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We investigated serotype distribution and antimicrobial resistance of pneumococcal
carriage isolates from children after optional immunization with the 7-valent
pneumococcal conjugate vaccine (PCV7) in Korea. From June 2009 to June 2010, 205
(16.5%) pneumococcal isolates were obtained from 1,243 nasopharyngeal aspirates of
infants and children at Seoul National University Children’s Hospital, Korea. Serotype was
determined by Quellung reaction and antibiotic susceptibility was tested by E-test. The
results were compared to previous studies done in the pre-PCV7 period. In this study, the
most common serotypes were 6A (15.3%), 19A (14.7%), 19F (10.2%), 35B (7.3%), and
6D (5.6%). The proportion of PCV7 serotypes decreased from 61.9% to 23.8% (P < 0.001).
The overall penicillin nonsusceptibility rate increased from 83.5% to 95.4% (P = 0.001).
This study demonstrates the impact of optional PCV7 vaccination in Korea; the proportion
of all PCV7 serotypes except 19F decreased while antimicrobial resistant serotypes 6A and
19A further increased.
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INTRODUCTION

Streptococcus pneumoniae is a major cause of invasive infec-
tions in young infants and children. S. pneumoniaeis part of the
commensal flora of the upper respiratory tract, colonizing the
nasopharyngeal (NP) niche. Sometimes NP carriage can prog-
ress to respiratory or even systemic pneumococcal disease in
the host and also serves as a reservoir for the horizontal spread
of pneumococcus within the community (1). Since the intro-
duction of the 7-valent pneumococcal conjugate vaccine (PCV7),
the incidence of invasive pneumococcal diseases (IPD) has been
decreasing; however, an increase of IPD caused by non-vaccine
serotypes is being observed (2, 3). There were several studies
concerning the impact of PCV7 on pneumococcal NP carriage
rate, showing no change in the overall carriage rate, unlike IPD.
In most carriage studies performed in countries with routine
PCV7 immunization, carriage of vaccine serotypes almost dis-
appeared and replacement with non-vaccine serotypes were
clearly observed (4-7).

In Korea, PCV7 was introduced in November 2003 as an op-
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tional vaccine. In 2009, the assumed PCV7 coverage rate of in-
fants younger than two years was about 50%-70%, depending
on the region (data given by sales volume and annual birth rate
collected by the pharmaceutical company). PCV7 is no longer
in use, ever since two newly developed extended-valency pneu-
mococcal conjugate vaccines were introduced in Korea in 2010.
Before the introduction of PCV7 in Korea, there were two stud-
ies done on pneumococcal serotypes of NP carriage isolates,
each performed in 1997-1998 and 2001-2002, respectively (8, 9).

The aim of this study is to investigate the distribution of
pneumococcal serotypes and antimicrobial susceptibilities of
NP carriage isolates from children after optional immunization
of PCV7 in Korea, thereby analyzing its impact on the NP car-
riage and providing a basis for further establishment of appro-
priate immunization strategy.

MATERIALS AND METHODS

Pneumococcal isolates
NP aspirates were obtained from infants and children aged 18
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yr or less who presented with respiratory symptoms at Seoul
National University Children’s Hospital from June 2009 to June
2010.

Once the NP specimen was obtained, it was refrigerated for
less than three days before pneumococcal culture. After vortex-
ing the NP specimen, 10 uL of NP aspirate was inoculated onto
a 5% defibrinated sheep blood agar plate, then incubated over-
night at 37°C in a 5% CO. chamber. Identification of S. pneumoni-
aewas based on the presence of alpha-hemolysis and inhibition
by optochin. For subsequent isolates collected from the same
child, repeated serotypes were excluded from the analysis and
only initial isolates were included in the study. Different sero-
types from the same child were included in the analysis.

