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Background: Streptococcus pneumoniae is the most
common human pathogen causing community-ac-
quired pneumonia. There is little information on the
recent antimicrobial susceptibility patterns of S. pneu-
moniae in Busan and Gyeongnam of Korea. The aim
of this study was to investigate the distribution and
antimicrobial resistance of S. pneumoniae at 4 uni-
versity hospitals in Busan and Gyeongnam.

Methods: We collected and analyzed the antimicro-
bial susceptibility results of 850 S. pneumoniae strains
isolated from regional 4 university hospitals during
the last 2 years from July 2013 through June 2015.
Results: Among 850 S. pneumoniae strains, 635
strains were isolated from respiratory specimens, fol-
lowed by blood (N=121), CSF (N=13), and others
(N=81). Antimicrobial susceptibility rates to penicillin,
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cefotaxime and ceftriaxone were 79.4%, 76.6% and
83.6%, respectively. The resistant rates to eryth-
romycin and clindamycin were 80.9% and 68.2%,
respectively. The resistant rates to levofloxacin were
9.2%. There were some differences in resistant rates
by age groups, years, and specimen types.
Conclusion: We found the changes of antimicrobial
resistance of S. pneumoniae during the last 2 years.
It is necessary to monitor the antimicrobial suscepti-
bility of S. pneumoniae regularly for empirical therapy
and for early detection of the changes of resistance.
(Ann Clin Microbiol 2016;19:48-53)

Key Words: Drug resistance, Multiple, Streptococcus
pneumoniae

&t breakpoint7} 7N =51, M7 7|5l v} 7]E] W
Ao Wagt gt Ao dAEo] Ad A8 75
= ol 7 =3t o]l whe} penicillin WA &l FA3HA 7t
25 eH9]. olE gt o] & HAHET] FtA| WA Eoll tish
PAle] WojA| a1, HT oo} AHE B Holhy] ofgH)

H]5 CLSI A% 2] W7ol ule} #UAlzle] WA Eo] 343
Hast7) = sFAAINE, macrolideA] WA B o413 mil§- =2
o, AHGF AT Fo X5 GFAQ] A ARELE
27} A=A FTAIS] WA R HA] o, AT 7S]
4743k x| 5o} WAl Al iAE sl Tl A g A
B B WH3lFo|E Fr1H R Fokels AL wlg Fesith

ololl AAE 2 2:d7F 54, 7 Aol )3k 47 of

N

Received 23 March, 2016, Revised 23 May, 2016, Accepted 7 June, 2016

Correspondence: Jeong Hwan Shin, Department of Laboratory Medicine, Busan Paik Hospital, Inje University College of Medicine, 75 Bokji-ro,
Busanjin-gu, Busan 47392, Korea. (Tel) 82-51-890-6475, (Fax) 82-51-893-1562, (E-mail) jhsmile@inje.ac.kr

*These authors contributed equally to this work.

© The Korean Society of Clinical Microbiology.

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

48



Si Hyun Kim, et al. :

o wslold Reln) APl Reldus 2Asa 47l
WHE W AR Mkl FolE 2AsaA sgint

20139 795H 20154 697HA] & 217
7He] i oA eld HEdTe]
I, AA 5 9 Ee2l AY] 59 ARE FHve] 24,
skt

AHdTe] T8 409 i EF VITEK2 System
(bioMérieux, Marcy I’Etiole, France)®] VITEK2 GP =% o]
S3lslet. Al A AAE 2389] diehE A= Micro-
Scan (Siemens Healthcare Diagnostics, Sacramento, CA, USA)
©] MICroSTREPE o]839iar, ohg 2329 dizhi<delde
VITEK2 System (bioMérieux)2] AST-ST019} ¥ penicillin 7+
A AAE 919 BrestE 37h2 ol Belgick. ek 2] 7
Al % chloramphenicol, amoxicillin-clavulanic acid, meropenem,
cefuroxime, cefepime, cefaclor= MicroSacn (Siemens)S AH&-3F
2709] oA 1 AIE- B linezolide VITEK2E- A
83k 2709 WhellA 2 AnE TRl §7A A A
= CLSIZIzoll vt hsolar, 53] HXrliolld] Ag e
Tro] el 7% CSLIZIoll whet ¥k (meningitis) 7|5
o gsisich10]. FAE ARE vige® A WAES
H, A7, vl gl ZA| TR Fste] Fhol Al A
% (chi-square test)e AlB8IAAL, A17F H3lol] whE WA &S] ¥

Resistance of S prieumoniae in Busan and Gyeongnam 49

Sk A%4 74 (Cochran-Armitage test)ye Al3¥sl3ick. SAIE
A}€ SPSS (version 22, IBM Corp, Armonk, NY) ZZ 125 o]
Selglet

Hled o] ofekA] WA vl Food and Drug Administration
(FDA)S] 7]F[11]0ll w2} erythromycin, cefuroxime, trimetho-
prime-sulfamethoxazole, penicillin, 2! tetracycline®] 54|14 % 2
7i 0]73e] Aol WA -2 Aot £ dFollAE o
% cefuroxime tHA] cefotaxime == ceftriaxoneol] WAJ 2l 735
2 w7sle] z=AI

RESULTS

AT7IZE E]F 0] e g RE] 27t 1395, 300, 234
F, 81775 % 8505 o3k #AlFH T 257t A= 4
g gto] Feldl gkl vol= 0A1FE] 103A7FA AL 541
o|&l7} 4.5% (385, 6AIFE] 64A7FAI 7} 44.9% (3825F), 6541
ool 50.6% (4305F)5 AAZet. A de] Feld HAAle
IF7) AAY 7147% (6359 E 7 wkew, 1 vge g
gollo| 142% (121F), H&E5H 1.5% (135), 7IEk 9.5% (81
) ol et

