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ABSTRACT
In most countries worldwide, pneumococcal conjugate vaccines have been included in the infant 
immunization program, resulting in a significant reduction in the burden of pneumococcal disease in 
children and adults. Shifting serotype distribution due to the indirect effect of infant vaccination with the 
13-valent pneumococcal conjugate vaccine (PCV13) may continue to increase the gap between 23-valent 
pneumococcal polysaccharide vaccine (PPSV23) and PCV13 serotype coverage for older adults in the 
coming years. This clinical study (V110-029; NCT02225587) evaluated the safety and immunogenicity of 
sequential administration of PCV13 followed approximately 8 weeks later, or approximately 26 weeks 
later, by PPSV23 in healthy adults ≥50 years of age. Both dosing intervals were generally well tolerated as 
measured by the nature, frequency, and intensity of reported adverse events (AEs) in both vaccination 
groups. Serotype-specific opsonophagocytic activity (OPA) geometric mean titers (GMTs) measured 
30 days following receipt of PPSV23 in either group and at Week 30 were generally comparable between 
the 2 groups for 6 serotypes unique to PPSV23 and 12 serotypes shared between PCV13 and PPSV23, 
regardless of the interval between receipt of PCV13 and PPSV23. In addition, administration of PPSV23 
given either 8 weeks or 26 weeks following PCV13 did not negatively impact immune responses induced 
by PCV13. Furthermore, administration of PPSV23 given either 8 weeks or 26 weeks after PCV13 elicited 
serotype-specific OPA GMTs to serotypes unique to PPSV23, which could provide earlier protection 
against pneumococcal disease caused by these serotypes in comparison with the current Advisory 
Committee on Immunization Practices recommended interval of at least 12 months.
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Introduction

Despite the availability of several pneumococcal vaccines for 
adult and infant immunization, pneumococcal disease remains 
a high health priority worldwide. Polyvalent polysaccharide 
vaccines (PPSVs) were first developed and licensed based on 
the demonstrated efficacy of 6-valent and 13-valent vaccines 
against pneumococcal pneumonia in adults.1,2 Subsequently, 
both 14-valent and 23-valent vaccines were licensed based on 
comparable safety and immunogenicity profiles to lower 
valency vaccines for shared serotypes. However, PPSVs were 
shown to be ineffective in children <2 years of age due to the 
immaturity of their immune system and pneumococcal con-
jugate vaccines (PCVs) were subsequently developed.3,4 A PCV 
containing the 7 leading serotypes causing invasive pneumo-
coccal disease (IPD) in infants was licensed in 2000 followed by 
10-valent and 13-valent PCVs.5–7 Widespread use of PCVs in 
infants resulted in a significant reduction of pneumococcal 
disease caused by serotypes included in these PCVs in both 
children targeted by the immunization programs and indir-
ectly in unvaccinated older children and adults (indirect 
protection).7–9 The success of PCVs among young children 

led to renewed interest in their use in older adults. A large 
clinical study demonstrated the efficacy of PCV13 
(PREVNAR™ 13: pneumococcal 13-valent conjugate vaccine 
[diphtheria CRM197 protein]; Wyeth Pharmaceuticals Inc., a 
subsidiary of Pfizer, Inc., Philadelphia, PA, USA)10 against 
vaccine-type (VT) community-acquired pneumonia (CAP) in 
adults 65 years of age,11 which led to the inclusion of PCV13 in 
the adult pneumococcal vaccination program by the Advisory 
Committee for Immunization Practices (ACIP) of the United 
States Centers for Disease Control and Prevention (US-CDC) 
and other countries.12

For people living with immunocompromising conditions 
such as HIV infection and transplant recipients, PCV was 
added into the immunization practice due to the lower immu-
nogenicity of PPSV23 (PNEUMOVAX™ 23: pneumococcal 
vaccine polyvalent; Merck & Co., Inc.;, Kenilworth, NJ, USA) 
in comparison to PCVs in this population13 and limited dura-
tion of protective antibody levels associated with the T-inde-
pendent nature of pneumococcal polysaccharide vaccines. The 
rationale for sequential administration of PCV and PPSV23 in 
immunocompromised individuals was based on the high 
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burden of pneumococcal disease and the need to provide 
broader protection against disease caused by serotypes unique 
to PPSV23 in that population, as well as the positive benefit- 
risk ratio of an additional dose of PPSV23 following receipt of 
PCV13.14–20 Pneumococcal vaccination strategies for immu-
nocompetent adults ≥65 years of age vary between countries 
and include PCV13-PPSV23, PPSV23 only, or PCV13 only.-
21,22 Although a 2-month interval between PCV and PPSV23 
has been widely accepted for immunocompromised indivi-
duals, the recommended dosing interval for the two vaccines 
in immunocompetent adults ≥65 years has been the subject of 
many scientific debates and differs between countries. Previous 
studies evaluating sequential administrations of PCV7 or 
PCV13 followed by PPSV23 at intervals of 2, 6, 12 months or 
3–4 years have shown an increase in serotype-specific antibo-
dies following receipt of PPSV23.23–27 A study involving a 
small number of volunteers (approximately 29 per group) 
compared the safety and immunogenicity of sequential admin-
istration of PCV7 and PPSV23 given either 2 months or 
6 months apart. Study results showed that more individuals 
vaccinated using the shorter interval reported injection site 
redness and swelling than those vaccinated using the longer 
interval; most of these reactions were transient and mild-to- 
moderate in intensity and no differences were observed 
between the two vaccination groups regarding the frequencies 
and severity of systemic adverse events (AEs) or serotype- 
specific antibodies measured after PPSV23.23 Although some 
studies have suggested that a longer interval of at least 
12 months between PCV and PPSV23 could induce numeri-
cally higher antibody titers for some shared vaccine serotypes,-
25,26 a longer interval could leave individuals unprotected 
against pneumococcal disease caused by serotypes unique to 
PPSV23.