The results of serotype distribution and antimicrobial resis-
tance of isolates recovered from children aged < 5 yr in 2009-
2010 (post-PCV7 period) were compared to previous pneumo-
coccal NP carriage studies done on Korean children before the
introduction of PCV7 (pre-PCV7 period). For the pre-PCV7 pe-
riod, data of a total 139 isolates from two different studies were
used: 72 NP isolates from healthy children aged 1-5 yr in 1997-
1998 (8) and 67 NP isolates from children aged < 5 yr who visit-
ed pediatric clinics in 2001-2002 (9). Nontypeable pneumococ-
ci were excluded from the analysis for comparison of serotype
distribution between pre-PCV7 period and post-PCV7 period.

Serotype determination

Serotype determination of all isolates was done by Quellung re-
action using antiserum (Statens Serum Institute, Copenhagen,
Denmark). To assign serotypes 6C and 6D, all serogroup 6 strains
were screened for wciNy and wciPs genes by using 2 simplex
PCRs and subsequent sequencing analyses as previously de-
scribed (10). Serotypes 4, 6B, 9V, 14, 18C, 19E and 23F were clas-
sified as PCV7 serotypes. Non-PCV7 serotypes included all other
serotypes.

Antimicrobial drug susceptibility testing

All pneumococcal isolates obtained from children aged < 5 yr
except non-typeable strains were tested for minimal inhibitory
concentrations (MICs) of 8 antimicrobial drugs (penicillin, ce-
fotaxime, chloramphenicol, tetracycline, clindamycin, erythro-
mycin, trimethoprim-sulfamethoxazole, and levofloxacin) by
E-test (AB Biodisk, Solna, Sweden). For penicillin, susceptibility
was analyzed by epidemiological breakpoints (same as oral
penicillin breakpoints of the Clinical and Laboratory Standards
Institute 2008 Guideline) (11, 12) for comparison with previous
studies (8, 9). Multidrug resistance was defined as nonsuscepti-
bility to > 3 antimicrobial drug classes.

Statistical analysis

Statistical analysis was performed by using the SPSS software
version 19.0 (SPSS, Chicago, IL, USA). Serotype proportion in
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each period (pre-PCV7 and post-PCV7) was compared using
the chi-squared or Fisher exact test, as appropriate. A P value
< 0.05 was considered statistically significant.

Ethics statements

The study protocol was approved by the institutional review
board of Seoul National University Hospital (IRB registration
number-H-0912-034-303). Informed consent was exempted,
since NP aspirates were obtained as a standard of patient care
to identify etiologic agents of respiratory tract infections.

RESULTS

Pneumococcal isolates

A total of 1,243 NP aspirates were collected from June 2009
through June 2010. Sixty-two percent of the subjects (774/1,243)
were male and the median age of children was 2.28 yr (range:
0.01-18.88 yr). Two hundred five pneumococcal isolates were
recovered, with a detection rate of 16.5%. The male:female ratio
was 1:0.64 (125:80) and the median age of children who were
pneumococcal carriers was 2.18 yr (range: 0.11-15.66 yr). The
percentages of the carriers by age group were 45.9% (< 2 yr),
24.9% (2-4 yr), and 29.2% (> 5 yr), respectively. The pneumococ-
cal detection rate of each age group was 16.3% (93/571) among
children aged < 2yr, 24.9% (77/309) among children aged 2-4 yr,
and 9.6% (35/363) among children aged > 5 yr. The detection
rate was significantly high among children aged between 2-4 yr
(by chi-squared test, P < 0.001). Vaccination history of the chil-
dren was not available.

Serotype distributions in post-PCV7 period (2009-2010)
Among the 205 pneumococcal isolates, 28 (13.7%) isolates were
nontypeable, which means no capsules for those pneumococci.
Serotype distribution of 205 pneumococci demonstrated that
PCV7 serotypes accounted for 16.6% (34/205), and most com-
mon serotypes 6A, 19A and 19F accounted for 13.2%, 12.7%, and
8.8%, respectively.

