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Background: Streptococcus pneumoniae is a serious pathogen causing various infections in 
humans. We evaluated the serotype distribution and antimicrobial resistance of S. pneumoniae 
causing invasive pneumococcal disease (IPD) after introduction of pneumococcal conjugate 
vaccine (PCV)13 in Korea and investigated the epidemiological characteristics of multidrug-re-
sistant (MDR) isolates.

Methods: S. pneumoniae isolates causing IPD were collected from 16 hospitals in Korea be-
tween 2017 and 2019. Serotyping was performed using modified sequential multiplex PCR 
and the Quellung reaction. Antimicrobial susceptibility tests were performed using the broth 
microdilution method. Multilocus sequence typing was performed on MDR isolates for epide-
miological investigations.

Results: Among the 411 S. pneumoniae isolates analyzed, the most prevalent serotype was  
3 (12.2%), followed by 10A (9.5%), 34 (7.3%), 19A (6.8%), 23A (6.3%), 22F (6.1%), 35B 
(5.8%), 11A (5.1%), and others (40.9%). The coverage rates of PCV7, PCV10, PCV13, and 
pneumococcal polysaccharide vaccine (PPSV)23 were 7.8%, 7.8%, 28.7%, and 59.4%, re-
spectively. Resistance rates to penicillin, ceftriaxone, erythromycin, and levofloxacin were 
13.1%, 9.2%, 80.3%, and 4.1%, respectively. MDR isolates accounted for 23.4% of all iso-
lates. Serotypes 23A, 11A, 19A, and 15B accounted for the highest proportions of total isolates 
at 18.8%, 16.7%, 14.6%, and 8.3%, respectively. Sequence type (ST)166 (43.8%) and ST320 
(12.5%) were common among MDR isolates.

Conclusions: Non-PCV13 serotypes are increasing among invasive S. pneumoniae strains 
causing IPD. Differences in antimicrobial resistance were found according to the specific sero-
type. Continuous monitoring of serotypes and antimicrobial resistance is necessary for the ap-
propriate management of S. pneumoniae infections.
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INTRODUCTION

Streptococcus pneumoniae is one of the most serious pathogens 

of humans, causing acute otitis media, pneumonia, bacteremia, 

and meningitis [1]. Invasive pneumococcal diseases (IPDs) are 

more frequent in children and the elderly. To date, more than 

90 capsular serotypes of pneumococci have been identified, 

and the serotype distribution differs according to patient age, 

geographic region, and period of vaccine availability [2]. The 

capsular polysaccharide of S. pneumoniae is a virulence factor, 

and the capsular serotype is closely related to IPDs [3].

 A pneumococcal conjugate vaccine (PCV) including serotypes 

4, 6B, 9V, 14, 18C, 19F, and 23F was introduced for routine use 

in 2000, which dramatically reduced IPD prevalence in many 

countries [4]. After introduction of this 7-valent PCV (PCV7), se-

rotype 19A was detected at a high rate and serotype 3 was de-

tected mainly in adults [2, 5]. PCV10 (PCV7 plus serotypes 1, 5, 

and 7F) and PCV13 (PCV10 plus serotypes 3, 6A, and 19A) were 

introduced in 2010.

 National immunization programs (NIPs) to prevent pneumo-

coccal infections have been implemented in many countries. In 

Korea, PCV10 or PCV13 has been available for children since 

2014, and pneumococcal polysaccharide vaccine (PPSV)23 for 

older adults (≥65 years old) has been available since 2013. The 

use of PCV13 is also recommended for older patients (≥65 years) 

in high-risk groups, such as immunocompromised patients [6]. 

The serotype distribution was reported immediately after imple-

mentation of NIPs in Korea between 2014 and 2016 [2]. In 2017, 

the vaccination rates of PCV13 and PPSV23 reached 95.0% for 

children and 60.0% for the elderly [7]. The stabilized serotype 

distribution reflecting the high vaccination rate after NIPs could 

be determined by investigating the serotype distribution between 

2017 and 2019.

 The prevalence of antimicrobial-resistant strains of S. pneu-
moniae has increased worldwide over the past few decades. The 

spread of multidrug-resistant (MDR) S. pneumoniae is a serious 

public health concern [2]. The aim of this study was to define 

the change in serotype distribution and antimicrobial resistance 

of S. pneumoniae causing IPDs after the introduction of PCV13 

and to investigate the epidemiological characteristics of MDR S. 
pneumoniae isolates in Korea.

