV13; Prevnar 13®, Pfizer Inc, New York, NY) is
licensed in the United States for prevention of pneumonia
and invasive pneumococcal disease in adults ≥50 years
old.9–11 Previous studies evaluating coadministration of

PCV13 and trivalent inactivated influenza vaccine (TIV)
demonstrated an acceptable safety profile among adults
aged 50 to 59 years and ≥65 years, but differences were
observed in immune responses to PCV13 coadministered
with TIV compared with PCV13 alone. In general,
responses to PCV13 measured 1 month after vaccination
were lower with cadministered PCV13 and TIV; responses
to TIV were not significantly different, with similar find-
ings of reduced OPA titers 1 month after coadaministra-
tion compared to PCV13 alone.12,13 The same subjects
from one of these studies12 were evaluated for circulating
antibodies annually for 5 years.14 No differences were
observed between the coadministration group and the
group given PCV13 alone. Responses in both groups to
a single PCV13 booster dose given 5 years after initial
vaccination were generally the same as – or higher than –
responses after the first dose. The differences in responses
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observed in the coadministration group in the initial
study did not translate into differences in circulating
antibody levels 5 years later; nor did those differences
affect revaccination responses indicative of establishment
of immune memory.

Immune responses to PCV13 coadministered with sea-
sonal quadrivalent inactivated influenza vaccine (QIV) have
not been evaluated among adults ≥50 years old previously
immunized with the 23-valent pneumococcal polysacchar-
ide vaccine (PPSV23). In adult studies, prior PPSV23
receipt decreased responses to subsequent PCV13
immunization.15–17 Given concerns regarding the possible
cumulative effect of reduced immune responses in adults
preimmunized with PPSV23 and reduced responses to
PCV13 when the vaccine is given with influenza vaccine,
this study evaluated the immunogenicity of PCV13 coad-
ministered with QIV compared with each vaccine given
alone in adults aged ≥50 years who had previously received
≥ 1 dose of PPSV23.

Results

Baseline characteristics and disposition of subjects

A total of 882 subjects were enrolled and randomized (441 per
group; Figure 1). The evaluable immunogenicity population
consisted of 421 subjects in the PCV13+QIV group and 425 in
the QIV- or PCV13-alone group. Among the evaluable immu-
nogenicity population, 55.2% were female, 89.4% were white,
and the mean (SD) age was 66.7 (8.96) years at randomiza-
tion. The majority (93.1%) of subjects had 1 previous dose of
PPSV23, and the remainder had ≥2 doses. The mean time
from previous PPSV23 receipt was 5.9 years. In all, 97.9% of
subjects in the PCV13+QIV group and 99.3% of subjects in
the placebo+QIV group reported a medical condition at the
first visit. Across both groups, 17.7% of subjects reported
cardiac disorders, 6.1% reported chronic obstructive pulmon-
ary disease, 11.9% reported asthma, 0.8% reported type 1
diabetes mellitus, and 25.4% reported type 2 diabetes mellitus.
At least one of these conditions was reported by 48.5% and

Figure 1. Subject disposition.
PCV13 = 13-valent pneumococcal conjugate vaccine; QIV = quadrivalent inactivated influenza vaccine. *1 subject reported colitis 19 days after vaccination 1 (not
related to study vaccine); 1 subject experienced mild injection-site induration and pain (both vaccines) 1 day after vaccination 1, resolving after 31 days (related to
study vaccines).
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50.6% of subjects in the PCV13+QIV and PCV13-alone
groups, respectively (see Supplementary Table 1).

Immunogenicity

Responses to PCV13
Before PCV13 immunization, pneumococcal OPA GMTs
were generally similar between groups (see Supplementary
Table 2). In both vaccine groups, OPA titers for all 13 ser-
otypes were several-fold higher after PCV13 than before
PCV13 administration. When comparing GMTs between vac-
cine groups, the noninferiority criterion (lower limit of 95%
CI >0.5) was met: pneumococcal OPA GMTs for all 13 ser-
otypes measured 1 month after PCV13+QIV were noninferior
to OPA GMTs 1 month after PCV13 alone. Pneumococcal
OPA GMTs were generally lower 1 month after PCV13+QIV
compared with 1 month after PCV13 given alone. GMTs for
serotypes 3, 4, 6A, and 14 were statistically significantly lower
after PCV13+QIV than PCV13 alone (Table 1). Reverse
cumulative distribution curves showed that responses
1 month after PCV13+QIV were generally slightly lower for
most serotypes across the range of responses than 1 month
after PCV13 alone (Figure 2).