A total of 177 isolates for which specific serotypes were deter-
mined were included for comparison of serotype distribution
between the pre-PCV7 period and post-PCV7 period. Table 1
shows the overall serotype distribution of the 177 nasopharyn-
geal pneumococcal isolates obtained from 175 children. A sin-
gle pneumococcal isolate was recovered from each child, with
the exception of two children, from whom two different isolates
were recovered from different specimens. Among the 177 pneu-
mococcal isolates obtained during 2009-2010, the most common
serotypes were 6A (n = 27, 15.3%), 19A (n = 26, 14.7%), 19F (n =
18,10.2%), 35B (n = 13, 7.3%), 6D (n = 10, 5.6%), and 34 (n = 10,
5.6%). The proportion of PCV7 serotypes accounted for 19.2%
(34 isolates). In subgroup analysis by age groups, serotype 6A
occupied a constant proportion of the isolates regardless of age
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(14.7-15.7%). On the other hand, serotypes 19A and 19F occu-
pied a large proportion of the isolates recovered from children
aged < 2 yr (18.1% and 12.0%, respectively), while the propor-
tion was smaller in children aged 2= 5 yr (7.7% and 3.8%, respec-
tively).

Table 1. Distribution of serotypes among 177 pneumococcal isolates from nasopha-
ryngeal aspirates of children in Korea by age group, 2009-2010*

No. (%) isolates by age
Total <24 mof  24-59 mo* > 60 mo*

Serotypes
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Changes in serotype distributions, pre- versus post-PCV7
period
For the pre-PCV7 period, data of 139 pneumococcal isolates
from two studies were used; 72 NP isolates from healthy chil-
dren aged 1-5 yr in 1997-1998 and 67 NP isolates from children
< 5 yrwho visited pediatric clinics in 2001-2002. Serotypes were
determined by Quellung reaction in these two studies. The most
common serotypes among these isolates were 19F (n = 30, 21.6
%), 23F (n = 24, 17.3%), 14 (n = 17, 12.2%), 6A (n = 14, 10.1%),
19A (n =11, 7.9%), 6B (n = 10, 7.2%) and 11A (n = 10, 7.2%).
PCV7 serotypes accounted for 61.9% (86 isolates) (8, 9).

To compare changes in serotype distribution among pneu-
mococcal carriage isolates between pre- and post-PCV7 period,
the serotype distribution in children aged < 5 yr of age is shown
in Fig. 1. In this comparison, since the differentiation of 6C/6D
from 6A/6B was not done in the 1997-2002 studies, serotypes
6C/6D in the 2009-2010 results were regarded as 6A/6B, and 6D
was regarded as a PCV7 serotype.

The percentage of PCV7 serotypes significantly decreased
from 61.9% in the pre-PCV period to 23.8% in the post-PCV pe-
riod (by Fisher exact test, P < 0.001). This reduction was mostly
due to the decrease of serotypes 14 (from 12.2% to 0.7%, P <
0.001), 18C (from 2.9% to 0%, P = 0.052), 19F (from 21.6% to
11.3%, P = 0.025), and 23F (from 17.3% to 4.0%, P < 0.001), while
other PCV7 serotypes 6B/6D (from 7.2% to 6.6%) and 9V (from
0.7% to 1.3%) showed no significant change in incidence. Despite
the decrease in carriage of PCV7 serotypes, 19F remained the
third most common serotype in the post-PCV7 period as well.

While dramatic reductions in PCV7 serotypes were observed,
6A/6C (from 10.1% to 17.2%, P = 0.089) and 19A (from 7.9% to
15.9%, P = 0.047) serotypes, which already made up large pro-

O 1997-2002 (n = 139)

W 2009-2010 (n = 151)

P=0.047

22F 23A 34 35Bf
Non-PCV7 serotypes |

Fig. 1. Distribution of serotypes with regard to 7-valent conjugate vaccine (PCV7) among pneumococcal isolates from nasopharyngeal aspirates of children < 5 yr of age during
1997-2002 and 2009-2010 periods in Korea. *Differentiation of 6C/6D from 6A/6B was not done in 1997-2002 studies; *Statistically significant (P < 0.05, by Fisher exact

test) increase or decrease in the proportion of each serotypes are marked.
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Table 2. In vitro activity of antimicrobial agents against 151 pneumococcal isolates
from nasopharyngeal aspirates of Korean children < 5 yr of age, 2009-2010

