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Background. In April 2010, a 13-valent pneumococcal conjugate vaccine (PCV13) replaced PCV7 for use in
the United States. We evaluated rates of pneumococcal colonization, by serotype and antibiotic resistance, in
Massachusetts communities where serial cross-sectional surveillance has been conducted for the past decade.
Methods. Nasopharyngeal swabs were obtained from children 0 to,7 years of age and seen by primary care
providers for well child or acute illness visits in 2001, 2004, 2007, 2009, and 2011. Pneumococcal isolates
were serotyped by Quellung reaction and classified as PCV7 serotypes (4, 6B, 9V, 14, 18C, 19F, 23F),
additional PCV13 serotypes (1, 3, 5, 6A, 7F, 19A), or non-PCV13 serotypes. Changes in colonization and
impact of PCV13 were assessed using generalized linear mixed models, adjusting for known risk factors and
accounting for clustering by community.
Results. Introduction of PCV13 did not affect the rate of overall pneumococcal colonization (31% in 2011).
Colonization with non-PCV13 serotypes increased between 2001 and 2011 for all children (odds ratio [OR] per
year, 1.12; 95% confidence interval [CI], 1.10, 1.15; P, .0001). 19A remained the second most common
serotype in 2011, although a decline from 2009 was observed. Penicillin (7%), erythromycin (28%), ceftriaxone
(10%), and clindamycin (10%) nonsusceptibility were commonly identified, concentrated among a small number
of serotypes (including 19A, 35B, 15B/C, and 15A). Among healthy children 6–23 months old, colonization with
PCV13 serotypes was lower among recipients of PCV13 vaccine (adjusted OR, 0.30; 95%CI, 0.11, 0.78). This
effect was not observed in 6- to 23-month-old children with a concomitant respiratory tract infection (adjusted
OR 1.36; 95% CI, 0.66, 2.77) or children 2 to,7 years old (adjusted OR, 1.17; 95%CI, 0.58, 2.34).
Conclusions. 13-Valent pneumococcal conjugate vaccine reduced the prevalence of colonization with PCV13
serotypes among children 6–23 months old, but its efficacy was not shown among older children.

Key words. colonization; pneumococcal conjugate vaccine; Streptococcus pneumoniae.

BACKGROUND

After the introduction of universal immunization of children
less than 2 years of age with 7-valent pneumococcal conjugate
vaccine (PCV7) in 2000, the United States has witnessed dra-
matic declines in nasopharyngeal colonization and invasive
pneumococcal disease (IPD) due to PCV7 serotypes [1–9].
Despite unchanged pneumococcal colonization rates and vir-
tually complete serotype replacement in carriage, IPD caused

by non-PCV7 strains has increased only modestly. Our previ-
ous studies of colonization demonstrated a stable equilibrium
among young children in Massachusetts by 2007, with 19A,
15B/C, and 6C emerging as predominant carriage serotypes
in surveillance studies [7, 10].

In February 2010, a PCV13 was licensed in the United
States and subsequently replaced PCV7 for universal use in
infants and children through 5 years of age [11]. 13-Valent
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pneumococcal conjugate vaccine includes 6 capsular anti-
gens of Streptococcus pneumoniae serotypes 1, 3, 5, 6A,
7F, and 19A in addition to the serotypes included in PCV7
(4, 6B, 9V, 14, 18C, 19F and 23F) [11, 12]. 13-Valent
pneumococcal conjugate vaccine was predicted to further
reduce the prevalence of both carriage and IPD due to
these additional serotypes, particularly 19A given its high
prevalence among young children and its association with
antibiotic resistance [3, 4, 13, 14].
We have been conducting serial cross-sectional surveil-

lance of pneumococcal carriage since 2001 in selected
Massachusetts communities [6, 7, 9, 16]. In this study, we
describe the epidemiology of pneumococcal carriage in
young, healthy children by serotype and by antibiotic re-
sistance in the post-PCV7 (2000–2001, 2003–2004),
pre-PCV13 (2006–2007, 2008–2009), and post-PCV13
(2010–2011) periods. To evaluate the early impact of
PCV13 vaccination on carriage rates, we compare the risk
for colonization among children who were and were not
vaccinated with PCV13.

