
1 
 

Prevalence of Streptococcus pneumoniae ‘putative serotype 6E’ isolates in 1 
South Korea 2 

 3 
Short title: ‘Putative serotype 6E’ pneumococci 4 
 5 
 6 
Jin Yang Baek1†, In Ho Park2†, Jae-Hoon Song1,3 *, and Kwan Soo Ko1, 4 * 7 

 8 
1Asia Pacific Foundation for Infectious Diseases (APFID), Seoul, Korea 9 
2Medical Research Institute, School of Medicine, Ewha Womans University, Seoul, Korea  10 
3Division of Infectious Diseases, Samsung Medical Center, Sungkyunkwan University 11 

School of Medicine, Seoul, Korea 12 
4Department of Molecular Cell Biology, Samsung Biomedical Research Institute, 13 

Sungkyunkwan University School of Medicine, Suwon, Korea 14 

 15 

† J. Y. Baek and I. H. Park contributed equally to this work.  16 

* Corresponding authors 17 

Kwan Soo Ko, Ph.D.   18 

Department of Molecular Cell Biology, Sungkyunkwan University School of Medicine, 19 

Suwon 440-746, Korea.  20 

Phone : 82-31-299-6223,  Fax : 82-31-299-6229, E-mail : ksko@skku.edu 21 

 22 

Jae-Hoon Song, M.D., Ph.D.   23 

Division of Infectious Diseases, Samsung Medical Center, Sungkyunkwan University School 24 

of Medicine, Seoul 135-710, Korea.  25 

Phone: 82-2-3410-0320, Fax: 82-2-3410-0328, E-mail: songjh@skku.edu 26 

  27 

JCM Accepts, published online ahead of print on 9 April 2014
J. Clin. Microbiol. doi:10.1128/JCM.00228-14
Copyright © 2014, American Society for Microbiology. All Rights Reserved.

 on S
eptem

ber 16, 2016 by P
E

N
N

 S
T

A
T

E
 U

N
IV

http://jcm
.asm

.org/
D

ow
nloaded from

 

http://jcm.asm.org/


2 
 

Abstract 28 

The prevalence of serogroup 6 was investigated among 1,206 Streptococcus pneumoniae 29 

clinical isolates collected from Korean hospitals over three periods (1996-2001, 2004-2006, 30 

and 2008-2009). The number of serogroup 6 isolates increased from 9.7% to 17.5% over the 31 

three periods. While the proportion of serotype 6A and 6D isolates increased significantly, 32 

that of serotype 6B decreased. Twenty-four isolates (2.0%) were typed as the recently 33 

identified ‘putative serotype 6E’ or genetic variants of serotype 6B. The results suggest that 34 

the lack of change in frequency of serotype 6B, in spite of the introduction of the PCV7 35 

vaccine as seen in previous studies in South Korea, might be mainly due to the improper 36 

inclusion of ‘putative serotype 6E’ into serotype 6B. All but three “serotype 6E” isolates 37 

belonged to CC90, indicating their clonal expansion.  38 

 39 

Keywords: pneumococci, serogroup 6, CC90 40 
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Introduction 42 

It is estimated that Streptococcus pneumoniae is responsible for approximately 1.6 million 43 

deaths each year, of which nearly one million are children aged less than 5 years. The 44 

majority of these deaths occur in developing countries. To prevent pneumococcal disease, the 45 

7-valent pneumococcal conjugate vaccine (PCV7) was introduced in the United States in 46 

2000 and in South Korea in 2003. Although a significant decrease in invasive pneumococcal 47 

disease has been reported in many studies since then, an increase in disease caused by 48 

serotypes not covered by the PCV7 vaccine is a growing concern (1). Recently, the PCV13 49 

vaccine that covers the additional 1, 3, 5, 6A, 7F, 19A serotypes has been introduced; 50 

however, data regarding its affect on pneumococcal serotype prevalence is still limited in 51 

most countries.  52 

Traditionally, serogroup 6 was considered to consist of two serotypes, 6A and 6B. However, 53 

the 6C and 6D serotypes were characterized in 2007 and 2009, respectively (2, 3), and an 54 

additional ‘putative serotype 6E’ or genetic variants of serotype 6B has also been recently 55 

proposed (4). Although ‘putative serotype 6E’ has not been serologically and biochemically 56 

characterized, it showed great sequence divergence in capsular locus genes relative to the 57 

other serogroup 6 serotypes (4). In our previous paper, we postulated that ‘putative serotype 58 

