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Vaccination of adults with 23-valent pneumococcal polysaccharide vaccine induces
robust antibody responses against pneumococcal serotypes associated with
serious clinical outcomes
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ABSTRACT
PNEUMOVAXTM 23, a 23-valent polysaccharide pneumococcal vaccine (PPV23), covers 65% to 91% of the
isolates recovered from adult cases of invasive pneumococcal disease. Several studies have demonstrated
that pneumococcal serotypes 31, 11A, 35F, 17F, 3, 16F, 19F, 15B, and 10A are associated with higher case-
fatality or meningitis rates than other pneumococcal serotypes. This study (U05-PnPS-403; EudraCT: 2008-
003648-12) evaluated the immune response followings administration of PPV23 for 4 of these serotypes
(10A, 11A, 15B, and 17F), that are included in PPV23 but not in licensed pneumococcal conjugate vaccines.
Serotype-specific IgG geometric mean concentrations (GMCs) and geometric mean fold-rises (GMFRs) for
these 4 serotypes were measured by a validated enzyme-linked immunosorbent assay (ELISA) in 104
subjects >50 y of age who were enrolled in a study evaluating the safety and immunogenicity of a single-
dose of PPV23. At 1 month post-vaccination, GMCs for serotypes10A, 11A, 15B and 17F were 6.5, 4.3, 14.7,
and 5.1 mg/mL, respectively. GMFRs from baseline were 9.0, 4.5, 8.4, and 11.5, respectively. The
percentages of subjects achieving >2-fold increases in IgG GMCs between pre-vaccination and 1 month
post-vaccination were 90%, 85%, 88% and 89%, respectively. In conclusion, PPV23 induces a robust
immune response in adults to pneumococcal serotypes 10A, 11A, 15B, and 17F, which have been
associated with elevated case-fatality or meningitis rates.
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Introduction

Pneumococcal infection is a major cause of pneumonia, bacter-
emia, and meningitis. Invasive pneumococcal disease (IPD) has
been associated with increased risk of premature death in adults
�65 y of age, especially in those with underlying chronic heart
or lung disease, diabetes, cancer, or asplenia.1 Despite the avail-
ability of potent antibiotic therapies and intensive care, the
case-fatality rate for patients hospitalized with IPD has
remained at approximately 12% for many decades.2 More spe-
cifically, Streptococcus pneumoniae is a leading cause of com-
munity-acquired acute bacterial meningitis, accounting for
approximately 50% of disease cases in adult patients. The over-
all mortality rate associated with bacterial meningitis was 21%,
but was significantly higher among patients with pneumococcal
meningitis (30%) than among those with meningococcal men-
ingitis (7%).3

Pneumococcal serotypes differ substantially in their
potential for colonization, invasiveness, and virulence. The
majority of pneumococcal serotypes with highest density in
the nasopharynx are less likely to be associated with inva-
siveness, although the biological factors required for
increased virulence and invasiveness are not fully under-
stood. In particular, a recent review cataloged the propen-
sity for certain pneumococcal serotypes in adults to be

associated with increased rates of serious clinical outcomes,
including meningitis and elevated case-fatality rates, com-
pared to other serotypes.4 That review highlighted multiple
serotypes with elevated risk profiles that are represented in
23-valent pneumococcal polysaccharide vaccine (PPV23;
PneumovaxTM 23, Merck & Co., Inc., Kenilworth, NJ), but
not included in 13-valent pneumococcal conjugate vaccine
(PCV-13; Prevnar 13TM, Pfizer Inc., Philadelphia, PA).

Vaccination with pneumococcal polysaccharide vaccine is
effective in reducing the burden of pneumococcal disease. Man-
agement of pneumococcal disease also requires appropriate
management of patients, including the use of effective antibac-
terial treatment. PPV23 was first approved in 1983 and is cur-
rently licensed in >60 countries worldwide. To date, more than
220 million doses of PPV23 have been distributed worldwide.
Multiple clinical trials and observational studies have shown
that PPV23 displays an acceptable safety profile and is effective
in the prevention of serious pneumococcal disease, with point
estimates of efficacy ranging from 56% to 81% in immunocom-
petent persons.5-8 Additional studies have also demonstrated
the effectiveness of PPV23 in adults who are at increased risk
for pneumococcal disease.5,9-12

