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ABSTRACT
Vaccination with the 13-valent pneumococcal conjugate vaccine (PCV13) followed ≥ 1 year by the 23-
valent pneumococcal polysaccharide vaccine (PPSV23) is recommended for immunocompetent adults
≥ 65 years of age in the United States. This study assessed antipneumococcal opsonophagocytic activity
(OPA) geometric mean titers (GMTs) to PCV13 in PPSV23-naive and PPSV23-preimmunized adults 1 year
after a second vaccine dose. Two parent studies were conducted previously: (1) PPSV23 vaccine–naive
subjects (60–64 years of age at enrollment) received PCV13 followed by PCV13 or PPSV23 1 year later or
PPSV23 followed by PCV13 1 year later; and (2) subjects (≥ 70 years of age at enrollment) vaccinated
with PPSV23 ≥ 5 years before study entry received PCV13 or PPSV23 followed by PCV13 1 year later.
Overall, 962 subjects (PPSV23-naive, n = 519; PPSV23-preimmunized, n = 443) who received both
vaccinations in the parent studies were enrolled. Numerically higher OPA GMTs persisted for at least
1 year after administration of PCV13 as the initial vaccine (PCV13/PPSV23 or PCV13/PCV13) compared
with those who received PPSV23 either 1 or 5 years prior (PPSV23/PCV13). This impairment in antibody
responses to subsequent PCV13 vaccination produced by initial PPSV23 vaccination persisted for at least
1 year. OPA GMTs were numerically higher for most serotypes 1 year after 2 doses of PCV13 compared
with 1 year after the first PCV13 dose. These data suggest PCV13 should be given first if both vaccines
are to be administered, higher immune responses were achieved when PCV13 was given first and
persisted at least 1 year (ClinicalTrials.gov Identifier: NCT01025336).
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Introduction

The incidence of pneumococcal disease in adults is highest in
the elderly,1–4 with mortality from infection positively corre-
lated with age.5,6 In addition, older adults often have under-
lying conditions that increase their susceptibility to
pneumococcal disease7 and contribute to increased morbidity
and mortality.8

Two vaccines to prevent pneumococcal disease are cur-
rently approved in the United States for use in older adults:
the 23-valent pneumococcal polysaccharide vaccine (PPSV23)
and the 13-valent pneumococcal conjugate vaccine (PCV13).9

The Centers for Disease Control and Prevention Advisory
Committee on Immunization Practices (ACIP) recommends
vaccination of immunocompetent adults ≥ 65 years of age
who have not previously received a pneumococcal vaccine be
vaccinated first with PCV13 followed by PPSV23 6 to
12 months later.9 ACIP also recommends that adults
≥ 65 years of age who have already received a dose of
PPSV23 receive a dose of PCV13 ≥ 1 year later.

Two earlier studies evaluated the sequential use of PCV13
and PPSV23 as part of the clinical development plan for
PCV13 in adults.10,11 Study 1 was conducted in adults 60 to
64 years of age who had not received prior PPSV23 (PPSV23-
naive).10 Study 2 was conducted in adults 70 years and older
who had received PPSV23 at least 5 years before enrollment
(preimmunized).11 In both studies, the 2 pneumococcal vac-
cines were administered in different sequential order with
1 year between doses. Immunogenicity assessed by opsono-
phagocytic activity (OPA) approximately 1 year after the
second vaccine dose for both studies are reported herein;
antibody persistence was assessed when vaccines were admi-
nistered in different sequential order.

Results

Baseline characteristics and disposition of subjects

A total of 964 subjects from the parent studies participated in
this study; 962 were enrolled (n = 519, study 1; n = 443, study 2)
and included in the all-available immunogenicity population
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(Supplementary Figure 2). Two subjects were withdrawn
because of a protocol violation. Aside from age, demographic
characteristics were similar for all groups (Table 1). Mean age at
1 year after vaccination 2 was similar among groups within each
study.

Immune responses

OPA antibody levels 1 year after vaccination 2
The primary objective was to describe OPA antibody
responses descriptively 1 year after vaccination 2 (Table 2).
For subjects naive to PPSV23 (study 1), OPA GMTs 1 year

after vaccination 2 for PCV13/PCV13 were similar or numeri-
cally higher than those for PCV13/PPSV23 for 3 of the 12
common serotypes and serotype 6A (contained in PCV13 but
not PPSV23). OPA GMTs 1 year after PCV13/PPSV23 were
numerically higher than those after PCV13/PCV13 for 9 of 12
common serotypes. OPA GMTs 1 year after vaccination 2 for
PPSV23/PCV13 were lower than those for PCV13/PCV13 and
PCV13/PPSV23 for all serotypes except for serotypes 5 and
14, for which OPA GMTs were numerically higher for
PPSV23/PCV13 than PCV13/PCV13 (Table 2).

