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Introduction

Diseases caused by Streptococcus pneumoniae remain a signifi-
cant public health problem, and elderly adults are recognized to 
be at increased risk.1 A 23-valent pneumococcal polysaccharide 

vaccine (PPSV23; Pneumovax®, Merck and Co Inc.) has been 
licensed for the elderly population in many countries for nearly 
30 y, but despite widespread uptake the morbidity and mortal-
ity rate due to pneumococcal disease in adults remains high.1,2 
PPSV23 shows efficacy against invasive pneumococcal disease 
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This randomized open-label trial was designed to provide preliminary immunogenicity and safety data to support 
development of the pediatric 13-valent pneumococcal conjugate vaccine (PcV13) for adults. The aims were to: identify 
an age-appropriate PcV13 formulation, i.e., with (n = 309) or without (n = 304) aluminum phosphate (alPO4); compare 
the selected PcV13 formulation (n = 309) with 23-valent pneumococcal polysaccharide vaccine (PPsV23; n = 301); and, 
together with an extension study, assess sequential use of pneumococcal vaccines at 1-year intervals in adults aged ≥65 
years (n = 105) not pre-vaccinated with PPsV23. Immune responses were measured by eLIsa and opsonophagocytic 
activity assays 1 month postvaccination. Immunoglobulin G responses elicited by PcV13 with alPO4 and PcV13 with-
out alPO4 were similar for the majority, and noninferior for all PcV13 serotypes. PcV13 with alPO4 was generally more 
reactogenic, with reactions mainly mild or moderate. Thus, PcV13 with alPO4 (hereafter PcV13) became the selected 
formulation. Immune responses to PcV13 were noninferior for all but one serotype and for most PcV13 serotypes supe-
rior to PPsV23. Vaccine sequence assessments showed that for PcV13/PPsV23, the initial PcV13 dose generally enhanced 
responses to a subsequent PPsV23 dose, compared with PPsV23 alone. For PcV13/PcV13, a second dose did not enhance 
the first dose response when given after 1 year. For PcV13/PPsV23/PcV13, priming with PcV13 (vaccination 1) did not 
protect against lower responses induced by PPsV23 to subsequent PcV13 (vaccination 3). In conclusion, the pediatric 
PcV13 formulation with alPO4 is well tolerated and immunogenic in adults, is generally more immunogenic than PPsV23, 
and subsequent vaccination with PPsV23 is possible if required.
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(IPD), but reports on efficacy against pneumonia are inconsis-
tent.2 Importantly, the duration of protection of PPSV23, with 
its T-cell independent immune response, is limited to 3–5 y, but 
revaccination has not generally been recommended except in 
defined high-risk populations.2-4

The 13-valent pneumococcal conjugate vaccine (PCV13; 
Prevenar 13®, Pfizer Inc) is composed of purified capsular sac-
charides of S. pneumoniae conjugated to an immunogenic protein 
carrier (cross-reactive material 197 [CRM

197
], a nontoxic form of 

diphtheria toxoid). Conjugation to a protein carrier converts the 
free-polysaccharide T-cell–independent immune response into 
a T-cell–dependent immune response. Protein carrier-specific 
T cells provide the signals needed for maturation of the B-cell 
response and generation of B-cell memory.5-7 PCV13 has thus the 
potential for eliciting a memory response on subsequent natural 

exposure, and permitting revaccination, if required, thus extend-
ing the period of protection against vaccine-type pneumococcal 
disease. In children pneumococcal conjugate vaccines (PCVs) are 
efficacious against IPD and all-cause pneumonia, and may also 
offer advantages in adults.8

This trial was conducted as a basis for the adult PCV13 global 
clinical development program to provide data to support further 
development of the pediatric vaccine PCV13 for use in adults. 
The aim of the trial, together with an extension trial, was to: 
assess the immunogenicity and safety of PCV13 with or without 
aluminum phosphate (AlPO

4
) in order to identify an age appro-

priate formulation, to compare the selected PCV13 formulation 
with the currently licensed PPSV23, and to assess the sequential 
use of PCV13 and PPSV23 pneumococcal vaccines in previously 
unvaccinated older adults.

Figure 1. cONsORT diagram showing disposition of study participants. abbreviations: PcV13, 13-valent pneumococcal conjugate vaccine; PPsV23, 
23-valent pneumococcal polysaccharide vaccine.
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Results

Baseline characteristics
For the parent study 930 participants were screened, 915 par-

ticipants were randomized, and 914 were vaccinated. Details of 
the study flow are included in Figure 1. For the extension study, 
105 participants were enrolled and vaccinated. Baseline demo-
graphic characteristics are presented in Table 1. There was a 
higher percentage of female participants in each vaccine group 
in the parent study, and in the extension study. The mean age of 
participants at baseline was 70.7 y overall.