METHODS

Study Design and Population
Our study population comprised children ,7 years of age
seen for well child or acute care visits in 16 Massachusetts
communities in 2000–2001 and 2003–2004, 9 communi-
ties in 2006–2007, 8 communities in 2008–2009, and 9
communities in 2010–2011 [6, 7, 9, 16]. The initial 16
communities (all outside of metropolitan Boston) were
chosen for geographic separation. Starting in 2006–2007,
surveillance was continued in 8 of these 16 communities.
At the same time, one site (Boston Medical Center) was
added to include subjects residing in urban Boston during
the 2006–2007 and 2010–2011 seasons. Samples were
generally collected between October and April of each
winter season, which will be referred to by the latter year
(2001 for 2000–2001).
Methods for sample collection and processing have

been previously described in detail [6, 7, 9, 16]. In brief,
we obtained nasopharyngeal swabs from children present-
ing to their primary care physician’s office for well child
care or an illness-related visit. Parents completed surveys
describing the reason for the visit, acute illness symptoms,
prior use of antibiotics, history of breastfeeding, number
of children in the household, smoking in the household,
daycare attendance, and other demographic variables
(age, gender, child’s race/ethnicity, household income).
Information about dates and types of childhood vaccines
received, presence of comorbidities, and recent antibiotic
use were collected by medical record review.

7-Valent pneumococcal conjugate vaccine was available
from 2000 to 2010, and children were considered “vacci-
nated” if they were up-to-date (UTD) by the following cri-
teria: if they had received �1 dose if ,6 months old; �2
doses if 6–11 months old; �3 doses if 12–15 months old;
or �4 doses if 16 months old or older. Because PCV13
was not available in Massachusetts until April 2010, we
considered children to be vaccinated with PCV13 in the
2011 season if they had received the following: �1 dose of
PCV13 if ,6 months old; �2 doses of PCV13 if 6–11
months old; �3 doses of any pneumococcal vaccine with
at least 1 dose of PCV13 if 12–15 months old; or �4 doses
of any pneumococcal vaccine with at least 1 dose of
PCV13 if 16 months old or older [12]. This study was
approved by the Harvard Pilgrim Health Care Instituti-
onal Review Board.

Laboratory Methods

Nasopharyngeal swabs were plated within 24 hours on
selective media with gentamicin for identification of
S pneumoniae. Serotype was determined using the Quellung
reaction to antisera to specific capsular antigens (Serum
Statens Institute, Copenhagen, Denmark). Pneumococcal
isolates were identified as PCV7 serotypes (4, 6B, 9V, 14,
18C, 19F, 23F), PCV13 additional serotypes (1, 3, 5, 6A,
7F, 19A), and non-PCV13 serotypes. Sequence types (STs)
were determined through multilocus sequence typing
[17, 18]. Antibiotic susceptibility testing was performed
using E-tests for penicillin, ceftriaxone, erythromycin, clin-
damycin, trimethoprim-sulfamethoxazole, levofloxacin,
and vancomycin. Pneumococci were classified as suscepti-
ble, intermediate, or resistant based on current Clinical
and Laboratory Standards Institute (CLSI) breakpoints for
nonmeningeal isolates [19, 20]. Penicillin nonsusceptible
S pneumoniae was defined as any intermediate (4.0 mg/L)
or resistant (� 8.0 mg/L) isolate. Ceftriaxone (2.0 mg/L,
� 4.0 mg/L), erythromycin (0.5 mg/L, .1.0 mg/L), and
clindamycin (1.0–2.0 mg/L, .4.0 mg/L) nonsusceptibility
were also defined as any intermediate or resistant isolate.

Data Analysis

We describe the prevalence of children colonized with
PCV7 serotypes, additional PCV13 serotypes, and non-
PCV13 serotypes in 2001, 2004, 2007, 2009, and 2011.
The proportion of antibiotic-resistant isolates among all
pneumococci isolated is presented, along with serotypes
responsible for antibiotic resistance in 2011. Linear trends
in colonization overall and by vaccine serotype were as-
sessed using generalized linear mixed models using logistic
regression with adjustment for clustering (nonindepen-
dence) of subjects within communities. We also assessed
linear trend excluding 2001 when visual analysis suggested
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an effect of the introduction of PCV7, and we assessed
whether the 2011 prevalence of PCV13 serotypes deviated
from the trend established from 2001 through 2009.
We replicated these results in the subset of 8 communities
included in all collection periods. When we compared our
findings for all enrolled subjects to those in the 8 communi-
ties that were included in all collection periods, our findings
were similar. Therefore, we present data based on isolates
collected in all Massachusetts communities studied from
2001 through 2011.