For subjects preimmunized with PPSV23 (study 2), OPA
GMTs 1 year after vaccination 2 for PCV13/PCV13 were

Table 2. OPA GMTs among the 3 vaccine sequences 1 year after the second vaccination.

Vaccine sequence
GMTa

(95% CI)b

Study 1
PPSV23-naive adults

Study 2
PPSV23-preimmunized adults

Serotype
PCV13/PCV13
(n = 122−129)c

PCV13/PPSV23
(n = 195−209)c

PPSV23/PCV13
(n = 166−179)c

PCV13/PCV13
(n = 210−220)c

PPSV23/PCV13
(n = 208−222)c

1 54 52 36 38 22
(40.8, 71.0) (40.9, 65.5) (27.1, 46.7) (30.9, 47.9) (17.5, 27.8)

3 19 27 18 20 16
(15.0, 23.5) (22.2, 32.3) (14.4, 21.9) (16.5, 23.4) (13.3, 19.2)

4 328 355 183 265 172
(229.0, 469.0) (264.7, 475.9) (127.7, 263.2) (200.8, 348.5) (129.0, 230.1)

5 29 76 44 58 42
(20.4, 41.4) (58.0, 99.7) (32.9, 59.6) (45.1, 74.1) (32.2, 55.6)

6A 316 225 102 250 115
(216.5, 461.2) (163.6, 308.3) (71.4, 146.9) (187.3, 334.0) (84.5, 156.8)

6B 785 593 324 510 381
(540.6, 1140.2) (441.4, 797.3) (225.0, 466.1) (378.2, 686.4) (281.9, 513.9)

7F 247 412 145 173 115
(160.4, 380.9) (313.1, 541.2) (100.3, 210.7) (126.0, 237.5) (81.6, 160.9)

9V 211 221 129 81 68
(134.3, 330.9) (154.2, 316.0) (84.5, 196.5) (55.1, 117.9) (47.4, 98.5)

14 379 416 383 202 240
(273.6, 526.2) (316.2, 548.2) (286.9, 510.6) (154.6, 265.0) (181.0, 317.0)

18C 393 527 337 540 360
(271.3, 569.3) (401.7, 690.5) (240.7, 471.7) (435.5, 668.5) (273.6, 474.5)

19A 244 313 170 232 181
(189.1, 314.1) (263.1, 372.3) (134.4, 214.8) (193.2, 278.1) (146.7, 222.9)

19F 256 426 195 277 158
(182.4, 359.0) (343.7, 527.7) (145.1, 262.1) (218.6, 351.7) (119.3, 209.9)

23F 110 64 35 103 45
(73.9, 165.0) (47.6, 86.5) (25.6, 48.6) (78.0, 135.5) (33.5, 59.6)

Abbreviations: GMT = geometric mean titer; OPA = opsonophagocytic activity; PCV13 = 13-valent pneumococcal conjugate vaccine; PPSV23 = 23-valent
pneumococcal polysaccharide vaccine.

aGMTs are calculated using all subjects with available data for the specific blood draw.
bCIs for the ratio are back transformations of a CI based on the Student t distribution for the mean logarithm of the titers.
cn = Number of subjects with a valid and determinate OPA antibody titer for the specified serotype.

Table 1. Baseline characteristics.

Study 1
PPSV23-naive adults

Study 2
PPSV23-preimmunized adults

Vaccine sequence Vaccine sequence

Characteristic
PCV13/PCV13
(n = 130)

PCV13/PPSV23
(n = 210)

PPSV23/PCV13
(n = 179)

PCV13/PCV13
(n = 221)

PPSV23/PCV13
(n = 222)

Female, % 58.5 59.5 57.0 51.6 51.8
Race, %
White 94.6 95.7 96.1 96.4 94.6
Black or African American 3.8 3.3 3.4 2.3 2.3
Asian 0.8 0 0 0.9 3.2
American Indian or Alaska Native 0.8 0.5 0 0 0
Other 0 0.5 0.6 0 0
Native Hawaiian or other Pacific Islander 0 0 0 0.5 0

Mean (SD) age 1 year after vaccination 2, y 64.0 (1.4) 64.1 (1.4) 64.2 (1.4) 78.3 (4.5) 77.8 (4.1)

Abbreviations: PCV13 = 13-valent pneumococcal conjugate vaccine; PPSV23 = 23-valent pneumococcal polysaccharide vaccine.
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numerically higher than those for PPSV23/PCV13 for 11 of
the 12 common serotypes and serotype 6A (unique serotype
in PCV13) (Table 2). For subjects in both parent studies, OPA
GMTs 1 year after the second vaccination were numerically
higher for the majority of serotypes when PCV13 was given
first before a subsequent vaccination with PCV13 or PPSV23
compared with when PPSV23 was given first (Table 2).