Immunogenicity
PCV13 without AlPO

4
 (PCV13−AlPO

4
) compared with PCV13 

with AlPO
4
 (PCV13)

Immunoglobulin (Ig)G geometric mean concentrations 
(GMCs) after PCV13−AlPO

4
 (i.e., PCV13 without AlPO

4
) were 

noninferior to those after PCV13 (with AlPO
4
) for all PCV13 

serotypes. For all serotypes, IgG GMCs were generally similar 
across vaccine groups, with the exception of serotypes 7F and 14, 
where IgG responses were higher in the PCV13−AlPO

4
 group 

(Table 2).
Based on the IgG immune responses and manufacturing con-

siderations discussed later, PCV13 with AlPO
4
 was chosen as the 

selected formulation for further development and will now be 
referred to as PCV13.

PCV13 compared with PPSV23
PCV13 opsonophagocytic activity (OPA) geometric mean 

titers (GMTs) were noninferior to PPSV23 GMTs for 11 of 12 
common serotypes; the exception was serotype 7F with a lower 
limit of the 95% confidence interval (CI) of 0.46, just below the 
pre-specified level of 0.5 (Table 3). PCV13 OPA GMTs were 
statistically significantly higher compared with PPSV23 GMTs 
for 10 of 12 common serotypes; PCV13 OPA GMTs were sta-
tistically significantly lower for serotype 7F. For serotype 6A, 
contained only in PCV13, the OPA GMT was statistically sig-
nificantly higher after PCV13 than after PPSV23 (Table 3).

IgG GMCs showed a similar pattern of response as those mea-
sured by OPA. IgG GMCs in the PCV13 group were significantly 

higher compared with those of the PPSV23 group for 10 of 12 
common serotypes and serotype 6A and noninferior for serotypes 
7F and 14 (Table 3).

PCV13/PPSV23 compared with PPSV23 alone
OPA GMTs after PCV13 followed one year later by PPSV23 

(PCV13/PPSV23) were noninferior to PPSV23 alone for all 12 
common serotypes and were statistically significantly higher for 
7 of 12 common serotypes; the exceptions were serotypes 4, 7F, 
14, 18C, and 19A, which showed similar responses between the 
vaccine groups (Table 4). For serotype 6A, the OPA GMT was 
statistically significantly higher after PCV13/PPSV23 than after 
PPSV23.

IgG GMCs showed a similar pattern of responses to those 
measured by OPA. IgG GMCs after PCV13/PPSV23 were non-
inferior to PPSV23 for all serotypes and statistically significantly 
higher for 7 of 12 common serotypes and serotype 6A; the excep-
tions were serotypes 4, 5, 7F, 14, and 18C, which showed similar 
IgG responses across the vaccine groups (data not shown).

PCV13/PCV13 compared with PCV13 (dose 2 vs. dose 1)
OPA GMTs after PCV13 followed one year later by a second 

dose of PCV13 (PCV13/PCV13) were noninferior to PCV13 
for 8 of 13 serotypes; serotypes 4, 5, 9V, 14, and 18C did not 
meet the noninferiority criterion. OPA GMTs after PCV13/
PCV13 were statistically significantly lower for 8 of 13 serotypes 
(serotypes 1, 3, 4, 5, 9V, 14, 18C, and 19A) than after PCV13. 
The OPA GMT for serotype 23F was significantly higher after 
PCV13/PCV13 than after PCV13 (Table 5).

IgG GMCs after PCV13/PCV13 were noninferior to those 
after PCV13 for 11 of 13 serotypes; serotypes 5 and 18C did 
not meet the noninferiority criterion. IgG GMCs after PCV13/
PCV13 were statistically significantly lower for 8 of 13 serotypes 
(serotypes 1, 3, 4, 5, 7F, 9V, 18C, and 19A) than after PCV13. 
IgG GMCs for serotype 6A, 19F, and 23F were significantly 
higher after PCV13/PCV13 than after PCV13 (data not shown).

PCV13/PPSV23/PCV13 compared with PCV13 (vaccination 3 
vs. vaccination 1)

For the vaccine sequence PCV13/PPSV23/PCV13, OPA 
GMTs after vaccination 3 were noninferior to vaccination 1 for 3 

Table 1. Participant demographics of the evaluable immunogenicity population

Parent trial Extension trial

Characteristic

Year 0 Year 1 Year 2

PCV13a

(n = 299)
PCV13−AlPO4

b

(n = 295)
PPSV23

(n = 295)
PCV13/PCV13

(n = 131)
PCV13/PPSV23

(n = 126)
PCV13/PPSV23/PCV13

(n = 98)

sex %

Female 57.9 55.9 60.0 60.3 54.0 53.1

Male 42.1 44.1 40.0 39.7 46.0 46.9

ethnic origin, %

White 62.2 63.1 63.4 58.8 60.3 55.1

Otherc 37.8 36.9 36.6 41.2 39.7 44.9

Mean age, y (sD) 70.7 (4.8) 70.7 (4.9) 70.7 (4.9) 71.3 (4.8) 71.8 (4.9) 72.8 (4.8)

aPcV13 formulation containing alPO4. bPcV13 formulation without alPO4. cThe majority under Other were of mixed race background; there were also sin-
gle individuals of asian or Black race. abbreviations: alPO4, aluminum phosphate; PcV13, 13-valent pneumococcal conjugate vaccine; PPsV23, 23-valent 
pneumococcal polysaccharide vaccine; sD, standard deviation.
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of 13 serotypes. OPA GMTs were statistically significantly lower 
after vaccination 3 than after vaccination 1 for 10 of 13 serotypes 
(1, 4, 5, 6A, 7F, 9V, 14, 18C, 19A, and 19F), and were similar for 
the other 3 serotypes (Table 6).

