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a b s t r a c t

Background: The prevalence of Serotype 6D Streptococcus pneumoniae was reported relatively high in
South Korea. Since the introduction of 7-valent pneumococcal conjugate vaccine (PCV7), serotype
replacement was observed. This study was designed to better clarify genetic diversity of pneumococcal
serotype 6D and its clinical characteristics after introduction of PCV7 in 2000.
Methods: We performed serotyping analysis with 1298 pneumococcal isolates from clinical specimens in
South Korea from 2004 to 2011. Multilocus sequence typing was performed, and minimal inhibitory
concentration was determined for the available serotype 6D and nontypeable (NT) pneumococcal iso-
lates during the 2006e2007 period.
Results: The proportion of serotype 6D pneumococci increased from 0.8% (2004e2007) to 2.9% (2008
e2011) of all clinical pneumococcal isolates, accounting for 14.9% of serogroup 6 pneumococci in South
Korea. NT pneumococci markedly increased to 13.3% during 2006e2007 in advance of the increase in
serotype 6D. Among the 26 available serotype 6D pneumococcal isolates, ST282 was predominant (23
isolates, 88.5%). The STs of NT pneumococci (26 isolates) were diverse, but clonal complex 271 was the
dominant clone. The oral penicillin non-susceptibility rate was 92.3% (24 among 26 isolates) for both
serotype 6D and NT pneumococci. The ceftriaxone non-susceptibility rates of serotype 6D and NT
pneumococci were 7.7% and 3.8%, respectively.
Conclusion: ST2286D strain expanded, particularly among old adults with comorbidities in South Korea.
Both antibiotic and PCV7 pressure might have contributed to the selective increase of NT and serotype 6D
pneumococci.

© 2016 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.

1. Introduction

Serotype 6D Streptococcus pneumoniae isolates have been re-
ported with genetic diversity in several countries, including Korea,
Japan, China, Hong Kong, Fiji, Australia, Finland, Poland, Peru, and
Canada [1]. However, serotype distributions of pneumococcal
capsules vary geographically, so serotype 6D has been rarely
detected in large parts of the world [1]. In fact, the US Centers for
Disease Control and Prevention (CDC) identified only two 6D

isolates in its extensive multi-year surveys [2]. Although the clinical
significance has been unclear, invasive serotype 6D pneumococcal
diseases have been reported [3,4]. Moreover, some of serotype 6D
pneumococci showed multidrug resistance [1]. Thus, pneumo-
coccal serotype 6D needs to be investigated further in genetic and
clinical aspects.

Since the introduction of 7-valent pneumococcal conjugate
vaccine (PCV7) in South Korea, serotype replacement was observed
[5]. PCV7 includes serotypes 4, 6B, 9V, 14, 18C, 19F and 23F.
Although serotype 6D has similar capsular structures with serotype
6B, cross-protection was considered insufficient [5].

This study was designed to better clarify genetic diversity of
pneumococcal serotype 6D and its clinical characteristics. First, we
evaluated the proportion of serotype 6D pneumococci after the
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introduction of PCV7, using both serotyping and molecular typing
methods. We hypothesized that serotype 6D pneumococci might
increasewith capsular switching through nontypeable, null capsule
step after PCV7 introduction. Second, we compared the clinical
characteristics of serotype 6D with other serogroup 6 pneumo-
coccal infections.

2. Methods

2.1. Pneumococcal isolates

Since 2004, hospital-wide surveillance has been conducted to
monitor pneumococcal diseases as a part of routine clinical care at
Korea University Guro Hospital (KUGH), a 1000-bed teaching hos-
pital. KUGH expanded from 600 beds to 1000 beds in 2008.
Pneumococcal isolates were collected from patients with clinically
diagnosed pneumococcal diseases: pneumonia (sputum or naso-
tracheal aspirate), sinusitis (nasal discharge), otitis media (ear
discharge), meningitis (cerebrospinal fluid), empyema (pleural
fluid) and bloodstream infection (blood). For each patient, only
initial pneumococcal isolates were used for the analysis; repeated
isolates from the same patient were excluded from the study.

This study was intended to evaluate changes in the serological
and molecular epidemiology of pneumococci, particularly serotype
6D in South Korea after the introduction of PCV7. In South Korea,
the coverage rate of PCV7 was estimated to be over 50% among
pediatric population around 2007 years [5]. Based on the coverage
rate of PCV7, the study period was divided into two periods: period
1 (early post-PCV7 period, 2004e2007) versus period 2 (late post-
PCV7 period, 2008e2011).

This study was approved by the ethics committee of KUGH (IRB
No. KUGH14106) and was conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice. The institutional
review board of KUGH waived written informed consent. Patient
records/information was anonymized and de-identified prior to
analysis.