MATERIALS AND METHODS

Clinical isolates
In total, 411 S. pneumoniae isolates from patients with IPDs were 

collected prospectively from 16 hospitals in Korea between 2017 

and 2019. All isolates were stored at −70°C in 10% skim milk. 

All S. pneumoniae isolates were identified by Gram staining, 

colony morphology, and the VITEK MS system (v3.0; BioMéri-

eux, Marcy l’Etoile, France). This study was approved by the In-

stitutional Review Board of Inje University Busan Paik Hospital 

(No.: 17-0147) with exemption for patient consent.

Serotyping
Serotyping was performed using modified sequential multiplex 

(SM)-PCR, as previously described [8]. We carried out an addi-

tional multiplex PCR set for serotypes 2, 10F/10C/33C, 31, 35F/ 

47F, and 38/25F/25A. Primer sequences provided by the US 

Centers for Disease Control and Prevention (CDC) (https://www.

cdc.gov/streplab/pcr.html) were used to determine pneumococ-

cal serotypes. The modified SM-PCR protocol consisted of seven 

multiplex PCR sets, and each reaction consisted of five primer 

pairs. If the serotype could not be determined using modified 

SM-PCR, the isolate was defined as non-typeable.

 We applied the capsular Quellung reaction with factor antisera 

(Statens Serum Institute, Copenhagen, Denmark) to define spe-

cific serotypes 6A/6B/6C/6D, 11A/11D, 12F/12A/12B, 15F/15A/ 

15B/15C, and 22F/22A [9].

 We defined vaccine serotypes as those included in PCVs and 

non-vaccine serotypes as those that were not included in PCVs 

[10].

Antimicrobial susceptibility
Antimicrobial susceptibility tests were performed using Microscan 

with the MICroSTREP plus Panel (Siemens Healthcare Diagnos-

tics, Sacramento, CA, USA) for amoxicillin/clavulanate, cefotax-

ime, ceftriaxone, penicillin, clindamycin, erythromycin, levoflox-

acin, tetracycline, trimethoprim/sulfamethoxazole (SXT), and 

vancomycin. S. pneumoniae ATCC 49619 was used for quality 

control. The results were interpreted according to CLSI-recom-

mended breakpoints [11]. We used the breakpoint of meningitis 

interpretation for isolates from the cerebrospinal fluid (CSF) and 

the breakpoint of non-meningitis interpretation for isolates col-

lected from all other sources.

 MDR was defined as resistance to three or more of the follow-

ing four classes of antibiotics: β-lactams, macrolides, lincosami-

des, and fluoroquinolones [12]. Extensive drug resistance (XDR) 

was defined as resistance to five or more of the following six 

classes of antibiotics: β-lactams, macrolides, lincosamides, fluo-

roquinolones, tetracyclines, and folate-pathway inhibitors [12].
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Multilocus sequence typing (MLST)
MLST was performed for MDR isolates according to a previously 

described MLST protocol for S. pneumoniae [13]. The sequences 

of the internal fragments from seven housekeeping genes (aroE, 
gdh, gki, recP, spi, xpt, and ddl) were amplified by PCR under 

the following conditions: 95°C for 4 minutes; followed by 30 am-

plification cycles at 95°C for 30 seconds, 55°C for 30 seconds, 

and 72°C for 30 seconds; and a final extension at 72°C for 7 

minutes. Alleles and sequence types (STs) were assigned ac-

cording to the PubMLST website (https://pubmlst.org/spneu-

moniae/).

 Clonal complexes (CCs) were determined using sequence 

type analysis and recombination tests (START) [14]. For phylo-

genetic analysis, the sequences of the aroE, gdh, gki, recP, spi, 

and xpt gene fragments were concatenated using the PHYLOViZ 

online application (http://online.phyloviz.net/).

Data analysis
Chi-square tests were used to determine significant differences 

in resistance and serotype distribution, as appropriate. Differ-

ences between groups were considered significant at P <0.05. 

IBM SPSS Statistics (v27.0; IBM Corp., Armonk, NY, USA) was 

used for statistical analysis.