PCV13/PPSV23/PCV13 compared with PCV13/PPSV23 (vac-
cination 3 vs. vaccination 2)

For the vaccine sequence PCV13 followed 1 y later by PPSV23 
and then 1 y later by PCV13 (PCV13/PPSV23/PCV13), OPA 
GMTs after vaccination 3 were noninferior to OPA GMTs after 
vaccination 1 for 9 of 13 serotypes. OPA GMTs were statistically 
significantly lower for 8 of 13 serotypes (1, 3, 5, 7F, 9V, 14, 19A, 
and 19F) and were significantly higher for 3 of 13 serotypes (6A, 
6B, 23F) after vaccination 3 vs. after vaccination 2 (Table 6).

Safety after vaccination
Compliance with e-diary completion in this elderly popula-

tion was high, with 74.3–77.5% of participants completing all 14 
d after each vaccination, and >91.4% completing each day of the 
14 daily assessments.

Safety after PCV13 (with AlPO
4
), PCV13−AlPO

4
, and PPSV23

Most local reactions within 14 d after any vaccination were 
mild in severity. The mean durations of local reactions did not 
exceed 3.5 d. Mild and moderate redness, and mild and moder-
ate swelling were significantly more frequent after PCV13 (with 
AlPO

4
) than after PPSV23 (P < 0.01) (Fig. 2). Mild pain was 

significantly different across the 3 vaccine groups with higher fre-
quency in PCV13 and PPSV23 (Fig. 2).

Systemic events within 14 d after any vaccination were similar 
with the exception of rash, which was more frequent after PCV13 
than after PCV13−AlPO

4
 or after PPSV23 (P < 0.003 for overall 

comparison across the 3 vaccine groups) (Table 7).

Adverse events (AEs) within 29–43 d after vaccination were 
similar across the PCV13, PCV13−AlPO

4
, and PPSV23 groups 

(23.1%, 20.1%, and 26.8%, respectively). Of these, 0.6%, 
1.3%, and 0.3%, respectively, were serious AEs (SAEs) and not 
related to the study vaccines. A total of 13 deaths occurred after 
vaccination 1: one death due to myocardial infarction occurred 
within 29 d after vaccination with PCV13−AlPO

4
, and 12 deaths 

occurred during the following 11-mo interval before vaccination 
2, mostly due to cardiovascular disease or cancer. No deaths were 
related to the study vaccines.

Safety after vaccination 2: PCV13/PCV13 vs. PCV13/PPSV23
There was a lower percentage of local reactions after PCV13 

compared with PPSV23 when given as vaccination 2 of the vac-
cine sequence PCV13/PCV13 and PCV13/PPSV23 given at 1-y 
intervals (Fig. 2). Systemic events were generally similar across 
groups (Table 7).

The incidences of any AEs after vaccination 2 were 20.1% 
and 28.1%, in the PCV13/PCV13 and PCV13/PPSV23 groups, 
respectively. Of these, 4 participants experienced SAEs, includ-
ing 3 participants after PCV13/PCV13 (1 with outcome death) 
and 1 participant after PCV13/PPSV23. None of the SAEs was 
related to study vaccine.

Safety profile after PCV13/PPSV23/PCV13
Generally, fewer local reactions and systemic events were 

reported after vaccination 3 compared with after vaccinations 1 
and 2 of the sequence PCV13/PPSV23/PCV13, when given at 
1-y intervals (Fig. 2 and Table 7); similarly for AEs (data not 
shown). Two SAEs, neither of which was related to the study vac-
cine, including one cardio-respiratory arrest with an outcome of 
death, were reported within 29 d after vaccination 3.

Table 2. Pneumococcal IgG GMcs 1 mo after PcV13 without or with alPO4 (evaluable immunogenicity population)

PCV13−AlPO4
a PCV13 (with AlPO4)

PCV13−AlPO4
a relative to PCV13 (with AlPO4)

GMC ratio (95% CI)c
Serotype

IgG GMCb (μg/mL)
n = 298d

IgG GMCb (μg/mL)
n = 300d

1 6.8 6.8 1.0 (0.8–1.3)

3 2.3 2.5 0.9 (0.7–1.1)

4 4.8 4.9 1.0 (0.8–1.3)

5 18.6 18.2 1.0 (0.8–1.3)

6a 9.2 8.7 1.1 (0.8–1.3)

6B 12.7 14.6 0.9 (0.7–1.1)

7F 11.0 7.4 1.5 (1.2–1.8)

9V 12.5 11.9 1.1 (0.8–1.3)

14 23.6 18.7 1.3 (1.0–1.7)

18c 23.7 22.1 1.1 (0.9–1.3)