Responses to QIV
Baseline HAI GMTs were similar in both vaccine groups. For
both vaccine groups, HAI GMTs for all influenza strains in
QIV were statistically significantly higher after vaccination
(see Supplementary Table 3).

For each influenza strain in QIV, noninferiority was met for
PCV13+QIV compared with QIV alone. Additionally, GMTs
for A/H3N2 were statistically significantly higher 1 month after
PCV13+QIV compared with 1 month after QIV alone (Table 2).
Seroconversion rates were low but similar between groups,

ranging from 21.3% to 31.6%. The differences in proportions
of responders for all influenza strains in QIV between the
vaccine groups were small, ranging from −3.8% to 5.1%
(Table 3).

The proportion of subjects with titers ≥40 for influenza
strains before and after QIV was assessed in a post hoc
analysis. Before QIV immunization, proportions with a titer
≥40 were similar between vaccine groups for all influenza
strains in QIV, except for a statistically significant difference
for strain A/H3N2 (87.1% before PCV13+QIV vs 80.9%
before QIV alone; P = 0.013). The percentage of subjects
achieving HAI titers ≥40 1 month after PCV13+QIV and
1 month after QIV alone were similar: 90.6% and 89.3% for
A/H1N1, 98.4% and 96.5% for A/H3N2, 49.2% and 46.5% for
B/Brisbane, and 65.8% and 63.3% for B/Massachusetts (see
Supplementary Figure 2).

Safety

Adverse events were assessed from enrollment through
1 month after vaccination 2. AEs were reported by 15.3% of
subjects after PCV13+QIV and by 12.5% of subjects after
PCV13; this difference was not statistically significant. The
most frequently reported individual AEs after PCV13+QIV
were injection-site pain (1.8%), upper respiratory tract infec-
tion (1.8%), and urinary tract infection (1.1%). The most
frequently reported individual AEs after PCV13 alone were
upper respiratory tract infection, urinary tract infection, bron-
chitis, and sinusitis (all 0.9%). AEs were reported by 11.9% of
subjects after QIV alone; the most frequently reported indivi-
dual AEs in this group were upper respiratory tract infection,
pyrexia, and bronchitis (all 0.9%). AEs were reported by
10.4% of subjects after vaccination 2 (placebo) in the PCV13
+QIV group; two subjects withdrew from the study due to an

Table 1. Comparison of Pneumococcal OPA GMTs 1 Month After PCV13+ QIV vs 1 Month After PCV13 Alone (Evaluable Immunogenicity Population).

Vaccine Sequence (as Randomized)

PCV13+QIV, placebo Placebo+QIV, PCV13
Vaccine Comparison

Serotype na GMTb (95% CI)c na GMTb (95% CI)c Ratiod (95% CI)e

1 419 75 (65.0–87.0) 417 83 (71.1–96.1) 0.9 (0.74–1.12)
3 422 41 (36.2–46.0) 418 49 (43.6–55.3) 0.8 (0.70–0.98)
4 412 587 (489.9–702.5) 417 824 (692.2–980.0) 0.7 (0.55–0.91)
5 423 97 (83.8–111.7) 414 101 (86.6–117.2) 1.0 (0.78–1.18)
6A 420 953 (805.7–1126.3) 415 1413 (1203.3–1659.4) 0.7 (0.53–0.85)
6B 414 867 (722.3–1039.6) 405 1041 (860.5–1260.0) 0.8 (0.64–1.08)
7F 424 651 (582.4–728.0) 419 670 (599.7–748.5) 1.0 (0.83–1.14)
9V 419 699 (613.7–797.2) 415 838 (734.2–957.5) 0.8 (0.69–1.00)
14 421 574 (496.8–663.0) 416 760 (665.6–868.0) 0.8 (0.62–0.92)
18C 420 713 (598.9–849.9) 414 865 (726.4–1030.5) 0.8 (0.64–1.06)
19A 425 337 (294.9–384.6) 419 390 (344.4–441.1) 0.9 (0.72–1.04)
19F 423 324 (274.8–382.5) 416 360 (302.7–427.9) 0.9 (0.71–1.14)
23F 421 278 (223.9–344.7) 417 364 (294.3–451.3) 0.8 (0.56–1.03)

GMT = geometric mean titer; OPA = opsonophagocytic activity; PCV13 = 13-valent pneumococcal conjugate vaccine; QIV = quadrivalent inactivated influenza
vaccine.