RESULTS

Clinical characteristics of pneumococcal isolates
Of the 411 isolates, 265 (64.5%) were from male patients and 

146 (35.5%) were from female patients. By period, 155 (37.7%), 

156 (38.0%), and 100 (24.3%) isolates were obtained in 2017, 

2018, and 2019, respectively. The most common source was 

blood (N=337; 82.0%), followed by abscess (N=25; 6.1%), 

CSF (N=25; 6.1%), other body fluids (N=21, 5.1%; ascitic fluid, 

N=12; pleural fluid, N=5; peritoneal fluid, N=4), and tissue 

(N=3, 0.7%). The median age of the patients was 57 (range, 

0–104) years, and 46.7% (N=192) of the isolates were collected 

from patients ≥65 years old; 30 (7.3%) and 13 (3.2%) isolates 

were collected from patients aged ≤1 year and 1–5 years, re-

spectively. Blood-obtained isolates were most common in all age 

groups, except for isolates derived from patients aged 6–20 years.

Serotype distribution
Thirty-four serotypes were detected and four isolates were non-

typeable (Table 1). The most prevalent serotype was 3 (12.2%), 

followed by 10A (9.5%), 34 (7.3%), 19A (6.8%), 23A (6.3%), 

22F (6.1%), 35B (5.8%), 11A (5.1%), and others. The eight 

Table 1. Serotype distribution of Streptococcus pneumoniae by pa-
tient age

Serotype

Isolates, N (%) 

Total 
(N=411)

Age (N)

≤5 yr 
(43)

6–18 yr 
(12)

19–50 yr 
(63)

51–64 yr 
(101)

≥65 yr 
(192)

3*,† 50 (12.2) 1 (2.3) 1 (8.3) 3 (4.8) 14 (13.9) 31 (16.1)

10A† 39 (9.5) 14 (32.6) 1 (8.3) 4 (6.3) 6 (5.9) 14 (7.3)

34 30 (7.3) 1 (2.3) 0 (0) 4 (6.3) 6 (5.9) 19 (9.9)

19A*,† 28 (6.8) 4 (9.3) 0 (0) 7 (11.1) 5 (5.0) 12 (6.3)

23A 26 (6.3) 2 (4.7) 1 (8.3) 5 (7.9) 9 (8.9) 9 (4.7)

22F† 25 (6.1) 1 (2.3) 1 (8.3) 4 (6.3) 9 (8.9) 10 (5.2)

35B 24 (5.8) 2 (4.7) 0 (0) 1 (1.6) 8 (7.9) 13 (6.8)

11A† 21 (5.1) 0 (0) 0 (0) 4 (6.3) 2 (2.0) 15 (7.8)

15B† 16 (3.9) 4 (9.3) 1 (8.3) 4 (6.3) 3 (3.0) 4 (2.1)

12F† 15 (3.6) 1 (2.3) 0 (0) 6 (9.5) 3 (3.0) 5 (2.6)

19F*,†,‡ 14 (3.4) 0 (0) 2 (16.7) 1 (1.6) 4 (4.0) 7 (3.6)

23B 13 (3.2) 4 (9.3) 0 (0) 3 (4.8) 2 (2.0) 4 (2.1)

20† 12 (2.9) 0 (0) 0 (0) 3 (4.8) 1 (1.0) 8 (4.2)

24F/24A/24B 11 (2.7) 3 (7) 1 (8.3) 1 (1.6) 4 (4.0) 2 (1.0)

15A 10 (2.4) 0 (0) 0 (0) 2 (3.2) 1 (1.0) 7 (3.6)

13 9 (2.2) 0 (0) 1 (8.3) 2 (3.2) 4 (4.0) 2 (1.0)

6A* 8 (1.9) 0 (0) 0 (0) 0 (0) 2 (2.0) 6 (3.1)

14*,†,‡ 8 (1.9) 1 (2.3) 0 (0) 0 (0) 2 (2.0) 5 (2.6)

6D 7 (1.7) 0 (0) 0 (0) 0 (0) 2 (2.0) 5 (2.6)

6C 6 (1.5) 0 (0) 0 (0) 1 (1.6) 2 (2.0) 3 (1.6)

6B*,†,‡ 5 (1.2) 0 (0) 0 (0) 1 (1.6) 1 (1.0) 3 (1.6)

38/25F/25A 5 (1.2) 3 (7) 0 (0) 2 (3.2) 0 (0) 0 (0)

15F 4 (1.0) 0 (0) 1 (8.3) 0 (0) 2 (2.0) 1 (0.5)

23F*,†,‡ 4 (1.0) 0 (0) 0 (0) 0 (0) 3 (3.0) 1 (0.5)