19a 27.0 27.9 1.0 (0.8–1.2)

19F 11.6 12.0 1.0 (0.7–1.3)

23F 8.8 10.8 0.8 (0.6–1.1)

aPcV13 formulation without alPO4. bGMcs were calculated using all participants with available data. cRatio of GMcs (PcV13 without alPO4 to PcV13 
with alPO4). dNumber of participants randomized to the vaccine group; all participants had valid and determinate assay results for the given serotypes. 
abbreviations: alPO4, aluminum phosphate; cI, confidence interval; GMc, geometric mean concentration; IgG, immunoglobulin G; PcV13, 13-valent 
pneumococcal conjugate vaccine.
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Discussion

The parent study and its extension were designed to provide 
data to support further development of the pediatric vaccine 
PCV13 for use in adults. First, an age appropriate formulation 
was defined, followed by comparison with the licensed PPSV23, 
and finally the potential of re-administering pneumococcal vac-
cines at a 1-y interval was assessed.

PCV13 containing AlPO
4
, the same formulation as marketed 

for pediatric vaccination, was shown in adults to be noninferior 
to PCV13 without AlPO

4
 for all serotypes, with generally simi-

lar IgG immune responses across groups. Of interest, although 
there is evidence that AlPO

4
 contained in conjugate vaccines 

enhances the immune response in infants,9,10 it did not result in 
an enhanced antibody response in adults when compared with 
PCV13 without AlPO

4
. Although PCV13 containing AlPO

4
 was 

the more reactogenic of the 2 formulations, reactions were mainly 
mild or moderate. Formulations with AlPO

4
 and polysorbate 

80 (which was added later) combine to protect against vaccine 
product aggregation and undergo less protein and antigenicity 
loss than formulations without these constituents (data on file). 
Based on the comparable immunogenicity, the favorable safety 
profile, and better product stability, PCV13 containing AlPO

4
 

was chosen as the formulation of choice for the adult indication. 
All additional analyses in this study included the chosen formula-
tion, i.e., now referred to as PCV13.

PCV13 was then compared with the currently licensed 
PPSV23. PCV13 OPA immune responses were shown to be 
noninferior to PPSV23 for all PCV13 serotypes, except for sero-
type 7F; the majority of serotypes were significantly higher than 

PPSV23 (exceptions were serotypes 7F and 14). A similar pat-
tern of response was observed with IgG responses. The gener-
ally higher functional antibody immune responses observed after 
PCV13 compared with PPSV23 for the majority of PCV13 sero-
types were later confirmed by the US pivotal trial in subjects aged 
50–64 y not previously vaccinated with PPSV23.11 Although a 
specific level of OPA antibody has not been shown to correlate 
with protection against pneumococcal disease in adults, OPA 
antibody responses are believed to provide the best functional 
correlate of vaccine-induced protection in humans.12,13

The vaccine sequence PCV13/PPSV23, where the vaccines 
were given at a 1-y interval, was compared with PPSV23 given 
alone. OPA responses after PCV13/PPSV23 were statistically 
significantly higher for 7 of 12 serotypes compared with the 
responses observed after a single dose of PPSV23, and were non-
inferior for the remainder. These findings are consistent with 
studies in the US where vaccines were given at 1-y14 and 3.5- to 
4-y15 intervals, which also showed that the initial dose of PCV13 
generally enhanced the response to a subsequent dose of PPSV23. 
This indicates that PCV13 establishes an immunological mem-
ory state that increases the anti-pneumococcal responses to sub-
sequent administration of PPSV23.

Of interest, a second PCV13 dose given 1 y after the first 
PCV13 dose (PCV13/PCV13) did not enhance the immune 
response observed after the first PCV13 dose. This is in contrast 
to the increased immune response observed in children after the 
booster dose administered at 12 to 15 mo of age following a 2- 
or 3-dose primary vaccination series during infancy.8 In adults, 
no booster effects were observed after a second dose of PCV7 
when vaccine doses were given at a 6-mo or 1-y interval.16-18 In the 

Table 3. Pneumococcal immune responses 1 mo after PcV13 and PPsV23 (evaluable immunogenicity population)

Serotype

OPA GMTa

PCV13 relative to PPSV23
GMT ratio (95% CI)

IgG GMCa

PCV13 relative to PPSV23
GMC ratio (95% CI)

PCV13
nb = 261–293

PPSV23
nb = 271–286

PCV13
(nb = 299)

PPSV23
(nb = 295)

GMT GMT GMC GMC

1 173.17 77.91 2.22 (1.65–2.99) 6.92 3.62 1.91 (1.48–2.46)

3 141.58 74.07 1.91 (1.52–2.41) 2.57 1.74 1.48 (1.23–1.78)

4 2429.40 1402.22 1.73 (1.33–2.26) 4.83 2.77 1.74 (1.36–2.24)

5 485.09 149.75 3.24 (2.30–4.56) 18.33 8.75 2.10 (1.64–2.67)

6ac 4324.45 605.32 7.14 (5.00–10.20) 8.69 4.03 2.16 (1.75–2.66)