The present study (V110–029; NCT02225587) evaluated the 
safety, tolerability, and immunogenicity of sequential admin-
istration of PCV13 followed either 2 months or 6 months later 
by PPSV23 in pneumococcal vaccine-naïve adults 50 years of 

age in order to determine the benefit-risk (immunological 
benefit versus safety) of a shorter interval in the administration 
of the two vaccines in a larger population than that evaluated in 
previous studies.

Materials and methods

Participants and study design

This phase 3 randomized, double-blind trial was conducted 
between September 2014 and July 2015 at 20 clinical sites 
in the United States to compare the safety, tolerability, and 
immunogenicity profiles of a sequential administration of 
PCV13 followed by PPSV23, given either 2 months or 
6 months later in pneumococcal vaccine-naïve adults 
≥50 years of age. Key eligibility criteria were no previous 
pneumococcal vaccination, stable underlying medical con-
dition, and absence of protocol-defined known or suspected 
immunocompromising conditions (e.g. HIV infection, gen-
eralized malignancy). The protocol was approved by the 
central ethical review committee and conducted in confor-
mance with applicable country or local requirements. 
Written informed consent was obtained from each subject 
prior to the performance of any study procedure.

A total of 400 community-dwelling adults were randomly 
assigned to 2 different intervention groups: Group #1 received 
PCV13 on Day 1, PPSV23 at Week 8 (Month 2), and Placebo 
(saline solution) at Week 26 (Month 6). Group #2 received PCV13 
on Day 1, Placebo at Week 8 (Month 2), and PPSV23 at Week 26 
(Month 6) [Figure 1]. All subjects were followed for AEs for 14 days 
post each injection. Solicited injection-site AEs included redness, 
swelling, and pain/tenderness; and solicited systemic AEs included 
muscle pain (myalgia), joint pain (arthralgia), headache, and fati-
gue. SAEs were collected through 30 days after the last injection 
(Placebo in Group #1 and PPSV23 in Group #2) and/or completion 
of the subject’s participation in the study. The daily oral tempera-
ture was collected for the first 5 days postvaccination.
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Figure 1. Trial design.
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Blood samples were collected prior to the first vaccination 
on Day 1, at Week 8, Week 12, Week 26, and Week 30. The 
functional opsonophagocytic activity was assessed using a mul-
tiplex OPA (MOPA-4) assay (Laboratory of Prof. David 
Goldblatt, Institute of Child Health, London, UK).28 

Serotype-specific OPA GMTs were evaluated in all subjects 
from both vaccination groups with sufficient volume of 
serum on Day 1 and Week 12. In each vaccination group, 
OPA GMTs were also measured at Week 30 in the first 50% 
of the subjects who had sufficient serum after testing at Day 1 
and Week 12 were completed. Furthermore, OPA GMTs were 
also measured at Week 8 and Week 26 in the first 25% of the 
subjects who had sufficient serum after testing at Day 1, Week 
12, and Week 30 were completed. Serotype-specific OPA 
responses to all 13 serotypes included in PCV13 (serotypes 1, 
3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F) and 2 
serotypes unique to PPSV23 (22F, 33F) were evaluated using a 
validated MOPA-4 assay and qualified MOPA-4 was used to 
evaluate OPA responses to 4 other serotypes unique to PPSV23 
(8, 9N, 11A, 17F).

Vaccines

PPSV23 (PNEUMOVAX™23; Merck & Co., Inc., Kenilworth, 
NJ, USA) is a 23-valent pneumococcal polysaccharide vaccine 
indicated for the prevention of pneumococcal disease caused 
by the 23 serotypes of Streptococcus pneumoniae contained in 
the vaccine (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 
15B, 17F, 18C, 19F, 19A, 20, 22F, 23F, and 33F) for persons 
≥50 years of age and persons ≥2 years of age who are at 
increased risk for pneumococcal disease. Each 0.5 mL dose of 
PPSV23 contains 25 µg of each capsular polysaccharide. 
PCV13 (Prevnar 13™; Wyeth Pharmaceuticals Inc., a subsidiary 
of Pfizer, Inc., Philadelphia, PA) is a 13-valent pneumococcal 
conjugate vaccine indicated for the prevention of invasive 
pneumococcal disease and pneumococcal pneumonia caused 
by the 13 serotypes contained in the vaccine (1, 3, 4, 5, 6A, 6B, 
7F, 9V, 14, 18C, 19A, 19F, and 23F) in adults 18 years of age 
and older. PCV13 is also indicated for the prevention of inva-
sive pneumococcal disease in children 6 weeks of age through 
17 years of age and prevention of acute otitis media in children 
6 weeks through 5 years of age. Each 0.5 mL dose of PCV13 
contains 2.2 µg of each capsular polysaccharide (except sero-
type 6B at 4.4 µg), 34 µg of CRM197 used a carrier protein, and 
formulated with 125 µg of aluminum phosphate adjuvant.

Statistical methods

There were no safety hypotheses in this study. Proportions of 
subjects reporting AEs following vaccination were compared 
between Group #1 and Group #2. The analysis of safety results 
followed a tiered approach. For Tier 1 safety endpoints, point 
estimates, risk differences with 95% CIs and corresponding p 
values are provided. Tier 2 parameters were assessed via point 
estimates and risk differences with 95% CIs; only point esti-
mates by the group are provided for Tier 3 safety parameters. 
Tier 1 safety endpoints included solicited injection-site AEs 
(redness, swelling, and pain/tenderness) during Day 1 to Day 5 
postvaccination, and solicited systemic AEs (muscle pain, joint 

pain, headache, and tiredness) during Day 1 to Day 14 post-
vaccination. Temperatures collected from Day 1 through Day 5 
were treated as Tier 2 events. Statistical significance of observed 
differences between vaccination groups was assessed for soli-
cited AEs using the methodology of Miettinen.29

