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ABSTRACT
It is unclear whether simultaneous administration of a 23-valent pneumococcal polysaccharide vaccine
(PPSV23) and a quadrivalent influenza vaccine (QIV) produces immunogenicity in older individuals. This
study tested the hypothesis that the pneumococcal antibody response elicited by simultaneous
administration of PPSV23 and QIV in older individuals is not inferior to that elicited by sequential
administration of PPSV23 and QIV. We performed a single-center, randomized, open-label, non-inferiority
trial comprising 162 adults aged �65 years randomly assigned to either the simultaneous (simultaneous
injections of PPSV23 and QIV) or sequential (control; PPSV23 injected 2 weeks after QIV vaccination)
groups. Pneumococcal immunoglobulin G (IgG) titers of serotypes 23F, 3, 4, 6B, 14, and 19A were
assessed. The primary endpoint was the serotype 23F response rate (a �2-fold increase in IgG
concentrations 4–6 weeks after PPSV23 vaccination). With the non-inferiority margin set at 20% fewer
patients, the response rate of serotype 23F in the simultaneous group (77.8%) was not inferior to that of
the sequential group (77.6%; difference, 0.1%; 90% confidence interval, ¡10.8% to 11.1%). None of the
pneumococcal IgG serotype titers were significantly different between the groups 4–6 weeks after
vaccination. Simultaneous administration did not show a significant decrease in seroprotection odds ratios
for H1N1, H3N2, or B/Phuket influenza strains other than B/Texas. Additionally, simultaneous
administration did not increase adverse reactions. Hence, simultaneous administration of PPSV23 and QIV
shows an acceptable immunogenicity that is comparable to sequential administration without an increase
in adverse reactions. (This study was registered with ClinicalTrials.gov [NCT02592486]).
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Introduction

Pneumococcal and influenza infections can cause significant
morbidity and mortality, particularly in older individuals.1,2

Mortality rates due to invasive pneumococcal disease (IPD)
are highest in adults older than 65 years. Therefore, immu-
nization with a 23-valent pneumococcal polysaccharide vac-
cine (PPSV23) is recommended to prevent IPD; the
vaccine’s protective efficacy rate is 74%.3 In most developed
countries, however, PPSV23 vaccination rates remain low
(31.4–69.8%), whereas influenza vaccination rates are
relatively high (50.0–82.0%) in individuals older than
65 years.4–8 Thus, a global strategy for improving PPSV23
vaccination compliance rates is required.

Simultaneous administration of PPSV23 and influenza vac-
cines, defined as administering both vaccines on the same day,
is a promising strategy for increasing PPSV23 coverage rates to
levels similar to those of influenza vaccinations.9 Furthermore,

simultaneous administration facilitates immunization with
both vaccines in older individuals who have difficulty accessing
hospitals. Vaccination with both the PPSV23 and influenza
vaccine, even if not on the same day, is more protective and
cost-effective than the administration of either alone.10,11 How-
ever, previous studies that assessed the immunogenicity of
simultaneous administration of the PPSV23 and quadrivalent
influenza vaccine (QIV) in adults aged �65 years are
limited.12,13

The objective of this study was to compare simultaneous
vs. sequential administration of PPSV23 and QIV to test
our hypothesis that simultaneous administration was not
inferior to sequential administration as determined by the
response rate (defined as a �2-fold increase of immuno-
globulin G [IgG] concentrations in serotype 23F) 4–6 weeks
after vaccination. We selected 6 pneumococcus serotypes
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that are highly associated with IPD, namely 23F, 3, 4, 6B,
14, and 19A, for immunogenicity analysis.14–16

Results

Patient characteristics

As shown in the CONSORT flowchart (Figure 1), 162 patients
were randomized to receive simultaneous (n D 81) or sequen-
tial administration (n D 81). After excluding 1 patient for ineli-
gibility, the 81 patients in the former group received
simultaneous vaccine administration while the 80 in the latter
group received only QIV; the PPSV23 vaccine was adminis-
tered 2 weeks later. The groups were well balanced upon ran-
domization (Table 1).