Although the concentration of anti-capsular antibody
required to protect against pneumococcal infection caused
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by any specific capsular type has not been established in
adults, a �2-fold increase in antibody level following vacci-
nation was associated with efficacy in clinical trials of poly-
valent pneumococcal polysaccharide vaccines.13,14 The
present study was conducted to assess the antibody
responses induced by PPV23 against 4 serotypes (10A, 11A,
15B, and 17F) that are associated with serious clinical out-
comes and are only present in PPV23. These serotypes were
among the 9 serotypes (i.e., 3, 10A, 11A, 15B, 16F, 17F,
19F, 31, 35F) found to be associated with highly increased
mortality as compared to serotype 1, in a study of individu-
als 5 y of age and older.15 Two of these 7 serotypes (3 and
19F) are included in both licensed adult pneumococcal vac-
cines while 4 serotypes are unique to PPV23 (10A, 11A,
15B, and 17F); the remaining 3 serotypes (16F, 31, and
35F) are not included in either licensed pneumococcal vac-
cine. Several clinical trials have repeatedly found serotypes
10A, 11A, 15B, and 17F to have significantly elevated risk
profiles for meningitis, case-fatality rates, or both.15-21 None
of the serotypes associated with elevated risk for these seri-
ous clinical outcomes were unique to PCV13. We tested the
antibody responses to PPV23 against these 4 serotypes
using serum specimens from older adult subjects previously
enrolled in a clinical trial sponsored by Sanofi Pasteur
MSD. The original study had demonstrated that a newly
revised manufacturing process of PPV23 (the process used
for currently marketed product) is generally well tolerated
and immunogenic.22

Results

Study population

Of the 111 subjects who received PPV23 manufactured using
the new process in the original study, 104 (93.7%) were
included in the present study since they had sufficient volume
of serum for the measurement of serotype-specific antibodies
to the 4 selected serotypes (10A, 11A, 15B, and 17F). Table 1
summarizes the demographic characteristics of these subjects
at baseline. The mean age was 58.2 y (range, 50.1 to 71.9 y) and
57% were women; mean body mass index was 27.0 kg/m2

(range 19.7 to 38.9). In addition, 83% reported at least one
medical condition or intercurrent disease at baseline and the
most frequently reported conditions were depression (10%),
back pain (9%), and headache (6%). The demographics of sub-
jects included in this additional immunogenicity assessment

were consistent with the subjects who received the revised
manufacturing process vaccine in the original clinical trial.22

Immunogenicity

Baseline antibody concentrations varied among serotypes,
ranging from 0.4 mg/mL for serotype 17F to 1.8 mg/mL for
serotype 15B. PPV23 was highly immunogenic and was associ-
ated with at least 4-fold increase in serotype-specific antibodies
to all 4 serotypes at 1 month post-vaccination. Between baseline
and 1 month post-vaccination, serotype-specific IgG GMCs
increased from 0.7 mg/mL to 6.5 mg/mL for serotype 10A, from
1.0 mg/mL to 4.3 mg/mL for serotype 11A, from 1.8 mg/mL to
14.7 mg/mL for serotype 15B, and from 0.4 mg/mL to 5.1 mg/
mL for serotype 17F (Table 2). Serotype-specific GMFRs were
9.0 for serotype 10A, 4.5 for serotype 11A, 8.4 for serotype 15B
and 11.5 for serotype 17F. Across the 4 serotypes tested, levels
of serotype-specific IgG GMCs measured at baseline did not
correlate with the magnitude of IgG GMCs measured following
vaccination with PPV23. Although the highest increase from
baseline (11.5-fold) was observed for serotype 17F, which also
had the lowest IgG GMC at baseline (0.4 mg/mL), the serotype
with the highest IgG GMC at baseline (1.8 mg/mL for serotype
15B) had comparable or higher GMFR (8.4-fold rise) than
those observed for serotypes 10A or 11A (9.0-fold rise and 4.5-
fold rise, respectively) which had lower baseline IgG GMCs,
measured at 0.73 mg/mL and 1.0 mg/mL, respectively)
(Table 2).