16F 3 (0.7) 0 (0) 0 (0) 1 (1.6) 0 (0) 2 (1.0)

33F† 3 (0.7) 1 (2.3) 0 (0) 1 (1.6) 0 (0) 1 (0.5)

9N/9L† 2 (0.5) 0 (0) 0 (0) 0 (0) 2 (2.0) 0 (0)

15C 2 (0.5) 1 (2.3) 0 (0) 0 (0) 0 (0) 1 (0.5)

31 2 (0.5) 0 (0) 1 (8.3) 0 (0) 1 (1.0) 0 (0)

2† 1 (0.2) 0 (0) 0 (0) 0 (0) 1 (1.0) 0 (0)

7B 1 (0.2) 0 (0) 0 (0) 1 (1.6) 0 (0) 0 (0)

9V*,†,‡ 1 (0.2) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.5)

11D 1 (0.2) 0 (0) 1 (8.3) 0 (0) 0 (0) 0 (0)

44/46 1 (0.2) 0 (0) 0 (0) 0 (0) 1 (1.0) 0 (0)

Non-typeable 4 (1.0) 0 (0) 0 (0) 2 (3.2) 1 (1.0) 1 (0.5)

*13-valent pneumococcal conjugate vaccine (PCV13) serotype; †Pneumo-
coccal polysaccharide vaccine (PPSV23) serotype; ‡7-valent pneumococcal 
conjugate vaccine (PCV7) serotype.
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most common serotypes accounted for 59.1% (N=243) of the 

isolates. In patients ≤5 years of age, serotypes 10A (N=14, 

32.6%), 15B (N=4, 9.3%), 19A (N=4, 9.3%), and 23B (N=4, 

9.3%) were the most prevalent. Among them, 12 of 14 sero-

types 10A, three of four serotypes 19A, and all four serotypes 

15B were isolated from children aged ≤1 year. In ≥65-year-old 

patients, serotypes 3 (N=31, 16.1%), 34 (N=19, 9.9%), 11A 

(N=15, 7.8%), 10A (N=14, 7.3%), and 35B (N=13, 6.8%) 

were prevalent.

 Of the 411 isolates, 252 (61.3%) were vaccine serotypes. The 

Table 2. Antimicrobial resistance of 411 Streptococcus pneumoniae isolates

Antimicrobial agent
Total (N=411) ≤5 yr (N=43) 6–64 yr (N=176) ≥65 yr (N=192)

S (%) I (%) R (%) S (%) I (%) R (%) S (%) I (%) R (%) S (%) I (%) R (%)

β-Lactams Penicillin 62.8 24.1 13.1 58.1 23.3 18.6 61.9 22.7 15.3 64.6 25.5 9.9

Amoxicillin/clavulanate 69.3 8.8 21.9 74.4 0 25.6 68.2 10.2 21.6 69.3 9.4 21.4

Cefotaxime 70.8 19.7 9.5 67.4 23.3 9.3 71.6 20.5 8.0 70.8 18.2 10.9

Ceftriaxone 70.3 20.4 9.2 67.4 25.6 7.0 68.2 21.6 10.2 72.9 18.2 8.9

Macrolides Erythromycin 18.7 1.0 80.3 7.0 0 93.0 18.8 0 81.3 21.4 2.1 76.6

Lincosamides Clindamycin 33.1 0.2 66.7 30.2 0 69.8 31.3 0.6 68.2 35.4 0 64.6

Quinolones Levofloxacin 95.6 0.2 4.1 100 0 0 96.0 0 4.0 93.8 0.5 5.2

Tetracyclines Tetracycline 22.6 1.5 75.9 14.0 0 86.0 22.2 1.7 76.1 25.0 1.6 73.4

Folate-pathway 
inhibitors 

Trimethoprim/
sulfamethoxazole

58.6 13.6 27.7 72.1 14.0 14.0 58.0 14.2 27.8 56.3 13.0 30.7

Glycopeptides Vancomycin 100 0 0 100 0 0 100 0 0 100 0 0

Abbreviations: S, susceptible; I, intermediate; R, resistant.