We evaluated the impact of vaccination with PCV13 on
overall carriage and PCV13 serotype carriage among chil-
dren enrolled in 2007, 2009, and 2011 in the same 8 com-
munities, when carriage with PCV7 serotypes were at its
lowest. We used generalized linear mixed models to
compare children who were vaccinated with PCV13 in
2011 versus children who were not vaccinated with PCV13
(ie, not UTD for PCV13 in 2011 or children swabbed
before the availability of PCV13 in 2007 and 2009), ac-
counting for clustering by community. Because younger
children were more likely to receive PCV13 in the 2011 col-
lection period, we present our analyses stratified by age
group (6 to ,24 months vs 2 to ,7 years). Models were
adjusted for gender, race or ethnicity, number of siblings
�6 years old in the household, and childcare attendance. In
addition, we explored the impact of recent antibiotic use
and concurrent respiratory tract infection at time of swab-
bing, as determined by chart review, which were previously
identified as factors associated with pneumococcal coloni-
zation [6, 7, 21, 22]. We tested for effect modification using
interaction terms for concurrent respiratory tract infection
and PCV13 vaccination status in our adjusted models, and
we provide effect estimates as appropriate. In the absence
of effect modification, the most parsimonious model was
used in our final analyses. All analyses were performed
using SAS software version 9.2 (SAS Institute, Cary, NC).

RESULTS

Study Population
We conducted surveillance in Massachusetts communities
for pneumococcal colonization among children ,7 years
of age in 2001 (n = 678), 2004 (n = 987), 2007 (1540),
2009 (n = 1011), and 2011 (n = 1164). Across these periods,
there were differences in the enrolled patient characteristics
and their exposures (Table 1). Most notably, the proportion
of children attending group childcare and who were
breastfed increased over time, whereas antibiotic use in the
past 8 weeks decreased in recent study periods.

In 2011, vaccination with any pneumococcal conjugate
vaccine (ie, PCV7 or PCV13) exceeded 90% in all age
groups (Figure 1). Because PCV13 was not available until

April 2010 in Massachusetts, younger children (who are
seen more frequently for well child care) were more likely
to have received PCV13, particularly those ,24 months
old. A smaller proportion of children 2 to ,5 years of age
(41%) had received a PCV13 catch-up booster, and very
few children 5 to ,7 years of age (2%) received PCV13,
consistent with the timing of availability of PCV13 and
with national recommendations for use in this age group.

Pneumococcal Colonization by Vaccine Serotype
Overall pneumococcal colonization declined between
2001 and 2004 and increased thereafter to the current
level of 31% (Figure 2A). Between 2004 and 2011, the
prevalence of pneumococcal colonization increased signifi-
cantly (odds ratio [OR] per year, 1.05; 95% confidence in-
terval [CI], 1.03, 1.08; P, .0001). In contrast to overall
colonization, PCV7 serotype colonization declined signifi-
cantly (OR per year, 0.74; 95% CI, 0.70, 0.79;
P, .0001). There were no significant trends seen for 6 ad-
ditional PCV13 serotypes before 2011 (OR per year, 1.03;
95% CI, 0.98, 1.08; P = .26). However, in the highly vac-
cinated age group of children 6 to ,24 months old
(Figure 2B), the odds of colonization with PCV13 sero-
types decreased significantly in 2011 from the course sug-
gested by the previous years (OR, 0.54; 95% CI, 0.30,
0.96; P = .037). In contrast, there were no significant de-
clines noted for children 2 to ,7 years of age in 2011. We
did observe significant increases in non-PCV13 serotypes
between 2001 and 2011 for all children (OR per year, 1.12;
95% CI, 1.10, 1.15; P, .0001); our findings for coloniza-
tion with non-PCV13 serotypes were similar for both
younger (OR per year, 1.15; 95% CI, 1.10, 1.19) and older
children (OR per year, 1.10; 95% CI, 1.06, 1.13).