Underlined vaccine names indicate which immune response data for each study group are presented for comparison in the table.
an = Number of subjects with a determinate OPA titer to the given serotype.
bGMTs were calculated using all subjects with available data for the specified blood draw.
cCIs are back-transformations of a CI based on the Student t distribution for the mean logarithm of the titers.
dRatio of GMTs PCV13+QIV/placebo to placebo+QIV/PCV13 was calculated by back-transforming the mean difference between vaccine sequences on the logarithmic
scale.

eCIs for the ratio are back-transformations of a CI based on the Student t distribution for the mean difference of the logarithms of the measures (PCV13+QIV/placebo
– placebo+QIV/PCV13).
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AE. One subject reported colitis 19 days after PCV13+QIV,
which was not considered related to study vaccine based on
the subject’s chronic medical conditions and medication use.
Another subject experienced mild AEs of injection-site
induration and pain at both vaccination sites 1 day after

vaccination. The AEs in the second subject lasted 31 days,
resolved, and were considered related to study vaccines.

Severe AEs after PCV13 were reported by a low and similar
proportion of subjects in both vaccine groups (0.9%–1.1%). One
subject in the PCV13+QIV group died of cardiogenic shock

Figure 2. Pneumococcal OPA titer reverse cumulative distribution curves before and 1 month after PCV13 administration.
PCV13 = 13-valent pneumococcal conjugate vaccine; QIV = quadrivalent inactivated influenza vaccine. Reverse cumulative distribution curves displaying pneumo-
coccal OPA titers for PCV13 serotypes before (solid lines) and after (dotted lines) PCV13 immunization are shown (evaluable immunogenicity population). Black line,
PCV13+QIV/placebo; gray line, placebo+QIV/PCV13. Vertical line, OPA lower limit of quantitation titers for each serotype.
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4 days after placebo receipt (PCV13+QIV were given 35 days
before death). Related AEs were reported by a low and similar
proportion of subjects in both groups (2.8%–3.0%). Injection-
site pain was the most frequently reported individual related AE
in both groups (PCV13+QIV, 1.8%; PCV13 alone, 0.7%). No
individual SAE was reported by >1 subject (0.2%) in either
group, and none was considered related to study vaccines.

Discussion

The risk for contracting invasive pneumococcal disease
increases with age and with influenza infection. Annual sea-
sonal influenza vaccination of older adults may present an
important opportunity for healthcare providers to also offer
pneumococcal vaccination. Prior studies of healthy adults
aged 50 to 59 years and ≥65 years naïve to pneumococcal
vaccination indicated that concomitant PCV13+TIV induced
generally lower pneumococcal OPA GMTs compared with
PCV13 given alone, although the antibody responses for the
majority of serotypes were noninferior with
coadministration.12,13 The clinical significance of these find-
ings is not known; however, a follow-up study found that the
differences in response to vaccination did not persist. In the
follow-up study, subjects were given a single dose of PCV13
5 years after initial immunization with PCV13+TIV or PCV13

alone. Regardless of whether PCV13 and TIV were given
separately or concomitantly, antibody responses 1 month
after vaccination were equivalent to – or higher than –
responses 1 month after the initial dose, which is indicative
of establishment of immunologic memory. These data suggest
that concomitant administration of these vaccines does not
seem to have a lasting effect on antibody responses or the
ability to respond to revaccination with PCV13.14 Based on
these data, the lower immune responses observed after coad-
ministration during initial vaccination are not likely to nega-
tively affect protection against vaccine-type pneumococcal
disease.

In other studies, prior PPSV23 immunization consistently
resulted in lower responses to a subsequent dose of either
PCV13 or PPSV23 at an interval of either 1 or 4 years between
doses in older adults.15–17 These data have elicited concern that
previous PPSV23 administration may lead to an additive negative
effect on immune responses to PCV13.

The current study is the first to evaluate the safety and immu-
nogenicity of PCV13 when coadministered with QIV in adults
aged ≥50 years who had been vaccinated with PPSV23 at least
1 year before enrollment. Immune responses to coadministered
PCV13 and QIV were noninferior to responses elicited by each
vaccine administered 1 month apart. The noninferiority criterion
was met for OPA GMTs for all 13 pneumococcal serotypes,

Table 2. Comparison of Influenza HAI GMTs 1 Month After PCV13+QIV vs Placebo+QIV (Evaluable Immunogenicity Population).

