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Background. The 13-valent pneumococcal conjugate vaccine (PCV13) was licensed to replace the 7-valent
pneumococcal conjugate vaccine (PCV7) based on serological noninferiority criteria. To date no randomized
PCV13 pediatric trial has included clinical endpoints.

Methods. This randomized double-blind trial compared the impact of PCV13 versus PCV7 on nasopharyngeal
(NP) colonization and immunogenicity. Healthy infants were randomized (1:1) to receive PCV7 or PCV13 at ages
2, 4, 6, and 12 months; NP swabs were collected at 2, 4, 6, 7, 12, 13, 18, and 24 months, and blood was drawn at 7
and 13 months. Rates of NP acquisition and prevalence, and serotype-specific immunoglobulin G (IgG) concentra-
tions were assessed.

Results. The per protocol analysis population included 881 PCV13 and 873 PCV7 recipients. PCV13 signifi-
cantly reduced NP acquisition of the additional PCV13 serotypes 1, 6A, 7F, and 19A; the cross-reacting serotype 6C;
and the common PCV7 serotype 19F. For serotype 3, and the other PCV7 serotypes, there were no significant differ-
ences between the vaccine groups. There were too few serotype 5 events to draw inference. The impact on prevalence
at predefined time points was similar to that observed with NP acquisition. PCV13 elicited significantly higher IgG
responses for PCV13 additional serotypes and serotype 19F, and similar or lower responses for 6/7 PCV7 serotypes.

Conclusions. PCV13 resulted in lower acquisition and prevalence of NP colonization than PCV7 did for 4 addi-
tional PCV13 serotypes, and serotypes 6C and 19F. It was comparable with PCV7 for all other common serotypes.
These findings predict vaccine effectiveness through both direct and indirect protection.

Clinical Trials Registration. NCT00508742.
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Streptococcus pneumoniae is a leading bacterial cause of
invasive disease, pneumonia, and acute otitis media in

children [1]. S. pneumoniae colonizes the nasopharynx,
particularly in young children, where it serves as a reser-
voir for person-to-person transmission [2].

The 7-valent, 9-valent, and 10-valent pneumococcal
conjugate vaccines (PCVs) are effective in preventing
vaccine-type pneumococcal disease and reducing naso-
pharyngeal (NP) colonization [3]. The introduction of
7-valent PCV (PCV7) into vaccination programs re-
sulted in reduction in disease due both to the direct
protection of those vaccinated and indirect protection
through lower carriage rates and reduced S. pneumo-
niae transmission (herd effect) [2]. However, there was
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a need for expanded serotype vaccines to broaden protection
[4–7]. To address this unmet medical need, a 13-valent PCV
(PCV13) was developed. PCV13 has been licensed globally
based on safety and immunogenicity trials in comparison with
PCV7. None of the licensure studies had a clinical endpoint.
This clinical trial was conducted during PCV13 development
to assess its impact, compared with PCV7, on pneumococcal
colonization; which may be considered an early predictor of
vaccine effectiveness [2]. This study is unique because it is the
only double-blind, randomized clinical trial of PCV13 assessing
the impact on NP colonization, thus eliminating the bias that is
generally associated with postmarketing ecological studies eval-
uating the impact of PCVs on NP colonization after introduc-
tion into vaccination programs.

METHODS

Trial Design
This randomized double-blind trial was conducted in Israel by
a single coordinating center overseeing activities at 11 clinical
sites. The trial was approved by the Institutional Ethics Com-
mittee of the Soroka University Medical Center and the Nation-
al Ethics Committee. PCV13 was not available in Israel during
the period when subjects were to be vaccinated, which allowed
for comparison with licensed PCV7.

Participants
Healthy, approximately 2-month-old infants (age range, 42–98
days) were enrolled after their parent(s)/legal guardian(s) pro-
vided informed consent. Participants were ineligible if they had
any contraindication to vaccination, a known or suspected
immune deficiency or suppression, a history of disease caused
by S. pneumoniae, a severe chronic disorder including a severe
congenital malformation or a neurological disorder, or a history
of seizures; had received blood products or gamma globulins;
were participating in another investigational trial; or were direct
descendants of study-site personnel.

Vaccines
PCV13 or PCV7 was administered at ages 2, 4, 6, and 12
months by intramuscular injection into the anterolateral left
thigh. Other pediatric vaccines were administered according to
national recommendations into the anterolateral right thigh.
PCV7 contains saccharides from pneumococcal serotypes 4,
6B, 9V, 14, 18C, 19F, and 23F, each individually conjugated to
CRM. PCV13 contains saccharides from the pneumococcal
serotypes in PCV7 plus serotypes 1, 3, 5, 6A, 7F, and 19A, each
individually conjugated to CRM. Both vaccines were manu-
factured by Pfizer Inc and are formulated to contain 2.2 µg of
each saccharide, except for 4.4 µg of serotype 6B, 5 mM succi-
nate buffer, and 0.125 mg of aluminum as aluminum

phosphate per 0.5-mL dose. PCV13 also included 0.02% poly-
sorbate 80 as an excipient. PCV13 and PCV7 used in this study
were identical in appearance.