Primary endpoint

Figure 2 and Table 2 present the differences in the response
rates to 23F between the 2 groups 4–6 weeks after PPSV23
vaccination. The response rate in the simultaneous group
(63 of 81 patients [77.8%]) was not inferior to that of the
sequential group (59 of 76 patients [77.6%]). The difference
was 0.1% (90% confidence interval [CI], ¡10.8% to 11.1%),
which was well above the ¡20% non-inferiority margin. The
non-inferiority of simultaneous administration was main-
tained in both best-case and worst-case analyses
(Supplementary Figure 1). The characteristics of sequential
group patients who were analyzed after achieving their

primary endpoint as well as those who dropped out are
shown in Supplementary Table 1.

Secondary endpoints

Table 3 shows the antibody titers to pneumococcal capsular
polysaccharides in all serotypes. Before vaccination, the geo-
metric mean concentrations (GMCs) with 23F, 4, 6B, and 14
were significantly higher in the simultaneous group. The
GMCs 4–6 weeks after PPSV23 vaccination were not signifi-
cantly different in any of the serotypes. At 6 months after
PPSV23 vaccination, GMCs exhibited a significant difference
for serotype 14 only. Multivariate analysis revealed that only
serotypes 4 and 14 had significant reductions in seroresponse
odds ratios (ORs) 4–6 weeks after vaccination in the simulta-
neous administration group (Table 2). According to post-hoc
analysis, consistent results were observed on multivariate analy-
sis using pre-vaccination pneumococcal IgG titers as a con-
founder in addition to age and sex (Supplementary Table 2).

Table 4 shows the comparisons between seroprotection rates
4–6 weeks post-vaccination with the QIV. The seroprotection
rates against B/Texas and B/Phuket in the 2 groups were low
(40.7–62.3%); however, the rates against H1N1 and H3N2
strains were 77.9–84.0%. There were no significant differences
between the 2 groups in seroprotection against H1N1,
H3N2, and B/Phuket strains of influenza on multivariate analy-
sis, although significant reductions in the ORs for seroprotec-
tion against B/Texas were noted in the simultaneous
administration group. There were no significant differences in
ORs for seroprotection between the 2 groups with respect to

Figure 1. CONSORT flowchart
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any of the influenza antigens 6 months post-vaccination with
the QIV on multivariate analysis.

Safety

Table 5 shows the adverse events in the simultaneous and
sequential groups. Simultaneous administration did not show
any increase in systemic events and local reactions. However,
fatigue was more frequent in the sequential group (24.1%) than
in the simultaneous group (11.1%; P D 0.038).

Clinical events during the 6-month follow-up period

During the 6-month follow-up period, pneumonia and influenza-
like illnesses were observed in 2 (2.5%) and 10 (12.3%) of the
patients in the simultaneous group, respectively, and in 1 (1.3%)
and 8 (10.7%) of the patients in the sequential group, respectively.

Discussion

We found that the response rate of serotype 23F following
simultaneous administration was not inferior to that after
sequential administration. There were no significant differences
in GMCs 4–6 weeks after PPSV23 vaccination in any of the sero-
types. Multivariate analysis revealed no significant differences in
serotype 23F, 3, 6B, and 19A seroresponses in the simultaneous
administration group, although serotypes 4 and 14 had signifi-
cantly lower seroresponses. In the H1N1, H3N2, and B/Phuket

strains of influenza, there were no significant differences in
seroprotection between the 2 groups 4–6 weeks post-QIV
administration, although seroprotection against B/Texas was
significantly lower in the simultaneous administration group.
Furthermore, there was no evidence of increased systemic events
and local reactions with simultaneous administration.

Rational of simultaneous administration of the PPSV23
and QIV

Pneumococcal pneumonia and influenza infections are both
vaccine-preventable diseases. As PPSV23 vaccination rates
remain low, specific strategies to increase PPSV23 immuniza-
tion rates are required.4–7 As influenza vaccinations are admin-
istered annually and PPSV23 revaccination is recommended
5 years after first vaccination in older individuals, influenza
immunization schedules may provide ideal opportunities for
older individuals to receive their primary and secondary
PPSV23 administrations. Many countries that annually provide
seasonal influenza vaccinations in older individuals also rou-
tinely provide PPSV23.17

Several studies have reported the additive benefits of influ-
enza and PPSV23 vaccinations.10,11,17,18 Large-scale cohort
studies have also demonstrated the additive preventative effect
of vaccination with both the PPSV23 and trivalent influenza
vaccine (TIV) compared to either vaccination alone in elderly
persons; the benefits included reductions in pneumonia rates,
influenza infections, hospitalizations, morbidity, and mortal-
ity.10,18 Prior studies also found that administering both the
PPSV23 and influenza vaccine reduced medical costs compared
to the influenza vaccine alone.11,17