6B 3175.10 1130.44 2.81 (2.02–3.91) 14.51 6.56 2.21 (1.71–2.86)

7F 797.44 1235.06 0.65 (0.46–0.90) 7.46 8.46 0.88 (0.73–1.07)

9V 971.53 289.23 3.36 (2.22–5.09) 12.15 5.63 2.16 (1.72–2.70)

14 821.41 933.29 0.88 (0.63–1.23) 18.70 16.30 1.15 (0.87–1.52)

18c 2770.19 1107.39 2.50 (1.83–3.41) 22.10 8.80 2.51 (2.01–3.14)

19a 1123.60 648.55 1.73 (1.35–2.23) 28.08 13.28 2.11 (1.68–2.66)

19F 870.68 413.19 2.11 (1.48–2.99) 12.22 5.91 2.07 (1.61–2.66)

23F 585.75 198.69 2.95 (2.02–4.31) 10.85 4.94 2.20 (1.69–2.85)

aGMTs and GMcs were calculated using available data from eligible participants for the specified blood draw. bNumber of participants with determinate 
antibody titer to the given serotype. cserotype 6a is present in PcV13 but not in PPsV23. abbreviations: cI, confidence interval; GMc, geometric mean 
concentrations; GMT, geometric mean titers; IgG, immunoglobulin G; OPa, opsonophagocytic activity; PcV13, 13-valent pneumococcal conjugate vac-
cine (with aluminum phosphate); PPsV23, 23-valent pneumococcal polysaccharide vaccine.
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present study, OPA GMTs were significantly lower for the major-
ity of serotypes (8 of 13) after PCV13/PCV13 compared with 
after dose 1 of PCV13 and were significantly higher for serotype 
23F only. This finding was later confirmed by another study of 
PCV13 in adults aged 60–64 y, with significantly lower OPA 
GMTs for 7 of 13 serotypes and statistically significantly higher 
responses only for serotype 23F14 It was speculated that the lack 
of enhancement of the immune response may be due to high 
circulating antibody titers following initial PCV13 vaccination 
interfering with response to subsequent vaccination when the 
interval between doses is short. This perspective was supported 
by a separate study which assessed a longer interval of 3.5–4.0 y 
between PCV13 administrations.15 In this study, responses to a 
second PCV13 dose for the majority of serotypes were generally 
at least comparable to initial PCV13 responses and statistically 
significantly greater for many of the serotypes. These latter obser-
vations showed that it is possible to revaccinate PCV13 recipients 
with PCV13 at an appropriate interval, thereby maintaining or 
increasing antibody levels, which may optimize protection over 
time. In the same study, revaccination with PPSV23, in which 
PPSV23 was administered twice with a 3.5- to 4.0-y interval, 
resulted in an overall lower immune response.15

As PPSV23 is generally associated with reduced responses to 
subsequent PPSV23 or PCV vaccination,15,19 we extended the 

study to determine if prior PCV13 might protect against lower 
responses induced by PPSV23 to subsequent PCV13 vaccination. 
This extension study showed that the reduced immune responses 
after PPSV23 were not overcome by priming with PCV13 when 
administered as the vaccine sequence PCV13/PPSV23/PCV13 
at 1-y intervals.

For safety evaluations in both studies, reactogenicity was col-
lected using an e-diary, which prompted assessment of vaccine-
associated symptoms and completion of a checklist within a fixed 
time window, providing an accurate representation of each par-
ticipant’s experience for 14 d after vaccination. Compliance with 
e-diary completion in this elderly population was high.

Overall, PCV13 was well tolerated and safe, and was compa-
rable to PPSV23—a licensed vaccine with an acceptable safety 
profile.13 Revaccination with a second dose of PCV13 at a 1-y 
interval did not increase reactogenicity. In contrast, administra-
tion of PPSV23 after PCV13 showed increased reactogenicity for 
local reactions and some systemic events compared with after 2 
doses of PCV13. These findings were later confirmed by other 
studies using the final manufacturing formulation.14

A limitation of this study was that PCV13 did not contain 
0.02% polysorbate 80, which was later added to PCV13 to improve 
the robustness of the manufacturing process. Nevertheless, as 
noted above, immune responses were consistent with those from 
other adult studies using the final formulation.14,15,20,21 Other 
limitations included the short 1-y interval between vaccinations, 
and the lack of a comparative arm assessing PPSV23 followed by 
PPSV23. These limitations have been subsequently addressed in 
another PCV13 clinical development study.15

Based on data from this study and others, PCV13 has since 
been licensed in the US, Europe, and other countries for adults 
aged ≥50 y.21-23 The US Advisory Committee on Immunization 
Practices recently recommended that certain immunocompro-
mised populations be vaccinated first with PCV13 followed by 
a dose of PPSV23.24

Overall, PCV13 in adults was well tolerated and immuno-
genic. With its T-cell–dependent immune response and memory 
effect on subsequent natural exposure or revaccination, PCV13 
has the potential to protect against vaccine-type pneumococcal 
disease over an extended time period.