Nasopharyngeal Cultures, Blood Sampling, and Laboratory
Testing
NP swabs were collected from participants at ages 2, 4, 6, 7, 12,
13, 18, and 24 months using flexible Dacron-tipped swabs;
swabs and cultures were prepared as previously described [8].
All cultured swab samples that tested positive for S. pneumo-
niae were taken forward for serotyping by the Quellung reac-
tion [9] using antisera (Statens Serum Institut, Copenhagen,
Denmark). Isolates with negative reactions to all pooled serum
samples and to omni serum were considered to be nontypeable.
All isolates testing positive by Quellung reaction to serotype 6A
were further characterized by polymerase chain reaction testing
to differentiate between 6A or 6C, as previously described [4].

Blood samples were obtained at age 7 and 13 months (ap-
proximately 1 month after the infant series and toddler dose,
respectively). Standardized enzyme-linked immunosorbent
assay (ELISA) was used to determine serum concentrations of
anticapsular-binding immunoglobulin G (IgG) antibodies for
each pneumococcal serotype included in PCV13, using the inter-
national reference serum 89-SF. ELISA used a C polysaccharide-
containing cell wall extract plus serotype 22F capsular
polysaccharide as absorbents [10, 11].

Outcomes
The impact of PCV13 and PCV7 on newly identified NP acqui-
sition of serotypes, combined or as single serotypes, was as-
sessed by measuring the proportion of participants with a new
acquisition from 1 month after the infant series (age 7 months)
to 24 months of age. A new acquisition was defined as detection
of a given serotype that was not previously identified at baseline
(ages 2, 4, and 6 months), or at any other time point before the
detection. Therefore, only 1 new acquisition was counted for
each serotype per participant [8, 12]. Initially, the primary end-
point was new acquisition of serotypes 6A and 19A combined.
However, during the study a new capsular serotype within se-
rogroup 6, serotype 6C, was identified, which needed to be dis-
tinguished from serotype 6A [13, 14]. The primary objective
was, therefore, modified to NP acquisition of serotypes 6A, 6C,
and 19A combined. New acquisition for other serotypes and se-
rotype combinations was also assessed.

The prevalence of NP colonization was calculated at each
visit at age 7, 12, 13, 18, and 24 months as the proportion of
positive cultures relative to the total number of nonmissing cul-
tures. A post hoc analysis compared the cumulative prevalence
of colonization between the vaccine groups. Cumulative preva-
lence was defined as the percentage of participants observed to
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carry a serotype or combination of serotypes at any time from
the age 7 months visit up to and including a given time point.

For immunogenicity endpoints, IgG concentrations were
measured and geometric mean concentrations (GMCs) calcu-
lated. Safety endpoints included the incidence of medically im-
portant and related adverse events (AEs), those resulting in
withdrawal, those associated with antibiotic use, and all serious
AEs (SAEs), which were collected by the investigator at each
visit.

Sample Size
The target sample size was approximately 1864 participants ran-
domized to treatment, with an estimated 1640 evaluable partic-
ipants. Using a 2-sided type I error rate of 0.05, a sample size of
820 participants per group was expected to provide≥90% power
to show reduction of new acquisitions of serotypes 6A, 6C, and
19A combined.

Randomization and Blinding
In this double-blind study, subjects were randomized to vaccine
groups in a 1:1 ratio of PCV13:PCV7. Allocation of subjects to
vaccine groups was performed using a manual randomization
envelope system using 8 treatment letters that represent a 1:1
ratio of PCV7:PCV13. Randomization envelopes were used in
sequential order at each site to assign the subject’s randomiza-
tion number and a treatment letter.

Statistical Methods
The primary per protocol NP culture analysis included eligible
healthy infants who received the treatment to which they were
randomized, had at least 1 NP swab for the proposed analysis,
and had no other major protocol violations. The proportion of
participants within each vaccine group with new acquisition 1
month after the infant series (age 7 months) to 24 months of
age was summarized for single serotypes and combined sero-
types. The rate ratio (PCV13:PCV7) was calculated and 95%
confidence intervals (CIs) were derived using an exact proce-
dure based on the method of Chan and Zhang [15].

Prevalence of NP colonization at 7, 12, 13, 18, and 24
months of age for single and combined serotypes was calculat-
ed based on the proportion of subjects with positive culture
findings. Odds ratios (PCV13:PCV7) were derived and 2-sided
95% CIs constructed using logistic regression. Cumulative prev-
alence of NP colonization was derived using the percentage of
subjects observed to carry a serotype (or combination of sero-
types). The rate ratio (PCV13:PCV7) was summarized and
2-sided 95% CIs were calculated.

Serotype-specific IgG antibody concentrations were logarith-
mically transformed for analysis. Two-sided CIs for the ratio of
GMCs PCV13:PCV7 were constructed by back-transformation

of the CIs for the difference of the 2 logarithmically trans-
formed assay results.

AEs were categorized according to the Medical Dictionary
for Regulatory Activities and summarized by vaccine group for
each vaccination separately. Comparisons between groups were
performed using a 2-sided Fisher exact test.

Statistics were derived using SAS (version 9.2) and Proc Stat-
Xact (version 8.1).