Immunogenicity of the pneumococcal antibody

Several randomized control studies have demonstrated that
the immunogenicity of pneumococcal antibody in patients
with simultaneous administration of pneumococcal polysac-
charide and influenza vaccines is similar to that of separate
administration.12,19,20 In the present study, we evaluated
the immunogenicity of 23F, 3, 4, 6B, 14, and 19A, which are
the most prevalent serotypes associated with IPD.14,16 More-
over, these 6 serotypes represent a range of capsular polysac-
charides, including serotype 3 that was previously shown to
have a relatively weak antibody response.15 We found no sig-
nificant differences in the GMCs of any of the 6 serotypes 4–6
weeks after PPSV23 vaccination, and 4 of the 6 serotypes
tested showed no significant changes in their seroresponses.
Several studies have similarly demonstrated attenuated reduc-
tions in seroresponse rates in the serotypes of pneumococcal
antibodies, such as serotypes 4 and 14, although most sero-
types showed no significant differences.12,19,21 Thus, the possi-
bility of reduced response rates (�2-fold IgG) in some
serotypes appear to be reproducible; however, the clinical
impact may be low, as pneumonia and invasive pneumococcal
disease due to serotypes 4 and 14 are low worldwide.14,22

Additionally, immunogenicity should be assessed using multi-
ple valuables, such as GMCs and seroresponse rates. We pro-
pose that the advantages of increasing the immunization rates
for both vaccines outweigh the effects of a possible small

Table 1. Patients’ characteristics at allocation

Simultaneous group Sequential group
Variable (N D 81) (N D 80)

Age, years (§ standard deviation) 71.0 (§5.1) 70.2 (§4.1)
Male 48 (59.3) 49 (61.3)
Influenza vaccination in last year* 20 (25.0) 29 (36.7)
Previous history of pneumoniay 13 (16.0) 14 (17.7)
Previous history of influenzay 10 (12.3) 15 (19.0)
Underlying disease

Chronic lung disease 54 (66.7) 55 (68.8)
Chronic heart disease 12 (14.8) 10 (12.5)
Hypertension 36 (44.4) 28 (35.0)
Diabetes 19 (23.5) 16 (20.0)
Dyslipidemia 37 (45.7) 28 (35.0)
Chronic renal disease 3 (3.7) 1 (1.2)
Cerebral vascular disorder 4 (4.9) 5 (6.2)
Neuromuscular disease 0 (0.0) 1 (1.2)
Chronic liver disease 1 (1.2) 2 (2.5)

Note. Data are expressed as number (%) of patients, unless otherwise indicated.
�data from 2 subjects are missing.
ydata from 1 subject are missing.

Figure 2. Differences in the response rates of 23F between the 2 groups (the rate
in the simultaneous group minus that in the sequential group)

HUMAN VACCINES & IMMUNOTHERAPEUTICS 1925



reduction in seroresponse in certain serotypes of the pneumo-
coccal antibody.

Immunogenicity of influenza antibody

We found no significant differences between the 2 groups
with respect to seroprotection rates in the A/H1N1, A/
H3N2, and B/Phuket strains of influenza 4–6 weeks after

vaccination. However, seroprotection against B/Texas was
significantly reduced in the simultaneous group. In a dou-
ble-blind, randomized control study, 126 healthy partici-
pants aged 18–26 years who received simultaneous
administration of 14-valent pneumococcal polysaccharide
vaccine and TIV showed lower geometric mean titers of A/
H1N1 and B strains than participants who received separate
administrations, although there were no statistically signifi-
cant differences in seroprotection rates (post-vaccination
titer �1:40) in the 2 administration groups.20 Other studies
that assessed simultaneous administration of pneumococcal
polysaccharide vaccine and TIV found no significant differ-
ences in geometric mean titers of the influenza strains
between the simultaneous vs. sequential administration
groups.12,19,21 In our study, both groups exhibited lower B/
Texas immunogenicity. Considering previous findings and
our own results, there exists a possibility of a slight reduc-
tion in the immune response against certain strains of influ-
enza with simultaneous administration of PPSV23 and QIV,
although the clinical implications of this remain unknown.