When individual serotypes were considered, the propor-
tion of children colonized with 15B/C and 21 increased
over the past decade. 15 B/C emerged as the most common
serotype in 2011 (Figure 3). Among serotypes included in
PCV13, 19A remained the second most common isolate in
2011, although its prevalence had declined from 2009.
Small declines were also noted for serotype 6A and 7F, but
not for serotype 3, in 2011.

Pneumococcal Colonization by Antibiotic Susceptibility
Erythromycin nonsusceptibility was most commonly iden-
tified, occurring in approximately one-quarter of pneumo-
coccal isolates, followed by clindamycin and ceftriaxone
nonsusceptibility (Figure 4). Less common were penicillin-
intermediate (�5%) and penicillin-resistant (�2%) isolates,
based on 2008 CLSI definitions for penicillin nonsusceptibility
for nonmeningeal infections, although penicillin resis-
tance increased significantly between 2001 and 2011
(P = .001).
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Among nonsusceptible isolates in 2011, serotype 19A
was responsible for 94% (17 of 18) of penicillin-
intermediate, 100% (6 of 6) of penicillin-resistant, 68%

(25 of 37) of ceftriaxone nonsusceptible, 29% (29 of 101)
of erythromycin nonsusceptible, and 39% (15 of 38) of
clindamycin nonsusceptible isolates in 2011. Although sero-
type 19A declined in prevalence between 2009 and 2011, we
did not note any parallel declines in the proportion of non-
susceptible isolates. Notably, ST320 increased as a propor-
tion of 19A isolates over the past decade (0% in 2001, 4% in
2004, 15% in 2007, 45% in 2009, 46% in 2011), whereas
ST199 has continued to decline (78% in 2001, 50% in
2004, 35% in 2007, 12% in 2009, 7% in 2011) (Figure 5),
which has also been demonstrated in our previously pub-
lished work [15].

Serotype 35B accounted for 27% (10 of 37) ceftriaxone
nonsusceptible and 3% (3 of 101) of erythromycin non-
susceptible isolates. Serotypes 15A and 15B/C accounted
for 12% (12 of 101) and 26% (26 of 101) of erythromycin

Figure 1. Proportion of children up-to-date (UTD) for PCV13 or PCV7 by age
group in 2011.

Table 1. Characteristics of Children Swabbed in Massachusetts Communities, 2001–2011a

2001 (n = 678) 2004 (n = 987) 2007 (n = 1540) 2009 (n = 1011) 2011 (n = 1164) P Valueb

Age group
,6 months 8.70% 4.96% 9.35% 7.72% 7.30% ,.001
6 to,12 months 16.52% 12.16% 17.27% 17.31% 18.13%
12 to,24 months 21.24% 23.10% 25.65% 23.44% 23.20%
2 to,5 yrs 36.14% 41.84% 34.81% 37.88% 35.14%
5 to,7 yrs 17.40% 17.93% 12.92% 13.65% 16.24%

Female gender 45.79% 52.79% 48.12% 48.17% 46.48% .025
Young siblings (� 6 years) in household
0 52.97% 50.47% 58.06% 53.75% 53.41% .72
1 37.34% 39.02% 34.05% 36.84% 36.73%
�2 9.69% 10.51% 7.89% 9.41% 9.85%

Group childcare attendance
None or,4 hours/weeks 55.52% 48.59% 50.17% 43.44% 45.56% ,.001
4–10 hours/week 14.83% 11.53% 8.44% 12.28% 11.61%
11–20 hours/week 5.77% 13.88% 8.37% 11.75% 10.11%
.20 hours/week 23.89% 26.00% 33.02% 32.53% 32.72%

Recent antibiotic use (chart only)
,2 weeks 10.18% 10.33% 4.61% 7.72% 5.41% ,.001
2 to,4 weeks 8.26% 8.81% 6.88% 6.92% 6.62%
4 to,6 weeks 7.37% 5.57% 4.55% 3.36% 3.44%
6 to,8 weeks 6.19% 4.15% 5.45% 3.17% 2.84%
�8 weeks or none recorded 67.99% 71.12% 78.51% 78.83% 81.70%