RESULTS

Participants
Between February 2008 and September 2009, a total of 1866
healthy infants were randomly assigned to receive PCV13 or
PCV7. The last study visit was September 2011. Participant
flow is shown in Figure 1. The demographic characteristics of
the per protocol analysis populations were similar (Table 1).

Nasopharyngeal Colonization
PCV13 Additional Serotypes Plus Serotype 6C
PCV13 compared with PCV7 significantly reduced rates of
newly identified NP acquisition within 7–24 months of age for
additional serotypes 6A, 6C, and 19A combined; PCV13 addi-
tional serotypes (1, 3, 5, 6A, 7F, and 19A) and serotype 6C
combined; and single serotypes 1, 6A, 6C, 7F, and 19A
(Table 2). For serotype 3 there were no differences in NP acquisi-
tion rates between the vaccine groups. There were too few NP ac-
quisition events of serotype 5 to draw inference.

NP prevalence was significantly lower in the PCV13 group
than in the PCV7 group at all predetermined points for PCV13
additional serotypes combined and for serotype 6C (Figure 2).
For single serotypes, carriage in PCV13 recipients was signifi-
cantly lower at ≥3 predetermined points for serotypes 6A and
19A (Figure 2). For single serotypes 1, 6C, and 7F, the differ-
ences in prevalence at each age point were not significant,
although they were generally lower in the PCV13 group.

Findings for impact of PCV13 on cumulative prevalence for
each additional serotype were consistent with the significant
reductions observed by PCV13 on newly identified NP acquisi-
tion. For serotype 3, there were no differences in rates between
the vaccine groups (Figure 3, Supplementary Table 1).

Common PCV13 and PCV7 Serotypes
For the common serotypes combined and for single serotypes
4, 6B, 9V, 14, 18C, and 23F, there were no significant differenc-
es in rates of newly identified NP acquisition between the
vaccine groups. For serotype 19F, PCV13 significantly reduced
the rate of NP acquisition compared with PCV7 (Table 2).

The NP prevalence at predefined age points of the common
serotypes combined (Figure 2) and as single serotypes was
similar between the 2 vaccine groups with the exception of
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram. Abbreviations: PCV7, 7-valent pneumococcal conjugate vaccine;
PCV13, 13-valent pneumococcal conjugate vaccine.
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serotype 19F. Serotype 19F had a lower prevalence in the
PCV13 group compared with the PCV7 group at all age points,
and significantly lower at 12 and 13 months of age (Figure 2).

Findings for impact of PCV13 on cumulative prevalence for
each common serotype were consistent with those of PCV13
on newly identified NP acquisition, with significant reductions
for serotype 19F only (Figure 3, Supplementary Table 1).

Nonvaccine Serotypes
Overall rates of newly identified NP acquisition of nonvaccine
serotypes combined were significantly higher in the PCV13
group compared with the PCV7 group (Table 2). Similar find-
ings were observed for cumulative prevalence of NP coloniza-
tion (Supplementary Table 1). For prevalence of nonvaccine
serotypes combined at predefined time points, trends toward
higher prevalence in the PCV13 group were significant at
24 months only (Figure 2).

The most common nonvaccine serotypes across groups were
serotypes 15A, 15B/C, 16F, 23A, 35B, and 38, which, when
combined, constituted 49.0% and 44.4% of all nonvaccine sero-
types in the PCV13 and PCV7 groups, respectively. No signifi-
cant differences for single serotypes between groups were
observed except for serotype 15B/C, for which rates were signif-
icantly higher in the PCV13 group (Supplementary Table 2).

All Serotypes Combined (Overall Pneumococcal Carriage)
For all serotypes combined, there were no differences in rates of
newly identified NP acquisition or in the cumulative prevalence
between the 2 vaccine groups (Table 2, Supplementary Table 1).

Immunogenicity
For each of the additional serotypes, PCV13 elicited statistically
significantly higher IgG responses than PCV7 (Table 3). For
the common serotypes, PCV13 elicited similar (serotypes 4, 6B,
9V, and 18C) or significantly lower (serotypes 14 and 23F) IgG
responses than after PCV7 administration, with the exception
of 19F where IgG concentrations were significantly higher after
PCV13.

Safety
Overall there were no significant differences between PCV13
and PCV7 groups in the incidence of AEs collected in this
study. There was 1 unrelated case of sudden death of unknown
cause in the PCV13 group. None of the reported SAEs was con-
sidered related to the study vaccines.

DISCUSSION

This clinical trial showed that PCV13 compared with PCV7
significantly reduced NP colonization of the additional PCV13
serotypes (and serotype 6C) combined; this was due to signifi-
cant reductions in single serotypes 1, 6A, 6C, 7F, and 19A. In
addition, a significant reduction in the common PCV7 serotype
19F was observed, where the IgG GMCs in PCV13 recipients
were higher than in PCV7 recipients. There was no significant
difference between the vaccine groups for serotype 3 and for
the other 6 common PCV7 serotypes. There were too few sero-
type 5 events to draw inference.