Methods

Trial design
The parent trial was a randomized, open-label, multicenter 

trial in adults aged ≥65 y who were not previously vaccinated with 
PPSV23, conducted at 19 sites in South Africa (ClinicalTrials.
gov identification number NCT00269672) between September 
30, 2005, and December 19, 2006. The extension trial was an 
open-label, single-arm trial (ClinicalTrials.gov identification 
number NCT00500357) conducted at 17 of the 19 sites between 
November 5, 2007, and January 14, 2008. Both trials were con-
ducted in accordance with the ethical principles originating in the 
Declaration of Helsinki and were each approved by 2 ethics com-
mittees: Pharma-Ethics at Lyttelton Manor and the Committee 

Table 4. Immune responses 1 mo after vaccine sequence PcV13/PPsV23 
given at a 1-y interval compared with after a single dose of PPsV23 (evalu-
able immunogenicity population)

PCV13/
PPSV23

PPSV23
PCV13/PPSV23 

relative to PPSV23

Serotype
OPA GMTa

nb = 118–126
OPA GMTa

nb = 271–286
GMT ratios (95% CI)

1 157.69 77.91 2.02 (1.40–2.93)

3 131.23 74.07 1.77 (1.32–2.37)

4 1355.86 1402.22 0.97 (0.68–1.38)

5 310.10 149.75 2.07 (1.34–3.21)

6ac 1742.87 605.32 2.88 (1.78–4.66)

6B 1840.62 1130.44 1.63 (1.08–2.45)

7F 1098.40 1235.06 0.89 (0.59–1.33)

9V 524.72 289.23 1.81 (1.01–3.26)

14 756.71 933.29 0.81 (0.54–1.21)

18c 1569.79 1107.39 1.42 (0.94–2.15)

19a 786.43 648.55 1.21 (0.90–1.64)

19F 853.01 413.19 2.06 (1.37–3.12)

23F 451.41 198.69 2.27 (1.42–3.63)

aGMTs were calculated using available data from all eligible participants for 
specified vaccine group and given vaccination. bNumber of participants 
with assay results for the specified vaccine group and given vaccination. 
cserotype 6a is present in PcV13, but not in PPsV23. abbreviations: cI, 
confidence interval; GMT, geometric mean titers; OPa, opsonophagocytic 
activity; PcV13, 13-valent pneumococcal conjugate vaccine; PPsV23, 
23-valent pneumococcal polysaccharide vaccine.
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for Pharmaceutical Trials at University of Stellenbosch. The 
study was conducted in compliance with the local legal require-
ments in South Africa.

Participants
Healthy men and women in South Africa aged ≥65 y were 

eligible for enrolment. Participants were ineligible if they: had 
a known hypersensitivity to any vaccine or vaccine component; 
had a history of S. pneumoniae infection within the previous 5 y; 
were previously vaccinated with PPSV23 or any vaccine within 
past 30 d, or a diphtheria-containing vaccine within 6 mo prior 
to study vaccine; had known or suspected immunodeficiency 
or suppression or serious chronic illness with pulmonary, renal, 
or cardiac failure; had evidence of severe cognitive impairment 
(mini-mental state examination score ≤21); or were residents in 
a nursing home or other long-term care facility. Participants on 
anticoagulants were eligible unless current use contraindicated 
intramuscular injection.

Randomization
In the parent trial, participants were randomized in a 1:1:1 

ratio to receive PCV13 formulated with AlPO
4
 (hereafter 

PCV13), PCV13 formulated without AlPO
4
 (hereafter PCV13−

AlPO
4
), or PPSV23. After 1 y, participants who received the 

selected PCV13 formulation were randomly assigned (1:1 ratio) 
to receive either PCV13 or PPSV23 (Fig. 1). Participants who 
received the vaccine sequence PCV13/PPSV23 in the parent 
study were invited to participate in an open-label extension trial, 
and received a further dose of PCV13 (PCV13/PPSV23/PCV13). 
All vaccines were given at 1-y intervals (Fig. 1). Participants who 
received PCV13−AlPO

4
 received PPSV23 after 1 y (data not 

shown).
The randomization schedule was determined through an 

interactive voice response telephone system for vaccination 1 and 
by vaccination envelopes for vaccination 2.

Vaccines and administration
The formulation choice was between PCV13 with AlPO

4
 (lot 

number 7-5064-002B7-5064-002B) and without AlPO
4
. PCV13 

(lot number 7-5088-002A) contains pneumococcal serotypes 1, 
3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F (contain-
ing 2.2 µg of each saccharide, except for 4.4 µg of serotype 6B), 
individually conjugated to CRM

197
, 0.85% sodium chloride, and 

0.125 mg aluminum as AlPO
4
 per 0.5-ml dose. PCV13−AlPO

4
 

was identical to PCV13 except that PCV13−AlPO
4
 contains no 

AlPO
4
. The vaccine was prefilled into single-dose syringes with-

out preservatives.
PPSV23 (lot number 0815P) consists of a purified capsular 

polysaccharide from 12 of the serotypes included in PCV13 (all 
except 6A), as well as 11 additional serotypes (2, 8, 9N, 10A, 
11A, 12F, 15B, 17F, 20, 22F, and 33F). The vaccine is formu-
lated to contain 25 µg of each of the 23 purified polysaccharide 
serotypes per 0.5-mL dose of vaccine in isotonic saline solution 
containing 0.25% phenol as preservative.