When compared to baseline levels, the percentages of sub-
jects achieving at least 2-fold increase in serotype-specific IgG
GMCs at 1 month post-vaccination with PPV23 were 90%,
85%, 88% and 89%, for serotypes 10A, 11A, 15B and 17F,
respectively (Table 2). The proportions of subjects with anti-
body concentration before and after vaccination equal to or
above the pre-specified cutoff values of 0.5, 1, 5, and 10 mg/mL
for the 4 serotypes tested were also evaluated. For all 4 sero-
types, the proportion of subjects meeting these pre-specified
threshold values increased following vaccination with PPV23.
More than 95% of study subjects had IgG GMC �0.5 mg/ml
and at least 88.5% still had serotype-specific IgG GMC above
1 mg/ml for all 4 serotypes at 1 month post-vaccination. The
proportion of subjects with serotype-specific IgG GMC �5 mg/
ml and �10 mg/ml varied between serotypes, with lowest and
highest proportions of subjects achieving these thresholds being
observed for serotype 11A and serotype 15B, respectively.

The overall changes in vaccine-induced immune responses
from baseline are also depicted in the reverse cumulative distri-
bution curves (RCDCs) for all 4 serotypes (Fig. 1). In compari-
son to baseline curves, post-vaccination curves were
substantially shifted to the right for all 4 serotypes, indicating
an increase in serotype-specific IgG GMCs from baseline.

Discussion

Serotype-specific humoral antibodies are generally considered
to be effective in preventing pneumococcal disease.13,23-29 The
assays used to measure vaccine-induced immune responses fol-
lowing vaccination with pneumococcal vaccines in adults have
evolved over time. In recent years, serotype-specific IgG

Table 1. Baseline characteristics of study population (N D 104).

Characteristics

Age at vaccination (years)
Mean (SD) 58.2 (4.8)
Median 57.8
Minimum - Maximum 50.1 – 71.9
Gender
Female n (%) 59 (56.7%)
Male n (%) 45 (43.3%)
Body Mass Index (kg/m2)
Mean (SD) 27.0 (4.0)
Median 26.7
Minimum - Maximum 19.7 – 38.9
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antibodies have mostly been measured using the WHO-
accepted ELISA and functional antibodies have been measured
using the opsonophagocytic activity (OPA) assay. Serotype-
specific IgG levels measured with the ELISA assay used in the
present study have been shown to correlate with levels mea-
sured using OPA assays.30 Although previous studies have

demonstrated that PPV23 can induce serotype-specific anti-
bodies to all serotypes included in the vaccine, the present
study links the immune responses to serotypes unique to
PPV23 to the serious clinical outcomes associated with these
pneumococcal serotypes, underscoring the need for continued
vaccination of older adults with PPV23.

Table 2. Antibody concentration (mg/mL) for pneumococcal serotypes 10A, 11A, 15B and 17F as measured by ELISA.

Parameter Pneumococcal Serotype

10A 11A 15B 17F

Baseline
Post-

vaccination� Baseline
Post-

vaccination Baseline
Post-

vaccination Baseline
Post-

vaccination

Geometric Mean Concentration (mg/mL) 0.7 6.5 1.0 4.3 1.8 14.7 0.4 5.1
95% Confidence Interval (CI) 0.6, 1.0 4.9, 8.7 0.8, 1.2 3.6, 5.1 1.4, 2.3 11.9, 18.3 0.3, 0.6 3.9, 6.5
Median 0.7 6.7 1.0 4.5 1.9 14.1 0.4 5.1
Mean GMC Fold-rise 9.0 4.5 8.4 11.5
95% CI 7.2, 11.2 3.8, 5.4 6.8, 10.3 8.9, 14.9
Median 9.9 4.0 9.1 12.3
Proportion of Subjects with �2 -fold rise from baseline (Mean) 90.4% 84.6% 88.5% 89.4%
95% CI 83.0, 95.3 76.2, 90.9 80.7, 93.9 81.9, 94.6

�Post-vaccination refers to 1 month (i.e., 21 to 35 d) following vaccination with PPV23