Our assessment was based on rates of newly identified NP
acquisition, prevalence, and cumulative prevalence. Serotype 6C,
although not a PCV13 serotype, was included in the assessment,
as during the study (and prior to unblinding the study) it became
apparent that this serotype, which is structurally similar to 6A,
could now be distinguished from 6A and should be assessed
separately [14]. Of the PCV13 additional serotypes that are im-
portant causes of pneumococcal disease, not all were carried fre-
quently. Serotypes 6A and 19Awere most frequently carried.

Although reduction in NP acquisition may be predictive of
direct protection for vaccinated individuals, assessment of preva-
lence and cumulative prevalence may be more predictive of indi-
rect effects on the community as prevalence and cumulative
prevalence better reflect the period during which individuals
may transmit the organism. Reduction in carriage is associated
with disease reduction in adults and nonvaccinated children [2].

These data support findings from recent surveillance studies
where significant reductions in the prevalence of NP colonization

Table 1 Demographic Characteristics of the Per Protocol
Analysis Populations

Vaccine Group as
Randomized

Characteristic
PCV13
(n = 881)

PCV7
(n = 873)

Total
(N = 1754)

Sex, No. (%)

Female 452 (51.3) 438 (50.2) 890 (50.7)

Male 429 (48.7) 435 (49.8) 864 (49.3)
Age, mo, mean (±SD)

Dose 1 2.2 (0.3) 2.2 (0.3) 2.2 (0.3)

Dose 2 3.9 (0.4) 3.9 (0.4) 3.9 (0.4)
Dose 3 5.7 (0.5) 5.7 (0.5) 5.7 (0.5)

Toddler dosea 12.5 (0.5) 12.5 (0.6) 12.5 (0.6)

Weight, kg, mean (±SD) at
enrollment

5.2 (0.7) 5.2 (0.7) 5.2 (0.7)

Ethnicity, No. (%)

Jewish children 583 (66.2) 571 (65.4) 1154 (65.8)
Bedouin children 295 (33.5) 300 (34.4) 595 (33.9)

Others 3 (0.3) 2 (0.2) 5 (0.3)

Abbreviations: PCV7, 7-valent pneumococcal conjugate vaccine; PCV13,
13-valent pneumococcal conjugate vaccine; SD, standard deviation.
a Toddler dose mean age (±SD) was calculated using the safety population
(PCV13, n = 884; PCV7, n = 877; N = 1761).
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of PCV13 serotypes 19A, 7F, and 6C, with no significant reduc-
tions for serotype 3, were observed with PCV13 compared with
PCV7 recipients during acute otitis media episodes [16]. Similar-
ly, reductions in carriage of PCV13 serotypes, particularly sero-
type 19A, were observed following introduction of PCV13 in
Atlanta, Georgia [17], and Boston, Massachusetts [18]. These
findings are also consistent with efficacy data from surveillance
studies of invasive pneumococcal disease (IPD) rates in children
pre– and post–PVC13 introduction in the United Kingdom, the
United States, and Germany, which showed reduced rates of IPD
overall, and IPD caused primarily by PCV13 serotypes 19A and
7F [19–21]. Furthermore, Moore et al observed a 45%–65% re-
duction in IPD across all adult age groups caused primarily by se-
rotypes 19A and 7F, supporting herd protection due to low
carriage of these serotypes in vaccinees [20].

The increase in NP colonization of nonvaccine serotypes ob-
served in this study in the PCV13 compared with PCV7 group
has been reported elsewhere following PCV administration [8,
22]. In this study nonvaccine serotypes 15A, 15B/C, 16F, 23A,
35B, and 38 were most commonly observed in both vaccine

groups, with only serotype 15B/C significantly higher in the
PCV13 group. The disease replacement that has been observed
since the introduction of PCV7 was due mainly to the serotypes
in PCV13 (mostly serotypes 7F and 19A); other serotypes that
are not in PCV13 have not usually caused as much disease [6].
Several serotypes, including 3 of the most common nonvaccine
serotypes in our study (15A, 15B/C, and 35B) were also fre-
quently observed after PCV13 introduction in France [16].

The IgG immune responses elicited by PCV13 compared
with PCV7 correspond with the impact on NP colonization.
For the 6 additional PCV13 serotypes and common serotype
19F, PCV13 was significantly more immunogenic than PCV7
and this corresponded with a significant impact on NP coloni-
zation for the majority of these serotypes; the exceptions were
for serotype 5, for which there were too few acquisitions to
draw inference, and serotype 3 where no impact on coloniza-
tion was observed. Overall serotype 3 elicited the lowest immune
response of the PCV13 serotypes. Whether the immune re-
sponses to serotype 3 will be associated with an impact on sero-
type 3 disease will need to be closely monitored. For common

Table 2. Comparison of Subjects With Newly Identified Nasopharyngeal Acquisition of a Pneumococcal Serotype, 1 Month After Infant
Series (7–24 Months of Age)

Serotype or Combination
of Serotypes No.a

PCV13 (n = 801–881),
% (95% CI) No.a

PCV7 (n = 804–873),
% (95% CI)

Rate Ratio
(95% CI)

PCV13 and PCV7 common serotypes
4 4 0.5 (.1–1.2) 5 0.6 (.2–1.3) 0.79 (.18–3.29)

6B 43 5.4 (3.9–7.2) 60 7.5 (5.7–9.5) 0.72 (.49–1.05)