No. (%) isolates™

Antimicrobial agents

Susceptible Intermediate Resistant
Penicillin (oral) 7 (4.6) 107 (70.9) 37 (24.5)
Cefotaxime 127 (84.1) 23(15.2) 1(0.7)
Levofloxacin 150 (99.3) 1(0.7)
Tetracycline 17 (11.3) 11(7.3) 123 (81.5)
Erythromycin 11(7.3) 1(0.7) 139 (92.1)
Clindamycin 50 (33.1) 101 (66.9)
Chloramphenicol 94 (62.3) 57 (37.7)
TMP/SMX* 53 (35.1) 24 (15.9) 74 (49.0)

MIC interpretive standard was based on Clinical and Laboratory Standards Institute
(2008). *Percentages have been rounded:; "TMP/SMX, trimethoprim/sulfamethoxazole.

portions of the isolates before PCV7 introduction, further in-
creased after PCV7 use. The proportion of non-PCV7 serotypes
also increased; especially 15B (from 0.7% to 5.3%, P = 0.038), and
35B (from 0.7% to 6.0%, P = 0.020). While serotypes 15A (from
1.4% to 5.3%, P = 0.106), 15C (from 3.6% to 6.0%, P = 0.418), and
34 (from 0.7% to 4.6%, P = 0.068) also increased, but did not reach
a statistically significant level.

Antimicrobial drug susceptibility testing in post-PCV7
period (2009-2010)

The MIC was tested for 151 isolates collected from NP aspirates
of children < 5 yr of age during 2009-2010. The susceptibility data
are shown in Table 2. Nonsusceptibility rates for penicillin (oral)
and erythromycin were 95.4% (144 isolates) and 92.7% (140 iso-
lates), respectively.

A total of 139 (92.1%) isolates showed multidrug resistance
(MDR), nonsusceptible to > 3 antimicrobial drug classes. All
PCV7 serotype isolates (n =29, 19.2%) were MDR. Serotype
19A (n = 24, 15.9%) was the most common serotype that had
penicillin nonsusceptibility and MDR, followed by 6A (n = 23,
15.2%), 19F (n = 17, 11.3%), 35B (n = 9, 6.0%), 15C (n = 9, 6.0%),
15A (n = 8,5.3%), and 15B (n = 8, 5.3%). Also, all of the serogroup
6 isolates including serotypes 6C (n = 3, 2.0%) and 6D (n =7,
4.6%) were MDR.

Changes of penicillin susceptibility, pre- versus post-PCV7
period
In the post-PCV7 period, penicillin nonsusceptibility rate in-
creased to 95.4% compared to 83.5% of the pre-PCV7 period (by
Fisher exact test, P = 0.001). Penicillin nonsusceptibility rate in-
creased in both PCV7 serotype (from 83.7% to 100%, P = 0.010)
and non-PCV7 serotype (from 83.0% to 93.9%, P = 0.044) groups.
The changes in penicillin susceptibility for each serotype are
shown in Table 3.

PCV7 serotypes 19F (21.6%), 23F (17.3%) and 14 (12.2%) were
the most common penicillin nonsusceptible serotypes in the
pre-PCV7 period. In the post-PCV7 period, the proportion of
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Table 3. Penicillin susceptibility results of each pneumococcal serotype isolated from
nasopharyngeal aspirates of children < 5 yr of age during 1997-2002 and 2009-
2010 periods in Korea™!