Study primary immunogenicity hypotheses were based on 
serotypes evaluated using validated MOPA-4 assay, aimed at 
demonstrating that Group #1 was superior to Group #2 based 
on OPA GMTs measured at Week 12 for 2 serotypes unique to 
PPSV23 (serotypes 22F and 33F) and Group #1 was noninfer-
ior to Group #2 based on serotype-specific OPA GMTs mea-
sured for the 12 shared serotypes between PCV13 and PPSV23 
at Week 12. Superiority was declared if the lower bound of the 
two-sided 95% CI of the OPA GMT ratio (Group #1/Group #2) 
was >2.0 for both 22F and 33F. Non-inferiority was declared if 
lower bound of two-sided 95% CI of the OPA GMT ratios 
(Group #1/Group #2) for each shared serotype was >0.5 (two-
fold noninferiority margin). GMT ratio estimation, 95% CI, 
and hypothesis test (one-sided p value) for noninferiority 
comparisons were calculated using constrained longitudinal 
data analysis method and response vector consisted of natural 
log-transformed prevaccination and postvaccination antibody 
titers.30 Additional secondary objectives included OPA GMTs 
at Weeks 8, 26, and 30 as well as summaries of geometric mean 
fold-rises, the proportion of subjects with ≥4-fold rise from 
baseline to Week 12 and Week 30 and in each intervention 
group, and reverse cumulative distribution curves (RCDCs) at 
the different timepoints up to Week 30 for the 12 shared 
serotypes between PCV13 and PPSV23 as well as the 6 sero-
types unique to PPSV23. A sample size of ~200 adults per 
vaccination group provided at least 90% power to demonstrate 
that Group #1 leads to a higher GMT to 2 serotypes unique to 
PPSV23 (serotypes 22F and 33F) at 12 weeks after the first dose 
as compared to Group#2 and 88.6% power to demonstrate 
non-inferiority between the 2 vaccination groups for the 12 
shared serotypes between PCV13 and PPSV23 at 1-sided, 2.5% 
alpha level. Since the declaration of non-inferiority between the 
2 vaccination groups required demonstration of noninferiority 
for all 12 serotypes, no multiplicity adjustments were required. 
There was no formal hypothesis testing for the GMTs differ-
ence between the 2 dosing regimens (2-month versus 6-month 
intervals between PCV13 and PPSV23) based on the compar-
ison of OPA GMTs measured at Week 12 for Group #1 and 
Week 30 for Group #2.

A post-hoc analysis was conducted for additional 4 sero-
types unique to PPSV23 (8, 9N, 11A, and 17F) to evaluate the 
superiority of OPA GMTs at Week 12 in Group 1 compared to 
Group 2 and noninferiority of serotype 6A (unique to PCV13) 
in both groups at Week 12.

Results

Study population

A total of 400 participants were enrolled in the study and were 
equally distributed across the 2 intervention groups with 
respect to age strata, gender, and race/ethnicity Table 1. Most 
study participants in both vaccination groups received both 
study vaccines (PCV13 and PPSV23) and completed the study 
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(334/400; 83.5%). A total of 66 (16.5%) participants prema-
turely discontinued from the study primarily due to withdra-
wal by subject (41 subjects, 10.3%), an AE (10 participants, 
2.5%), or lost to follow-up (10 participants, 2.5%) Figure 2. The 
proportions of participants who discontinued study interven-
tion or withdrew from the study were generally comparable 
between Group #1 and Group #2.

Safety

Overall, the proportions of subjects reporting injection-site 
and/or systemic AEs from Days 1 to 14 following any vaccina-
tion were generally comparable between Group #1 and Group 
#2. Most frequently reported AEs were those solicited in the 
electronic vaccination report card (eVRC) Table 2. Rates of 
subjects reporting at least one injection site AE during Days 1– 
5 following any vaccination were comparable between the two 
vaccination groups although a numerically higher number of 
subjects reported injection site pain, swelling, and erythema in 
individuals given the shorter (Group #1) than longer (Group 
#2) dosing interval between PCV13 and PPSV23. Rates of 
systemic AEs reported during Days 1 to 14 following any 
vaccination were generally comparable between the 2 vaccina-
tion groups and most frequently reported AEs included muscle 
pain, fatigue, headache, and joint pain. The majority of AEs 
were transient (lasting less than 3 days on average) and mild 
(Grade 1) to moderate (Grade 2) in intensity Supplement 
Tables S1 and S2. Body temperature measurements were 
taken at approximately the same time each day and very few 
study participants (2/385; 0.5%) reported an elevated tempera-
ture (≥100.4°F [≥38.0°C] oral or equivalent) during Days 1–5 
after any vaccination.

A total of 24 serious AEs (SAEs) were reported by 20 out of 
400 study subjects and no death was reported during the 

protocol-specified safety follow-up period. None of these 
SAEs was assessed to be related to the study vaccine Table 2. 
A total of 10 subjects (5 in each group) were discontinued from 
the study due to an AE. One subject in Group #2 was discon-
tinued from the study due to an SAE of death that occurred 
95 days after receipt of PPSV23; the final study visit had to 
occur 30 days after receipt of PPSV23 in Group #2 but the 
study volunteer did not visit the study site at the scheduled date 
nor respond to several attempts from the site personnel; the 
SAE of death due to brain injury (secondary to trauma/fall) was 
determined by the investigator to be unrelated to study vaccine 
Figure 2.

Analyses of AEs reported after each vaccination showed 
comparable rates of injection site and systemic AEs following 
receipt of PCV13 or Placebo between the two vaccination 
groups but higher rates of injection site and systemic AEs in 
Group #1 than Group #2 during Days 1–14 following receipt of 
PPSV23 Table 3. Although rates of reported systemic AEs 
following PPSV23 were generally comparable between the 
two vaccination groups, the shorter interval (2 months in 
Group #1) compared to the longer interval (6 months in 
Group #2) between PCV13 and PPSV23 was associated with 
significantly higher rates of injection site pain (79.3% versus 
64.0%), injection site swelling (50.5% versus 29.3%) and injec-
tion site erythema (41.5% versus 29.3%) Table 3.