9V 17 2.0 (1.2–3.1) 17 2.0 (1.2–3.1) 1.00 (.49–2.07)
14 50 5.9 (4.4–7.8) 37 4.4 (3.1–6.0) 1.35 (.89–2.07)

18C 15 1.7 (1.0–2.8) 15 1.8 (1.0–2.9) 0.98 (.47–2.06)

19F 66 7.9 (6.2–10.0) 101 12.2 (10.0–14.6) 0.65 (.48–.87)
23F 37 4.4 (3.1–6.0) 26 3.2 (2.1–4.6) 1.39 (.85–2.31)

PCV13 additional serotypes plus serotype 6C

1 0 0.0 (.0–.4) 8 0.9 (.4–1.8) 0.00 (NE–.44)
3 16 1.8 (1.1–3.0) 16 1.9 (1.1–3.0) 0.99 (.48–2.06)

5 1 0.1 (.0–.6) 2 0.2 (.0–.8) 0.50 (.02–5.54)

6A 63 7.7 (5.9–9.7) 106 13.2 (10.9–15.7) 0.58 (.43–.78)
6C 23 2.7 (1.7–4.0) 51 6.0 (4.5–7.8) 0.44 (.27–.71)

7F 3 0.3 (.1–1.0) 11 1.3 (.6–2.3) 0.27 (.04–.90)

19A 105 12.6 (10.4–15.1) 190 22.9 (20.1–25.9) 0.55 (.44–.68)
Serotype combinations

6A/C 79 9.0 (7.2–11.1) 151 17.3 (14.8–20.0) 0.52 (.40–.67)

6A/C or 19A 128 20.0 (17.4–22.8) 230 36.0 (32.8–39.3) 0.56 (.47–.65)
1, 3, 5, 6A/C, 7F, or 19A 192 21.8 (19.1–24.7) 335 38.4 (35.1–41.7) 0.57 (.49–0.66)

4, 6B, 9V, 14, 18C, 19F, or 23F 208 23.6 (20.8–26.6) 239 27.4 (24.4–30.5) 0.86 (.73–1.01)

PCV13 vaccine serotypes 360 40.9 (37.6–44.2) 499 57.2 (53.8–60.5) 0.71 (.65–.79)
Nonvaccine serotypes 665 75.5 (72.5–78.3) 609 69.8 (66.6–72.8) 1.08 (1.02–1.15)

All serotypes 85.2 (82.7–87.5) 85.3 (82.8–87.6) 1.00 (.96–1.04)

Abbreviations: CI, confidence interval; PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine.
a No. of subjects with at least 1 determinate nasopharyngeal culture result for any of the given serotypes or combinations.

PCVs in Nasopharyngeal Carriage Reduction • CID 2013:57 (1 October) • 957

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/57/7/952/337783 by U

.S. D
epartm

ent of Justice user on 16 August 2022



Figure 2. Prevalence of 13-valent pneumococcal conjugate vaccine (PCV13) additional serotypes and 6C; 7-valent pneumococcal conjugate vaccine
(PCV7) and PCV13 common serotypes; PCV13 serotypes and 6C combined and nonvaccine serotypes; and single serotypes 6A, 19A, and 19F in each
vaccine group at predefined time points. *Difference in serotype prevalence between vaccine groups was significant (upper limit of odds ratio confidence
interval [CI] <1 or lower limit of 95% CI >1). aTwo-sided CI for the odds ratio of PCV13:PCV7. Abbreviations: CI, confidence interval; OR, odds ratio; PCV7,
7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine.

958 • CID 2013:57 (1 October) • Dagan et al

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/57/7/952/337783 by U

.S. D
epartm

ent of Justice user on 16 August 2022



Figure 3. The impact of 13-valent pneumococcal conjugate vaccine (PCV13) and 7-valent pneumococcal conjugate vaccine (PCV7) on cumulative preva-
lence of nasopharyngeal acquisition for additional PCV13 serotypes 1, 3, 5, 6A, 6C, 7F, and 19A and common serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F
measured from 7 months to 24 months of age. Abbreviations: CI, confidence interval; NE, not estimable; PCV7, 7-valent pneumococcal conjugate vaccine;
PCV13, 13-valent pneumococcal conjugate vaccine; RR, rate ratio.
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Table 3. Immunoglobulin G Immune Response for PCV13 Serotypes: Per Protocol Population (PCV7 and PCV13 Common Serotypes, and PCV13 Additional Serotypes)

PCV13 and PCV7 Common Serotypes

Response Group 4 6B 9V 14 18C 19F 23F

Infant series

IgG GMC, μg/mL PCV13 (n = 741–765) 2.16 2.26 1.40 5.72 1.49 2.90 1.13

PCV7 (n = 715–782 2.02 2.30 1.44 6.46 1.47 2.23 1.57
GMC ratio (95% CI) 1.07 (.99–1.15) 0.98 (.87–1.10) 0.98 (.91–1.05) 0.89 (.79–.99) 1.02 (.93–1.11) 1.30 (1.19–1.42) 0.72 (.65–.81)