Vaccine Sequence (as Randomized)

PCV13+QIV, placebo
na = 427

Placebo+QIV, PCV13
na = 430 Vaccine Comparison

Strain GMTb (95% CI)c GMTb (95% CI)c Ratiod (95% CI)e

A/H1N1 115 (104.0–126.8) 113 (101.6–124.7) 1.0 (0.88–1.18)
A/H3N2 226 (206.1–248.5) 196 (178.0–216.1) 1.2 (1.01–1.32)
B/Brisbane 28 (25.7–31.0) 26 (23.7–28.7) 1.1 (0.95–1.24)
B/Massachusetts 45 (41.0–50.3) 43 (39.1–48.2) 1.0 (0.90–1.21)

GMT = geometric mean titer; HAI = hemagglutination inhibition assay; PCV13 = 13-valent pneumococcal conjugate vaccine; QIV = quadrivalent inactivated influenza
vaccine.

Underlined vaccine names indicate which immune response data for each study group are presented for comparison in the table.
an = Number of subjects with a determinate HAI titer to the given strain.
bGMTs were calculated using all subjects with available data for the specified blood draw.
cCIs are back-transformations of a CI based on the Student t distribution for the mean logarithm of the titers.
dRatio of GMTs PCV13+QIV/placebo to placebo+QIV/PCV13 was calculated by back-transforming the mean difference between vaccine sequences on the logarithmic
scale.

eCIs for the ratio are back-transformations of a CI based on the Student t distribution for the mean difference of the logarithms of the measures (PCV13+QIV/placebo
– placebo+QIV/PCV13).

Table 3. Comparison of Seroconversion Rates of Influenza Strains Between PCV13+QIV and Placebo+QIV (Evaluable Immunogenicity Population).

Vaccine Sequence (as Randomized)

PCV13+QIV, placebo
Na = 427

Placebo+QIV, PCV13
Na = 430

Strain nb % (95% CI)c nb % (95% CI)c Differenced (95% CI)e

A/H1N1 125 29.3 (25.0–33.8) 104 24.2 (20.2–28.5) 5.1 (−0.9 to 11.0)
A/H3N2 119 27.9 (23.7–32.4) 136 31.6 (27.3–36.3) −3.8 (−9.9 to 2.4)
B/Brisbane 91 21.3 (17.5–25.5) 96 22.3 (18.5–26.6) −1.0 (−6.6 to 4.5)
B/Massachusetts 99 23.2 (19.3–27.5) 106 24.7 (20.6–29.0) −1.5 (−7.2 to 4.3)

HAI = hemagglutination inhibition assay; PCV13 = 13-valent pneumococcal conjugate vaccine; QIV = quadrivalent inactivated influenza vaccine.
Underlined vaccine names indicate which immune response data for each study group are presented for comparison in the table.
aN = Number subjects with known values.
bn = Number of subjects with the given characteristic.
cExact 2-sided CI (Clopper and Pearson) based on the observed proportion of subjects.
dDifference in proportions (PCV13+QIV/placebo – placebo+QIV/PCV13) expressed as a percentage.
eExact 2-sided CI and corresponding P value (based on Chan and Zhang) for the difference in proportions (PCV13+QIV/placebo – placebo+QIV/PCV13) expressed as a
percentage.
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although similar to observations with PCV13 and TIV, GMTs
were generally lower 1 month after PCV13+QIV compared with
PCV13 given alone. GMTs after PCV13+QIV were significantly
lower – but still noninferior – for serotypes 3, 4, 6A, and 14.

The noninferiority criterion for influenza HAI
responses was met for each influenza strain in QIV
when comparing PCV13+QIV with QIV given alone,
and proportions of subjects achieving titers ≥40 for all 4
influenza strains after vaccination were similar between
vaccine groups. High prevaccination QIV titers may be
explained by prior exposure to identical antigens during
the course of natural disease or in seasonal influenza
vaccines produced for the 2013–2014 influenza season,
the year before this study.8,18

No notable safety concerns were observed for either
study group; AE incidence was similar among PCV13
+QIV, PCV13 alone, QIV alone, and placebo groups. No
SAEs were considered related to study vaccine, and AEs
were generally consistent with conditions common in this
age group and with the known safety profile of each
vaccine.