Immunogenicity

Opsonophagocytic activity (OPA) geometric mean titers 
(GMTs) to all 19 serotypes tested in the study (6 serotypes 
unique to PPSV23, 1 serotype unique to PCV13, and 12 shared 
serotypes between PCV13 and PPSV23) were generally com-
parable between the 2 vaccination groups prior to any vaccina-
tion (Baseline or Day 1) and 8 weeks after both groups had only 

Table 1. Participant demographics.

Group #1 Group #2

n (%) n (%)

Participants in population 200 200

Gender
Male 88 (44.0) 93 (46.5)
Female 112 (56.0) 107 (53.5)

Age (Years)
50–64 100 (50.0) 101 (50.5)
65–74 70 (35.0) 69 (34.5)
≥75 30 (15.0) 30 (15.0)
Mean (SD) 64.1 (8.6) 64.2 (8.9)
Range 50 to 89 50 to 97

Race
White 176 (88.0) 163 (81.5)
Black or African American 14 (7.0) 23 (11.5)
Multi-Racial 7 (3.5) 8 (4.0)
Asian 2 (1.0) 2 (1.0)
Other* 1 (0.5) 4 (2.0)

Ethnicity
Not Hispanic or Latino 158 (79.0) 164 (82.0)
Hispanic or Latino 40 (20.0) 35 (17.5)
Unknown/Not Reported 2 (1.0) 1 (0.5)

Group #1 = PCV13 -> PPSV23 -> Placebo 
Group #2 = PCV13 -> Placebo -> PPSV23 
PPSV23 = 23-valent pneumococcal polysaccharide vaccine 
PCV13 = 13-valent pneumococcal conjugate vaccine 
* American Indian, Alaska Native, Native Hawaiian, or Other Pacific Islander
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received PCV13 (Week 8) Table 4. At Week 12, corresponding 
to 4 weeks after study volunteers in Group #1 had received 
PPSV23 but those in Group #2 received Placebo, OPA GMTs 
to 6 pneumococcal serotypes unique to PPSV23 (serotypes 8, 
9 N, 11A, 17 F, 22 F and 33 F) in Group #1 were superior to 

OPA GMTs in Group #2 Table 5. Additionally, at Week 12, 
OPA GMTs to 12 shared pneumococcal serotypes contained in 
both PPSV23 and PCV13 (serotypes 1, 3, 4, 5, 6B, 7 F, 9 V, 14, 
18 C, 19A, 19 F, and 23 F) in Group #1 were noninferior to 
OPA GMTs in Group #2 Table 5. By Week 26, OPA GMTs 

Figure 2. Participant disposition. Group #1 = PCV13 -> PPSV23 -> Placebo. Group #2 = PCV13 -> Placebo -> PPSV23. PPSV23 = 23-valent pneumococcal polysaccharide 
vaccine. PCV13 = 13-valent pneumococcal conjugate vaccine.
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were slightly higher in Group #1 than Group #2 for most 
serotypes tested at that timepoint but antibody titers were 
again comparable between the 2 vaccine groups by Week 30, 
approximately 4 weeks after subjects in Group #2 were given 
PPSV23 and those in Group #1 received Placebo.

In order to assess the possible benefit of an earlier admin-
istration of PPSV23 following PCV13, OPA GMTs measured 
4 weeks after receipt of PPSV23 (Week 12 in Group #1 and 
Week 30 in Group #2) were compared between the 2 vaccina-
tion groups. OPA GMTs to the 6 serotypes unique to PPSV23 
and to 12 serotypes in common between PCV13 and PPSV23 
were generally comparable between the 2 vaccination groups 
Table 6 and Figure 3.

Discussion

Pneumococcal vaccination policy for adults varies between 
countries and has been driven by recent changes in the burden 
of pneumococcal disease, serotype distribution following wide-
spread use of PCVs in infants in many countries worldwide, and 
economic constraints.15,22,31–34 In our study, sequential admin-
istration of PCV13 followed by PPSV23 given at either 2-month 
or 6-month intervals was generally well tolerated as measured by 
the nature, frequency, and intensity of reported AEs in the two 
vaccination groups. Although a shorter interval (2 months) was 
associated with higher frequency of injection-site AEs (pain, 
swelling, and erythema) after PPSV23, the observed difference 
was not clinically significant as most AEs were transient and 
mild to moderate in intensity. Serotype-specific OPA GMTs 
measured following receipt of PPSV23 were generally compar-
able between the 2 groups, regardless of the interval between 
receipt of PCV13 and PPSV23 for the 6 serotypes unique to 
PPSV23 and the 12 shared serotypes between PCV13 and 

PPSV23. In addition, administration of PPSV23 given either 
8 weeks or 26 weeks following PCV13 did not hinder the 
immune responses induced by PCV13 as OPA GMTs increased 
for most shared serotypes at 4 weeks following receipt of 
PPSV23. Our safety and immunogenicity findings are consistent 
with previous studies evaluating the safety and immunogenicity 
of sequential administration of PCV and PPSV23 using intervals 
of 2 or 6 months between the two vaccines.23,24

Furthermore, administration of PPSV23 given either 
8 weeks or 26 weeks after PCV13 elicited serotype-specific 
OPA GMTs to the serotypes unique to PPSV23, which could 
provide earlier protection against pneumococcal disease 
caused by these serotypes in comparison with the current 
Advisory Committee on Immunization Practices recom-
mended interval of at least 12 months for adults ≥65 years of 
age requiring a shared clinical decision. It has been hypothe-
sized that a longer interval (≥12 months) between PCV13 and 
PPSV23 in adults could yield higher levels of antipneumococ-
cal antibodies than shorter intervals of 2 or 6 months25–27,35 

but no head-to-head study has thus far compared antibody 
titers between short (≤6 months) and long (≥12 months) inter-
vals of sequential PCV-PPSV23 in older adults.34 Previous 
head-to-head studies have shown that PCVs generally induced 
higher OPA GMTs than PPSV23 for most shared serotypes.-
26,36–39 Limited data from studies comparing antibody levels 
following sequential regimens of pneumococcal vaccines in 
adults (PCV13/PCV13, PCV13/PPSV23 or PPSV23/PCV13) 
given 1 year apart suggested that antibody levels following 
the second vaccine were lower than those measured 30 days 
after the first dose with PCV13 but slightly higher than those 
measured after a first dose with PPSV23.25 The clinical signifi-
cance of the observed differences in antibody titers between 
PCVs and PPSV23 as well as those observed between various 
dosing regimens is unclear.