Comparison of OPA GMTs 1 year after vaccination 2 among
the 3 vaccine sequences in PPSV23-naive adults
PCV13/PPSV23 compared with PPSV23/PCV13. The OPA
GMT ratio was > 1 for all serotypes, indicating numerically
higher GMTs in the PCV13/PPSV23 group than the PPSV23/
PCV13 group. OPA GMTs 1 year after vaccination 2 for
PCV13/PPSV23 were statistically significantly higher than
those for PPSV23/PCV13 for 10 of the 12 common serotypes
and serotype 6A (Table 3).

PCV13/PCV13 compared with PPSV23/PCV13. The OPA
GMT ratio was ≥ 1 for 11 of the 12 common serotypes and
serotype 6A, indicating similar or numerically higher GMTs
in the PCV13/PCV13 group than in the PPSV23/PCV13

group. OPA GMTs 1 year after vaccination 2 for PCV13/
PCV13 were statistically significantly higher than those for
PPSV23/PCV13 for 5 of the common serotypes and serotype
6A (Table 3).

PCV13/PCV13 compared with PCV13/PPSV23. The OPA
GMT ratio was ≥ 1 for 4 of the 12 common serotypes and
serotype 6A, indicating similar or higher GMTs in the
PCV13/PCV13 group than in the PCV13/PPSV23 group.
OPA GMTs 1 year after vaccination 2 for the PCV13/
PCV13 group were statistically significantly higher than
those for the PCV13/PPSV23 group for serotype 23F and
statistically significantly lower for 4 serotypes (Table 3).

Comparison of OPA GMTs 1 year after vaccination 2 among
the 2 vaccine sequences in PPSV23-preimmunized adults
The OPA GMT ratio was > 1 for all serotypes except serotype 14,
indicating numerically higher GMTs in the PCV13/PCV13
group than in the PPSV23/PCV13 group. OPA GMTs 1 year
after vaccination 2 for the PCV13/PCV13 group were statistically
significantly higher than those for the PPSV23/PCV13 group for
5 of the 12 common serotypes and for serotype 6A (Table 3).

Table 3. Comparison of OPA GMTs 1 year after vaccination 2 in PPSV23-naive and PPSV23-preimmunized subjects.

Vaccine sequence
GMT ratioa (95% CI)b

Study 1
PPSV23-naive adults

Study 2
PPSV23-preimmunized adults

Serotype

PCV13/PPSV23
(n = 195–209)c

vs
PPSV23/PCV13
(n = 166–179)c

PCV13/PCV13
(n = 122–129)c

vs
PPSV23/PCV13
(n = 166–179)c

PCV13/PCV13
(n = 122–129)c

vs
PCV13/PPSV23
(n = 195–209)c

PCV13/PCV13
(n = 210–220)c

vs
PPSV23/PCV13
(n = 208–222)c

1 1.5 1.5 1.0 1.7
(1.02, 2.08) (1.02, 2.25) (0.72, 1.51) (1.27, 2.40)

3 1.5 1.1 0.7 1.2
(1.14, 1.99) (0.78, 1.44) (0.52, 0.94) (0.95, 1.59)

4 1.9 1.8 0.9 1.5
(1.22, 3.06) (1.06, 3.00) (0.58, 1.47) (1.03, 2.29)

5 1.7 0.7 0.4 1.4
(1.15, 2.56) (0.41, 1.04) (0.25, 0.59) (0.95, 1.97)

6A 2.2 3.1 1.4 2.2
(1.36, 3.53) (1.82, 5.24) (0.85, 2.32) (1.42, 3.31)

6B 1.8 2.4 1.3 1.3
(1.15, 2.91) (1.43, 4.11) (0.82, 2.13) (0.88, 2.04)

7F 2.8 1.7 0.6 1.5
(1.80, 4.44) (0.96, 3.00) (0.37, 0.97) (0.95, 2.40)

9V 1.7 1.6 1.0 1.2
(0.99, 2.96) (0.88, 3.04) (0.54, 1.70) (0.70, 1.99)

14 1.1 1.0 0.9 0.8
(0.73, 1.62) (0.64, 1.54) (0.59, 1.41) (0.57, 1.25)

18C 1.6 1.2 0.7 1.5
(1.02, 2.39) (0.71, 1.93) (0.48, 1.17) (1.06, 2.12)

19A 1.8 1.4 0.8 1.3
(1.38, 2.45) (1.01, 2.04) (0.58, 1.05) (0.97, 1.69)

19F 2.2 1.3 0.6 1.8
(1.53, 3.12) (0.84, 2.06) (0.41, 0.88) (1.21, 2.53)

23F 1.8 3.1 1.7 2.3
(1.18, 2.82) (1.89, 5.20) (1.05, 2.81) (1.54, 3.42)

Abbreviations: GMT = geometric mean titer; OPA = opsonophagocytic activity; PCV13 = 13-valent pneumococcal conjugate vaccine; PPSV23 = 23-valent
pneumococcal polysaccharide vaccine.