Adverse reactions

Several previous studies that evaluated the safety of simulta-
neous vaccine administration demonstrated acceptable adverse
reactions in older individuals.12,19–21,23 In a randomized control
study assessing young individuals (18–26 years), simultaneous
administration of the 14-valent polysaccharide pneumococcal
vaccine and TIV did not result in increases in local or systemic
reactions except for transient myalgias.20 In a prospective
cohort study assessing 861 elderly individuals, local erythema
was reported more frequently by individuals who received
simultaneous administration of PPSV23 and TIV; however, no
significant differences in other adverse reactions were found
between those immunized simultaneously with PPSV23 and
TIV (n D 541) and those administered PPSV23 alone (n D
320).23 In 2 other randomized control studies, simultaneous
administration was not associated with an increase in local and

Table 2. Odds ratios for seroresponses 4–6 weeks post-vaccination with the 23-valent pneumococcal polysaccharide vaccine.

Crude analysis Multivariate analysis*

Category n/N (%) OR (95% CI) P-value OR (95% CI) P-value

23F
Sequential group 59/76 (77.6) 1 (reference) 0.982 1 (reference) 0.997
Simultaneous group 63/81 (77.8) 1.01 (0.48–2.14) 1.00 (0.47–2.13)

3
Sequential group 52/76 (68.4) 1 (reference) 0.923 1 (reference) 0.964
Simultaneous group 56/81 (69.1) 1.03 (0.53–2.03) 1.02 (0.51–2.03)

4
Sequential group 66/76 (86.8) 1 (reference) 0.004 1 (reference) 0.003
Simultaneous group 54/81 (66.7) 0.30 (0.14–0.68) 0.30 (0.13–0.67)

6B
Sequential group 63/76 (82.9) 1 (reference) 0.133 1 (reference) 0.134
Simultaneous group 59/81 (72.8) 0.55 (0.26–1.20) 0.55 (0.25–1.20)

14
Sequential group 67/76 (88.2) 1 (reference) <0.001 1 (reference) <0.001
Simultaneous group 49/81 (60.5) 0.21 (0.09–0.47) 0.20 (0.09–0.47)

19A
Sequential group 59/76 (77.6) 1 (reference) 0.732 1 (reference) 0.705
Simultaneous group 61/81 (75.3) 0.88 (0.42–1.84) 0.86 (0.40–1.86)

�Adjusted for age (<70 and �70 years) and sex (male and female) as explanatory variables.
OR, odds ratio; CI, confidence interval.

Table 3. Antibody titers to pneumococcal capsular polysaccharides.

Simultaneous
group

Sequential
group

Variable N GMC N GMC P-value*

23F
Before vaccination (P0) 81 0.40 80 0.20 <0.001
4–6 weeks after vaccination (P1) 81 2.04 76 1.41 0.157
6 months after vaccination (P2) 81 2.12 72 1.70 0.351

3
Before vaccination (P0) 81 0.07 80 0.07 0.277
4–6 weeks after vaccination (P1) 81 0.24 76 0.21 0.482
6 months after vaccination (P2) 81 0.26 72 0.24 0.632

4
Before vaccination (P0) 81 0.08 80 0.05 0.004
4–6 weeks after vaccination (P1) 81 0.24 76 0.28 0.520
6 months after vaccination (P2) 81 0.30 72 0.36 0.403

6B
Before vaccination (P0) 81 0.24 80 0.14 0.007
4–6 weeks after vaccination (P1) 81 0.96 76 0.96 0.993
6 months after vaccination (P2) 80 1.18 72 1.29 0.697

14
Before vaccination (P0) 81 0.68 80 0.42 0.032
4–6 weeks after vaccination (P1) 81 2.78 76 4.72 0.070
6 months after vaccination (P2) 81 3.57 73 6.21 0.046

19A
Before vaccination (P0) 81 0.72 80 0.49 0.051
4–6 weeks after vaccination (P1) 81 3.74 76 2.92 0.332
6 months after vaccination (P2) 81 4.61 73 3.38 0.147

Note. Data are presented as the geometric mean concentrations (GMC) of immu-
noglobulin G to each pneumococcal capsular polysaccharide, in micrograms per
milliliter. All changes within each group from P0 to P1 and P2 were statistically
significant (P < 0.001) based on paired t-tests.