Table 2. Summary of adverse events (AEs) occurring on Days 1–14 after any vaccination (all subjects as treated).

Group #1 Group #2 Total

n (%) n (%) n (%)

Subjects in population with follow-up 198 199 397
With ≥1 AEs 178 (89.9) 168 (84.4) 346 (87.2)

Injection site 171 (86.4) 155 (77.9) 326 (82.1)
Noninjection site 152 (76.8) 148 (74.4) 300 (75.6)

With no adverse event 20 (10.1) 31 (15.6) 51 (12.8)
With vaccine-related* AEs 174 (87.9) 162 (81.4) 336 (84.6)

Injection site 171 (86.4) 155 (77.9) 326 (82.1)
Noninjection site 134 (67.7) 126 (63.3) 260 (65.5)

With serious AEs (duration of study) 9 (4.5) 11 (5.5) 20 (5.0)
With serious vaccine-related AEs 0 0.0 0 0.0 0 0.0
Who died† 0 0.0 0 0.0 0 0.0
Discontinued‡ due to an AE (duration of study) 5 (2.5) 5 (2.5) 10 (2.5)
Discontinued‡ due to a vaccine-related* AE 2 (1.0) 1 (0.5) 3 (0.8)
Discontinued‡ due to a serious AE 1 (0.5) 0 0.0 1 (0.3)
Discontinued‡ due to a serious vaccine-related* AE 0 0.0 0 0.0 0 0.0

Group #1 = PCV13 -> PPSV23 -> Placebo 
Group #2 = PCV13 -> Placebo -> PPSV23 
AE = Adverse experience 
Every subject was counted a single time for each applicable row and column. 
PPSV23 = 23-valent pneumococcal polysaccharide vaccine 
PCV13 = 13-valent pneumococcal conjugate vaccine 
* Determined by the investigator to be related to the vaccine. 
† Any deaths that occurred prior to the subject completing the trial was reported. One death due to brain injury (secondary to trauma/fall) was reported 95 days after 

receiving PPSV23. The event was determined by the investigator to be unrelated to study vaccine. 
‡ Study medication withdrawn.
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In the absence of an accepted antibody threshold value that 
can be correlated with protection against pneumococcal dis-
ease in adults and lack of clinical data comparing levels of 
vaccine-induced antibodies following short and long intervals 
in the sequential administration of PCV and PPSV23, our 
study showed that a shorter interval of 2 months induces 
OPA GMTs comparable to those of a longer interval, which 
could provide earlier protection against pneumococcal disease 
in older adults. Previous studies have shown that a substantial 
proportion of adults ≥ 18 years of age who do not have a high- 
risk, immunocompromising condition have at least one med-
ical condition associated with increased risk for pneumococcal 
disease (at-risk condition includes asthma, chronic obstructive 
pulmonary disease, heart failure, liver disease, alcoholism, 
cigarette smoking). Furthermore, the percentage of subjects 

with two or three concurrent at-risk conditions (risk stacking) 
was also high, especially in older adults ≥65 years of age.40,41 In 
addition, mortality from pneumococcal disease in those with 
six stacked conditions was estimated to be twice higher than in 
those with two conditions,41 highlighting the value of broad 
and early protection against pneumococcal disease in older 
adults.

The dosing interval between PCV and PPSV23 has been the 
subject of many debates as reflected by the many changes in 
pneumococcal vaccination policy for adults ≥65 years of age in 
the United States between 2012 and 2019.21,42 The major chal-
lenge has been the difficulty to distinguish the indirect effect of 
infant immunization and the direct contribution of PCV13 in 
adults, especially for vaccine-type non-bacteremic pneumococ-
cal pneumonia.32,42,43 Given the difference in the burden of 

Table 3. Listing of most frequently reported adverse events (>5% in either group).

Group #1 Group #2

n (%) n (%)

Days 1–14 After Any Vaccination
Subjects in population with follow-up 198 199
≥1   Injection-Site AE 171 (86.4) 155 (77.9)

Injection-site pain 168 (84.8) 151 (75.9)
Injection-site swelling 111 (56.1) 78 (39.2)
Injection-site erythema 99 (50.0) 72 (36.2)

≥1   Systemic AE 152 (76.8) 148 (74.4)
Myalgia 123 (62.1) 115 (57.8)
Fatigue 100 (50.5) 89 (44.7)
Headache 77 (38.9) 60 (30.2)
Arthralgia 58 (29.3) 54 (27.1)

Days 1–14 After Vaccination 1 (PCV13 in both groups)
Subjects in population with follow-up 198 199
≥1   Injection-Site AE 118 (59.6) 114 (57.3)

Injection-site pain 112 (56.6) 106 (53.3)
Injection-site swelling 42 (21.2) 45 (22.6)
Injection-site erythema 37 (18.7) 31 (15.6)

≥1   Systemic AE 124 (66.0) 62 (33.5)
Myalgia 67 (33.8) 66 (33.2)
Fatigue 66 (33.3) 47 (23.6)
Headache 42 (21.2) 36 (18.1)
Arthralgia 25 (12.6) 32 (16.1)

Days 1–14 After Vaccination 2 (Group #1: PPSV23; Group #2: placebo)
Subjects in population with follow-up 188 185
≥1   Injection-Site AE 154 (81.9) 47 (25.4)