F N HY9e e B4 A A AR F clin-
damycin (68.2%), erythromycin (80.9%), tetracycline (79.0%)°1l
A WAl Eka, N Witk e BAE A 5
ol A= cefuroxime (71.8%), cefaclor (77.4%)ollA] A WA
Fol| Foktt. Al WA E2 HIHE Kol & K=, pen-

Table 1. Antimicrobial susceptibility of 850 Streptococcus pneumoniae strains isolated from four university hospitals

A hospital B hospital C hospital D hospital Total
Antimicrobial agent (N=139, %) (N=300, %) (N=234, %) N=177, %) (N=850, %)
S I R S I R S I R S I R S I R
Penicillin 748 187 65 740 133 127 844 93 62 8.0 93 47 794 123 83
Cefotaxime 8.3 72 65 8.7 103 90 69.1 193 11.6 717 249 35 766 153 8.2
Ceftriaxone 871 58 72 83 83 83 799 90 11.1 82 109 29 836 86 78
Clindamycin 396 00 604 310 03 687 309 00 691 277 00 723 317 01 682
Erythromycin 194 07 799 197 07 797 169 00 831 186 06 808 187 05 809
Levofloxacin 928 00 72 83 1.0 107 8.3 09 128 966 00 34 902 06 92
Linezolid 100 0.0 0.0 100 0.0 00 100 0.0 0.0
Tetracycline 237 00 763 187 20 793 201 04 795 195 06 799 201 09 79.0
Trimethoprim-Sulfamethoxazole 54.0 8.6 374 533 87 380 423 85 491 557 98 345 509 89 403
Vancomycin 100 0.0 0.0 100 0.0 0.0 100 0.0 0.0 100 0.0 0.0 100 0.0 00
Chloramphenicol 705 0.7 288 743 00 257 73.1 02 26.7
Amoxicillin-clavulanic acid 755 3.6 209 743 80 177 747 6.6 187
Meropenem 345 295 360 297 22.0 483 312 244 444
Cefuroxime 23.0 14 755 243 57 700 239 43 718
Cefepime 748 151 101 633 233 133 67.0 207 123
Cefaclor 21,6 22 763 157 63 780 175 50 774

Abbreviations: S, susceptible; I, intermediate resistant; R, resistant.
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Fig. 1. Antimicrobial resistance of 850 Streptococcus pneumoniae
isolates by age group. Abbreviations: PEN, penicillin; CTX, cefo-
taxime; CRO, ceftriaxone; CLI, clindamycin; ERY, erythromycin;
LVX, levofloxacin; LZD, linezolid; TET, tetracycline; SXT, trimet-
hoprim-sulfamethoxazole; VAN, vancomycin; CHL, chloramphenicol;
AMC, amoxicillin-clavulanic acid; MEM, meropenem; CXM, cefur-
oxime, FEP, cefepime; CEC, cefaclor.
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Fig. 2. Distribution of antimicrobial resistance in Streptococcus
pneumoniae by period (2013-2015). Abbreviations: PEN, penicillin;
CTX, cefotaxime; CRO, ceftriaxone; CLI, clindamycin; ERY, eryth-
romycin; LVX, levofloxacin; LZD, linezolid; TET, tetracycline; SXT,
trimethoprim- sulfamethoxazole; VAN, vancomycin; CHL, chloram-
phenicol; AMC, amoxicillin-clavulanic acid;, MEM, meropenem;
CXM, cefuroxime, FEP, cefepime; CEC, cefaclor.
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Table 2. Antimicrobial susceptibility of 850 Streptococcus pneumoniae strains by specimen type

Respiratory Blood CSF Other Total
Antimicrobial agent (N=635, %) (N=121, %) N=13, %) (N=81, %) (N=850, %)
S I R S I R S I R S I R S I R
Penicillin 809 126 65 812 103 85 154 00 846 759 152 89 794 123 83
Cefotaxime 748 162 90 8.7 43 60 462 462 77 765 185 49 766 153 8.2
Ceftriaxone 825 90 85 932 08 59 462 462 77 840 111 49 836 86 718
Clindamycin 3.7 02 681 364 00 636 308 00 692 247 00 753 31.7 01 682
Erythromycin 188 05 807 223 00 777 154 77 769 123 0.0 877 187 05 809
Levofloxacin 9.1 05 94 9.7 17 76 1000 00 00 8.9 00 11.1 902 06 92
Linezolid 1000 0.0 00 1000 00 00 1000 00 0.0 1000 00 00 100 00 0.0
Tetracycline 208 1.1 781 203 00 797 154 00 846 148 12 840 201 09 179.0
Trimethoprim-Sulfamethoxazole 50.2 83 414 627 59 314 769 77 154 346 173 481 509 89 403
Vancomycin 1000 00 0.0 1000 00 00 1000 0.0 00 1000 0.0 0.0 100 00 00
Chloramphenicol 724 03 273 780 00 220 750 00 250 739 0.0 261 731 02 267
Amoxicillin-clavulanic acid 765 6.6 169 740 40 220 500 00 500 522 13.0 348 747 6.6 187
Meropenem 304 257 439 400 160 440 500 0.0 500 217 261 522 312 244 444
Cefuroxime 224 52 724 360 00 640 250 00 750 217 00 783 239 43 718
Cefepime 67.1 215 113 700 140 160 500 250 250 609 217 174 670 207 123
Cefaclor 163 44 793 300 6.0 640 00 250 750 13.0 87 783 175 50 774

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

AEHZ = 20131 81.4%, 20144 77.5%, 20154 77.5%%Ac}.
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