Toddler dose

IgG GMC, μg/mL PCV13 (n = 785–797) 4.84 10.77 3.98 12.11 4.20 11.06 5.79
PCV7 (n = 674–798 4.91 11.88 4.22 13.64 4.24 5.35 7.77

GMC ratio (95% CI) 0.99 (.90–1.08) 0.91 (.82–1.00) 0.94 (.87–1.02) 0.89 (.81–.98) 0.99 (.90–1.09) 2.07 (1.87–2.29) 0.74 (.67–.83)

PCV13 Additional Serotypes

Response Group 1 3 5 6A 7F 19A

Infant series

IgG GMC, μg/mL PCV13 (n = 741–765) 2.08 0.97 1.38 2.53 3.34 1.81

PCV7 (n = 715–779) 0.02 0.04 0.23 0.36 0.05 0.70
GMC ratio (95% CI) 95.03 (86.63–104.26) 25.46 (22.73–28.52) 6.05 (5.44–6.74) 6.95 (6.25–7.72) 67.52 (61.70–73.88) 2.60 (2.37–2.85)

Toddler dose

IgG GMC, μg/mL PCV13 (n = 785–797) 5.20 1.42 4.25 10.48 8.07 8.83
PCV7 (n = 647–797) 0.04 0.08 0.55 2.20 0.07 2.63

GMC ratio (95% CI) 133.97 (121.16–148.13) 17.76 (15.72–20.05) 7.70 (6.88–8.62) 4.76 (4.28–5.29) 113.75 (101.50–127.48) 3.36 (3.07–3.68)

Abbreviations: CI, confidence interval; GMC, geometric mean concentration; IgG, immunoglobulin G; PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine.
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serotypes 14 and 23F with significantly lower immune respons-
es in the PCV13 group, there was a parallel tendency for higher
carriage in the PCV13 group, but differences were not statisti-
cally significant between vaccine groups.

Of interest, in this study serotype 19F in PCV13 elicited higher
IgG responses compared with PCV7 after the infant series and
after the toddler dose. Higher responses in PCV13 recipients
have not been observed consistently across PCV13 studies after
the infant series, but after the toddler dose responses have consis-
tently been higher in PCV13 recipients [23–26]. Haston et al ob-
served similar findings both by ELISA and opsonophagocyctic
activity (OPA) assays after the infant series in a small study and,
based on further OPA analysis with 19A polysaccharide adsorp-
tion, suggested that PCV13 may have enhanced activity against
serotype 19F due to cross-reactive antibodies induced by 19A
[27]. Changes made to optimize the manufacturing processes of
serotype 19F in PCV13 compared with PCV7 may have influ-
enced immune responses. In addition, a trend for lower acquisi-
tion of serotype 6B was observed in the PCV13 group compared
with the PCV7 group. This may have been augmented by cross-
reaction with serotype 6A, although this was not reflected by the
immune response elicited by serotype 6B, which tended to be
lower in the PCV13 group compared with the PCV7 group.

Adverse events collected in this study were consistent with
the overall satisfactory safety profile of PCV13; there was no
daily assessment of reactogenicity as these data were available
from other PCV13 studies and were not the focus of this
study [23–25].

Study limitations include the inability to identify co-coloni-
zation with multiple serotypes, and the very conservative ap-
proach taken in defining new NP acquisition. Thus, there is the
possibility that NP acquisitions occurred more frequently than
those detected in this study. However, these limitations existed
for both arms of the study.

PCV13 resulted in lower acquisition and prevalence of NP
colonization than PCV7 for the majority of additional PCV13
serotypes as well as serotypes 6C and 19F, and it was compara-
ble with PCV7 with regards to all other common serotypes.
These findings represent the first evidence of a clinical impact
of PCV13 associated with immune responses, which may serve
as a predictor of vaccine effectiveness through both direct and
indirect protection.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online
(http://cid.oxfordjournals.org/). Supplementary materials consist of data
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Notes

Acknowledgments. This work is dedicated to the memory of Dr Robert
Kohberger, who contributed to the planning of the statistical analysis of this
trial.
Financial support. This study was sponsored by Wyeth, which was ac-

quired by Pfizer Inc in October 2009. Medical writing support was provided
by Elaine Santiago, PharmD, at Excerpta Medica and was funded by Pfizer
Inc.
Potential conflicts of interest. R. D. has received (in the last 5 years)

grants/research support from Berna/Crucell, Wyeth/Pfizer, MSD, and
Protea; has been a scientific consultant for Berna/Crucell, GlaxoSmithKline
(GSK), Novartis, Wyeth/Pfizer, Protea, and MSD and a speaker for Berna/
Crucell, GSK, and Wyeth/Pfizer; and is a shareholder of Protea/
NASVAX. D. G. has been a speaker for GSK, MSD, Pfizer, and Abbott and
a scientific consultant for GSK and A.I.T. (Advance Inhalation Therapy);
has received grants from A.I.T., MSD, and Abbott; and is a shareholder of
A.I.T. S. P., C. J., A. G., W. C. G., and D. A. S. are employees of Pfizer Inc.
All other authors report no potential conflicts.
All authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. World Health Organization. Pneumococcal conjugate vaccine for
childhood immunization—WHO position paper. Wkly Epidemiol Rec
2007; 82:93–104.