Vaccines were administered intramuscularly into the deltoid 
muscle of the arm.

Immunogenicity assessment
PCV13 serotype-specific immune responses were mea-

sured in a central laboratory by ELISA measuring IgG binding 

antibodies25 or by standardized microcolony OPA assays mea-
suring functional antibody titers.26-28 OPA titers were defined 
as the interpolated reciprocal serum dilution that resulted in 
complement-mediated killing of 50% of the assay bacteria. The 
lowest titer that can be determined in the assay (limit of detec-
tion [LOD]), regardless of serotype, is 1:8. However, to quantify 
functional antibodies with appropriate precision and accuracy, 
the lower limit of quantitation (LLOQ) was determined for each 
serotype-specific OPA assay during assay validation. Titers below 
the LLOQ were set to a value of 1:4 (half of the LOD). IgG 
concentrations and OPA titers were measured in blood samples 
obtained immediately before and approximately 1 mo (29–43 
d) after each vaccination. Prevaccination antibody levels are not 
presented in this manuscript (Pfizer data on file).

Safety assessments
Participants recorded local reactions (redness, swelling, pain, 

and limitation of arm movement) and systemic events (oral 
temperature to measure fever, fatigue, headache, chills, rash, 
vomiting, decreased appetite, and new and aggravated general-
ized muscle and joint pain) daily for 14 d after vaccination in 
an e-diary. Other AEs were collected by the investigator at each 
visit (29–43 d after each vaccination) based on clinical evalu-
ation as well as in response to nonspecific questions. AEs were 
categorized according to the Medical Dictionary for Regulatory 
Activities (MedDRA).

Sample size estimation
A sample size of 278 evaluable participants per group was 

to provide 90% overall power to demonstrate noninferiority 

Table 5. Immune responses 1 mo after dose 1 and dose 2 of PcV13 (evalu-
able immunogenicity population)

PCV13/PCV13 PCV13 Dose 2 vs Dose 1

Serotype
OPA GMTa

nb = 113–126
OPA GMTa

nb = 113–126
GMT ratio (95% CI)

1 135 192 0.7 (0.54–0.92)

3 87 145 0.6 (0.51–0.71)

4 1411 2904 0.5 (0.41–0.58)

5 218 500 0.4 (0.35–0.55)

6a 2802 3378 0.8 (0.60–1.15)

6B 2843 3031 0.9 (0.76–1.16)

7F 691 821 0.8 (0.61–1.15)

9V 543 1038 0.5 (0.35–0.78)

14 469 838 0.6 (0.43–0.73)

18c 1547 3000 0.5 (0.42–0.63)

19a 631 995 0.6 (0.54–0.75)

19F 612 650 0.9 (0.70–1.27)

23F 834 607 1.4 (1.02–1.85)

aGMTs were calculated using available data from all eligible participants 
with the specified blood draw. bNumber of participants with determinate 
antibody titers to the given serotype at both the postvaccination 1 and 
postvaccination 2 blood draws. abbreviations: cI, confidence interval; 
GMT, geometric mean titers; OPa, opsonophagocytic activity; PcV13, 
13-valent pneumococcal conjugate vaccine.
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between PCV13 with AlPO
4
 and PCV13 without AlPO

4
 using a 

2-fold criterion for the geometric mean IgG concentration ratio 
(i.e., lower limit of the 95% CI > 0.5). Additionally, a sample of 
278 participants per vaccine group was to provide 80% power 
to demonstrate noninferiority of the immune responses elicited 
by PCV13 compared with PPSV23 based on the pneumococcal 
OPA titers ≥ 1:128 observed during a previous trial16 using the 
noninferiority criterion -10%. Based on an assumed dropout rate 
of ≤7%, approximately 900 participants were enrolled to achieve 
278 evaluable participants per group. Target enrolment for the 
extension trial was estimated at 150 participants and included 
PCV13/PPSV23 recipients from the parent trial.

The evaluable immunogenicity population included all eli-
gible participants, with no other major protocol violations, who 
received the assigned vaccines and had ≥1 valid and determi-
nate assay result for the comparison of interest. The all-available 
immunogenicity population included all participants who had 
≥1 valid and determinate assay result (data not shown). The 
safety population included any participant who received ≥1 dose 
of study vaccine.

Study objectives
The parent trial was conducted to:
1) demonstrate that PCV13−AlPO

4
 is as immunogenic as 

PCV13 with AlPO
4
 as determined by serotype-specific IgG anti-

body concentrations; OPA assays were not performed.

2) demonstrate that the selected formulation of PCV13 is as 
immunogenic as PPSV23, as determined by serotype-specific 
OPA antibody titers and IgG concentrations.

3) compare the responses elicited by PPSV23 when given 1 y 
after PCV13 with a single dose of PPSV23 (hereafter PCV13/
PPSV23 vs. PPSV23).