Note: only subjects enrolled in the current study are used.
aRatio of GMT is calculated by back transforming the mean difference between vaccine sequences on the logarithmic scale.
bCIs for the ratio are back transformations of a CI based on the Student t distribution for the mean difference of the logarithms of the measures.
cn = Number of subjects with a determinate OPA antibody titer to the given serotype.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 577



Comparison of OPA GMTs 1 year after vaccination 2 with
1 year after vaccination 1 in PPSV23-naive adults
PCV13/PPSV23 compared with initial PPSV23. The OPA
GMT ratio was ≥ 1 for all serotypes, indicating that OPA
GMTs 1 year after vaccination 2 for PCV13/PPSV23 were
similar or numerically higher than those at 1 year after the
first dose of PPSV23. OPA GMTs for 9 of the 13 serotypes
were statistically significantly higher at 1 year after vaccina-
tion 2 for PCV13/PPSV23 than 1 year after the first dose of
PPSV23 (Table 4).

PCV13/PCV13 compared with initial PCV13. The OPA
GMT ratio was ≥ 1 for 10 of 13 serotypes, indicating OPA
GMTs were similar or numerically higher 1 year after PCV13/
PCV13 than 1 year after the first dose of PCV13. OPA GMTs
were statistically significantly higher for 6 serotypes and sta-
tistically significantly lower for 3 serotypes at 1 year after
vaccination for PCV13/PCV13 than at 1 year after the first
dose of PCV13 (Table 4).

PPSV23/PCV13 compared with initial PCV13. The OPA
GMT ratio was < 1 for 9 of the 13 serotypes, indicating
OPA GMTs were numerically lower at 1 year after vaccination
2 for PPSV23/PCV13 than at 1 year after the first dose of

PCV13. PPSV23 followed by PCV13 elicited a significantly
higher response for 1 serotype and statistically significantly
lower responses for 4 serotypes than PCV13 (Table 4).

Comparison of OPA GMTs 1 year after vaccination 2 with
1 year after vaccination 1 in PPSV23-preimmunized adults
PCV13/PCV13 compared with initial PCV13. The OPA
GMFR was > 1 for 12 of the 13 serotypes, indicating OPA
GMTs were numerically higher at 1 year after vaccination 2
for PCV13/PCV13 than at 1 year after the first dose of
PCV13. OPA GMTs for 12 serotypes (except serotype 6A)
were statistically significantly higher at 1 year after vaccina-
tion 2 for PCV13/PCV13 than at 1 year after the first dose of
PCV13 (Table 5).

PPSV23/PCV13 compared with initial PCV13. The OPA
GMT ratio was ≥ 1 for 9 of 13 serotypes, indicating that OPA
GMTs were similar or numerically higher at 1 year after vacci-
nation 2 for PPSV23/PCV13 than at 1 year after the first dose of
PCV13. OPA GMTs were statistically significantly higher for 3
serotypes and statistically significantly lower for 2 serotypes at
1 year after vaccination 2 for PPSV23/PCV13 than at 1 year
after the first dose of PCV13 (Table 5).

Table 4. Comparison of OPA GMTs 1 year after vaccination 2 with 1 year after vaccination 1 in PPSV23-naive subjects (Study 1).

Vaccine sequence
Vaccine

comparison Vaccine sequence
Vaccine

comparison Vaccine sequence
Vaccine

comparison
GMTa

(95% CI)c
Ratiob

(95% CI)d
GMTa

(95% CI)c
Ratiob

(95% CI)d
GMTa

(95% CI)c
Ratiob

(95% CI)d

Serotype

PCV13/
PPSV23
(n = 195
−209)e

PPSV23
(n = 165
−175)e

PCV13/
PPSV23 vs
PPSV23

PCV13/
PCV13
(n = 112
−124)e

PCV13
(n = 112
−124)e

PCV13/
PCV13 vs
PCV13

PPSV23/
PCV13
(n = 166
−179)e

PCV13
(n = 316
−332)e

PPSV23/
PCV13 vs
PCV13

1 52 45 1.1 52 52 1.0 36 54 0.7
(40.9, 65.5) (34.5, 59.8) (0.80, 1.63) (39.6, 69.0) (38.2, 69.5) (0.85, 1.22) (27.1, 46.7) (45.4, 65.0) (0.48, 0.90)

3 27 26 1.0 18 19 1.0 18 21 0.8
(22.2, 32.3) (20.4, 32.5) (0.77, 1.39) (14.2, 22.3) (14.5, 24.1) (0.82, 1.10) (14.4, 21.9) (18.1, 24.9) (0.64, 1.09)

4 355 332 1.1 376 710 0.5 183 622 0.3
(264.7, 475.9) (231.8, 476.2) (0.68, 1.69) (264.2, 534.0) (504.4, 998.7) (0.41, 0.69) (127.7, 263.2) (496.9, 777.7) (0.20, 0.44)

5 76 49 1.5 29 39 0.8 44 52 0.9
(58.0, 99.7) (36.4, 66.9) (1.03, 2.31) (20.4, 42.1) (26.2, 56.7) (0.67, 0.87) (32.9, 59.6) (40.9, 64.8) (0.59, 1.26)

