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Penicillin Resistant Distribution and in-vitro Susceptibility of
Oral Antibiotics against Streptococcus pneumoniae,
isolated from Pediatric Patients with Community-

Acquired Respiratory Infections in Korea
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Purpose : S. pneumoniae is one of major pathogens of community-acquired respiratory infections.
The rate of antibiotic resistance to this organism has increased, and resistance to multiple antimicro-
bial agents in a single strain of S. pneumoniae may compromise the efficacy of empiric antimicrobial
treatment commonly used for respiratory infections. We did this study to find out the penicillin re-
sistant distributions and oral antibiotics susceptibility patterns against S. prneumoniae, isolated from
pediatric patients with community-acquired respiratory infections in Korea.

Methods : One hundred fifty six pneumococcal isolates obtained from pediatric patients with com-
munity-acquired respiratory infections such as acute otitis media(AOM), sinusitis and pneumonia
between May 2000 to June 2003. And MICs of penicillin and oral antibiotics(amoxicillin, amoxicillin—
clavulanate, cefaclor) were performed by broth microdilution methods according to the NCCLS(2003a).
Results : Seventy eight percent of the isolates were resistant to penicillin. The isolates, collected
from AOM patients showed the highest penicillin resistance(92.7%5). The resistant rates of amoxicillin
(16.7%) and amoxicillin-clavulanate(9.6%), based on susceptibility breakpoints established by the
NCCLS, were markedly lower than these of penicillin. But, the resistant rate of cefaclor was very
high, above 95%.

Conclusion : We concluded that pneumococci isolated from study cases may be one of the world’'s
highest penicillin resistant rates. But, amoxicillin and amoxicillin-clavulanate can be used as a first-
line antibiotics. Finally, we hope that a continuous surveillance study to monitor resistant patterns of
pneumococcal respiratory infections will be needed for the standard guidelines of empiric antibiotic
treatment. (Korean ] Pediatr 2005;48:40-47)

Key Words : Respiratory tract infection, Community-acquired infections, Streptococcus pneumoniae,
Penicillin resistance, Antibiotic susceptibility
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E9| slotats 7|4 AgtdTrt " o] Fox] o} gt 1]
AWtz o 2 oy sal FRiFo] gl 34 g &
Apo] Agolli= ZHAE golahA] ol APA A=F A He
g o] Afole A9 We s57] U Mol g g3t
WA el tisk vkl A As AR I gt A
7 Am7t Besg’, oyl ZwolA oY ol g &
3 BAEE Fold, 4, ¥uEd 9 THFUEEY Ad T
83 A0 WAl o] oigk AwbAQl atE Hrh A
7v Wi Foshd, el gt &R well AMgEE A
T4 FAA digt ity HS = Fasith AygHoz o
H AFE S el g &mf HALgo] o] F

2 = 9ok
ATol EA42 ol wAd wet v FA4 Fold, #4
59 4 2
4L dofstal, EuEtelA] ol At &3] AMEEI QU=

£ A9l amoxicillin, amoxicillin-clavulanate, cefaclor
g &ty Jrrs Arstaat 9ok

ChA 2 s

2000 5455 20039 68 Aol ZhEE ot A nAtel 4,
Kl

HEel, PNAESY, Aue e, HAgEye, melel
RS, Bkl e, vhistelvbgel, clsteltigelel ol
R s QAT F4 Fold, WA B 2 AY ol
A e B4 156709 AFES te st

2. 4 ¢

1) &A &H
T4 Tl FotollAs AA Aol o AA 1 HA
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< = A 29 JA o3 AAE FHsN A,
d FHlFd Folol A= middle meatus 7HT-H-(orifice) ol A1
calcium alginate W-%5-(Fisher scientific Co., Georgia, USA)2.
2 AAE AFHAsH wEFsAY FHlE Mol o AAE w
Fste] FHEAI, wHY Ao dUst Aoy g g
Ajds 71EAor HArste] FAFTs LSttt e
H S 5% lysed horse blood”} ¥38HE Mueller-Hinton
broth(MHB, BBL, Cat.No. 431138, USA)® microplateE Y&
of Al A& ¥ol AAN A7 70T WEaLeld B#sks)
t},