2.2. Serotyping

Serotyping was carried out using the multibead serotyping
assay methods as described previously [6], which included a mul-
tibead assay with monoclonal antibodies (reaction A) and a mul-
tibead assay with multiplex PCR (reactions B and C).

2.3. Multilocus sequence typing analysis

Multilocus sequence typing (MLST) was performed for the
available serotype 6D isolates (N ¼ 26) and nontypeable (NT)
pneumococcal isolates (N ¼ 26) as described previously [7e9]. NT
isolates were selected from the surging periods between 2006 and
2007 years (Fig. 1). New alleles and STs were submitted to the
S. pneumoniae MLST database (http://pubmlst.org/spneumoniae).
Clonal complexes were determined using the eBURST program.

2.4. Antimicrobial susceptibility test

Minimal inhibitory concentration (MIC) was determined for
each pneumococcal isolate by the broth microdilution method in
accordance with the Clinical and Laboratory Standards Institute
(CLSI) guidelines [10]. S. pneumoniae ATCC 49619 was used as a
control strain. Interpretive breakpoints included the following
values: oral penicillin, �0.06 mg/mL (susceptible), 0.12e1.0 mg/mL
(intermediate), and �2.0 mg/mL (resistant); parenteral penicillin
(non-meningitis S. pneumoniae isolates), �2.0 mg/mL (susceptible),
4.0 mg/mL (intermediate), and �8.0 mg/mL (resistant); ceftriaxone,

�1.0 mg/mL (susceptible), 2.0 mg/mL (intermediate), and �4.0 mg/
mL (resistant); and for levofloxacin, � 2.0 mg/mL (susceptible),
4.0 mg/mL (intermediate), and �8.0 mg/mL (resistant).

2.5. Clinical data collection and analysis

For the cases with serogroup 6 infections, data regarding patient
demographics, co-morbidities, primary infection sites, presence of
bloodstream infection (BSI), and 30-day case fatalities were
collected retrospectively from medical records. The demographic
and clinical characteristics of serotype 6D cases were compared to
those of the other serogroups (serotypes 6A, 6B and 6C).

2.6. Statistical analysis

Statistical analysis was performed using SPSS software version
13.0 (SPSS, Chicago, IL, USA). Serotype proportion in each period
was compared using the c2 or Fisher exact test, as appropriate.

3. Results

3.1. Changes in serotype distribution

During study periods, 1298 pneumococcal isolates were
collected from diverse clinical specimens: 362 isolates in
2004e2007 years and 936 isolates in 2008e2011 isolates. Among
them, 202 (15.6%) isolates belonged to serogroup 6, in which 30
isolates were serotype 6D. Serotype 6D pneumococci increased
from 0.8% (2004e2007) to 2.9% (2008e2011) of all clinical pneu-
mococcal isolates, accounting for 14.9% of serogroup 6 pneumo-
cocci infections (Fig. 1 and Table 1). Nontypeable (NT) pneumococci
markedly increased to 13.3% during 2006e2007 in advance of the
increase in serotype 6D (Fig. 1). Over the duration of the study, the
proportions of serotypes 9V/9A, 19F, and 23F decreased, whereas
those of serotypes 3, 6D, and 19A increased.

The PCV7 coverage rate for pneumococcal isolates decreased
from 36.7% in 2004e2007 to 24.3% in 2008e2011 (p < 0.01), while
those of PCV13 and the 23-valent pneumococcal polysaccharide
vaccine (PPV23) did not change significantly (Table 1).

3.2. MLST analysis and antimicrobial susceptibility test

Among the 26 available serotype 6D pneumococcal isolates, four
sequence types (STs) were identified: ST282, ST2778, ST447, and
ST166 (Fig. 2). Most of the isolates (23 isolates, 88.5%) were ST282.
The STs of NT pneumococci were diverse, but clonal complex 271,
including ST271, ST320, and ST1464, was the dominant clone. Each
one of the NT isolates belonged to ST282 and ST447, respectively.

Results of the antimicrobial susceptibility tests for the 26 6D
serotypes and the 26 NT pneumococcal isolates are shown in
Table 2. The oral penicillin non-susceptibility rate was 92.3% (24
among 26 isolates) for both serotype 6D and NT pneumococci.
However, when analyzed according to the parenteral non-
meningitis breakpoints, most serotype 6D isolates were suscepti-
ble to penicillin (24, 92.3%), but only 69.2% (18 isolates) of the NT
pneumococci were susceptible. In particular, a higher proportion of
the ST320 (4, 66.7%) and ST1464 (4, 66.7%) NT isolates were not
susceptible to penicillin compared to the other isolates. The cef-
triaxone non-susceptibility rates of serotype 6D and NT pneumo-
cocci were 7.7% and 3.8%, respectively. All pneumococcal isolates
were susceptible to levofloxacin.
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