�P-values were calculated using Student’s t-tests.
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systemic adverse reactions.12,19 Consistent with these findings,
simultaneous administration did not show any increase in sys-
temic events and local reactions in our study.

Clinical implications

Vaccination with both the PPSV23 and influenza vaccines is
recommended worldwide for adults over 65 years.17 Our results
provide justification for clinicians to simultaneously administer
PPSV23 and QIV, and for medical policymakers to recommend
the same. The attrition rate in the sequential administration
group is likely to be indicative of patients’ inconvenience of
having to return for a second vaccination in clinical practice.
Clinicians should thus attempt to recommend the administra-
tion of PPSV23 at the same time as the QIV in adults over

65 years of age who were not previously vaccinated against
pneumococci.

Limitations

First, we did not evaluate the opsonization index, which may be
a more appropriate indicator for evaluating immune capability
compared to quantitative IgG measurement. However, we
employed a 2-fold increase in IgG concentrations as a measure
of vaccine response based on previous studies.24,25 Second, our
patients were predominantly enrolled at the Department of
Pulmonology; therefore, chronic lung disease was the most fre-
quent underlying disease, and a relatively low proportion of
healthy subjects were enrolled. Therefore, our study should be
interpreted with caution.

Conclusions

Simultaneous administration of PPSV23 and QIV showed an
acceptable immune response that was comparable to that of
sequential administration without an increase in adverse reac-
tions. We propose that simultaneous administration of the 2
vaccines may be a promising strategy to increase PPSV23 cov-
erage rates. Further studies assessing the opsonization index or
clinical endpoints (such as all-cause pneumonia and all-cause
mortality) following simultaneous administration should be
performed to clarify the efficacy of simultaneous administra-
tion of PPSV23 and QIV.

Material and methods

Study design

This study was a randomized, open-label, non-inferiority trial
conducted at Kameda Medical Center (Chiba, Japan) between
October 2015 and August 2016. The protocol complied with
the Helsinki Declaration and was approved by the Research
Ethics Committee of Kameda Medical Center (#15-041-
160127). Written informed consent was obtained from all par-
ticipants. Additionally, CONSORT guidelines were followed
during the development of the research plan and reporting of

Table 5. Adverse events in patients of the simultaneous and sequential groups.

Simultaneous group Sequential group
%, (n/N) %, (n/N) P-valuey

Systemic events
Total 24.7 (20/81) 39.2 (31/79) 0.062
Fever 2.5 (2/79) 3.9 (3/76) 0.677
Fatigue 11.1 (9/81) 24.1 (19/79) 0.038
Headache 4.9 (4/81) 6.3 (5/79) 0.744
Joint pain 13.6 (11/81) 13.9 (11/79) 1.000
Pain of axilla 4.9 (4/81) 5.2 (4/77) 1.000
Rash 1.2 (1/81) 2.5 (2/79) 0.618

Local reactions
Pneumococcal vaccination
Total 49.4 (40/81) 59.7 (46/77) 0.205
Induration 24.7 (20/81) 19.5 (15/77) 0.450
Itch 19.8 (16/81) 15.6 (12/77) 0.537
Pain 34.6 (28/81) 48.1 (37/77) 0.106
Redness 28.4 (23/81) 26.0 (20/77) 0.858
Swelling 29.6 (24/81) 18.2 (14/77) 0.098

Influenza vaccination
Total 46.9 (38/81) 36.7 (29/79) 0.204
Induration 23.5 (19/81) 15.2 (12/79) 0.231
Itch 22.2 (18/81) 17.7 (14/79) 0.555
Pain 28.4 (23/81) 19.0 (15/79) 0.195
Redness 23.5 (19/81) 22.8 (18/79) 1.000
Swelling 23.5 (19/81) 19.0 (15/79) 0.564

Note. The population in which safety was assessed comprised study participants
who received a minimum of 1 dose of the study vaccine.

yP-values were calculated using Fisher’s exact test.

Table 4. Odds ratios for seroprotection 4–6 weeks post-vaccination with the quadrivalent influenza vaccine.