Table 3. Relation between serotype and antimicrobial resistance

Serotype (N)
Resistance rate (%) and MDR, XDR in each serotype

PEN (NS) AMC CTX (NS) CRO (NS) ERY CLI LEV TET SXT VAN MDR XDR

3*,† (50) 4.0 (6.0) 4.0 4.0 (4.0) 4.0 (6.0) 50.0 44.0 4.0 48.0 12.0 0 4.0 4.0

10A† (39) 12.8 (41.0) 0 5.1 (23.1) 0.0 (28.2) 89.7 87.2 0 89.7 2.6 0 12.8 0

34 (30) 3.3 (10.0) 0 3.3 (6.7) 3.3 (3.3) 43.3 40.0 6.7 40.0 3.3 0 6.7 3.3

19A*,† (28) 35.7 (85.7) 67.9 14.3 (67.9) 14.3 (57.1) 100 75.0 0 100 100 0 50.0 50.0

23A (26) 30.8 (65.4) 65.4 7.7 (61.5) 23.1 (69.2) 88.5 88.5 0 92.3 0 0 69.2 0

22F† (25) 4.0 (12.0) 0 4.0 (4.0) 4.0 (4.0) 68.0 40.0 0 40.0 4.0 0 4.0 4.0

35B (24) 16.7 (25.0) 12.5 20.8 (25.0) 20.8 (25.0) 100 95.8 20.8 87.5 20.8 0 20.8 20.8

11A† (21) 23.8 (85.7) 71.4 57.1 (95.2) 38.1 (90.5) 95.2 95.2 14.3 90.5 95.2 0 76.2 71.4

15B† (16) 37.5 (62.5) 43.8 6.3 (31.3) 0 (43.8) 100 56.3 0 100 43.8 0 50.0 25.0

12F† (15) 0 (0) 0 0 (0) 0 (0) 86.7 80.0 0 93.3 6.7 0 0 0

19F*,†,‡ (14) 28.6 (92.9) 64.3 7.1 (57.1) 0 (57.1) 100 78.6 14.3 78.6 100 0 50.0 50.0

23B (13) 7.7 (61.5) 53.8 0.0 (53.8) 15.4 (61.5) 69.2 61.5 0 61.5 0 0 53.8 0

20† (12) 8.3 (16.7) 8.3 16.7 (16.7) 16.7 (16.7) 83.3 83.3 16.7 83.3 16.7 0 16.7 16.7

24F/24A/24B (11) 9.1 (9.1) 0 0 (0) 0 (0) 100 100 0 100 0 0 9.1 0

15A (10) 0 (50.0) 0 0 (20.0) 0 (20.0) 100 70.0 0 100 70.0 0 0 0

Others§ (77) 6.5 (31.2) 13.0 7.8 (27.3) 9.1 (26.0) 80.5 53.2 1.3 76.6 27.3 0 10.4 3.9

*13-valent pneumococcal conjugate vaccine (PCV13) serotype; †Pneumococcal polysaccharide vaccine (PPSV23) serotype; ‡7-valent pneumococcal conju-
gate vaccine (PCV7) serotype; §Other serotypes, including serotypes 2, 6A, 6B, 6C, 6D, 7B, 9N/9L, 9V, 11D, 13, 14, 15C, 15F, 16F, 23F, 31, 33F, 38/25F/25A, 
and 44/46, and non-typeable isolates.
Abbreviations: NS, non-susceptible; MDR, multidrug-resistant; XDR, extensively drug-resistant; AMC, amoxicillin/clavulanate; CTX, cefotaxime; CRO, ceftri-
axone; CLI, clindamycin; ERY, erythromycin; LEV, levofloxacin; PEN, penicillin; TET, tetracycline; SXT, sulfamethoxazole/trimethoprim; VAN, vancomycin.
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coverage rates of PCV7, PCV10, PCV13, and PPSV23 were 7.8%, 

7.8%, 28.7%, and 59.4%, respectively. The coverage rate for 

PCV13 (14.0%) was lower in patients ≤5 years than in those 

≥65 years (33.9%, P =0.01).

Antimicrobial resistance
Antimicrobial resistance of the isolates is presented in Table 2. 

Overall, 13.1%, 9.5%, and 9.2% of the isolates were resistant to 

penicillin, cefotaxime, and ceftriaxone, respectively. The propor-

tion of intermediate resistance was high for penicillin (24.1%), 

cefotaxime (19.7%), and ceftriaxone (20.4%). Resistance rates 

to erythromycin, clindamycin, and tetracycline were high at 80.3%, 

66.7%, and 75.9%, respectively. Resistance rates to SXT and 

levofloxacin were 27.7% and 4.1%, respectively.