Injection-site pain 149 (79.3) 42 (22.7)
Injection-site swelling 95 (50.5) 10 (5.4)
Injection-site erythema 78 (41.5) 12 (6.5)

≥1   Systemic AE 122 (64.9) 55 (29.7)
Myalgia 93 (49.5) 30 (16.2)
Fatigue 59 (31.4) 27 (14.6)
Headache 46 (24.5) 20 (10.8)
Arthralgia 37 (19.7) 12 (6.5)

Days 1–14 After Vaccination 3 (Group #1: Placebo; Group #2: PPSV23)
Subjects in population with follow-up 172 164
≥1   Injection-Site AE 51 (29.7) 105 (64.0)

Injection-site pain 46 (26.7) 105 (64.0)
Injection-site swelling 12 (7.0) 48 (29.3)
Injection-site erythema 14 (8.1) 48 (29.3)

≥1   Systemic AE 51 (29.7) 92 (56.1)
Myalgia 25 (14.5) 70 (42.7)
Fatigue 27 (15.7) 45 (27.4)
Headache 20 (11.6) 30 (18.3)
Arthralgia 20 (11.6) 25 (15.2)

Group #1 = PCV13 -> PPSV23 -> Placebo 
Group #2 = PCV13 -> Placebo -> PPSV23 
AE = Adverse experience 
Every subject was counted a single time for each applicable row and column. 
PPSV23 = 23-valent pneumococcal polysaccharide vaccine 
PCV13 = 13-valent pneumococcal conjugate vaccine
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Table 4. Summary of OPA GMTs measured.

Group 1 * (N = 200) Group 2 † (N = 200)

Serotype Parameter n Observed Response 95% CI n Observed Response 95% CI

OPA GMTs to 15 Pneumococcal Serotypes
1 GMT Baseline (Day 1) 191 6.5 (5.5, 7.7) 194 6.8 (5.7, 8.2)

GMT Week 8 42 100.7 (50.5, 200.9) 44 54.7 (27.5, 108.5)
GMT Week 12 168 81.7 (60.4, 110.7) 173 57.1 (41.1, 79.3)
GMT Week 26 43 39.7 (20.4, 77.4) 48 18.9 (10.7, 33.3)
GMT Week 30 86 36.0 (23.2, 55.9) 89 43.4 (28.8, 65.5)

3 GMT Baseline (Day 1) 184 5.1 (4.6, 5.6) 187 4.7 (4.3, 5.1)
GMT Week 8 39 52.8 (32.2, 86.5) 45 27.8 (16.6, 46.5)

GMT Week 12 151 43.4 (33.7, 55.9) 155 17.5 (13.5, 22.5)
GMT Week 26 34 19.6 (12.0, 32.1) 43 9.2 (6.2, 13.7)
GMT Week 30 77 13.9 (10.2, 18.9) 86 32.8 (23.8, 45.2)

4 GMT Baseline (Day 1) 173 20.0 (14.9, 27.0) 165 23.4 (17.3, 31.7)
GMT Week 8 43 1075.7 (671.4, 1723.5) 46 1051.0 (696.0, 1587.0)

GMT Week 12 171 1079.3 (885.7, 1315.2) 176 780.0 (629.1, 967.1)
GMT Week 26 42 737.1 (451.9, 1202.1) 47 788.4 (535.3, 1161.1)
GMT Week 30 87 803.6 (601.2, 1074.2) 93 1060.0 (796.2, 1411.3)

5 GMT Baseline (Day 1) 184 8.7 (7.1, 10.6) 187 9.4 (7.6, 11.7)
GMT Week 8 43 350.5 (193.2, 636.1) 47 143.9 (77.7, 266.3)

GMT Week 12 171 198.6 (145.6, 271.0) 178 148.4 (107.9, 204.1)
GMT Week 26 43 114.4 (58.5, 223.4) 46 65.6 (36.2, 118.8)
GMT Week 30 87 81.5 (51.1, 130.0) 93 117.3 (83.5, 164.9)

6A GMT Baseline (Day 1) 186 25.6 (18.3, 35.8) 185 20.9 (15.0, 29.2)
GMT Week 8 43 3945.3 (2301.9, 6762.2) 47 4024.1 (2622.8, 6174.1)

GMT Week 12 172 4439.1 (3563.5, 5529.9) 179 3353.5 (2663.6, 4222.2)
GMT Week 26 42 1843.2 (1111.0, 3057.8) 47 1152.9 (655.0, 2029.3)
GMT Week 30 85 1673.9 (1141.5, 2454.5) 91 1782.7 (1255.1, 2532.1)

6B GMT Baseline (Day 1) 183 35.8 (26.4, 48.6) 184 44.4 (32.1, 61.4)
GMT Week 8 42 2154.2 (1325.4, 3501.3) 47 1259.7 (707.3, 2243.5)

GMT Week 12 170 1956.9 (1575.3, 2431.0) 179 1148.1 (889.0, 1482.6)
GMT Week 26 44 1157.0 (639.0, 2094.7) 45 1125.1 (689.7, 1835.6)
GMT Week 30 84 1330.3 (911.8, 1940.8) 92 1343.6 (993.3, 1817.3)

7F GMT Baseline (Day 1) 187 88.1 (70.4, 110.3) 184 98.7 (78.9, 123.3)
GMT Week 8 43 3830.5 (2654.6, 5527.2) 47 2064.0 (1287.4, 3309.0)

GMT Week 12 172 2250.8 (1889.3, 2681.5) 179 1751.8 (1422.4, 2157.6)
GMT Week 26 44 1204.9 (832.1, 1744.8) 48 770.7 (499.5, 1189.2)
GMT Week 30 87 877.7 (683.3, 1127.5) 93 1248.4 (955.3, 1631.4)

9V GMT Baseline (Day 1) 175 69.1 (51.2, 93.2) 178 57.8 (42.1, 79.3)
GMT Week 8 43 1555.6 (988.7, 2447.6) 47 1606.5 (1064.5, 2424.6)