RTI at the time of specimen collection (chart only) 28.83% 27.14% 46.04% 39.27% 33.16% ,.001
Cigarette smoke exposure in household 29.73% 20.57% 19.83% 25.74% 22.17% ,.001
Breastfed
No 38.55% 34.93% 27.38% 29.38% 23.91% ,.001
Yes, for,3 months 18.48% 16.89% 19.21% 20.27% 20.33%
Yes, for 3–6 months 24.01% 21.46% 23.83% 22.11% 26.00%
Yes, for.6 months 18.96% 26.71% 29.59% 28.25% 29.76%

Race/ethnicity
White non-Hispanic 77.83% 84.07% 53.19% 82.27% 69.41% ,.001
Black non-Hispanic 6.67% 3.86% 27.98% 5.15% 12.01%
Hispanic/Latino 7.60% 5.50% 12.44% 7.42% 10.60%
Asian/Pacific Islander 3.10% 1.99% 2.22% 4.02% 5.00%
Other 4.81% 4.57% 4.17% 1.13% 2.98%

Overall pneumococcal colonization 27.43% 23.30% 27.60% 28.68% 31.36% .001
Pneumococcal colonization by serotype
PCV7 serotypes 7.96% 3.44% 1.30% 0.59% 0.60% ,.001

Additional PCV13 serotypes 5.16% 5.07% 6.49% 5.74% 4.81% .33
Non-PCV13 serotypes 9.14% 14.08% 19.81% 22.35% 25.95% ,.001
Serotype data missing 5.16% 0.71% 0.00% 0.00% 0.00% –

Abbreviations: RTI, respiratory tract infection.
aChildren enrolled from 16Massachusetts communities in 2001 and 2004, 9 communities in 2007, 8 communities in 2009, and 9 communities in 2011.
bUsing generalized linear mixed models to account for clustering by community to evaluate differences across swabbing seasons.

26 Lee et al



nonsusceptible isolates and 32% (12 of 38) and 8% (3 of
38) of clindamycin nonsusceptible isolates, respectively.
Serotype 21 was responsible for only 1% (1 of 101) of
erythromycin and 3% (1 of 38) of clindamycin nonsuscep-
tible isolates. Serotype 3 also accounted for very little anti-
biotic resistance (2% erythromycin; 3% clindamycin) in
the 2011 sample.

Impact of PCV13 on Pneumococcal Colonization
Overall colonization rates in children 6–23 months
(Table 2A) or 2 to ,7 years (Table 2B) of age who were
vaccinated with PCV13 in 2011 were comparable to chil-
dren who did not receive PCV13 in 2007, 2009, and
2011, adjusted for known risk factors for colonization.
Probability of colonization with a PCV13 serotype re-
vealed a different relationship. Among 6- to 23-month-old
children without a concomitant respiratory tract infection,

the prevalence of colonization with PCV13 serotypes was
significantly lower among children who were vaccinated
with PCV13 vaccine (adjusted OR, 0.30; 95% CI, 0.11,
0.78; P = .014) (Table 2A). This protective effect was not
observed among children with a concomitant respiratory
tract infection. Among 2- to ,7-year-old children, we did
not observe significant changes in the relative rate of overall
pneumococcal colonization or colonization with PCV13 se-
rotypes among PCV13-vaccinated children (Table 2B).

DISCUSSION

We evaluated the impact of PCV13 vaccination on rates of
pneumococcal colonization during the 2010–2011 winter
season in Massachusetts, where we have conducted sur-
veillance since 2001. Even though introduction of PCV13
in April 2010 occurred shortly before our surveillance

Figure 2. Pneumococcal colonization by vaccine serotype among (A) all swabbed children, (B) children 6–23 months, and (C) children 2 to ,7 years of age, 2001–
2011.
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Figure 3. Pneumococcal colonization by (A) PCV7 and additional PCV13 serotypes, and (B) 10 most common non-PCV13 vaccine serotypes among Massachusetts
children, 2001–2011.