Crude analysis Multivariate analysis*

Category n/N (%) OR (95% CI) P-value OR (95% CI) P-value

H1N1
Sequential group 60/77 (77.9) 1 (reference) 0.336 1 (reference) 0.156
Simultaneous group 68/81 (84.0) 1.48 (0.67–3.30) 1.90 (0.78–4.59)

H3N2
Sequential group 68/77 (88.3) 1 (reference) 0.235 1 (reference) 0.259
Simultaneous group 66/81 (81.5) 0.58 (0.24–1.42) 0.56 (0.21–1.52)

B Texas
Sequential group 45/77 (58.4) 1 (reference) 0.027 1 (reference) 0.021
Simultaneous group 33/81 (40.7) 0.49 (0.26–0.92) 0.46 (0.24–0.89)

B Phuket
Sequential group 48/77 (62.3) 1 (reference) 0.812 1 (reference) 0.842
Simultaneous group 49/81 (60.5) 0.93 (0.49–1.76) 0.93 (0.47–1.86)

�Adjusted for age at vaccination (<70 and �70), sex and pre-vaccination titer (<1:10 and �1:10, in H1N1, B texas and B Phuket; and �1:10 and >1:10 in H3N2) as
explanatory variables.
OR, odds ratio; CI, confidence interval.
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the results. This study is registered with ClinicalTrials.gov
number: NCT02592486.

The primary endpoint was the percentage of patients with
positive antibody responses (�2-fold increase in IgG concen-
trations 4–6 weeks after PPSV23 vaccination) in serotype 23F
of the pneumococcal antibody. This endpoint was compared
between 2 groups of patients randomly allocated to receive
either simultaneous administration (simultaneous injections of
PPSV23 and QIV in 1 day) or sequential administration (injec-
tion of PPSV23 2 weeks after QIV vaccination). The 2-week
gap was employed because of: 1) patients’ ease-of-access to the
hospital; and 2) in Japan, sequential vaccination of inactivated
vaccine may be performed >7 days after the first vaccination.
Serotype 23F was selected because it is a major causative sero-
type of pneumococcal pneumonia, a representative penicillin-
resistant pneumococcus, and has a sufficiently high response
rate.24–26 Secondary endpoints included positive antibody
responses in serotypes 3, 4, 6B, 14, and 19A as well as the
GMCs of specific antibodies to 6 serotypes (23F, 3, 4, 6B, 14,
and 19A) before vaccination, 4–6 weeks post-vaccination, and
6 months (24–27 weeks) post-vaccination with PPSV23.
Another endpoint included the percentage of seroprotected
patients (post-vaccination titer �1:40) 4–6 weeks and 6 months
post-vaccination with QIV.

Data for patient characteristics including age, sex, previ-
ous influenza vaccination status in the last year, and life-
time history of pneumonia or influenza were obtained from
questionnaires completed by the participants. Data for
underlying diseases were obtained from existing medical
charts at Kameda Medical Center. Patients were followed
for 6 months post-vaccination. Pneumonia, influenza-like
illness, hospitalization, and other medical events were
recorded throughout the 6-month follow-up period. Sup-
portive care, including cold medication and prophylactic
antibiotic treatment, was administered.

Eligibility of study subjects

Study participants included individuals aged �65 years with no
history of a pneumococcal vaccination (PPSV23 or pneumo-
coccal conjugate vaccine) or QIV during the 2015/2016 season.
Participants were excluded if they exhibited the following: sen-
sitivity to either pneumococcal or influenza vaccines; vaccina-
tion within 14 (inactivated) or 28 (live) days; conditions that
impaired their response to pneumococcal vaccination; a diag-
nosis of cancer; an acute illness necessitating treatment with
antibiotics or steroids within 30 days; using oral corticosteroids
or immunosuppressive agents; prior history of splenectomy; an
acute febrile illness or evidence of a severe acute illness at the
timing of vaccination; a limited chance of surviving for 12
months, and other specific conditions as judged by the attend-
ing physicians.

Randomization

Randomization was performed at the Data Coordinating Cen-
ter, Osaka University (Osaka, Japan). Participants were ran-
domly assigned to 1 of 2 study groups: the simultaneous
administration group (simultaneous injections of PPSV23 and

QIV in 1 day) or the sequential administration group (injection
of PPSV23 2 weeks after QIV vaccination). Randomization was
stratified according to patient age (<70 and �70 years) and sex.