4) compare the responses of a second dose of PCV13 relative 
to the first dose of PCV13 (hereafter PCV13/PCV13 vs. PCV13) 
as determined by serotype-specific OPA antibody titers.

The extension study compared OPA responses after vaccina-
tion 3 with those after vaccination 1, and vaccination 2 of the 
vaccine sequence PCV13/PPSV23/PCV13 given at a 1-y interval.

The safety and tolerability of PCV13 (with and without 
AlPO

4
) and PPSV23 were assessed.

Statistical analyses
For the 13 serotypes contained in PCV13, serotype-specific 

IgG concentrations/OPA titers were logarithmically transformed 
for analysis. IgG GMCs and OPA GMTs were computed for each 
serotype with corresponding 95% CIs constructed by back trans-
formation of the CIs for the mean of the logarithmically trans-
formed assay results, computed using the Student t distribution. 
To assess differences between vaccines, 2-sided 95% CIs for the 
ratios of GMCs or GMTs were constructed by back transforma-
tion of the CIs for the mean difference of the logarithmically 

Table 6. Immune responses after each vaccination in the vaccine sequence PcV13/PPsV23/PcV13

Extension trial

PCV13/PPSV23/PCV13 vs. PCV13
Vaccination 3 vs. Vaccination 1

PCV13/PPSV23/PCV13 vs. PCV13/PPSV23
Vaccination 3 vs. Vaccination 2

PCV13/PPSV23/PCV13
n = 78−96a

PCV13
n = 78−96a

PCV13/PPSV23/PCV13
n = 86−97a

PCV13/ PPSV23
n = 86−97a

Serotype OPA GMTb OPA GMTb GMT ratio (95% CI) OPA GMT b OPA GMTb GMT ratio 
(95% CI)

1 78 198 0.4 (0.28–0.56) 81 184 0.4 (0.34–0.57)

3 104 126 0.8 (0.67–1.01) 104 131 0.8 (0.66–0.95)

4 1254 2210 0.6 (0.44–0.72) 1406 1457 1.0 (0.76–1.22)

5 170 413 0.4 (0.32–0.53) 219 326 0.7 (0.57–0.80)

6a 3158 4931 0.6 (0.45–0.91) 3443 1732 2.0 (1.39–2.84)

6B 2440 3251 0.8 (0.56–1.01) 2505 1862 1.3 (1.11–1.63)

7F 353 869 0.4 (0.25–0.65) 351 1292 0.3 (0.18–0.41)

9V 247 977 0.3 (0.16–0.40) 267 624 0.4 (0.27–0.68)

14 550 982 0.6 (0.40–0.78) 557 808 0.7 (0.57–0.83)

18c 1457 2860 0.5 (0.40–0.65) 1452 1753 0.8 (0.66–1.03)

19a 431 1141 0.4 (0.30–0.48) 511 756 0.7 (0.58–0.78)

19F 494 1014 0.5 (0.35–0.67) 527 901 0.6 (0.47–0.73)

23F 661 523 1.3 (0.86–1.86) 731 484 1.5 (1.18–1.94)

aNumber of eligible participants with determinate OPa titer for the specified serotype. bGMTs calculated using available data from all eligible participants 
for the specified blood draw. abbreviations: cI, confidence interval; GMT, geometric mean titer; OPa, opsonophagocytic activity; PcV13, 13-valent pneu-
mococcal conjugate vaccine; PPsV23, 23-valent pneumococcal polysaccharide vaccine.
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transformed assay results computed using the 
Student t distribution. For each serotype com-
parison, the noninferiority criterion was met if 
the lower limit of the 2-sided 95% CI for the 
ratios of the GMCs or GMTs was >0.5 (2-fold 
criterion). Differences between groups were 
considered statistically significantly lower 
when the upper limit of the 2-sided 95% CI 
of the GMC or GMT ratio was <1 or sig-
nificantly higher when the lower limit of the 
2-sided 95% CI of the GMC or GMT ratio 
was >1.

Rates of local reactions, systemic events, 
and AEs between vaccine groups were com-
pared using Fisher exact test.

The statistical software system used for 
generation of the tables and figures was SAS® 
Release 9.1 or higher.
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Figure 2. Local reactions reported within 14 d after vaccination. aseverity of redness and swell-
ing: absent (no or minimal redness/swelling present, 0 to <2.5 cm; 0 to <5 caliper units), mild 
(2.5–5.0 cm; ≥5 to ≤10 caliper units), moderate (5.1–10.0 cm; >10 to ≤20 caliper units), or severe 
(>10.0 cm; >20 caliper units). bseverity of pain at the injection(s) site: mild (awareness of sign/
symptom but easily tolerated), moderate (enough discomfort to interfere with usual activity), 
or severe (inability to do usual activity).cseverity of limitation of arm movement: absent (no 
limitation), mild (some limitation), moderate (able to move arm above shoulder-level but not 
above head), or severe (unable to move arm above shoulder). abbreviations: PcV13, 13-valent 
pneumococcal conjugate vaccine; PPsV23, 23-valent pneumococcal polysaccharide vaccine.
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