No. (%) isolates*

Serotypes 1997-2002 (n = 139) 2009-2010 (n = 151)
Total NS® (%) Total NS® (%)
PCV7 serotypes 86 72 (83.7) 36 36 (100)
6B/6D" 10 6 (60.0) 10 10 (100)
9V 1 1(100) 2 2 (100)
14 17 17 (100) 1 1(100)
18C 4
19F 30 29 (96.7) 17 17 (100)
23F 24 19 (79.2) 6 6 (100)
Non-PCV7 serotypes 58 44 (83.0) 115 108 (93.9)
1 1
6A/6C" 14 11 (78.6) 26 26 (100)
7C 1
10A 3 3 (100)
1A 10 10 (100) 8 7(87.5)
13 3 3 (100)
15A 2 1 (50.0) 8 8 (100)
15B 1 8 8 (100)
15C 5 3(60.0) 9 9 (100)
16A 1 1 (100)
19A 11 11 (100) 24 24 (100)
20 1
22F 3
23A 6 6 (100) 5 5 (100)
34 1 7 6 (85.7)
358 1 1 (100) 9 9 (100)
Total 139 116 (83.5) 151 144 (95.4)

*For 1997-2002 period, data of 139 pneumococcal isolates from two studies were
used; 72 isolates in 1997-1998 and 67 isolates in 2001-2002 (8, 9); 'PCV7, 7-valent
conjugate vaccine; *Percentages have been rounded; NS, Pneumococci nonsuscep-
tible to penicillin; "Differentiation of serotype 6C/6D from 6A/6B was not done in 1997-
2002 studies. 6C isolates are included in 6A and 6D isolates are included in 6B. Dur-
ing 2009-2010 period, number of serotype 6A, 6B, 6C, and 6D were 23, 3, 3, and 7,
respectively.

PCV7 serotype isolates decreased, although serotype 19F (11.3%)
remained the third most common penicillin nonsusceptible
serotype, whereas serotype 23F (4.0%) and 14 (0.7%) nearly
vanished. Serotypes 19A and 6A were the most common peni-
cillin nonsusceptible serotypes in the post-PCV7 period. Sero-
type 19A was 100% nonsusceptible to penicillin in both the pre-
and post-PCV7 period. For serotype 6A/6C, the nonsusceptibil-
ity rate increased from 78.6% in the pre-PCV7 period to 100% in
the post-PCV7 period (P = 0.037). The increasing serotypes (34,
35B, and serogroup 15) in the post-PCV7 period also showed
high percentages of nonsusceptibility.

To analyze serotype-related resistance, we compared the pro-
portion of each serotypes in penicillin nonsusceptible isolates.
In the pre-PCV7 period, PCV7 serotypes accounted for 62.1%
(72/116) of the total penicillin nonsusceptible isolates. However
in the post-PCV7 period, PCV7 serotypes accounted for only
25.0% (36/144), showing significant decrease in PCV7 serotypes
as penicillin nonsusceptible pneumococci (P < 0.001). Among

http://jkms.org 719



JKMS

Cho EY, et al. = Pneumococcal Carriage in Korea, Post-PCV7

non-PCV7 serotypes, serotype 6A/6C increased from 9.5% to
18.1% (P = 0.052) and serotype 19A also increased from 9.5% to
16.7% (P = 0.102), though statistically insignificant.

DISCUSSION

This study highlights changes in serotype distribution of naso-
pharyngeal carriage in children before and after the introduc-
tion of PCV7 in a country where PCV7 has been used as an op-
tional vaccine for 7 yr, since 2003. In the pre-PCV7 period, PCV7
serotypes 19E 23E and 14 were the most common serotypes, but
in the post-PCV7 period, all PCV7 serotypes except 19F nearly
vanished and serotypes 6A, 19A and 19F become dominant. In
addition, the substantial increase in serotypes 35B and 6D was
interesting.

Change in serotype distribution among penicillin nonsus-
ceptible isolates was noteworthy. In the pre-PCV7 period, peni-
cillin nonsusceptible isolates were mostly PCV7 serotypes, but
in the post-PCV7 period, they were mostly non-PCV7 serotypes
like 6A, 19A. The only remaining PCV7 serotype was 19F making
non-PCV7 serotypes more responsible for the increase in the
penicillin nonsusceptibility rate.