2. Simell B, Auranen K, Käyhty H, et al. The fundamental link between
pneumococcal carriage and disease. Expert Rev Vaccines 2012;
11:841–55.

3. Klugman K, Black S, Dagan R, et al. Pneumococcal conjugate vaccine
and pneumococcal common protein vaccines. In: Plotkin SA, Oren-
stein WA, eds. Vaccines. 6th ed. Philadelphia, PA: Saunders; 2012:
534–5.

4. Porat N, Amit U, Givon-Lavi N, Leibovitz E, Dagan R. Increasing im-
portance of multidrug-resistant serotype 6A Streptococcus pneumoniae
clones in acute otitis media in southern Israel. Ped Infect Dis J 2010;
29:126–30.

5. Jacobs MR, Good CE, Bajaksouzian S, Windau AR. Emergence of
Streptococcus pneumoniae serotypes 19A, 6C, and 22F and serogroup
15 in Cleveland, Ohio, in relation to introduction of the protein-conju-
gated pneumococcal vaccine. Clin Infect Dis 2008; 47:1388–95.

6. Johnson HL, Deloria-Knoll M, Levine OS, et al. Systematic evaluation
of serotypes causing invasive pneumococcal disease among children
under five: the pneumococcal global serotype project. PLoS Med 2010;
7:e1000348.

7. Weinberger DM, Malley R, Lipsitch M. Serotype replacement in disease
after pneumococcal vaccination. Lancet 2011; 378:1962–73.

8. Dagan R, Givon-Lavi N, Fraser D, Lipsitch M, Siber GR, Kohberger R.
Serum serotype-specific pneumococcal anticapsular immunoglobulin
G concentrations after immunization with a 9-valent conjugate pneu-
mococcal vaccine correlate with nasopharyngeal acquisition of pneu-
mococcus. J Infect Dis 2005; 192:367–76.

9. Austrian R. The quellung reaction, a neglected microbiologic tech-
nique. Mt Sinai J Med 1976; 43:699–709.

10. World Health Organization Expert Committee on Biological Standard-
ization. Recommendations to assure the quality, safety, and efficacy of
pneumococcal conjugate vaccines, 2009. Available at: http://www.who.
int/biologicals/areas/vaccines/pneumo/Pneumo_final_23APRIL_2010.
pdf. Accessed 31 January 2013.

11. Quataert SA, Rittenhouse-Olson K, Kirch CS, et al. Assignment
of weight-based antibody units for 13 serotypes to a human

PCVs in Nasopharyngeal Carriage Reduction • CID 2013:57 (1 October) • 961

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/57/7/952/337783 by U

.S. D
epartm

ent of Justice user on 16 August 2022

http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/cit428/-/DC1
http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/
http://cid.oxfordjournals.org/
http://www.who.int/biologicals/areas/vaccines/pneumo/Pneumo_final_23APRIL_2010.pdf
http://www.who.int/biologicals/areas/vaccines/pneumo/Pneumo_final_23APRIL_2010.pdf
http://www.who.int/biologicals/areas/vaccines/pneumo/Pneumo_final_23APRIL_2010.pdf
http://www.who.int/biologicals/areas/vaccines/pneumo/Pneumo_final_23APRIL_2010.pdf
http://www.who.int/biologicals/areas/vaccines/pneumo/Pneumo_final_23APRIL_2010.pdf


antipneumococcal standard reference serum, lot 89-S(f ). Clin Diagn
Lab Immunol 2004; 11:1064–9.

12. Rinta-Kokko H, Dagan R, Givon-Lavi N, Auranen K. Estimation of
vaccine efficacy against acquisition of pneumococcal carriage. Vaccine
2009; 27:3831–7.

13. Park IH, Pritchard DG, Cartee R, Brandao A, Brandileone MC, Nahm
MH. Discovery of a new capsular serotype (6C) within serogroup 6 of
Streptococcus pneumoniae. J Clin Microbiol 2007; 45:1225–33.

14. Cooper D, Yu X, Sidhu M, Nahm MH, Fernsten P, Jansen KU. The 13-
valent pneumococcal conjugate vaccine (PCV13) elicits cross-functional
opsonophagocytic killing responses in humans to Streptococcus pneumo-
niae serotypes 6C and 7A. Vaccine 2011; 29:7207–11.

15. Chan IS, Zhang Z. Test-based exact confidence intervals for the diffe-
rence of two binomial proportions. Biometrics 1999; 55:1202–9.

16. Cohen R, Levy C, Bingen E, Koskas M, Nave I, Varon E. Impact of 13-
valent pneumococcal conjugate vaccine on pneumococcal nasopharyn-
geal carriage in children with acute otitis media. Pediatr Infect Dis J
2012; 31:297–301.

17. Desai AP, Sharma D, Crispell E, et al. Pneumococcal (SP) nasopharyn-
geal carriage in children in Atlanta, Georgia in the post-PCV13 era. In:
IDWeek, San Diego, CA, 17–21 October 2012. Poster 509. Available at:
https://idsa.confex.com/idsa/2012/webprogram/Paper36589.html. Ac-
cessed 28 January 2013.