6E’ or genetic variants of serotype 6B may not be rare and may not be restricted to a specific 59 

geographic locality (4). In this study, we developed a PCR method to detect ‘putative 60 

serotype 6E’ isolates based on putative structural differences in the capsular polysaccharide 61 

genes and traced the changes in serogroup 6 serotypes in South Korea based on data from 62 

three periods (1996-2001, 2004-2006, and 2008-2009).  63 

 64 

Materials and Methods 65 
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S. pneumoniae isolates 66 

We identified 147 S. pneumoniae serogroup 6 isolates among a total of non-duplicate 1,206 S. 67 

pneumoniae clinical isolates over three periods: 226 isolates were from 05/1996 to 12/2001, 68 

649 isolates from 04/2004 to 11/2006, and 331 isolates from 05/2008 to 05/2009. The isolates 69 

were collected from patients of diverse ages from 12 hospitals in various regions of South 70 

Korea.  71 

 72 

Serotyping and detection of ‘putative serotype 6E’ 73 

Serotyping was conducted using the capsular Quellung reaction using commercial antisera 74 

(Statens Serum Institut, Copenhagen, Denmark), as recommended by the manufacturer. For 75 

isolates serotyped as serogroup 6, a previously described serotype-specific PCR method was 76 

used to identify serotypes 6C and 6D (5). The primer sets to detect ‘putative serotype 6E’ or 77 

genetic variants of serotype 6B were designed based on an additional four ORFs (transposons) 78 

between the dexB and wzy genes, insertion sequences between the wciN and wciO genes, and 79 

the 9-nt deletion within the wze gene (Table 1) (4). To amplify ORFs between the dexB and 80 

wzy genes, PCR was performed as follows: 96°C for 15min; 35 cycles of 96°C for 30 sec, 81 

55°C for 1 min, 72°C for 3 min; 72°C for 10 min and holding at 15°C. The insertions 82 

sequences between wciN and wciO genes and the 9-nt deletion within the wze gene were 83 

detected simultaneously using the conditions described previously (3).  84 

 85 

Antimicrobial susceptibility testing 86 

Minimum inhibitory concentration (MIC) was determined for 147 isolates of serogroup 6 87 

using the broth microdilution method according to the Clinical and Laboratory Standards 88 

Institute guidelines (6). In vitro susceptibility was tested for 13 antimicrobial agents: 89 
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penicillin, amoxicillin, amoxicillin–clavulanate, ceftriaxone, cefuroxime, erythromycin, 90 

azithromycin, clarithromycin, levofloxacin, moxifloxacin, gatifloxacin, clindamycin, and 91 

trimethoprim–sulfamethoxazole. S. pneumoniae ATCC 49619, Staphylococcus aureus ATCC 92 

29213, and Escherichia coli ATCC 25922 were used as control strains. 93 

 94 

Statistical analysis 95 

The Fisher’s exact t-test was used to determine significant differences in resistance using 96 

SPSS version 11.5 for Windows (SPSS, Chicago, IL, USA).  97 

 98 

Results and Discussion 99 

In our previous study, we proposed genetic variants of serotype 6B putatively as a novel 100 

pneumococcal serotype, ‘serotype 6E’ (4). ‘Putative serotype 6E’ isolates showed high amino 101 

acid sequence divergence within the encoded cps locus from the other serotypes of serogroup 102 