6A 225 82 2.7 331 540 0.6 102 597 0.2
(163.6, 308.3) (54.6, 122.4) (1.66, 4.55) (227.1, 483.3) (347.1, 838.8) (0.48, 0.79) (71.4, 146.9) (466.8, 764.7) (0.11, 0.26)

6B 593 162 3.7 781 459 1.7 324 420 0.8
(441.4, 797.3) (108.9, 241.6) (2.25, 5.94) (529.8,

1150.8)
(292.2, 719.9) (1.32, 2.19) (225.0, 466.1) (320.2, 552.0) (0.49, 1.22)

7F 412 66 6.2 244 146 1.7 145 133 1.1
(313.1, 541.2) (44.1, 100.1) (3.85, 9.98) (155.7, 383.4) (89.4, 237.1) (1.24, 2.26) (100.3, 210.7) (99.6, 177.8) (0.68, 1.76)

9V 221 52 4.2 201 96 2.1 129 85 1.5
(154.2, 316.0) (33.7, 80.3) (2.43, 7.40) (125.8, 320.2) (58.3, 158.4) (1.48, 2.95) (84.5, 196.5) (62.7, 115.4) (0.90, 2.55)

14 416 302 1.4 383 241 1.6 383 250 1.5
(316.2, 548.2) (214.2, 425.3) (0.89, 2.13) (274.1, 534.2) (159.6, 364.0) (1.23, 2.05) (286.9, 510.6) (193.5, 324.2) (1.02, 2.30)

18C 527 319 1.7 398 403 1.0 337 439 0.8
(401.7, 690.5) (222.5, 457.3) (1.06, 2.57) (274.1, 579.1) (273.8, 592.0) (0.82, 1.19) (240.7, 471.7) (349.8, 551.0) (0.52, 1.14)

19A 313 153 2.0 253 203 1.2 170 208 0.8
(263.1, 372.3) (117.3, 199.5) (1.50, 2.78) (197.2, 325.7) (151.3, 271.8) (1.07, 1.46) (134.4, 214.8) (175.9, 245.7) (0.62, 1.08)

19F 426 125 3.4 238 114 2.1 195 147 1.3
(343.7, 527.7) (88.8, 176.5) (2.30, 5.04) (165.2, 341.7) (72.7, 177.5) (1.56, 2.80) (145.1, 262.1) (115.1, 187.7) (0.89, 1.98)

23F 64 30 2.1 104 90 1.1 35 90 0.4
(47.6, 86.5) (21.1, 42.1) (1.37, 3.37) (67.9, 158.6) (58.5, 139.9) (0.89, 1.48) (25.6, 48.6) (69.9, 116.6) (0.26, 0.59)

Abbreviations: GMT = geometric mean titer; OPA = opsonophagocytic activity; PCV13 = 13-valent pneumococcal conjugate vaccine; PPSV23 = 23-valent
pneumococcal polysaccharide vaccine.

aGMTs are calculated using all subjects with available data for the specific blood draw.
bRatio of GMT is calculated by back transforming the mean difference between vaccine sequence/group on the logarithmic scale.
cCIs are back transformations of a CI based on the Student t distribution for the mean logarithm of the titers.
dCIs are back transformations of a CI based on the Student t distribution for the mean difference of the logarithms of the measures.
en = Number of subjects with a valid and determinate OPA antibody titer to the given serotype.
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Comparison of OPA GMTs 1 year after vaccination 2 with
OPA GMTs measured at each time point in the parent
studies
OPA GMTs 1 year after vaccination 2 versus 1 month after
vaccination 2. Except for serotypes 7F and 9V for the
PPSV23/PCV13 group in study 1 and for serotype 14 for the
PCV13/PCV13 and PPSV23/PCV13 groups in study 2, all
GMFRs were < 1, indicating numerically lower OPA GMTs
at 1 year after vaccination 2 compared with those at 1 month
after vaccination 2. This is expected due to decline in anti-
bodies over time. GMFRs were similar for all serotypes across
the PCV13/PCV13 and PPSV23/PCV13 groups in both stu-
dies (Figure 110,11; Supplementary Tables 1–2)

OPA GMTs 1 year after vaccination 2 versus before vaccina-
tion 2. For most serotypes across the PCV13/PCV13 and
PPSV23/PCV13 groups from both studies, GMFRs were ≥ 1,
indicating that OPA GMTs at 1 year after vaccination 2 were
similar or numerically higher than those before vaccination 2
(1 year after vaccination 1) (Figure 1; Supplementary Tables 3–4).

OPA GMTs 1 year after vaccination 2 versus 1 month after
vaccination 1. The GMFRs in both studies were < 1 for all
serotypes across the PCV13/PCV13 and PPSV23/PCV13

groups, except for serotype 6A for the PPSV23/PCV13
group in study 2, indicating numerically lower OPA GMTs
at 1 year after vaccination 2 than at 1 month after vaccination
1 (Figure 1; Supplementary Tables 5–6).