Figure 1. Serotype-specific IgG GMC Reverse Cumulative Distribution Curves at baseline and 30 d post-vaccination.
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With the widespread use of PCVs in children and adults,
significant decrease in overall incidence of pneumococcal dis-
ease has been observed, mostly disease caused by serotypes
included in PCV13; however, disease caused by non-vaccine
types has increased during the same time in both children and
older adults. Increase in cases of pneumococcal disease caused
by serotypes 10A, 11A, 15B, and 17F has been observed in
some countries among children and adults following the intro-
duction of PCV in children23,24 and these serotypes are among
those associated with elevated risks of meningitis and lethal-
ity.15-21 The present study finds a robust response to all 4 sero-
types in healthy adults 50 y and older following vaccination
with PPV23 and underscores the need to continue vaccination
of adults with PPV23 for the control of disease caused by sero-
types not included in PCV13. In comparison to levels measured
at baseline, IgG GMCs increased between 4.5-fold and 11.5-fold
at 1 month post-vaccination. We also evaluated vaccine-
induced immune response using a cutoff value (2–fold rise
from pre-vaccination to post-vaccination) that was previously
shown to be a surrogate for vaccine efficacy.13,14 In comparison
to levels measured prior to vaccination, approximately 90% of
study subjects in the present study achieved a �2-fold increase
in serotype-specific IgG GMC and an IgG concentration of
�1 mg/mL against pneumococcal serotypes 10A, 11A, 15B, and
17F at 1 month post-vaccination. Despite the use of different
immunological assays to measure serotype-specific IgG, the
results from our study are consistent with those previously
described by Robbins et al., showing comparable magnitude in
antibody fold-rise and comparable proportion of subjects with
�2-fold rise in IgG GMCs from baseline for the selected 4 sero-
types.13 Altogether, these findings further substantiate that
PPV23 induces strong antibody responses against pneumococ-
cal serotypes that are associated with serious clinical outcomes.

Several clinical trials have demonstrated that PPVs can pre-
vent pneumococcal disease. The vaccine efficacy against inva-
sive pneumococcal disease in immunocompetent adults is
clearly established, but its clinical impact on pneumococcal
pneumonia remains controversial.6,31 Early studies conducted
in South African miners and in Papua New Guinea High-
landers demonstrated that pneumococcal polysaccharide vac-
cines were efficacious against pneumonia. The vaccine efficacy
against type-specific pneumococcal pneumonia was 78.584%–
in these populations;14,32-34 however, subsequent randomized
trials in elderly or high-risk populations in the United States
and other developed countries show variable results, possibly
due to differences in study design, case definition of the clinical
endpoint used in the trial, and characteristics of the population
evaluated (outpatient, nursing residents, or high-risk individu-
als with co-morbidities). For example, effectiveness of PPV23
against all pneumococcal pneumonia was 48% in a population-
based case control study among adults 50 y and older who had
an episode of radiologically confirmed pneumococcal pneumo-
nia (bacteremic and nonbacteremic cases) in Spain and 63.8%
among nursing home residents (mean 84.7 y of age; range 55–
105 y) who were enrolled in a randomized controlled trial in
Japan.9,35 However, other studies failed to demonstrate any
benefit of PPV23 in preventing pneumococcal pneumonia in
middle-aged and elderly individuals.36,37 A recent meta-analysis
of 18 randomized clinical trials found strong evidence of the

efficacy of PPV against IPD (OR 0.26, 95% CI 0.14 to 0.45);
although efficacy against all-cause pneumonia was demon-
strated in low-income countries (OR 0.54, 95% CI 0.43 to
0.67), it was lower in high-income countries (OR 0.71, 95% CI
0.45 to 1.12).38 These results were consistent with those found
in 3 previous meta-analyses evaluating the effectiveness of PPV
against IPD and pneumonia.39-41

Most PPV clinical efficacy trials predated the ability to reli-
ably identify nonbacteremic pneumococcal pneumonia from
among all cases of pneumonia. Among studies that have
recently evaluated the efficacy/effectiveness of PPV that relied
on an urine antigen detection assay for the diagnosis of non-
bacteremic pneumonia, Maruyama et al found that PPV23 was
63.8% efficacious (95% CI: 32, 81%) against pneumococcal
pneumonia.9 Also, a study comparing adult subjects vaccinated
with PPV23 within the previous 5 y with those who were never
vaccinated found a vaccine efficacy of 48% against nonbactere-
mic pneumococcal pneumonia.42