 There were some differences in antimicrobial resistance by 

age, although the difference was not significant. Resistance rates 

to penicillin (18.6% vs. 9.9%), erythromycin (93.0% vs. 76.6%), 

and tetracycline (86.0% vs. 73.4%) were higher in children ≤5 

years of age than in adults ≥65 years of age. The rates of resis-

tance to levofloxacin (0% vs. 5.2%) and SXT (14.0% vs. 30.7%) 

were lower in patients ≤5 years of age than in those ≥65 years 

of age.

 The antimicrobial susceptibility results differed according to 

the serotype (Table 3). Resistance rates were higher in several 

specific serotypes. The resistance rates to penicillin of serotypes 

15B, 19A, 23A, 19F, and 11A were 37.5%, 35.7%, 30.8%, 28.6%, 

and 23.8%, respectively (P <0.001). The resistance rate to ce-

fotaxime was the highest in serotype 11A (57.1%, P <0.001), 

followed by 35B (20.8%, P <0.001) and 19A (14.3%, P <0.001). 

The resistance rates to SXT were high (P <0.001) in serotypes 

19A (100%), 19F (100%), 11A (95.2%), 15A (70%), and 15B 

(43.8%). The resistance rates to levofloxacin of serotypes 35B, 

11A, and 19F were 20.8%, 14.3%, and 14.3%, respectively 

(P <0.001).

 MDR and XDR isolates accounted for 23.4% (N=96) and 

13.1% (N=54) of all isolates, respectively (Fig. 1). Of the total 

MDR isolates, serotypes 23A, 11A, 19A, and 15B accounted for 

the highest proportions at 18.8%, 16.7%, 14.6%, and 8.3%, 

respectively. The percentage of MDR isolates was the highest in 

serotype 11A (76.2%, N=16; P <0.001), followed by 23A (69.2%, 

N=18; P <0.001), 23B (53.8%, N=7; P =0.026), 19A (50%, 

N=14; P =0.002), 15B (50%, N=8; P =0.031), and 19F (50%, 

N =7; P =0.048). XDR was common among serotypes 11A 

(71.4%, N=16; P <0.001), 19A (50%, N=14; P <0.001), and 

19F (50%, N=14; P <0.001).

MLST of MDR S. pneumoniae
The results of the MLST, CC, and eBURST tests are shown in 

Table 4 and Fig. 2. The major CCs were CC166 (N=59, 61.5%) 

and CC320 (N=20, 20.8%). Eleven singletons (N=17, 17.7%) 

Fig. 1. Serotype distribution of multidrug-resistant (MDR) and extremely drug-resistant (XDR) Streptococcus pneumoniae isolates. 
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were detected. The five novel STs belonged to CC166 (ST16441, 

ST16442, ST16443, and ST16444) and a singleton (ST16440). 

By ST, ST166 (N=42, 43.8%), ST320 (N=12, 12.5%), ST10120 

(N=5, 5.2%), ST1464 (N=5, 5.2%), and ST11189 (N=5, 5.2%) 

were common. CC166 consisted of 12 STs, including ST166 

(N=42, 43.8%), ST10120 (N=5, 5.2%), and ST13214 (N=2, 

2.1%). CC320 consisted of four STs: ST320 (N=12, 12.5%), 

ST1464 (N=5, 5.2%), ST6400 (N=2, 2.1%), and ST2697 (N= 

1, 1.0%).

Association between serotypes and MLST of 96 MDR  
S. pneumoniae isolates
Serotypes 23A (N=14 of 18), 11A (N=15 of 16), 15B (N=7 of 

8), and 23B (N=7 of 7) were common in CC166. Serotypes 19A 

(N=12 of 14) and 19F (N=7 of 7) were more common in CC320. 

All serotype 10A isolates contained a singleton, ST11189. The 

six common CC-serotype combinations were CC166-23A, CC166- 

11A, CC166-23B, CC166-15B, CC320-19A, and CC320-19F.

DISCUSSION

There are several reports showing the decrease of IPDs after the 

introduction of PCVs and a relative increase of the prevalence of 

non-vaccine serotypes [15, 16]. Recent reports have shown dif-

ferent serotype distributions in various countries, including the 

USA (35B, 3, 23A, 11A/11D, 15A/15F), Canada (19A, 3, 7F), 

Spain (12F, 8, 3, 14), and Japan (12F, 3, 23A, 19A) [17-20].