Figure 4. Proportion of antibiotic-resistant pneumococcal isolates, 2001–2011.
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began, rates of colonization with PCV13 serotypes were
notably lower in 2011 compared with prior surveillance
periods in a highly vaccinated cohort of children 6–23
months of age. Similar declines were not noted in children
2 to ,7 years of age, where vaccine uptake was much
lower, consistent with the timing of vaccine introduction
and recommendations for use in this age group. Nationally,
only 27% of children 2 to ,5 years of age were estimated
to have received the recommended supplemental dose of
PCV13 by 2011 [23]. With these lower vaccination rates
among older children, we would not yet anticipate seeing

the full benefit of both direct protection and herd effect
from PCV13 vaccination [24-26].

We were surprised by the finding that the presence of a
respiratory tract infection at the time of swabbing mitigat-
ed the impact of PCV13 vaccination on colonization with
PCV13 serotypes in young children. It is generally accept-
ed that the recovery of S pneumoniae from the naso-
pharynx is higher among children with respiratory tract
infection, due to increased secretions recovered or a higher
bacterial load within the nasopharynx [27]. Alternatively,
one may speculate that the presence of a respiratory tract
infection may facilitate coacquisition of S pneumoniae
more generally, although we would not anticipate this to
be limited to PCV13 serotypes [28]. Regardless, the
vaccine appears to have had an overall beneficial effect in
reducing carriage of PCV13 serotypes among young,
healthy children. This result may be clinically significant
because particular serotypes included in the vaccine, such
as 19A, are a major cause of IPD in the post-PCV7 era.

In contrast, colonization with non-PCV13 serotypes
appears to be increasing over the past decade, with 15B/C,
19A, 6C, and 11A identified as the most common isolates
in 2011. Although serotype 6C is not currently included in
the PCV13 vaccine, the inclusion of 6A, which has been
reported to induce functional anti-6C opsonophagocytic

Table 2A. Multivariate Regression Model to Evaluate the Effects of PCV13 Vaccination on Overall Colonization and
Colonization With PCV13 Serotypes. Results Are Presented for 6- to 23-Month-Old Children

Any Pneumococcal Colonization
Colonization With PCV13

Serotypesa

OR (95% CI) P Valueb OR (95% CI) P Valueb

6-23 month old children (n = 1209)
RTI at the time of specimen collection 1.85 (1.42, 2.41) ,.001 – –

Vaccinated with PCV13 1.07 (.81, 1.42) .63 – –

Vaccinated with PCV13 and presence of RTI – – 1.36 (.66, 2.77) .40
Not vaccinated with PCV13 and presence of RTI – – 1.40 (.84, 2.34) .20
Vaccinated with PCV13 and No RTI – – 0.30 (.11, 0.78) .014
Not vaccinated with PCV13 and no RTI – – 1.0 –

Young siblings (�6 years) in household ,.001 .005
0 1.0 1.0
1 2.31 (1.75, 3.04) 1.15 (.70, 1.89)
�2 3.03 (2.00, 4.60) 3.01 (1.53, 5.92)

Group childcare attendance ,.001 ,.001
None or,4 hours/weeks 1.0 1.0
4–20 hours/week 2.00 (1.33, 3.01) 1.61 (.76, 3.40)
.20 hours/week 3.05 (2.23, 4.18) 3.04 (1.83, 5.06)

Recent antibiotic use ,.001 .24
,2 weeks 0.29 (.17, 0.52) 0.82 (.33, 2.03)
2 to,4 weeks 0.63 (.41, 0.97) 1.86 (.99, 3.50)
4 to,8 weeks 0.61 (.39, 0.94) 1.04 (.51, 2.14)
�8 weeks or none recorded 1.0 1.0

Abbreviations: CI, confidence interval; OR, odds ratio; RTI, respiratory tract infection.
aP value for interaction term for vaccinated with PCV13 bpresence of RTI = 0.053.
b Type III test of fixed effects.