18. Pelton SI, Loughlin A, Marchant C, Hsu K. Indirect effects of PCV13
on nasopharyngeal colonization with Streptococcus pneumonia (SP)
vaccine serotypes achieved with 65% to 75% vaccine uptake. In:
IDWeek, San Diego, CA, 17–21 October 2012. Poster LB-6. Available
at: https://idsa.confex.com/idsa/2012/webprogram/Paper38528.html.
Accessed 28 January 2013.

19. Miller E, Andrews NJ, Waight PA, Slack MP, George RC. Effectiveness
of the new serotypes in the 13-valent pneumococcal conjugate vaccine.
Vaccine 2011; 29:9127–31.

20. Moore M, Link-Gelles R, Farley MM, et al. Impact of 13-valent pneu-
mococcal conjugate vaccine on invasive pneumococcal disease, U.S.,
2010–11. In: IDWeek, San Diego, CA, 17–21 October 2012. Poster 1219.

Available at: https://idsa.confex.com/idsa/2012/webprogram/Paper365
69.html. Accessed 28 January 2013.

21. van der Linden R, von Kries M, Imöhl M. Effects of immunization with
higher valent pneumococcal conjugate vaccines in German children on
numbers of reported IPD cases (1997–2012). In: 30th Annual Meeting
of the European Society for Paediatric Infectious Diseases, Thessaloniki,
Greece, 8–12 May 2012. Available at: http://www.kenes.com/espid2012/
abstracts/PDF/781.pdf?zoom_highlightsub=pcv13%20-%20search. Ac-
cessed 28 January 2013.

22. Dagan R, Givon-Lavi N, Zamir O, et al. Reduction of nasopharyngeal
carriage of Streptococcus pneumoniae after administration of a 9-valent
pneumococcal conjugate vaccine to toddlers attending day care centers.
J Infect Dis 2002; 185:927–36.

23. Yeh SH, Gurtman A, Hurley DC, et al. Immunogenicity and safety of
13-valent pneumococcal conjugate vaccine in infants and toddlers. Pe-
diatrics 2010; 126:e493–505.

24. Esposito S, Tansey S, Thompson A, et al. Safety and immunogenicity of
a 13-valent pneumococcal conjugate vaccine compared to those of a 7-
valent pneumococcal conjugate vaccine given as a three-dose series
with routine vaccines in healthy infants and toddlers. Clin Vaccine
Immunol 2010; 17:1017–26.

25. Kieninger DM, Kueper K, Steul K, et al. Safety, tolerability, and immu-
nologic noninferiority of a 13-valent pneumococcal conjugate vaccine
compared to a 7-valent pneumococcal conjugate vaccine given with
routine pediatric vaccinations in Germany. Vaccine 2010; 28:4192–203.

26. Nunes MC, Madhi SA. Review on the immunogenicity and safety
of PCV-13 in infants and toddlers. Expert Rev Vaccines 2011; 10:
951–80.

27. Haston M, Zancolli M, O’Brien S, et al. Cross reactive functional anti-
body to 19A and 19F following PCV7 or PCV13 among Navajo and
White Mountain Apache infants. In: 8th International Symposium on
Pneumococci and Pneumococcal Diseases, Iguaçu Falls, Brazil, 11–15
March 2012. Poster 196. Available at: http://www2.kenes.com/ISPPD/
Scientific/Documents/FinalAbstractbook.pdf. Accessed 28 January
2013.

962 • CID 2013:57 (1 October) • Dagan et al

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/57/7/952/337783 by U

.S. D
epartm

ent of Justice user on 16 August 2022

https://idsa.confex.com/idsa/2012/webprogram/Paper36589.html
https://idsa.confex.com/idsa/2012/webprogram/Paper36589.html
https://idsa.confex.com/idsa/2012/webprogram/Paper36589.html
https://idsa.confex.com/idsa/2012/webprogram/Paper38528.html
https://idsa.confex.com/idsa/2012/webprogram/Paper38528.html
https://idsa.confex.com/idsa/2012/webprogram/Paper38528.html
https://idsa.confex.com/idsa/2012/webprogram/Paper36569.html
https://idsa.confex.com/idsa/2012/webprogram/Paper36569.html
https://idsa.confex.com/idsa/2012/webprogram/Paper36569.html
https://idsa.confex.com/idsa/2012/webprogram/Paper36569.html
http://www.kenes.com/espid2012/abstracts/PDF/781.pdf?zoom_highlightsub=pcv13%20-%20search
http://www.kenes.com/espid2012/abstracts/PDF/781.pdf?zoom_highlightsub=pcv13%20-%20search
http://www.kenes.com/espid2012/abstracts/PDF/781.pdf?zoom_highlightsub=pcv13%20-%20search
http://www.kenes.com/espid2012/abstracts/PDF/781.pdf?zoom_highlightsub=pcv13%20-%20search
http://www2.kenes.com/ISPPD/Scientific/Documents/FinalAbstractbook.pdf
http://www2.kenes.com/ISPPD/Scientific/Documents/FinalAbstractbook.pdf
http://www2.kenes.com/ISPPD/Scientific/Documents/FinalAbstractbook.pdf
http://www2.kenes.com/ISPPD/Scientific/Documents/FinalAbstractbook.pdf