Previously, many studies on pneumococcal NP carriage were
conducted in countries with routine PCV7 immunization. How-
ever, not all countries have PCV in their national immunization
program. Korea is a country with optional PCV immunization,
with a gradual increase in coverage rate after the introduction
of PCV7 in 2003, from 14% in 2004 to 42% in 2006 and 72% in
2009 (data given by sales volume and annual birth rate collect-
ed by the pharmaceutical company), creating a unique ecology
for pneumococci.

In studies that investigated NP colonizing pneumococci after
routine PCV7 immunization, PCV7 reduced the carriage of PCV7
serotype pneumococci, which was replaced with non-PCV7 se-
rotypes, making only a slight decrease or even no change in the
overall pneumococcal carriage (4-7, 13). These results seem to
be consistent with the results in our study, where the proportion
of PCV7 serotype isolates decreased and non-PCV7 serotypes
increased. However, the detailed percentages of each serotype
were different.

We found that most PCV7 serotypes except 19F decreased
after optional PCV7 use in Korea, but serotype 19F remained a
major serotype. Many previous carriage studies showed a de-
crease in serotype 19F along with other PCV7 serotypes (5, 6, 13),
but some studies done in European countries showed delayed
reduction of serotype 19F (14-16). This finding may be due to the
differences in effect that PCV7 has on each serotype. In clinical
trials that evaluated the immunogenicity of PCV13 compared
to PCV7, post-PCV7 ELISA antibody geometric mean concen-
tration (GMC) for serotype 19F was similar to other PCV7 sero-
types but opsonophagocytic assay (OPA) of PCV7 for serotype
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19F showed the lowest geometric mean titer (GMT) among
PCV7 serotypes (17, 18). Since OPA better predicts functional
serotype-specific effectiveness than ELISA (19), vaccine-in-
duced mucosal immunity against serotype 19F may actually be
weaker, making 19F the only remaining PCV7 serotype among
carriage isolates in modest PCV7 coverage regions like Korea.

It is well known that PCV7 has no cross-protection to sero-
type 19A (20), and in Korea, serotype 19A has been an increas-
ing strain found in IPD isolates even before the introduction of
PCV7 (21). On the other hand, PCV7 has a cross-protection effect
for serotype 6A and many studies showed a reduction of sero-
type 6A in NP carriage, while an increase of serotype 19A was
noticed at the same time (5, 6, 13). However in our result, sero-
type 6A shared the lead with serotype 19A as the most common
NP carriage isolate of the post-PCV7 period. This is consistent
with a study performed in Hong Kong, a region with 20%-40%
PCV7 coverage rate, where serotypes 6A and 19A both were in-
creasing carriage isolates (22). These differences may also be
related to the functional serotype-specific effectiveness of PCV7.
After PCV7 immunization, OPA GMT was very low for serotype
19A, reflecting no functional effect of PCV7 to serotype 19A. But
for serotype 6A, OPA GMT reached similar levels with that of
serotype 19E the lowest in PCV7 serotypes (17, 18). As a result,
serotype 6A may present delayed reduction in NP carriage like
serotype 19F in modest PCV7 coverage regions. In 2010, PCV13,
the new extended-valency vaccine including serotype 6A and
19A was introduced in Korea and we are anticipating changes
in both serotypes during the post-PCV13 period.

We also found that newly recognized serotypes 6C and 6D
accounted for 7.3% of the isolates in 2009-2010. In Korea, sero-
types 6C and 6D were found from pneumococcal isolates in the
1990s and 6D occupied 10.4% of serogroup 6 (10). Since 6C and
6D were unidentifiable by standard methods, they may have
been masked as serotypes 6A/6B in the pre-PCV7 results used
in our study for comparison. The proportion of serotype 6A (and
6C) and 6B (and 6D) were 10.1% and 7.2% before the introduc-
tion of PCV7, then changed to 15.3% : 2.8% : 1.7% : 5.6% (6A: 6B :
6C : 6D) in the post-PCV7 period. Although serotype 6D has
similar capsular characteristics with 6B, which is the only sero-
type in serogroup 6 included in PCV7, 6D occupied a large por-
tion of pneumococcal isolates in spite of PCV7 use. After the
introduction of PCV13, which includes serotypes 6A and 6B,
continuous monitoring is required for the distribution of these
two closely related serotypes 6C and 6D among nasopharyn-
geal carriage and IPD.