OPA GMTs 1 year after vaccination 2 versus before vaccina-
tion 1. The GMFRs in both studies were > 1 for all serotypes
across the PCV13/PCV13 and PPSV23/PCV13 groups, indi-
cating numerically higher OPA GMTs at 1 year after vaccina-
tion 2 than before vaccination 1. For each serotype except
serotype 5, the highest GMFRs were in the PCV13/PCV13
and PCV13/PPSV23 groups among the PPSV23-naive sub-
jects (Figure 1; Supplementary Tables 7–8).

Safety

No AEs or SAEs were reported during the period between
signing of the informed consent for the blood draw and when
the blood draw was taken.

Discussion

ACIP recommends PCV13 and PPSV23 be administered in a
series to immunocompetent adults ≥65 years of age who had

Table 5. Comparison of OPA GMTs 1 year after vaccination 2 with 1 year after vaccination 1 in PPSV23-preimmunized subjects (Study 2).

Vaccine sequence
Vaccine

comparison Vaccine sequence
Vaccine

comparison
GMTa

(95% CI)c
Ratiob

(95% CI)d
GMTa

(95% CI)c
Ratiob

(95% CI)d

Serotype
PCV13/ PCV13
(n = 193–217)e

PCV13
(n = 193–217)e

PCV13/ PCV13
vs PCV13

PPSV23/ PCV13
(n = 208−222)e

PCV13
(n = 200−220)e

PPSV23/PCV13 vs
PCV13

1 38
(30.7, 47.5)

33
(26.4, 41.1)

1.2
(1.03, 1.31)

22
(17.5, 27.8)

33
(26.6, 41.3)

0.7
(0.48, 0.92)

3 19
(16.2, 23.2)

16
(13.2, 19.4)

1.2
(1.07, 1.37)

16
(13.3, 19.2)

16
(13.5, 19.6)

1.0
(0.76, 1.28)

4 267
(198.8, 358.8)

129
(89.0, 186.9)

2.1
(1.60, 2.68)

172
(129.0, 230.1)

123
(85.4, 177.6)

1.4
(0.88, 2.22)

5 57
(44.5, 73.2)

32
(25.0, 41.4)

1.8
(1.55, 2.03)

42
(32.2, 55.6)

31
(24.4, 40.2)

1.4
(0.93, 1.95)

6A 256
(191.2, 341.9)

279
(203.4, 383.4)

0.9
(0.79, 1.07)

115
(84.5, 156.8)

271
(197.5, 370.6)

0.4
(0.27, 0.66)

6B 511
(376.9, 693.4)

403
(290.6, 558.3)

1.3
(1.05, 1.53)

381
(281.9, 513.9)

380
(274.0, 526.3)

1.0
(0.64, 1.56)

7F 175
(127.1, 240.3)

66
(46.3, 95.3)

2.6
(1.98, 3.50)

115
(81.6, 160.9)

61
(43.0, 87.7)

1.9
(1.14, 3.04)

9V 76
(51.6, 112.9)

40
(27.6, 59.1)

1.9
(1.37, 2.61)

68
(47.4, 98.5)

40
(27.8, 58.3)

1.7
(1.01, 2.85)

14 204
(155.6, 268.5)

130
(96.1, 176.2)

1.6
(1.33, 1.86)

240
(181.0, 317.0)

126
(93.0, 170.7)

1.9
(1.26, 2.87)

18C 545
(438.2, 678.0)

436
(340.9, 556.7)

1.3
(1.10, 1.42)

360
(273.6, 474.5)

439
(343.4, 559.9)

0.8
(0.57, 1.19)

19A 235
(196.4, 282.2)

185
(152.8, 229.2)

1.3
(1.14, 1.43)

181
(146.7, 222.9)

183
(151.3, 220.7)

1.0
(0.75, 1.31)

19F 261
(204.9, 333.7)

121
(91.1, 160.0)

2.2
(1.80, 2.60)

158
(119.3, 209.9)

115
(87.4, 151.3)

1.4
(0.93, 2.04)

23F 104
(78.0, 137.4)

60
(44.5, 81.1)

1.7
(1.44, 2.06)

45
(33.5, 59.6)

59
(43.7, 79.4)

0.8
(0.50, 1.15)

Abbreviations: GMT = geometric mean titer; OPA = opsonophagocytic activity; PCV13 = 13-valent pneumococcal conjugate vaccine; PPSV23 = 23-valent
pneumococcal polysaccharide vaccine.