Several epidemiologic studies performed in various coun-
tries around the world found that widespread use of PCVs
among children has indirectly changed the distribution of
pneumococcal serotypes associated with pneumococcal disease
in adults.43-45 Prior to the licensure and widespread use of
PCV7 for infant immunization against pneumococcal disease,
the median difference in the proportions of adult IPD cases
caused by the serotypes included in PPV23 compared to
PCV13 was 16.3%. The median difference increased to 24.4%
following the implementation of PCV7 in infant immunization
schedule in the United States.43,45 Following the introduction
of PCV13 in Canada, the difference in the proportion of pneu-
mococcal isolates causing pneumococcal disease for serotypes
included in PPV23 and PCV13 among Canadians �65 y of age
increased from 24.8% in 2010 to 30.6% in 2012.45 The differen-
tials can be expected to widen further as coverage rates for
PCVs increase in countries that have already adopted the vac-
cine and as more countries worldwide are including PCVs in
their infant immunization programs.46 More than the numeri-
cal difference in serotype coverage between PCV13 and PPV23,
the intrinsic characteristics of these 11 serotypes unique to
PPV23 as regards their potential for invasiveness, antibiotic
resistance, and elevated risks for meningitis and/or case-fatality
rate need to be closely monitored.4 More importantly, the find-
ings described in this study underscore the need to increase the
uptake of PPV23 in older adults for the prevention of pneumo-
coccal diseases caused by these 4 serotypes that are unique to
PPV23 and were found to be associated with high fatality rate.

Conclusion

PPV23 induces a robust IgG antibody response against pneu-
mococcal serotypes 10A, 11A, 15B, and 17F, which are associ-
ated with elevated risk for mortality and meningitis in adults.

Methods

In the original study (U05-PnPS-403; EudraCT: 2008-003648-
12), 220 healthy adults 50 y of age and older were enrolled in a
clinical study comparing the safety and immunogenicity of 2
different formulations (manufactured using a new or former
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process) of PPV23. All eligible study subjects were immuno-
competent, were na€ıve for any pneumococcal vaccine, and had
no known allergy to any component of the study vaccines. All
subjects were followed for safety for 14 d post-vaccination and
serious AEs were monitored throughout the duration of the
study. Blood samples were taken prior to vaccination and 28 d
post-vaccination for the measurement of antibody concentra-
tions to pneumococcal serotypes 3 and 8 by enzyme-linked
immunosorbent assay (ELISA).22

In this present extension study, serum samples were only
used from subjects in the original study who consented to
future use of their leftover samples and who received PPV23
that was manufactured using the new manufacturing process.
No safety measurements were assessed in the present study, as
this evaluation was performed during the original study.22

Serum samples from the original study were stored at ¡20�C
and those from study subjects eligible for the extension study
were thawed approximately 7 y later, then aliquoted, anony-
mized, and sent to the testing laboratory (PPD Vaccines and Bio-
logics, LLC; Wayne, Pennsylvania, USA). Serotype-specific IgG
geometric mean concentrations (GMCs) to pneumococcal sero-
types 10A, 11A, 15B, and 17F were measured in serum collected
before and 21 to 35 d after vaccination using a previously
described laboratory technique.47 Serotype-specific pneumococcal
IgG antibodies were quantitated by a validated sandwich-type
ELISA, using adsorption with pneumococcal cell wall polysaccha-
ride (CPs) and non-vaccine heterologous capsular polysacchar-
ides (types 25 and 72) to reduce cross-reacting antibody. The
standard curve was prepared from the international anti-pneu-
mococcal calibrator serum, 89SF (Center for Biologics Evaluation
and Research, US Food & Drug Administration). The serotype-
specific IgG GMC for each serum sample was calculated by com-
paring the optical density to that of the reference standard.

Anti-pneumococcal antibodies induced by PPV23 to serotypes
10A, 11A, 15B and 17F were assessed by computing the following
measurements for each serotype: GMCs at the pre-vaccination and
post-vaccination time points, the geometric mean fold rise
(GMFR) as measured by the post-vaccination/pre-vaccination IgG
GMC ratio, the proportion of subjects with at least 2-fold increase
of antibody concentration from baseline to post-vaccination, and
the proportion of subjects with pre-vaccination and post-vaccina-
tion IgG GMCs �0.5 mg/mL, 1 mg/mL, 5 mg/mL, and 10 mg/mL;
as correlate of protection against pneumococcal disease in adults is
not known, the proposed threshold values of IgG concentrations
were used as points of reference and do not necessarily correspond
to a seroprotective level.30 Reverse cumulative distribution (RCD)
curves for the GMC values were also plotted.
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