As for antimicrobial resistance, nonsusceptibility to penicillin
remained steady in many of the previous studies, mostly due to
an increased proportion of penicillin nonsusceptible non-PCV7
type pneumococci (4-7, 22). In this study, the very high and still
increasing penicillin nonsusceptibility was remarkable. The high
nonsusceptiblilty was most likely the result of antibiotic pres-
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sure and not related to PCV7, especially as Korea is one of many
countries with high antimicrobial pressure. The decreasing pro-
portion of PCV7 serotypes in penicillin nonsusceptible pneu-
mococci despite the overall increase in penicillin nonsuscepti-
bility means that non-PCV7 serotypes, especially common se-
rotypes 6A and 19A, were increasing in antimicrobial resistance.
The high penicillin nonsusceptibility rates in dominantly increas-
ing serotypes were also remarkable: all serogroup 15 and sero-
type 35B were penicillin nonsusceptible. In addition, newly rec-
ognized serotypes 6C and 6D were all penicillin nonsusceptible.

Hanage et al. (23) explained the phenomenon of changing
serotypes in the aspect of antimicrobial susceptibility by the
contribution of clonal expansion and serotype switching. They
found that previously PCV7-type (4, 9V, 19F) related clones with
high-level penicillin resistance changed to serotype 15B/C, 19A,
and 35B. Since the overall carriage of pneumococci continues
to be prevalent despite vaccination, the continued exposure of
NP colonized pneumococci to antibiotics may result in the selec-
tion of resistance (12). These findings suggest that highly resis-
tant strains can continue to circulate or even increase after the
elimination of vaccine serotypes and as new extended-valency
vaccines are introduced.

This study has several limitations. First, because pneumococ-
cal carriage isolates were collected at a single center in a large
city, this sample may not represent the whole national data. The
data from pre-PCV7 period was mixed with isolates from differ-
ent location and time, therefore caution should be practiced
when making direct comparisons. However, the lack of better
results allowed for a rough estimation of the current epidemio-
logic data on pneumococcal carriage in Korea. Multicenter-based
data collection is needed to investigate the change of pneumo-
coccal carriage to evaluate the impact of newly introduced pneu-
mococcal conjugate vaccines on serotype distribution. Second,
this study did not include the individual’s vaccination status and
previous antibiotic history. PCV7 is an optional vaccine in Korea;
therefore there was no accurate data on the coverage rate of the
targeted vaccination group. Also, there is no surveillance system
of antimicrobial prescriptions in Korea, making it hard to evalu-
ate the exact impact of vaccine or antibiotic use on pneumococ-
cal serotype distribution and antimicrobial susceptibility.

Despite these limitations, this study demonstrates the impact
of optional PCV7 vaccination on serotype distribution and anti-
microbial susceptibilities of NP carriage isolates from children
in Korea. The proportion of all PCV7 serotypes except 19F de-
creased, possibly relating to the functional serotype specific effec-
tiveness of PCV7, while antimicrobial resistant serotypes 6A and
19A further increased.

This present study has several implications for future pneu-
mococcal immunization programs. In particular, this study dem-
onstrates that a large proportion of highly resistant serotypes 6A
and 19A still remained common after the use of PCV7, making
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us aware of possible changes after the introduction of extended-
valency vaccines. However, there are concerns about the sero-
type-specific effectiveness of PCVs and the replacement of naso-
pharyngeal carriage with other non-vaccine related high anti-
microbial resistant serotypes, creating concerns about the re-
duced effect of new vaccines. Future surveillance studies will
be required to evaluate the impact of newly introduced vaccines
on serotype distribution, in efforts to develop more extended-
valent and more effective vaccines. In addition, to reduce anti-
biotic pressure in Korea, further strategies are needed to encour-
age judicious antibiotic use.
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