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common in patients >65 years old compared with the other age groups. The coverage
rates of pneumococcal conjugate vaccine (PCV)7, PCV10, PCV13, and pneumococcal
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*These authors equally contributed to this
study.

polysaccharide vaccine 23 were 11.8%, 12.12%, 33.3%, and 53.6%, respectively. Of the
1,855 isolates, 857 (46.2%) were multi-drug resistant (MDR), with serotypes 11A and
19A predominant among the MDR strains. The resistance rates against penicillin, cefotax-

ime, and levofloxacin were 22.8%, 12.5%, and 9.4%, respectively.

Conclusions: There were significant changes in the major S. pneumoniae serotypes in the
community. Non-PCV13 serotypes increased in patients <5 years old following the intro-
duction of national immunization programs with the 10- and 13-polyvalent vaccines.

Key Words: Streptococcus pneumoniae, Serotype, Antimicrobial resistance, Pneumococ-

cal vaccine

INTRODUCTION

Streptococcus pneumoniae is an important human pathogen
that causes pneumonia, sepsis, and meningitis, especially in
children [1-3]. This bacterium has more than 93 serotypes, but
only a few cause the majority of pneumonias and invasive pneu-
mococcal diseases (IPDs). The serotype distribution differs by
patients’ age, geographic region, and time of surveillance; these
changes are affected by vaccination trends [4, 5].

Following the introduction of the 7-valent pneumococcal con-
jugate vaccine (PCV7, targeting serotypes 4, 6B, 9V, 14, 18C,
19F, and 23F) in children, IPDs caused by PCV7 serotypes de-
creased dramatically in many countries [6-10]. However, the
use of PCV7 led to an increase in infections with non-vaccine
serotypes such as 19A [8, 11-13]. PCV7 has led to extensive
changes in serotype distribution in Korea [14, 15]. Since 2010,
PCV10 (includes PCV7 plus serotypes 1, 5, and 7F) and PCV13
(includes PCV10 plus serotypes 3, 6A, and 19A) have replaced
PCV7 in Korea; national immunization programs (NIPs) have
been provided for children since May 2014. Therefore, a survey
of serotype distribution is necessary for the design of national
strategies following the change in the type of pneumococcal
vaccine used.

High rates of drug resistance and the spread of multi-drug re-
sistant (MDR) strains of S. pneumoniae constitute serious pub-
lic health concerns worldwide [14, 15]. In Korea, high resistance
against most antimicrobial agents continues to be observed in
pneumococcal diseases [16, 171, although the resistance rate
to penicillin has decreased since the change in the CLSI break-
points [18]. We aimed to investigate the serotype distribution
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and antimicrobial resistance of S. pneumoniae isolated between
2014 and 2016 in Korea

METHODS

Clinical isolates

A total of 1,855 S. pneumoniae isolates were prospectively col-
lected from 44 hospitals in Korea between May 2014 and May
2016. All isolates were transported to the Inje University Busan
Paik Hospital, Busan, Korea and stored until use at -70°C using
10% skim milk. This study was approved by the Institutional
Review Board of Inje University Busan Paik Hospital (No. 14-
0256).

Serotyping by sequential multiplex PCR assay

The serotype of all pneumococcal isolates was determined us-
ing sequential multiplex PCR (SM-PCR) according to the rec-
ommendations of the U.S. Centers for Disease Control and Pre-
vention (CDC) [19]. For DNA extraction, colonies cultured on
blood agar plates were mixed with 200 pL of Tris-EDTA buffer
solution (Sigma-Aldrich Co., St Louis, MO, USA). This mixture
was heated at 100°C for 10 minutes and then promptly placed
on a frozen surface (-20°C) for 5 minutes, followed by centrifu-
gation at 13,000 rpm. SM-PCR was performed with a PCR pre-
mix (AccuPower PCR PreMix, Bioneer Inc., Dagjeon, Korea), 1
uL of each primer, 5 pL of DNA template, and distilled water in
a final volume of 20 pL. Thermal cycling was conducted in a
Veriti96-well thermal cycler (Applied Biosystems, Foster City,
CA, USA) under the following conditions: 94°C for 5 minutes;
30 amplification cycles of 94°C for 30 seconds, 54°C for 30 sec-
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onds, and 72°C for 30 seconds; and one cycle of 72°C for 7
minutes. The size of the amplification products was confirmed
by electrophoresis on a 2% agarose gel. The Quellung reaction
was additionally performed to differentiate serotype 6A from
other serotype 6 subtypes using factor antisera (Statens Serum
Institute, Copenhagen, Denmark).