 The serotype distribution of S. pneumoniae causing IPDs 

(N=386) collected between 1996 and 2008 in Korea was re-

ported in the order of 19F (9.8%), 23F (8.3%), 19A (7.8%), 6A 

(7.5%), and 3 (7.3%) [21]. The serotype distribution between 

2003 and 2014 in Korea was similar: 19F (12.0%), 19A (12.0%), 

3A (12.0%), 4 (9.8%), and 14B (7.6%) [22]. The vaccine cov-

erage rates were also similar in the previous two reports: PCV7 

(40.9% vs. 40.7%), PCV10 (45.3% vs. 51.6%), PCV13 (69.9% 

vs. 78.0%), and PPSV23 (77.2% vs. 75.8%) [21, 22]. However, 

there have been many changes in the distribution of IPD sero-

types since the introduction of the NIP in 2014 in Korea. The 

common serotypes between 2014 and 2016 were 3 (12.6%), 

19A (7.8%), 34 (7.8%), 11A (6.8%), 10A (6.8%), and 12F 

(6.6%), with a decrease in serotypes 19F, 23F, 6A, 6B, and 9V 

[2]. In this study, serotypes 3, 10A, 34, 19A, 23A, 22F, and 35B 

were common, and the increase in rates of serotypes 10A (6.8% 

vs. 9.5%), 23A (4.6% vs. 6.3%), 22F (3.9% vs. 6.1%), and 35 

B (3.7% vs. 5.8%) was remarkable when compared with the 

rates reported between 2014 and 2016 in Korea [2].

 In our study, serotype 10A was the most common serotype in 

children (≤5 years old), and most of these isolates were collected 

from children ≤1 year old. This is completely different from the 

data of other countries, including the USA (19F, 14B, 6B), France 

(12F, 24F), and Japan (12F, 24F) [23-25]. There are few re-

ports of an increase in serotype 10A. This serotype has been 

observed in Spain and Belgium [19, 26], and an increase was 

reported in pediatric patients with IPDs in Korea and Japan [27, 

28]. Serotype 10A is not included among the serotypes targeted 

by PCV13; continuous surveillance is recommended because of 

Table 4. MLST of 96 MDR Streptococcus pneumoniae isolates

CC (N)
Sequence 

type
Serotype (N) N (%)

CC166 (59)     166 23A (13), 11A (9), 23B (7), 15B (6), 
35B (3), 13 (2), 15C (1), 23F (1)

42 (43.8)

10120 11A (3), 15B (1), 19A (1) 5 (5.2)

13214 20 (2) 2 (2.1)

16444* 3 (2) 2 (2.1)

  8279 11A (1) 1 (1.0)

  9690 22F (1) 1 (1.0)

  9875 11A (1) 1 (1.0)

16209 11A (1) 1 (1.0)

16324 23A (1) 1 (1.0)

16441* 11A (1) 1 (1.0)

16442* 13 (1) 1 (1.0)

16443* 23A (1) 1 (1.0)

CC320 (20)     320 19A (10), 19F (2) 12 (12.5)

  1464 19F (5) 5 (5.2)

  6400 19A (2) 2 (2.1)

  2697 15B (1) 1 (1.0)

Singleton (17) 11189 10A (5) 5 (5.2)

10272 23A (2) 2 (2.1)

16202 35B (2) 2 (2.1)

    189 34 (1) 1 (1.0)

    338 23A (1) 1 (1.0)

    558 19A (1) 1 (1.0)

  1624 6B (1) 1 (1.0)

  3386 24F/24A/24B (1) 1 (1.0)

  9395 34 (1) 1 (1.0)

16205 15F (1) 1 (1.0)

16440* 23F (1) 1 (1.0)

Total 96 (100)

*Novel sequence types identified in our study.
Abbreviations: CC, clonal complex; MLST, multilocus sequence typing; MDR, 
multidrug-resistant.
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its high prevalence.

 Serotype 3 is most prevalent in adults [29]. An increase in 

serotype 3 was observed in patients aged >50 years, especially 

in those ≥65 years old, whereas it was hardly ever found in chil-

dren in this study. We surmise that this difference is attributable 

to the effectiveness of PCV13 in children, which supports the 

consideration of vaccination with PCV13 in the older population. 

Serotype 35B was common in those ≥65 years old in Korea, 

whereas this serotype is highly prevalent in children in the USA 

[30].