6. In addition to sequence polymorphisms, the cps locus of ‘putative serotype 6E’ is unique in 103 

that it includes four ORFs between the dexB and wzy genes, a deletion of three amino acid 104 

codons in the wze gene, and an approximately 300-bp insertion between the wciN and wciO 105 

genes. Based on these unique regions, we designed specific primer sets to detect ‘putative 106 

serotype 6E’ and investigated the prevalence of serogroup 6 serotypes among 1,206 S. 107 

pneumoniae clinical isolates from South Korea.  108 

The prevalence of serogroup 6 serotypes is presented in Figure 1 shows the change in 109 

serotypes over three different periods. In total, serogroup 6 isolates increased from 9.7% in 110 

1996-2001 to 17.5% in 2008-2009 (p = 0.012). The most prevalent serotype among serogroup 111 

6 was 6A (5.3%), followed by serotype 6B (2.8%) and ‘putative serotype 6E’ (2.0%). On the 112 

other hand, serotype 6C was found in only six isolates. While the proportion of 6A and 6D 113 
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serotype isolates increased (p = 0.036 and 0.001, respectively), that of serotype 6B decreased 114 

over the three periods (p = 0.016). The decrease in serotype 6B can be explained by the 115 

introduction of the PCV7 vaccine in South Korea in November, 2003. The increase in 116 

serotype 6A might be due to the fact that this serotype is not included in the PCV7 vaccine.  117 

In several previous studies performed in South Korea, the decrease in serotype 6B isolates 118 

was not obvious since the introduction of PCV7, which is unlike serotype 19A (7-9). Our 119 

study suggests that such phenomena might be mainly due to the identification of ‘putative 120 

serotype 6E’ isolates as serotype 6B. All ‘putative serotype 6E’ isolates but one were 121 

identified as serotype 6B by the classical Quellung reaction. In reality, serotype 6B isolates 122 

excluding ‘putative serotype 6E’ decreased in 2008-2009. Although serological analysis did 123 

not show complete separation between serotypes 6B and ‘putative serotype 6E’, the PCV7 124 

vaccine does not seem to protect against ‘putative serotype 6E’ or genetic variants of serotype 125 

6B based on epidemiological evidence. Therefore, it is necessary to classify the serotypes 126 

with more specificity and to investigate the epidemiology of S. pneumoniae to better evaluate 127 

vaccine efficacy.  128 

Most of the ‘putative serotype 6E’ isolates showed very high antimicrobial 129 

nonsusceptibility rates to cefuroxime, azithromycin, clarithromycin, and 130 

trimethoprim/sulfamethoxazole (>90%) (Table 2). Erythromycin and clindamycin 131 

nonsusceptibility rates were also high among the ‘putative serotype 6E’ isolates (83.3% and 132 

70.8%, respectively). One ‘putative serotype 6E’ isolate was resistant to levofloxacin and 133 

gatifloxacin. Although antimicrobial nonsusceptibility rates were relatively low in serotype 134 

6C isolates, a significant difference among the serotypes could not be identified. Thus, the 135 

increase of serotypes 6A and 6D as well as ‘putative serotype 6E’ might not be due to the 136 

selective advantage of antimicrobial resistance.  137 
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The ‘putative serotype 6E’ isolate genotypes are presented in Table 3. A total of 13 138 

different STs including one new ST (ST9932) were identified among the 24 ‘putative 139 

serotype 6E’ isolates. The most prevalent ST was ST90 (10 isolates, 41.7%), and ten STs 140 

were either single- or double-locus variants. Thus, most ‘putative serotype 6E’ isolates except 141 

for three (Kor55, K01-04-126, and K08-92) are included in clonal complex 90 (CC90). 142 

‘Putative serotype 6E’ isolates from other Asian countries mostly belonged to CC90 (4). Thus, 143 

it is suggested that most ‘putative serotype 6E’ isolates derived from the same ancestor, ST90. 144 