Collection of antimicrobial resistance data

The drug resistant results of the pneumococcal isolates were
collected from the participating hospitals; the assays were per-
formed mainly by Microscan (Siemens Healthcare Diagnostics,
Sacramento, CA, USA), the VITEK2 system (bioMérieux, Marcy-
I'Etoile, France), and E-test (bioMérieux). The results were inter-
preted according to the CLSI guidelines [20]. Separate interpre-
tive breakpoints were used to define the resistance of meningeal
isolates to penicillin, cefotaxime, and ceftriaxone. An isolate re-
sistant to three or more classes of antimicrobial agents was con-
sidered MDR. We analyzed serotype prevalence by age group,
clinical source, and antimicrobial resistance.

RESULTS

Characteristics of S. pneumoniae isolates

Of the 1,855 isolates, 1,286 (69.3%) were from male patients
and 438 (23.6%) were from patients with invasive disease. The
most common source of invasive isolates was blood (N=372;
84.9%), followed by cerebrospinal fluid (N=21; 4.8%), pleural
fluid (N=13; 3.0%), abscess (N=13; 3.0%), tissue (N=8, 1.8%),
and others (N=11; 2.5%). Non-invasive isolates were recovered
from respiratory specimens (N=1,253; 88.4%), wounds (N=127;
9.0%), catheter tips (N=16; 1.1%), urine (N=8; 0.6%), and
other sites (N=13; 0.9%).

Distribution of pneumococcal serotypes

The most common serotype was 11A (10.1%), followed by 19A
(8.8%), 3 (8.5%), 34 (8.1%), 23A (7.3%), 35B (6.2%), and
15A (5.1%); these serotypes accounted for 54.2% of the iso-
lates (Table 1). Serotypes 23A, 15B, 19A, and 10A were more
common in patients <5 years old (18.1%, 12.5%, 12.1%, and
8.1%, respectively). In contrast, serotypes 11A, 3, and 34 were
much less common in patients <5 years old. The frequency of
the major serotypes was very similar in patients >65 and 6-64
years old. The number of serotypes recovered from >65 years
and 6-64 years age groups was 35 and 32, respectively, whereas
only 20 serotypes were recovered from patients <5 years old.
Non-typeable (NT) isolates that were not detected by SM-PCR
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Table 1. Distribution of pneumococcal serotypes by patient age
(N=1,855)

Age group (%)

Serotype N (%) <byears  6-64years  >65years

(N=248) (N=673) (N=934)
11A 188 (10.1) 12 (4.8) 77 (11.4) 99(10.6)
19A 163 (8.8) 30(12.1) 55 (8.2) 78 (8.4)
3 158 (8.5) 2(0.8) 60 (8.9) 96 (10.3)
34 151 (8.1) 13(5.2) 62 (9.2) 76 (8.1)
23A 136 (7.3) 45(18.1) 47 (7.0) 44 (4.7)
35B 115(6.2) 16 (6.5) 33(4.9) 66 (7.1)
15A 94 (5.1) 12 (4.8) 38(5.6) 44 (4.7)
158 85 (4.6) 31 (12.5) 30 (4.5) 24 (2.6)
19F 79 (4.3) 7(2.8) 25(3.7) 47 (5.0)
6A 72(3.9) 4(1.6) 20 (3.0) 48 (5.1)
10A 63 (3.4) 20(8.1) 29 (4.3) 14(1.5)
13 59 (3.2) 4(1.6) 18(2.7) 37 (4.0)
23F 51 (2.7) 1(0.4) 12 (1.8) 38(4.1)
6C 43 (2.3) 6 (2.4) 21(3.1) 16 (1.7)
12F 37(2.0) 7(2.8) 20(3.0) 10(1.1)
14 35(1.9) 11 (1.6) 24 (2.6)
22F 35(L.9) 6 (2.4) 14(2.1) 15(1.6)
6B 32 (L.7) 12 (1.8) 20 (2.1)
6D 25(1.3) 9(1.3) 16 (1.7)
20 21 (1.1) 1(0.4) 8(1.2) 12(1.3)
9V 19(1.0) ( 0) 12 (1.3)
B 15(0.8) 0.9) 9(1.0)
16F 11(0.6) 2(0.8) ( 4) 6 (0.6)
24F 9(0.5) 3(0.4) 6(0.6)
33F 9(0.5) 2(0.3) 7(0.7)
23B 7(0.4) 2(0.8) 2(0.3) 3(0.3)
9N 5(0.3) 1(0.1) 4(0.4)
35A 4(0.2) 2(0.3) 2(0.2)
7F 4(0.2) ( 4) 1(0.1)
38 3(0.2) 1(0.4) 0.1) 1(0.1)
17F 3(0.2) 0.3) 1(0.1)
5 2(0.1) ( 3)
8 2(0.1) 2(0.3)
18C 2(0.1) 1(0.1) 1(0.1)
4 1(0.1) 1(0.1)
Non-typeable 117 (6.3) 26 (10.5) 34(5.1) 57 (6.1)