 The coverage rate of PCV13 in Korea decreased to 28.7% 

compared to that in a previous report (34.5%) between 2014 

and 2016 [2]. The coverage rate of PCV13 in children ≤5 years 

old was 14.0%, which is slightly higher than that observed in 

Japan (9.2%), although it is significantly lower than those in the 

USA (39.3%) and France (34.4%) [23-25]. There has been an 

increase in non-PCV13 serotypes after PCV13 vaccination, which 

has also been observed in other countries such as England and 

Wales (8, 12F, 9N, 22F, 15A, 33F, and 23A), the USA (15B/C, 

22F, 33F, and 35B/D), Japan (22F, 15A, and 23A), and China 

(14, 19F, 19A, and 23F) [31-34]. In this study, the common 

non-PCV13 serotypes were 10A, 34, 23A, 22F, 35B, and 11A.

 The rates of resistance and intermediate resistance to penicil-

lin were 13.1% and 24.1%, respectively. Intermediate resistance 

rates (19.7% and 20.4%) to cefotaxime and ceftriaxone were 

higher than their resistance rates (9.5% and 9.2%, respectively). 

We previously reported that the rates of intermediate resistance 

to penicillin, cefotaxime, and ceftriaxone were 9.0%, 14.7%, and 

11.3%, respectively, in Korea between 2014 and 2016 [2]. This 

increase in the intermediate resistance rate since 2016 warrants 

attention. High rates of intermediate resistance to penicillin, ce-

fotaxime, and ceftriaxone have also been reported in Taiwan [35]. 

These results support the view that the resistance to β-lactam 

antimicrobial agents will increase in the near future. The resis-

tance rate to levofloxacin was higher at 4.1% than that reported 

in Canada (1.0%) and Japan (1.0%), although it is lower than 

that in China (6.6%) [17, 25, 36].

 MDR was common in serotypes 11A, 19A, and 19F in previ-

ous studies [5, 12, 37, 38]. Serotypes 23A and 23B were closely 

associated with MDR. Serotype 11A was closely related to levo-

floxacin resistance, as previously reported, which was highly prev-

alent in serotypes 35B, 19F, and 20 [5, 12, 37, 38].

 CC166 and CC320 were the major clones of the MDR S. pneu-
moniae isolates in this study. CC166 was mainly confirmed in 

serotypes 11A, 23A, and 23B. The combinations 11A-CC166 

and 15B-CC166 were previously reported in Korea [38, 39]; how-

ever, the newly emerging 23A-CC166 and 23B-CC166 combi-

nations were identified in this study. The major components of 

CC166 are ST166 and ST10120. A high prevalence of 23A-ST166 

was found among MDR S. pneumoniae isolates.

 Although the relationship between 19F and CC320 was previ-

ously common, it has increased in recent years [12, 36, 37]. In 

this study, CC320 was common in both the 19A and 19F sero-

types. Most serotype 19A isolates were ST320, whereas most 

Fig. 2. Phylogenetic analysis using PHYLOViZ for 96 multidrug-resistant Streptococcus pneumoniae isolates.
Abbreviation: CC, clonal complex.
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serotype 19F isolates were ST1464. The 19F-CC271 combina-

tion represents the major serotype-CC combination in China; 

however, ST271 was not identified in our study [40]. This dem-

onstrates the epidemiological differences by country. We found 

an increase in the singleton 10A-ST11189, whereas 10A-ST3385 

was common in a previous report [41].

 We identified five new STs in MDR isolates (ST16440, ST16441, 

ST16442, ST16443, and ST16444), which all belong to CC166, 

except for ST16440. Three new STs, ST16441, ST16442, and 

ST16443, are single-locus variants of ST166. ST16444 is a sin-

gle-locus variant of ST8279.

 Baek, et al. [38] reported that serotype 11A was closely re-

lated to CC166, including ST166 and ST8279. However, ST166 

was closely related to serotypes 23A and 11A among MDR S. 

pneumoniae isolates in this study. Consequently, CC166 is re-

lated to clonal dissemination and expansion of MDR in Korea.

 In conclusion, we found a change in serotype distribution and 

a high rate of non-PCV13 serotypes after introduction of PCV13 

vaccination in Korea. An increase in non-vaccine serotypes such 

as 23A, 23B, and 35B was noted. Differences in antimicrobial 

resistance according to the specific serotype were verified. These 

results highlight the need for continuous monitoring of serotypes 

and antimicrobial resistance to ensure the appropriate manage-

ment of S. pneumoniae infections.
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