GMT Week 12 164 1472.3 (1190.9, 1820.2) 175 1017.6 (790.8, 1309.4)
GMT Week 26 42 698.2 (437.7, 1113.8) 45 806.5 (500.9, 1298.7)
GMT Week 30 87 628.9 (444.3, 890.4) 93 1134.8 (841.4, 1530.5)

14 GMT Baseline (Day 1) 187 170.7 (118.7, 245.5) 187 187.8 (131.3, 268.5)
GMT Week 8 42 2417.0 (1547.8, 3774.1) 46 1586.4 (901.6, 2791.3)

GMT Week 12 172 2106.8 (1689.6, 2627.0) 178 1945.0 (1572.9, 2405.1)
GMT Week 26 43 1458.2 (949.2, 2240.1) 47 1373.9 (879.5, 2146.1)
GMT Week 30 87 1762.9 (1257.3, 2471.7) 93 1963.3 (1441.9, 2673.4)

18C GMT Baseline (Day 1) 173 44.9 (31.8, 63.4) 185 54.0 (38.6, 75.6)
GMT Week 8 43 1890.8 (1313.3, 2722.1) 47 1563.7 (857.8, 2850.3)

GMT Week 12 171 2101.9 (1732.6, 2550.0) 175 1587.1 (1259.1, 2000.5)
GMT Week 26 44 914.2 (594.3, 1406.2) 45 691.1 (383.1, 1246.7)
GMT Week 30 88 779.3 (582.9, 1041.8) 92 1125.6 (843.5, 1502.1)

19A GMT Baseline (Day 1) 186 60.4 (45.1, 80.9) 189 69.6 (50.6, 95.6)
GMT Week 8 43 2102.3 (1567.6, 2819.5) 46 1819.8 (1300.2, 2547.0)

GMT Week 12 172 1785.8 (1506.1, 2117.6) 179 1425.9 (1164.7, 1745.8)
GMT Week 26 43 1024.3 (749.4, 1400.1) 48 806.3 (539.3, 1205.6)
GMT Week 30 87 845.5 (649.5, 1100.6) 94 1256.1 (1027.9, 1535.0)

19F GMT Baseline (Day 1) 187 28.6 (21.4, 38.2) 187 23.4 (17.5, 31.2)
GMT Week 8 43 1039.4 (646.0, 1672.2) 46 640.4 (378.1, 1084.9)

GMT Week 12 171 1051.0 (862.1, 1281.3) 178 627.2 (490.5, 802.2)
GMT Week 26 43 563.7 (344.0, 923.7) 47 228.9 (126.1, 415.5)
GMT Week 30 88 349.1 (236.9, 514.5) 93 880.8 (663.9, 1168.6)

22F GMT Baseline (Day 1) 176 55.5 (39.9, 77.2) 184 51.1 (37.2, 70.4)
GMT Week 8 42 116.4 (54.9, 246.8) 43 30.9 (16.6, 57.5)

GMT Week 12 166 1766.3 (1303.2, 2394.1) 157 39.0 (28.3, 53.7)
GMT Week 26 41 1228.3 (733.3, 2057.4) 45 45.2 (23.5, 86.7)
GMT Week 30 81 1124.7 (751.7, 1682.9) 92 982.1 (642.6, 1501.0)

23F GMT Baseline (Day 1) 177 31.4 (24.3, 40.6) 180 40.4 (30.6, 53.3)
GMT Week 8 43 1245.8 (656.9, 2362.5) 46 779.8 (414.3, 1467.8)

GMT Week 12 164 1155.6 (867.2, 1539.9) 176 716.9 (521.1, 986.3)
GMT Week 26 43 653.8 (315.8, 1353.4) 46 366.6 (195.9, 685.9)
GMT Week 30 86 574.3 (367.6, 897.2) 93 755.6 (521.6, 1094.4)

(Continued)
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Table 4. (Continued).

Group 1 * (N = 200) Group 2 † (N = 200)

Serotype Parameter n Observed Response 95% CI n Observed Response 95% CI

33F GMT Baseline (Day 1) 185 1194.8 (927.5, 1539.1) 182 1419.8 (1099.3, 1833.8)
GMT Week 8 42 1515.4 (914.3, 2511.5) 47 1984.0 (1207.9, 3259.0)

GMT Week 12 172 10413.0 (8178.9, 13257.4) 172 1189.9 (898.6, 1575.6)
GMT Week 26 44 4672.8 (2968.8, 7354.7) 46 1151.4 (660.4, 2007.6)
GMT Week 30 86 5917.9 (4199.6, 8339.4) 94 7853.5 (5521.3, 11171.0)

Additional Serotypes Unique to PPSV23 Were Also Measured Using a Qualified MOPA Assay
8 GMT Baseline (Day 1) 99 33.0 (21.3,51.2) 94 33.5 (21.2,52.9)

GMT Week 12 90 2873.7 (2088.2,3954.6) 95 46.4 (29.2,74.0)
GMT Week 30 82 1261.2 (880.3,1807.0) 88 1941.5 (1422.0,2650.7)

9N GMT Baseline (Day 1) 100 464.5 (305.7,705.9) 95 536.0 (351.9,816.5)
GMT Week 12 90 7022.4 (4941.6,9979.4) 95 1336.6 (970.1,1841.6)
GMT Week 30 82 3977.4 (2791.3,5667.4) 88 6543.0 (4726.4,9057.9)

11A GMT Baseline (Day 1) 100 220.1 (141.8,341.7) 95 154.3 (94.6,251.8)
GMT Week 12 90 3432.4 (2456.5,4795.9) 96 203.4 (128.4,322.1)
GMT Week 30 82 1616.7 (1163.3,2247.0) 88 2293.1 (1616.5,3252.8)

17F GMT Baseline (Day 1) 100 596.0 (366.5,969.1) 95 499.6 (308.4,809.3)
GMT Week 12 90 14484.5 (10353.7,20263.3) 96 599.1 (374.2,959.1)
GMT Week 30 82 7535.8 (5532.7,10264.1) 88 8996.7 (6316.9,12813.2)

* Group 1 = PCV13 -> PPSV23 -> Placebo 
† Group 2 = PCV13 -> Placebo -> PPSV23 
PPSV23 = 23-valent pneumococcal polysaccharide vaccine 
PCV13 = 13-valent pneumococcal conjugate vaccine 
N = Number of subjects randomized and vaccinated. 
n = Number of subjects contributing to analysis. 
GMT = Geometric mean titer. 
CI = Confidence interval.