Vaccination

Commercially available PPSV23 (Pneumovax NP�, MSDKK,
Tokyo, Japan), containing 25 mg of each of the 23 capsular
polysaccharide types was used. Each patient received a single
subcutaneous dose of the vaccine (0.5 mL) in their right upper
arm. Using a FLUBIK HA syringe (Handai Biken Ltd, Osaka,
Japan), the QIV (0.5 mL) containing inactivated A/California/
7/2009 (H1N1) pdm09, A/Swiss/9715293/2013 (H3N2), B/
Texas/2/2013, and B/Phuket/3073/2013 was administered as a
single subcutaneous injection in the left upper arm. In Japan,
subcutaneous administration of pneumococcal and influenza
vaccinations is routine.

Serum sample collection and antibody measurements

Serum samples were collected at 3 time points: before vaccina-
tion; 4–6 weeks after vaccination; and 6 months after vaccina-
tion. We evaluated antibody titers at 6 months to assess the
antibody titer decay of both the influenza and pneumococcal
vaccines. All serum specimens were stored at ¡208C until anal-
ysis. Serotype-specific IgG antibody concentrations for the 6
pneumococcus serotypes (23F, 3, 4, 6B, 14, and 19A) were mea-
sured at PPD� Laboratories (Richmond, VA, USA) using the
Merck Sharp & Dohme Corp. multiplex, electrochemilumines-
cence-based detection assay that was bridged to the World
Health Organization reference ELISA.27 Furthermore, serum
antibody levels to influenza hemagglutinin were measured at
the Research Foundation for Microbial Diseases of Osaka Uni-
versity using the standard microtiter hemagglutination inhibi-
tion method with the same antigens found in the vaccine.28

Immunogenicity was assessed in patients who received the allo-
cated intervention (i.e., received at least 1 dose of the study vac-
cine), and had a blood sample taken within the planned time
period.

Safety

The safety profiles of the 2 groups were compared. Local reac-
tions at the injection site as well as systemic reactions were
monitored for 28 days in the group that received the simulta-
neous administration, and for 14 days after each injection in
the sequential group, using case cards completed by the partici-
pants. The population in which safety was assessed consisted of
study participants who received a minimum of 1 dose of the
study vaccine.

Statistical methods

The primary endpoint was the inferiority/non-inferiority of
the immune response following simultaneous administration
to that following sequential administration, as measured by
the percentage of patients with �2-fold increases in IgG
concentrations in serotype 23F 4–6 weeks after administra-
tion. The non-inferiority margin was set at 20% fewer
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patients based on a previous study, given the probable ben-
efits associated with simultaneous administration.29 The
lowest published response rate (�2-fold rise) for serotype
23F was 55% in adults.24,25 The primary endpoint was
tested using a 90% CI for differences in response rates. If
the lower 90% confidence limit was within the non-inferior-
ity region, non-inferiority was established. With a D 0.05,
154 patients (77 per group) were required to obtain 80%
power (b D 0.20) for establishing non-inferiority.

Pneumococcal IgG concentrations were converted using
natural log transformations and presented as a GMC. The per-
centage of patients with positive antibody responses (�2-fold
rise) was also calculated for all 6 serotypes of the pneumococcal
antibody. Paired t-tests were used to assess the increase in sero-
type-specific IgG from pre-, to post-vaccination within study
groups. Student’s t-tests were used for between-group compari-
sons of pre- and post-vaccination IgG titers. We performed
univariate and multivariate analyses using logistic regression to
determine the relationship between age, sex, and pneumococcal
antibody response.

Seroprotection rates (post-vaccination titer�1:40) 4–6 weeks
and 6 months post-vaccination with QIV were calculated to
assess the immunogenicity of influenza vaccination. Logistic
regression was used to evaluate the independent effects that
potential confounders may have on antibody induction. Sero-
protection was used as the dependent variable in the constructed
models, and the following potential confounders were used: age
at vaccination (<70 and �70), sex, and pre-vaccination titer
(<1:10 and �1:10, in H1N1, B/Texas and B/Phuket; �1:10 and
>1:10, in H3N2) were considered explanatory variables. The
ORs and 95% CIs were also calculated, and all tests performed
were 2-sided. The proportions of subjects reporting systemic
events or local reactions within 28 days were compared using
Fisher exact test. For all tests, P<0.05 was considered significant.
All analyses were performed using R version 3.2.2 (The R Project
for Statistical Computing, Vienna, Austria).
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