Figure 5. Frequency of 19A isolates identified as ST199, ST320, ST695, and
other STs, 2001–2011.
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responses, may reduce 6C colonization in the PCV13 era
[29, 30]. Additional surveillance will be needed to under-
stand whether the decrease in prevalence of 6C coloniza-
tion we observed in 2011 is maintained. These changes
likely reflect (1) the decline in new acquisitions of addi-
tional PCV13 serotypes as a result of vaccine-induced im-
munity and (2) expansion of less frequent genotypes with
non-PCV13 serotypes.
We have not yet seen substantial changes in patterns of

antibiotic nonsusceptibility in 2011, despite a modest
decline in the carriage prevalence of 19A. These findings
mirror observations in US data on IPD that describe a
stable proportion of 19A isolates that are increasingly
antimicrobial-resistant due to the dramatic expansion of
multidrug-resistant ST320 and corresponding declines in
ST199 [31]. Although it unclear why ST320 emerged as
the predominant 19A clone, it is plausible that the key to
its success was a combination of vaccination pressure and
continued antimicrobial pressure. As widespread use of
PCV13 adds to the selective pressure on isolates with a
19A capsule, further monitoring of the ongoing evolution
of the genetic structure of pneumococcus is warranted.
This analysis is based on surveillance in the same commu-

nities over a decade, with collection of nasopharyngeal iso-
lates as well as detailed information on epidemiologic risk
factors. Although it appears that the association of certain
risk factors with pneumococcal colonization has changed
over time in these communities, such as group childcare atten-
dance, recent antibiotic use, cigarette smoke exposure in
household, and breastfeeding rates, PCV13 vaccination

remains an independent predictor of lower likelihood of
colonization with PCV13 serotypes in Massachusetts
children 6–23 months of age. These findings are similar to
those found in children diagnosed with otitis media, in
which 19A and 7F carriage rates were found to be lower in
PCV13- versus PCV7-vaccinated patients [32].

Because we do not follow colonization patterns in the
same individuals over time, we cannot comment about the
duration of carriage for particular serotypes, nor can we
directly calculate attack rates for invasive disease for spe-
cific serotypes. However, our population-based approach
has allowed us to assess shifts in the circulating pneumo-
coccal strains among young children in the same commu-
nities, over the period of introduction first of PCV7, and
now PCV13. As such, it represents a model for under-
standing the response of a bacterial population to the sig-
nificant selective pressure of vaccine introduction.

CONCLUSIONS

Our findings suggest that even within 1 year of implemen-
tation, PCV13 has had an impact on the circulating popu-
lation of pneumococci among young children in our
communities in Massachusetts. We anticipate further re-
ductions in PCV13 serotypes as additional age cohorts are
vaccinated over time, similar to our observations of the
impact of PCV7. It is also likely, we believe, that serotype
replacement and expansion of existing strains will contin-
ue to mitigate the overall impact of PCV13 vaccine on
overall pneumococcal colonization.

Table 2B. Multivariate Regression Model to Evaluate the Effects of PCV13 Vaccination on Overall Colonization and
Colonization With PCV13 Serotypes. Results Are Presented for 2- to,7-Year-Old Children Swabbed in 2007, 2009, and 2011,
Combined

Any Pneumococcal Colonization Colonization With PCV13 Serotypes

OR (95% CI) P Valuea OR (95% CI) P Valuea

2- to,7-year-old children (n = 1462)
Vaccinated with PCV13 1.23 (.85, 1.78) .28 1.17 (.58, 2.34) .66
Young siblings (�6 years) in household .80 .93
0 1.0 1.0
1 0.98 (.77, 1.26) 1.01 (.63, 1.63)
�2 0.86 (.55, 1.34) 0.86 (.35, 2.08)

Group childcare attendance .001 .72
None or,4 hours/weeks 1.0 1.0
4–20 hours/week 1.43 (1.03, 1.97) 1.12 (.61, 2.08)
.20 hours/week 1.87 (1.36, 2.55) 1.28 (.70, 2.32)

Recent antibiotic use ,.001 .56
,2 weeks 0.25 (.13, .50) 0.53 (.16, 1.75)
2 to,4 weeks 0.38 (.22, .65) 0.78 (.30, 2.01)
4 to,8 weeks 0.65 (.41, 1.03) 1.33 (.64, 2.79)
�8 weeks or none recorded 1.0 1.0

RTI at time of specimen collection 1.18 (.93, 1.50) .17 1.42 (.90, 2.24) .13

Abbreviations: CI, confidence interval; OR, odds ratio; RTI, respiratory tract infection.
aType III test of fixed effects.
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