2) FHAYUNSE EF

AT o HFe] HYA™ #HA9AF E(minimal inhibi-
tory concentration, MIC)®] &4 20031 NCCLS 715"l
ofk ghxuix] MY o R HA AT F, B HAE g
A (blood agar plate)oll &3+ 5% CO, wWi7IolA 16-
2041 wiekel § wRERS Ay g RRste HE HE
#47F 5x10° CFU/mLOl %% 05 McFarland Standardel
9E o, o] A" 7 100 uLE 25% lysed horse blood”}
¥3%%¥ cation adjusted Mueller Hinton Brothell 7}ste] 34
% o] &9 50 yLE microplate welldl HFE3te] 35Tl 20-
24712 wigFste] SAEATE 24 T2 HeE 0015 ug/ml-
16 ug/mLEZ 33, EFTFE S pneumonige ATCC 49619
& ARESETh B #H9 penicillin e BF> 20039
NCCLS®] AU i 7I&(HF4; <006 pg/mL, 5%
WA 0.12-1 pug/mL, WA =2 ug/mL)el <8 AR 21
g A4 HFwo] Wd amoxicillin(Sigma Co,. St. Louis,
USA), cefaclor(Sigma Co,. St. Louis, USA), amoxicillin-
clavulanate(IL-SUNG Augmentin, gsk, UK)9] 3 SAA=
2003%1 NCCLS MIC 3 374 71579 whe} A Asigieh

3) Z=A "It

A7) N1Ew ATy Aydd HrodAEE SHd 93l
T el A EEE Ao U dEE getetdlal, A
T4 Fold, F4 ¥uEd % HHoAe WAE Hols B
stk w3 AT H T
clavulanate, cefaclor®] MICsy 2 MICoe &<l 744 A

o2 Wmeln A,
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93 amoxicillin, amoxicillin—

1. HiUAZlof CHs 2ot

AT Aol ek sHyade g HelE 0.015 yg/mLol
21 16 ug/mLeIaL, MICs2 1 ug/mL, MICe+> 2 ug/mL°]31
o}, 2 gl g eAde 21.8%, WS 782% (%5
T UAE 46.2%, 1x WAAE 32.0%)E HATHTable 1).
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2 ug/mL, MICg< 4 ug/mLeIAtt, 18] o dig 7+
AL 73%, WAL RI%(TeE WHE 268%, 1= A
65.9%)% EATHTable 4).
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1) 24 RIS HoiE 2
3}

T4 FHIER SelEEE ¥ 21709 #HTwrel dig #
yalel g4t W9 0015 pg/mLelA 8 ug/mLelaL, MICs 3. é}{réoiﬁgllgi} amoxicillin/clavulanate, cefaclor0i|
2 1 ug/mL, MICoq= 2 pg/mLelSith Z12]ar - 3tol] w3t
B 286%, WS TIA%(FEE WAE 476%, ww v 1) amoxicillin 23t
AE 23, cy)E l;]_oir,}(’rable 2). ﬂ:ll fﬁ]:}:ﬂ’oﬂ ‘:Ht:ﬂ' amoxicillini”f] gt HHL 0.015 ,ug/mL
2) 2M HE 30}l A A 8 pg/mLolRAL, MICs2 1 pg/mL, MICg2 4 ug/mLel

F4 #HE dolriy Ba® oo Tl wiE HuA Atk A Fgatel digt A4S 83.3%, WAL 16.7%(%
Ao it W= 0015 ug/mLolA 8 pg/mLelil, MICse o WAE 154%, 1= W4dE 1.3%)& EAHTable 5).
¥

05 pg/mL, MICoe 2 pg/mLeldth Zela F el tigh 2) amoxicillin/clavulanate Z1}

TAAL 266%, WA 734%(F5E WAAE 54.3%, 1= U4 AT | Fatol]l it amoxicillinfclavulanategl gt Hel=
E 19.1%)S HAKTable 3). 0.015 pg/mLAA 4 ug/mLeIR 3, MICs< 1 ug/mL, MICe
3) A 0|y otz ZHot 2 pug/mLolAtt. 1L #H el ot é‘ 8 90.4%, A&

HA ol Fol=RE EEE 41719 A ol tig HY 96%(TeE WAHE 96%, 1= UWAE 0%) S HIH(Table
Aol gt W= 0.03 ug/mLAlA 16 ug/mLolAIL, MICs<  6).