Very high sequence similarities within the cps locus support the clonal expansion of ‘putative 145 

serotype 6E’ isolates (4). Emergence of ‘putative serotype 6E’ due to recombination within 146 

the cps locus was also expected, but it might not be frequent.  147 

In this study, we investigated the prevalence of serogroup 6 serotypes, especially the newly 148 

identified ‘putative serotype 6E’ or genetic variants of serotype 6B, in South Korea. Although 149 

this study did not analyze the data by separating invasive and carried isolates, our results 150 

indicate that the apparent lack of change in the frequency of serotype 6B that was reported in 151 

previous studies in spite of the introduction of the PCV7 vaccine may have been mainly due 152 

to the misidentification of ‘putative serotype 6E’ as serotype 6B. Most of the ‘putative 153 

serotype 6E’ isolates belonged to the same CC90 clonal complex, suggesting that they 154 

derived from the same ancestor. Continuous investigation of serotypes should be performed 155 

to monitor the efficacy of vaccines and to establish a strategy to prevent pneumococcal 156 

infections.  157 
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Table 1. Primers used to detect pneumococcal serogroup 6 serotypes.  203 

Target Primer Sequences (5’ to 3’) 
Size of PCR product 

Reference
6A & 6B 6C & 6D “6E” 

Transposon between 
dexB and wzy 

dexBF2 TCCATGGGATGCTTTCTGTGTGG 
2.1 kbp 2.1 kbp 4.8 kbp 4 

3120R CGAAGTGAAGTTCAATCGCAC 

Insertion sequences 
between wciN and 
wciO 

5106F TACCATGCAGGGTGGAATGT 

2.0 kbp 
& 958 bp 

1.8 kbp 
2.3 kbp 

& 1,267 bp 
10, 11 5101F ATTTGGTGTACTTCCTCC 

3101R CCATCCTTCGAGTATTGC 

9-nt deletion in wze 
5113F2 CGAATACGGTTCTTATGGAAGTTAT 

None None 500 bp This study 
3122R3 CTGATTCTATTAGTCTATCCAATACC 

 204 
 205 
  206 
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Table 2. The rates of antimicrobial nonsusceptibility of serogroup 6 isolates.  207 

Antimicrobial agent  

Number of nonsusceptible isolates (%)a 

Serogroup 6 
(n=147) 

Serotype 6A 
(n=64) 

Serotype 6B 
(n=34) 

Serotype 6C 
(n=6) 

Serotype 6D 
(n=19) 

‘Putative 
serotype 6E’ 

(n=24) 

Penicillin  3 (2.0) 2 (3.1) 1 (2.9) 0 0 0 

Amoxicillin  4 (2.7) 0 2 (5.9) 0 0 2 (8.3) 

Amoxicillin/clavulanate  4 (2.7) 0 2 (5.9) 0 0 2 (8.3) 

Ceftriaxone 3 (2.0) 2 (3.1) 1 (2.9) 0 0 0 

Cefuroxime 129 (87.8) 60 (93.8) 28 (82.4) 2 (33.3) 16 (84.2) 23 (95.8) 

Erythromycin 137 (93.2) 63 (98.4) 34 (100) 3 (50.0) 17 (89.5) 20 (83.3) 

Azithromycin 129 (87.8) 57 (89.1) 34 (100) 3 (50.0) 13 (68.4) 22 (91.7) 

Clarithromycin 135 (91.8) 60 (93.8) 34 (100) 3 (50.0) 15 (78.9) 23 (95.8) 

Levofloxacin 8 (5.4) 1 (1.6) 1 (2.9) 0 5 (26.4) 1 (4.2) 

Moxifloxacin 2 (1.4) 1 (1.6) 1 (2.9) 0 0 0 

Gatifloxacin 8 (5.4) 1 (1.6) 1 (2.9) 0 5 (26.4) 1 (4.2) 

Clindamycin 101 (68.7) 44 (68.8) 32 (94.1) 3 (50.0) 5 (26.4) 17 (70.8) 