aGMTs are calculated using all subjects with available data for the specific blood draw.
bRatio of GMT is calculated by back transforming the mean difference between vaccine sequence/group on the logarithmic scale.
cCIs are back transformations of a CI based on the Student t distribution for the mean logarithm of the titers.
dCIs for the ratio are back transformations of a CI based on the Student t distribution for the mean difference of the logarithms of the measures.
en = Number of subjects with a valid and determinate OPA titer to the given serotype.
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Figure 1. Serotype-specific OPA GMTs from all study time points from before the first vaccination through 1 year after the second vaccination. The first 3 points for
each serotype correspond with data from study 110 and study 2.11 Abbreviations: GMT = geometric mean titer; OPA = opsonophagocytic activity.
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not previously received a pneumococcal vaccine, with PCV13
administered first followed by PPSV23 ≥1 year later.9 This recom-
mended vaccine order is based on studies demonstrating a better
response to serotypes shared between both vaccines when PCV7
and PCV13 were given first;9 both parent studies used for the
current analysis support this recommendation.10,11

In parent study 1, PPSV23-naive adults 60 to 64 years
old received PCV13 and PPSV23 in different sequential
order at an interval of 1 year between doses.10 An initial
PCV13 dose increased the response to subsequent PPSV23
administration for many shared serotypes. In contrast, an
initial PPSV23 dose diminished antibody responses to sub-
sequent PCV13 administration for all serotypes.10 With a
relatively short 1-year interval between doses, antibody
responses after a second vaccination with PCV13 (PCV13/
PCV13) or PPSV23 (PCV13/PPSV23) were noninferior for
the majority of serotypes compared with the initial PCV13
dose, but were not improved with a subsequent dose.
However, a longer interval of 3.5 to 4 years between vaccine
administrations demonstrated significantly higher antibody
responses after PCV13/PPSV23 for most of the common
serotypes than those observed after an initial dose of
PPSV23 or PCV13.12 Antibody responses to a second dose
of PCV13 were comparable to initial PCV13 responses and
significantly higher for many of the serotypes. These obser-
vations are reflected in the ACIP recommendation that
longer intervals (ie, ≥ 1 year) may lead to improved
immune responses against serotypes in both vaccines com-
pared with an initial dose of PCV13 or PPSV23.9

In parent study 2, adults ≥ 70 years who received
PPSV23 ≥ 5 years before study entry were vaccinated with
PCV13 or PPSV23.11 Subjects received an additional PCV13
dose 1 year later. Antibody responses were significantly higher
after PCV13 than PPSV23 administration for most serotypes.
Additionally, antibody responses to a second dose of PCV13
resulted in responses similar to those after the first dose,
indicating that receipt of a first PCV13 dose does not nega-
tively influence the ability to respond to a subsequent dose. In
contrast, responses to PCV13 administered after PPSV23 were
significantly lower for all 13 serotypes compared with the
initial PCV13 dose, indicating that PPSV23 diminished the
response to subsequent PCV13 vaccination.11

In the current analyses, antibody levels 1 year after the
second vaccine administration declined from the peak levels
observed 1 month after the first and 1 month after the second
vaccine administration, as expected. Antibody levels were
similar or numerically higher 1 year after vaccination 2 com-
pared to 1 year after vaccination 1 for most serotypes across
the vaccine sequences in both studies. For all serotypes and
vaccine sequences, antibody levels remained numerically
higher 1 year after vaccination 2 than at baseline (before
vaccination 1). Comparisons of antibody levels among the 3
treatment sequences showed functional antibody for almost
all serotypes at 1 year after vaccination 2 in both studies were
numerically higher in adults who received PCV13 first
(PCV13/PCV13 and PCV13/PPSV23) than in adults who
received PPSV23 first (PPSV23/PCV13). These results were
consistent with the results seen 1 month after vaccination 2 in
the parent studies.

The current analysis demonstrates the persistence of effects
of the first vaccine on the responses to the second vaccine in
the sequence. The parent study in PPSV23-naive adults
demonstrated that PCV13 does not impair the antibody
responses to subsequent PPSV23 vaccination but rather
improves the antibody response to PPSV23;10 the current
study indicates these improvements persist for at least
1 year. In contrast, the negative effect of PPSV23 on subse-
quent PCV13 in the parent study also persisted for at least
1 year. The enhanced antibody response to a second dose of
PCV13 was not generally observed in PPSV23-naive adults
1 month after the second vaccination in the parent study.10

The short interval of 1 year between dose administrations may
be a reason for this observation. A lack of a consistent booster
response when using intervals of 3 months to 1 year between
pneumococcal conjugate vaccine and PPSV23 vaccine doses
has been described earlier.13–15 Responses to a second dose of
PCV13 with a longer interval of 3.5 to 4 years between vaccine
administrations have shown generally at least comparable
responses to initial PCV13 responses and statistically signifi-
cantly higher responses for many serotypes,12 indicating that
the interval between vaccine administrations may be critical to
obtaining an optimal immunological effect of the conjugated
vaccine. The PCV13 OPA responses 1 year later in this study
suggest that the second dose induced a durable response.
Similarly, in PPSV23-preimmunized adults, OPA responses
showed durability of the boosted response observed 1 month
after the second vaccination.