accounted for 6.3% (N=117) of all isolates. These organisms
were more common in children <5 years old (10.5%).
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The most common serotype among the invasive isolates was ~ 10A, and 12F were more prevalent among invasive than nonin-
3 (12.6%), followed by 19A (7.8%), 34 (7.8%), 11A (6.8%), vasive isolates (7.3%, 2.3%, and 0.6%, respectively). Serotypes
10A (6.8%), and 12F (6.6%) (Table 2). However, serotypes 3,  11A, 23A, and 35B were more common among noninvasive

Table 2. Comparison of invasive and noninvasive serotypes by patient age

Total Invasive Noninvasive
Serotype o

N (%) TotalN(%)  <5years  6-64years  >65years TotalN(%)  <5years  6-64years  >65years
11A 188 (10.1) 30(6.8) 15 15 158 (11.2) 12 62 84
19A 163 (8.8) 34(7.8) 6 11 17 129(9.1) 24 44 61
3 158 (8.5) 55 (12.6) 1 18 36 103 (7.3) 1 42 60
34 1561 (8.1) 34(1.8) 3 13 18 117 (8.3) 10 49 58
23A 136 (7.3) 20 (4.6) 3 10 7 116 (8.2) 42 37 37
35B 115(6.2) 16 (3.7) 2 4 10 99 (7.0) 14 29 56
15A 94 (5. ) 23(5.3) 2 10 11 71(5.0) 10 28 33
158 85 (4.6 20 (4.6) 7 8 5 65 (4.6) 24 22 19
19F 7943 9(2.1) 4 5 70 (4.9) 7 21 42
6A 72 3. ) 13(3.0) 1 7 5 59 (4.2) 3 13 43
10A 63 (3.4) 30 (6.8) 10 16 4 33(2.3) 10 13 10
13 59 (3.2) 7(1.6) 1 3 3 52 (3.7) 3 15 34
23F 51 (2.7) 8(1.8) 2 6 43 (3.0 1 10 32
6C 43(2.3) 8(1.8) 3 5 35(2.5) 6 18 11
12F 37 (2. 0) 29 (6.6) 5 18 6 8(0.6) 2 2 4
14 35(1.9 16 (3.7) 4 12 19(1.3) 7 12
22F 35(1.9 17.(3.9) 3 7 7 18(1.3) 3 7 8
6B 32(1.7 7(1.6) 2 5 25(1.8) 10 15
6D 25 (L. 3) 6 (1.4) 3 3 19(1.3) 6 13
20 21(L.1) 9(2.1) 5 4 12(0.8) 1 3 8
9V 19 (1.0) 6(1.4) 4 2 13(0.9) 3 10
7B 15(0.8) 4(0.9) 1 3 11(0.8) 5 6
16F 1140. 6) 2(0.5) 1 1 9(0.6) 2 2 5
24F 9(0.5 5(L1) 2 3 4(0 3) 1 3
33F 9(0.5 3(0.7) 1 2 0.4) 1 5
23B 7(0.4 2(0.5) 1 1 5 (0 4) 1 2 2
9N 5(0. 3) 2(0.5) 2 3(0.2) 1 2
35A 4(0.2) 1(0.2) 1 3(0.2) 1 2
7F 4(0.2) 1(0.2) 1 3(0.2) 2 1
38 3(0.2) 3(0.7) 1 1 1
17F 3(0.2) 1(0.2) 1 2(0.1) 1 1
5 2(0.1) 1(0.2) 1 1(0.0) 1
8 2(0.) 2(0.5) 2
18C 2(0.1) 2(0.1) 1 1
4 1(0.1) 1(02) 1
Non-typeable 117 13 (3.0) 2 5 6 104 (7.3) 24 29 51
Total 1,855 438 48 185 205 1,417 200 488 729
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isolates (11.2%, 8.2%, and 7.0%, respectively) than invasive
isolates (6.8%, 4.6%, and 3.7%).