Trimethoprim/sulfamethoxazole 124 (84.4) 55 (85.9) 34 (100) 3 (50.0) 8 (42.1) 24 (100) 
a
 The MIC breakpoints of nonsusceptibility for each antimicrobial agens are as follows: 4 mg/L of penicillin, 4 mg/L of amoxicillin, 4/2 mg/L 208 

of amoxicilin/clavulanate, 2 mg/: of ceftriaxone, 1 mg/L of cefuroxime, 0.5 mg/L of erythromycin, 1 mg/L of azithromycin, 0.5 mg/L of 209 
clarithromycin, 4 mg/L of levofloxacin, 2 mg/L of moxifloxacin, 2 mg/L of gatifloxacin, 0.5 mg/L of clindamycin, and 1/19 mg/L of 210 
trimethoprim/sulfamethoxazole. 211 

212 
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Table 3. Genotypes of ‘putative serotype 6E’ isolates determined by multilocus sequence 213 

typing (MLST).  214 

Isolate No. Source  ST (allelic profile) a 

1996-2001   

K10-5 Eye discharge 90 (5-6-1-2-6-3-4) 

Kor364 Unknown 90 (5-6-1-2-6-3-4) 

Kor55 Blood 877 (10-13-4-16-6-1-17) b 

2004-2006   

K01-04-126 Nasal/Nasopharynx 2842 (4-4-2-4-156-1-1) b 

K01-05-205 Nasal/Nasopharynx 90 (5-6-1-2-6-3-4) 

K01-05-227 Nasal/Nasopharynx 3387 (5-6-1-2-6-3-26) 

K01-05-235 Pus 90 (5-6-1-2-6-3-4) 

K01-05-327 Unknown 95 (5-6-33-2-6-3-4) 

K01-05-399 Sputum 2156 (5-6-1-2-6-3-14) 

K01-05-407 Pus 90 (5-6-1-2-6-3-4) 

K01-06-071 Sputum 90 (5-6-1-2-6-3-4) 

K01-04-14 Pus 9332 (5-6-19-2-6-3-4) 

K01-04-19 Transtracheal aspirate 3387 (5-6-1-2-6-3-26) 

2008-2009   

K13-21 Sputum 1624 (5-6-1-2-6-3-1) 

K07-6 Sputum 273 (5-6-1-2-6-1-14) 

K08-75 Sputum 1624 (5-6-1-2-6-3-1) 

K08-92 Sputum 3418 (7-11-19-1-6-1-50) b 

K13-2 Sputum 4759 (5-4-1-2-6-3-4) 

K13-10 Sputum 90 (5-6-1-2-6-3-4)  

K13-47 Sputum 90 (5-6-1-2-6-3-4) 

K13-86 Sputum 90 (5-6-1-2-6-3-4) 

K13-105 Sputum 4764 (5-6-1-2-6-3-53) 

K13-123 Sputum 90 (5-6-1-2-6-3-4) 

K16-185 Blood 4763 (5-6-1-2-4-3-26) 
a aroE-gdh-gki-recP-spi-xpt-ddl.  215 
b STs not belonging to CC90.  216 

  217 
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Figure 1. The serotype change in Streptococcus pneumoniae serogroup 6 isolates from South 218 

Korea during three periods, 1996-2001, 2004-2006, and 2008-2009. During these periods, 219 

serogroup 6 increased from 9.7% to 17.5% (p = 0.012). While serotype 6B decreased from 220 

4.4% to 0.9% (p = 0.016), serotypes 6A and 6D increased significantly. ‘Putative serotype 6E’ 221 

isolates, most of which were classified into serotype 6B based on the Quellung reaction, also 222 

increased from 1.3% to 3.3%, but the increase was not significant (p = 0.146).   223 
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Figure 1. The serotype change in Streptococcus pneumoniae serogroup 6 isolates from South Korea during three 
periods, 1996-2001, 2004-2006, and 2008-2009. During these periods, serogroup 6 increased from 9.7% to 17.5% (pperiods, 1996 2001, 2004 2006, and 2008 2009. During these periods, serogroup 6 increased from 9.7% to 17.5% (p
= 0.012). While serotype 6B decreased from 4.4% to 0.9% (p = 0.016), serotypes 6A and 6D increased significantly. 
“Putative serotype 6E” isolates, most of which were classified into serotype 6B based on the Quellung reaction, also 
increased from 1.3% to 3.3%, but the increase was not significant (p = 0.146). 
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