The clinical relevance of this study is notable, as
recommended seasonal influenza vaccination and pneu-
mococcal vaccination in older adults play essential roles
in preventing respiratory infections that constitute sub-
stantial clinical and economic burdens of disease. The
current study population consisted of older adults with
risk factors for pneumococcal disease that prompted their
prior immunization with PPSV23. The results presented
here demonstrate that immune responses to PCV13 and
QIV, when given concomitantly to adults previously vac-
cinated with PPSV23, are noninferior to immune
responses elicited by PCV13 and QIV given separately
1 month apart, despite generally lower immune responses
to PCV13 serotypes in the coadministration group. In a
follow-up to the study in which PCV13 was coadminis-
tered with TIV,14 no differences were observed in circu-
lating antipneumococcal antibody levels tested annually
for 5 years after initial PCV13+TIV vaccination compared
to when each vaccine was given alone. These results
suggested that the small differences observed 1 month
after initial coadministration of PCV13 and TIV did not
have a long-term impact. It is reasonable to conclude the
same is also likely to be true for PCV13 and QIV
coadministration.

Study strengths include a large sample size powered for
establishing noninferiority and a double-blind, placebo-
controlled study design. A study limitation includes the
lack of a direct comparator group of PPSV23-naïve sub-
jects, although not including such a group does not
diminish the study findings.

Conclusion

Immune responses to PCV13 and QIV after concomitant
administration were noninferior to responses after each vac-
cine was given alone, with safety findings consistent with
prior experience with PCV13 in adults. Compared with sepa-
rate immunizations, PCV13 and QIV demonstrated

satisfactory safety and immunogenicity profiles when admi-
nistered concomitantly to adults ≥50 years of age preimmu-
nized with PPSV23.

Patients and methods

Study design

This phase 4, randomized, placebo-controlled, double-blind,
parallel-group study (ClinicalTrials.gov identifier,
NCT02124161) was an FDA postmarketing commitment
conducted between September 2014 and May 2015 at 42
sites in the United States. The protocol was reviewed and
approved by the institutional review board(s) for each par-
ticipating investigational site, and the study was conducted
according to the Declaration of Helsinki and the
International Conference on Harmonisation Guidelines for
Good Clinical Practice. All participants provided written
informed consent before enrollment and before perfor-
mance of study-related procedures. Medical history was
obtained from all subjects at study visit 1, and subjects’
race and ethnicity were self-identified. PCV13 and placebo
were administered in a double-blind fashion; QIV admin-
istration was open-label.

Participants

Eligible subjects were ≥50 years old and had received ≥1
dose of PPSV23 at least 1 year before enrollment. Subjects
with chronic, nonserious, stable disease not requiring sub-
stantial change in therapy or hospitalization 6 weeks before
vaccination were eligible. Exclusion criteria included pre-
vious vaccination with a pneumococcal conjugate vaccine,
history of severe adverse reactions to any vaccine or vac-
cine-related component, vaccination with any influenza vac-
cine within 6 months before study vaccination 1,
documented S. pneumoniae infection within the past
5 years, serious chronic disorders (including metastatic
malignancy, severe chronic obstructive pulmonary disease
requiring supplemental oxygen, end-stage renal disease, or
clinically unstable cardiac disease), known or suspected
immunodeficiency, and permanent residence in a nursing
home.

Interventions

Subjects were randomized 1:1 to receive PCV13+QIV
concomitantly followed by placebo 1 month later (conco-
mitant administration group) or placebo+QIV concomi-
tantly followed by PCV13 1 month later (QIV-alone or
PCV13-alone group). PCV13 and placebo were adminis-
tered intramuscularly in the left deltoid and QIV in the
right deltoid. Subjects were stratified by age (50–64 years
and ≥65 years) and by years since last PPSV23 dose (1–
5 years and >5 years) to maintain balance within vaccine
and age groups. Within each stratum, subjects were ran-
domized 1:1 to vaccine groups. Blood samples were taken
immediately before vaccination 1 and 1 month after vac-
cinations 1 and 2 (see Supplementary Figure 1).
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Vaccines administered