Serotypes 10A (20.8%), 15B (14.6%), 19A (12.5%), and
12F (10.4%) were common in patients <5 years old, whereas
11A and 3 were rarely observed (0% and 2.1%, respectively).
Among the invasive isolates, serotypes 11A and 3 were com-
mon in patients >65 years old (7.3% and 17.6%, respectively)
and 6-64 years old (8.1% and 9.7%, respectively), while sero-
types 10A and 12F were less frequent in patients >65 years old
(2.0% and 2.9%, respectively) than in those <5 years (20.8%
and 10.4%, respectively) and 6-64 years old (8.6% and 9.7%,
respectively).

The coverage rates for PCV7, PCV10, PCV13, pneumococcal
polysaccharide vaccine 23 (PPSV23), and vaccine serotype (VT)
were 11.8%, 12.1%, 33.3%, 53.6%, and 57.5%, respectively
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(Table 3). For invasive isolates, the coverage rates of PCV7, PCV10,
PCV13, PPSV23, and VTs were 10.7%, 11.2%, 34.5%, 64.2%,
and 67.1%, respectively. By age, the coverage rates of PCV7,
PCV10, and PCV13 among the invasive isolates were 0%, 0%,
and 16.7% in children <5 years old and 14.6%, 14.6%, and
42 9% in patients >65 years old.

Antimicrobial resistance

The antimicrobial resistance of the S. pneumoniae isolates is
shown in Tables 4 and 5. The resistance rates against penicillin,
cefotaxime and levofloxacin were 22.8%, 12.5% and 9.4%, re-
spectively. Among the invasive isolates, the resistance rates against
cefotaxime, ceftriaxone, and levofloxacin were higher in patients
>65 years old (7.5%, 5.2%, and 4.9%, respectively) than in
patients <5 years old (2.6%, 0%, and 0%, respectively).

Table 3. Prevalence of vaccine serotypes by patient age, specimen type, and period

Invasive (%)

Non-invasive (%)

izl Age grou Age grou
Vaccine type (N=1,855) Total s Total B¢ 100p

(%) (N=438) <byears 6-64 years  >65 years (N=1417) <byears 6-64 years  >65 years

(N=48) (N=185) (N=205) ’ (N=200) (N=438) (N=729)

PCV7 219 (11.8) 47 (10.7) 0(0) 17(9.2) 30 (14.6) 172 (12.1) 8(4.0) 52 (10.7) 112 (15.4)
PCV10 225 (12.1) 49(11.2) 0(0) 19 (10.3) 30 (14.6) 176 (12.4) 8(4.0) 55 (11.3) 113 (15.5)
PCV13 618 (33.3) 151 (34.5) 8(16.7) 55(29.7) 88 (42.9) 467 (33.0) 36 (18.0) 154 (31.6) 277 (38.0)
PPSV23 994 (53.6) 281 (64.2) 32 (66.7) 121 (65.4) 128 (62.4) 713 (50.3) 85 (42.5) 253 (51.8) 375 (51.4)
VTs 1,066 (57.5) 294 (67.1) 33 (68.8) 128 (69.2) 133 (64.9) 772 (54.5) 88 (44.0) 266 (54.5) 418 (57.3)
NVTs 672 (36.2) 131(29.9) 13(27.1) 52 (28.1) 66 (32.2) 541 (38.2) 88 (44.0) 193 (39.5) 260 (35.7)
Non-typeable 117 (6.3) 13(3.0) 2(4.2) 5(2.7) 6(2.9) 104 (7.3) 24 (12.0) 29(5.9) 51(7.0)

Abbreviations: PCV, pneumococcal conjugate vaccine; PPSV23, pneumococcal polysaccharide vaccine 23; VTs, vaccine serotypes; NVTs, non-vaccine sero-

types.