This is the first study to assess the persistence of antibodies
1 year after a second pneumococcal vaccine administration.
Potential limitations of this study include the period of eva-
luation, which was not continued beyond 1 year after the
second vaccine administration, and the descriptive nature of
the study as there were too many comparisons to meaning-
fully calculate p-values. A notable strength of this study was
the large number of subjects in each group returning for
evaluation at 1 year.

The data from this study confirm the conclusion from the
parent studies that in PPSV23-naive and PPSV23-preimmu-
nized adults, PCV13 should be given first if both vaccines are
to be given; higher immune response were achieved when
PCV13 was given first and immunity persisted at least
1 year after administration of vaccine sequences.

Patients and methods

Study design and population

This phase 3 study evaluated antibody persistence after
PCV13 vaccination in 962 healthy adults who completed 2
parent studies10,11; subjects received either 2 doses of PCV13
or PCV13 and PPSV23 in different sequential order. Subjects
in study 1 were 60 to 64 years of age at enrollment, naive to
pneumococcal vaccine, and received either PCV13 at year 0
and 1 (PCV13/PCV13), PCV13 at year 0 and PPSV23 at year
1 (PCV13/PPSV23), or PPSV23 at year 0 and PCV13 at year 1
(PPSV23/PCV13; Supplementary Figure 1).10 Subjects in
study 2 were ≥ 70 years of age at enrollment and received 1
dose of PPSV23 ≥ 5 years before enrollment [ie, PCV13 at
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year 0 and 1 (PCV13/PCV13) or PPSV23 at year 0 and PCV13
at year 1 (PPSV23/PCV13; Supplementary Figure 1).11 Blood
samples were collected 351 to 420 days after the last vaccina-
tion in studies 1 and 2. No vaccine was administered in the
current study. Vaccine administration and key inclusion and
exclusion criteria have been previously described.10,11

Participants provided written informed consent. The study
was conducted in accordance with the International
Conference on Harmonisation Good Clinical Practice guide-
lines and the Declaration of Helsinki; the protocol was
approved by the institutional review board or independent
ethics committee at each site.

Study objectives

The primary objective was to evaluate antibody levels 1 year
after vaccination 2 in the parent studies as measured by
serotype-specific OPA geometric mean titers (GMTs) using
descriptive statistics only. Secondary objectives included com-
parison of OPA GMTs 1 year after vaccination 2 among the 3
vaccine sequences in PPSV23-naive adults and the evaluation
of antibody persistence 1 year after vaccination 2 compared
with all prior antibody responses 1 year after vaccination 1.

Analysis populations, immunogenicity assessments,
safety evaluations

The all-available immunogenicity population consisted of
subjects with valid and determinate assay results related to
the proposed analysis who received both vaccinations in the
parent studies. The methodology for determination of OPA
titers was previously described.10,11 Adverse events (AEs) and
serious AEs (SAEs) were recorded from the signing of the
informed consent for the blood draw (1 year after the second
vaccination) to the completion of the blood draw.

Statistical analysis

There was no formal sample size calculation performed. The
sample size of this study was based on the number of poten-
tially eligible subjects from the 2 parent studies who were
willing to participate in the follow on study. Approximately
1000 subjects who had completed either of the 2 studies were
enrolled in the study and had a blood sample obtained. All
immunogenicity data were summarized descriptively.

Serotype-specific OPA titers were logarithmically trans-
formed for analysis. Two-sided 95% CIs for the OPA GMTs
were constructed by back transforming the two-sided 95% CIs
for the mean logarithm of the titers.

OPA GMTs and two-sided 95% CIs at 1 year after the
second vaccination were constructed for each vaccine
sequence group in the parent studies. Comparison of OPA
GMTs between the vaccine sequence groups at 1 year after the
second vaccination were based on the GMT ratios and the
corresponding two-sided 95% CIs that were constructed using
similar methods. Additionally, similar comparisons of OPA
GMTs between a vaccine sequence group at 1 year after the
second vaccination and either the same or a different vaccine
sequence group at 1 year after the first vaccination were made

based on the GMT ratio and corresponding two-sided
95% CIs.

Geometric mean fold rises (GMFRs) and corresponding
two-sided 95% CIs were constructed to assess the change in
antibody levels 1 year after the second vaccination relative to 4
time points (1 month after the second vaccination, before the
second vaccination, 1 month after the first vaccination, and
before the first vaccination) using the ratio of OPA titers
between the 2 time points of interest for each subject based
on logarithmically transformed assay results.

GMTs of one vaccine sequence group were considered
statistically significantly higher than another group if the
lower limit of the 2-sided 95% CI for the GMT ratio (or
GMFR) was > 1. GMTs of one vaccine sequence were con-
sidered statistically significantly lower than another if the
upper limit of the 2-sided 95% CI for the GMT ratio (or
GMFR) was < 1.
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