PCV13 (lot #H32094, Pfizer Inc) contains polysaccharides from
pneumococcal serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A,
19F, and 23F individually conjugated to nontoxic diphtheria toxin
cross-reactive material 197 (CRM197). Each 0.5-mL dose contains
2.2 µg of each polysaccharide, except for 4.4 µg for 6B, 5 mM
succinate buffer, 0.85% sodium chloride, 0.02% polysorbate 80,
and 0.125 mg aluminum as aluminum phosphate. Placebo (lot
#J13932) matched the PCV13 formulation for aluminum phos-
phate, succinate buffer, sodium chloride, and polysorbate 80. QIV
(Fluzone Quadrivalent; lot #UI158AA) was manufactured by
Sanofi PasteurMSD (Swiftwater, PA,USA) and contained hemag-
glutinin antigens from 4 influenza strains: 2 A strains
(A/H1N1/California/7/2009 and A/H3N2/Texas/50/2012) and 2
B strains (B/Brisbane/60/2008 and B/Massachusetts/2/2012).

Study objectives

The coprimary objectives were to demonstrate that immune
responses induced 1 month after concomitant vaccination with
PCV13 and QIV were noninferior compared to immune
responses induced by either vaccine given alone and to assess the
safety profile of PCV13 given concomitantly with QIV and alone.

Immunogenicity assessments

The primary immunogenicity endpoints were pneumococcal ser-
otype-specific opsonophagocytic activity (OPA) geometric mean
titers (GMTs) 1month after PCV13 administration (1month after
vaccination 1 in the PCV13+QIV group and 1 month after vacci-
nation 2 in the PCV13-alone group). Coprimary endpoints were
influenza hemagglutination inhibition assay (HAI)GMTs for each
strain in QIV 1 month after QIV receipt (1 month after vaccina-
tion 1 in the PCV13+QIV and QIV-alone groups). Secondary
endpoints were pneumococcal serotype-specific OPA geometric
mean fold rises (GMFRs), the proportion of subjects achieving
seroconversion in HAI titers, and HAI GMFRs for each influenza
virus strain.

The evaluable immunogenicity population was the primary
analysis population and included eligible subjects who were ran-
domized, had received all vaccinations specified per vaccination
sequence, had at least 1 valid and determinate assay result for
pneumococcal serotype or QIV antigen, had blood draws within
the specified time frame, and had no major protocol violations. A
post hoc analysis was conducted to determine the proportion of
subjects with a titer ≥40 for each influenza strain before and after
QIV administration.

Safety assessments

Safety endpoints were the proportions of subjects with adverse
events (AEs) and serious AEs (SAEs), which were recorded from
enrollment to 1 month after vaccination 2. The safety population
included those who received ≥ 1 dose of investigational product.
Solicited reactogenicity information was not collected because
such data have been collected in previous studies.12,16

Sample size

Sample sizes were based on OPA and HAI assay variability and
were estimated from previous studies.16,19 Based on a dropout rate
of 7%, 410 evaluable subjects per group were needed to ensure a
power of ≥90% across all endpoints when comparing results
between study arms. It was assumed that time-related and
sequence effects were negligible relative to the effects of vaccina-
tion and covaccination.

Statistical analyses

This study was powered to show noninferiority of PCV13+QIV
relative to PCV13 alone for pneumococcal OPA GMTs and non-
inferiority of PCV13+QIV relative to QIV alone for HAI GMTs.
The noninferiority criterion was set at 2-fold (lower bound of 2-
sided 95% CI for geometric mean ratios >0.5) for PCV13+QIV
relative to PCV13 alone; the same criterion was used to assess
PCV13+QIV relative to QIV alone. The pneumococcal immuno-
genicity criteria are the same as those used in phase 3 PCV13
immunogenicity studies.20

The OPAGMTs for each serotype were determined before any
vaccination and 1month after vaccinations 1 and 2. Differences in
OPA GMTs were considered significantly lower if the upper limit
of the 95%CI forGMT ratios was <1 and significantly higher if the
lower limit of the 95% CI for GMT ratios was >1.

The HAI GMTs and the 2-sided 95% CIs were determined
similarly to OPA GMTs. The proportion of subjects achieving
seroconversion in HAI titers depended on baseline titers.
Seroconversion for influenza strains was defined as a prevaccina-
tion 1 (baseline) HAI titer <1:10 and a postvaccination 1 HAI titer
≥1:40, or a prevaccination 1HAI titer≥1:10 and aminimum4-fold
rise in postvaccination 1HAI titer compared to the baseline titer.21
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