Table 4. Resistance to antimicrobial agents by specimen type

Antimicrobial agent

Total (N=1,855)

Invasive (N=438)

Non-invasive (N=1,417)

LN(%)  RN(%) S N(%) [LN(%)  R/N(%) S N(%) [LN(%) R/N(%) S N(%)
Cefotaxime 287 (18.8)  191(12.5) 1,045 (68.6) 56 (14.7) 31(8.1) 295(77.2) 231(20.2) 160 (14.00 750 (65.7)
Ceftriaxone 142(10.9)  157(12.0) 1,006 (77.1) 36 (11.3) 16 (5.0) 268 (83.3) 106 (10.8) 141 (14.3) 738(74.9)
Clindamycin 8(0.5 1,079(69.2) 473(30.3) 1(0.3) 260 (66.0) 133 (33.8) 7(0.6) 819(70.2)  340(29.2)
Erythromycin 13(0.7) 1,507 (81.9) 319(17.3) 2(0.5) 336 (77.8) 94 (21.8) 11(0.8) 1,171(83.2) 225(16.0)
Levofloxacin 12(0.7) 168 (9.4) 1,604 (89.9) 3(0.7) 18 (4.4) 390 (94.9) 9(0.7) 150(10.9) 1,214 (83.4)
Linezolid 0(0) 3(0.3) 1,162(99.7) 0(0) 3(0.9) 325(99.1) 0(0) 0(0) 837 (100)
Penicillin 227 (14.0)  370(22.8) 1,024 (63.2) 31(9.0) 73(21.1) 242 (69.9) 196 (15.4)  297(23.3) 782 (61.3)
Tetracycline 24 (1.4) 1319(76.7) 376 (21.9) 5(1.3) 299 (75.9) 90 (22.8) 19(1.4) 1,020(77.0) 286 (21.6)
Trimethoprim-Sulfamethoxazole 174 (10.0) 812 (46.9) 746 (43.1) 36 (8.7) 158 (38.3) 219 (53.0) 138 (10.5) 654 (49.6) 527 (40.0)
Vancomycin 0(0) 0(0) 1,855 (100) 0(0) 0(0) 438 (100) 0(0) 0(0) 1,417 (100)
Abbreviations: |, intermediate resistance; R, resistant; S, susceptible.
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Table 5. Resistance to antimicrobial agents by patient age
<5 years (N=248) >65 years (N=934) 664 years (N=673)

Antimicrobial agent

[ (%) R (%) S (%) [ (%) R (%) S (%) [ (%) R (%) S (%)

Cefotaxime 38 (24.8) 18(11.8) 97 (63.4) 105 (26.9) 74 (18.9) 391 (100) 144 (18.0) 99 (12.4) 557 (69.6)
Ceftriaxone 20 (14.6) 22 (16.1) 95 (69.3) 46 (9.3) 65(13.2) 381 (77.4) 76 (11.2) 70 (10.4)  530(78.4)
Clindamycin 1(0.6) 127 (73.8) 44 (25.6) 2(0.3) 394 (67.1) 191 (32.5) 5(0.6) 558 (69.7)  238(29.7)
Erythromycin 0(0) 223 (91.8) 20(8.2) 4(0.6) 534(80.1) 129(19.3) 9(1.0) 750(80.7)  170(18.3)
Levofloxacin 0(0) 2(0.9) 233(99.1) 5(0.8) 60 (9.2) 585 (90.0) 7(0.8) 106 (11.8) 786 (87.4)
Linezolid 0(0) 0(0) 129 (100) 0(0) 2(0.4) 443 (99.6) 0(0) 1(0.2) 590 (99.8)
Penicillin 32 (14.3) 38(17) 154 (68.8) 76 (12.9) 152 (25.8) 361 (61.3) 119(14.7)  180(22.3) 509 (63.0)
Tetracycline 1(0.4) 200 (87.3) 28(12.2) 6 (1.0) 464 (75. ) 147 (23.8) 17(1.9) 655 (75.0) 201 (23.0)
Trimethoprim-Sulfamethoxazole 32 (14.6) 108 (49.3) 79 (36.1) 64 (10.1) 285(45.0) 285(45.0) 78(89)  419(47.7) 382(43.5)
Vancomycin 0(0) 0(0) 248 (100) 0(0) 0(0) 673 (100) 0(0) 0(0) 934 (100)
Abbreviations: |, intermediate resistance; R, resistant; S, susceptible.
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Fig. 1. Serotype distribution of MDR S. pneumoniae isolates.
Abbreviation: MDR, multi-drug resistant.