Table 5. Analysis of postvaccination OPA GMTs to pneumococcal serotypes at week 12 (per protocol population).

Group #1 Group #2

Estimated Response*(N = 200) Estimated Response*(N = 200) Estimated GMT Ratio* [Group #1 / Group #2]
Pneumococcal Serotype n GMT n GMT (95% CI)*†‡ p-Value*†‡§

Shared Serotypes in PPSV23 and PCV13 (Noninferiority Analysis)
1 196 83.3 198 59 1.4 (0.9, 2.1) <0.001
3 193 42.4 198 17.7 2.4 (1.7, 3.4) <0.001
4 194 1087 193 772.6 1.4 (1.1, 1.9) <0.001
5 197 206.5 198 150.8 1.4 (0.9, 2.1) <0.001
6B 196 2013 198 1132 1.8 (1.3, 2.5) <0.001
7F 196 2264 197 1746 1.3 (1.0, 1.7) <0.001
9V 193 1452 198 1058 1.4 (1.0, 1.9) <0.001
14 196 2127 198 1913 1.1 (0.8, 1.5) <0.001
18C 194 2129 196 1583 1.3 (1.0, 1.8) <0.001
19A 197 1814 197 1432 1.3 (1.0, 1.6) <0.001
19F 193 1043 198 650.1 1.6 (1.2, 2.2) <0.001
23F 194 1215 196 692.2 1.8 (1.2, 2.6) <0.001

Unique Serotypes in PCV13 but not in PPSV23 (Noninferiority Analysis) §
6A 196 4457 196 3367 1.3 (1.0, 1.8) <0.001

Unique Serotypes in PPSV23 but not in PCV13 (Superiority Analysis) §
8 101 2939 96 46.1 63.9 (40.1, 101.8) <0.001
9N 101 7195 96 1285 5.6 (3.6, 8.7) <0.001
11A 101 3151 96 223.9 14.1 (8.9, 22.5) <0.001
17F 101 13699 96 627.7 21.9 (14.0, 34.3) <0.001
22F 193 1720 191 42.4 40.6 (27.9, 59.1) <0.001
33F 195 11026 195 1123 9.9 (7.2, 13.7) <0.001

OPA = Oposonophagocytic activity 
GMTs = Geometric mean titers 
Group #1 = PCV13 -> PPSV23 -> Placebo 
Group #2 = PCV13 -> Placebo -> PPSV23 
N = Number of subjects randomized and vaccinated. 
n = Number of subjects who had results either at prevaccination/baseline or 4 weeks post Vaccination 2 thus contributing to the immunogenicity analysis. 
GMT = Geometric mean titer. 
CI = Confidence interval. 
PPSV23 = 23-valent pneumococcal polysaccharide vaccine 
PCV13 = 13-valent pneumococcal conjugate vaccine 
* Estimated GMTs, GMT ratio, 95% CI, and p-value are obtained from a constrained longitudinal data analysis model. 
† A conclusion of noninferiority is based on the lower bound of the 95% CI on the estimated ratio being >0.5 (one-sided p-value < 0.025). 
‡ A conclusion of superiority is based on the lower bound of the 95% CI on the estimated ratio being >2 (one-sided p-value < 0.025). 
§ Analyses of OPA GMTs for serotypes 6A, 8, 9, 11A, and 17F were performed post-hoc.
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Figure 3a. Summary of OPA GMTs measured at baseline, weeks 8, 12, 26, and 30 (per protocol population).
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residual pneumococcal disease and distribution of serotypes 
between children and adults, novel strategies are needed in 
order to better address the transmission dynamic of serotype 
replacement and minimize the selection of antibiotic-resistant 
strains of S. pneumoniae.44

Our study has several limitations. Although it involved a larger 
number of subjects than previous studies evaluating safety and 
immunogenicity of shorter PCV-PPSV23 interval, the sample size 
was not sufficient to reliably assess the proportion of individuals 
with one or more underlying medical conditions associated with 
increased risk for pneumococcal disease, and thus supports the 
value of shorter interval and early protection against disease 
caused by serotypes unique to PPSV23 in that population. In 
addition, vaccine-induced immune responses were not measured 
for 5 of the 11 serotypes unique to PPSV23. However, several 
studies demonstrated that PPSV23 induces serotype-specific anti-
bodies to all serotypes included in the vaccine and therefore these 
missing data should not raise concerns about the value of PPSV23 
for the protection against disease caused by these serotypes.39,45 

Our study did not evaluate the clinical efficacy of the sequential 
administration of PCV13-PPSV23 and the question remains unre-
solved. We measured immune responses up to 30 days after receipt 
of all study vaccines and did not provide information about long- 
term persistence (≥1 year) of vaccine-induced immune responses 
between subjects given PCV13-PPSV23 with 2-month compared 
to 6-month intervals.

Overall, our study showed that both 2-month and 6-month 
dosing intervals of PCV13-PPSV23 were generally well toler-
ated and induced comparable levels of serotype-specific OPA 
GMTs at Week 30, after volunteers in both groups had received 
PCV13 on Day 1 and PPSV23 either 8 weeks or 26 weeks later. 
Receipt of PPSV23 approximately 2 months after PCV13 was 

associated with earlier and higher levels of OPA GMTs for the 
serotypes unique to PPSV23 than in subjects given PPSV23 
approximately 6 months after PCV13, which could possibly 
provide early protection against pneumococcal disease and is 
an approach already taken for immunocompromised 
populations.
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