Of the 1,855 isolates, 857 (46.2%) were MDR, including 11A The proportion of MDR was extremely high in serotypes 11A
(17.7%), 19A (15.8%), 19F (7.6%), and 15A (7.6%) (Fig. 1).  (80.9%), 19A (82.8%), 19F (82.3%), 13 (78.0%), 6B (78.1%),
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9V (84.2%), and 7B (80.0%). Serotypes 3, 34, and 6A expressed
low-level resistance.

DISCUSSION

The prevalence of the common serotypes differed from that in
our previous report [16]. Compared with the results from 2011
to 2014, the proportion of non-PCV13 serotypes, such as 11A,
23A, and 15A, remarkably increased. In addition, we confirmed
that serotypes 3 and 6A are now less common, whereas there
was no change in the prevalence rate of serotype 19A.

The coverage of PCV13 had decreased, whereas the cover-
age of PPSV23 had not changed since our previous results from
2011 to 2014 [16]. Surprisingly, the coverage rate of the PCV13
serotype among the invasive isolates was much lower in patients
<5 years old (16.7%) than in the other age groups (6-64 years
old [29.7%] and >65 years old [42.9%]). We hypothesize that
this change resulted from PCV13 use in children <5 years old
as the NIPs with PCV13 were provided only for children. In ad-
dition, this is associated with the high prevalence of serotype 3
in patients >65 years old. The 2014 Korean guidelines recom-
mend the administration of PPSV23 or PCV13 to individuals
>65 years old [21].

Richter, et al. [22] reported a decrease in the prevalence of
the PCV13 serotypes in all isolates in the United States from
43.4% (2008-2009) to 27.1% (2012-2013) after the introduc-
tion of the PCV13 vaccine. In addition, the prevalence of non-
PCV serotypes, such as 11A and 35B, increased among all iso-
lates, while that of serotype 3 slightly increased. Interestingly,
they observed a decrease in the prevalence of serotype 19A
from 22% to 10% of all isolates, which differs from our results.
However, Richter, et al. [23] reported that serotype 19A had not
changed between 2010 and 2011. Therefore, we hypothesize
that serotype 19A will shortly decrease in Korea. Galanis, et al.
[24] and van der Linden, et al. [25] reported an increase in non-
PCV13 serotypes in IPD. We confirmed the increase in non-
PCV13 serotypes such as 11A, 23A, and 15A; however, there
was no observed increase in serotype 23B. Thus, there is a
need for a new pneumococcal vaccine, including non-PCV13
serotypes, to prevent IPDs in children.

Previously, we reported the resistance rate against penicillin
as 9.0% from 2008 to 2014 [16] and 10.8% from four univer-
sity hospitals in Busan and Gyeongnam in 2015 [17]. In this
study, the resistance rate against penicillin among the isolates
from 44 hospitals was 22.8%; thus, there was a striking ten-
dency towards an increase in penicillin resistance. The resis-
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tance rates against cefotaxime, ceftriaxone, and levofloxacin
were 12.5%, 12.0%, and 9.4%, respectively, which again are
higher than those in a previous report [16]. Our findings suggest
that resistance rates are increasing in Korea and elsewhere, high-
lighting the need to monitor antimicrobial resistance continually.

There was a strong association between serotype and antimi-
crobial resistance. The proportion of MDR S. pneumoniae was
extremely high among serotypes 11A, 19A, 19F, 13, 6B, 9V,
and 7B. Interestingly, the resistance rate against levofloxacin
was quite low in serotypes 19A and 23A. Thus, serotypes show-
ing high resistance should be controlled to diminish the risk of
severe, even fatal, diseases caused by this organism.
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