Table 1. Susceptibilities of Pneumococci to Penicillin

Cumulative % of strains inhibited at concentration(ug/mL) of :

Drug susceptibility MICsy  MICg
0.015  0.03 0.06 0.125 0.25 05 1 2 4 8 16

S 8.8 44.1 100 0.06 0.06

1 16.7 389 100 1 1

R 74 36 98 100

Total(N/%) 3/19 12/96 19/21.8 12/295 16/39.8 44/68 37/91.7 6/956 6/99.4 1/100 1 2

NCCLS MIC interpretive standards(ug/mL) for S. pneumoniae to penicillin
S: <006, 1:0125-1, R: =2,
S I susceptible, I:intermediate resistant, R : resistant

Table 2. Susceptibilities of Pneumococci to Penicillin in 21 Cases with Acute Sinusitis

Cumulative % of strains inhibited at concentration(ug/mL) of :

Drug susceptibility MICs MICy
0.015 0.03 0.06 0125 025 05 1 2 4 8 16

S 16.7 66.7 100 0.03 0.06

1 100 1 1

R 30 100

Total(N/%) 1/48  3/190 2/28.6 10/76.2  4/95.2 1/100 1 2

S :susceptible, I:intermediate resistant, R : resistant

Table 3. Susceptibilities of Pneumococci to Penicillin in 94 Cases with Pneumonia

Cumulative % of strains inhibited at concentration(ug/mL) of :

Drug susceptibility MICsy  MICy
0.015 0.03 0.06 0.125 0.25 0.5 1 2 4 8 16

S 8.0 40.0 100 0.06 0.06

1 21.6 49.0 100 1 1

R 71.8 83.3 100 2 8

Total(N/%) 2/21 8/106 15/26.6 11/38.3 14/53.2 26/80.9 14/95.7 1/96.8 3/100 0.5 2

S I susceptible, I:intermediate resistant, R : resistant
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Table 4. Susceptibilities of Pneumococci to Penicillin in 41 Cases with Acute Otitis Media

Cumulative % of strains inhibited at concentration(ug/mL) of :

Drug susceptibility MICsy  MICqy
0.015 0.03 006 0125 025 05 1 2 4 8 16

S 33.3 100 0.06 0.06

I 9.1 27.3 100 1 1

R 70.3 88.9 96.3 100 2 8

Total(N/%) 1/2.4  2/13 1/9.8 2/146 8/341 19/80.5 5/927 2/976 1/100 2 4

S :susceptible, I:intermediate resistant, R : resistant

Table 5. Susceptibilities of Pneumococci to Amoxicillin

Cumulative % of strains inhibited at concentration(ug/mL) of :

Drug susceptibility MICsy  MICy
0.015 0.03 0.06 0.125 0.25 0.5 1 2 4 8 16

S 2.3 13.8 29.2 33.1 40.8 46.9 86.2 100 1 2

I 100 4 4

R 100 8 8

Total(N/%) 3/19 15/115 20/243 5/275 10/359 &/409 51/71.8 18/83.3 24/986 2/100 1 4

NCCLS MIC interpretive standards(ug/mL) for S. pneumoniae to amoxillin :
S:=<2 1:4, R: =8
S :susceptible, I:intermediate resistant, R : resistant

Table 6. Susceptibilities of Pneumococci to Amoxicillin/Clavulanate

Cumulative % of strains inhibited at concentration(ug/mL) of :

Drug susceptibility MICsy  MICy
0.015 0.03 0.06 0.125 0.25 05 1 2 4 8 16

S 2.1 12.8 27.0 31.2 38.3 51.1 83.7 100 0.5 2

I 100 4 4

R

Total(N/%) 3/19 15/115 20/243 6/281 10/345 18/46  46/755 23/90.2 15/100 1 2

NCCLS MIC interpretive standards(ug/mL) for S. pneumoniae to amoxicillin/clavulanate :
S:<2/1,1:4/2, R: =8/4
S :susceptible, I:intermediate resistant, R : resistant

Table 7. Susceptibilities of Pneumococci to Cefaclor

Cumulative % of strains inhibited at concentration(ug/mL) of :

Drug susceptibility MICsy  MICy
0.5 1 2 4 8 16 32 64 128 256 512

S 100 1 1

1 100 2 2

R 8.2 12.3 19.2 37.0 50 52.7 99.3 100 64 256

Total(N/%) 7/45 3/6.4 12/141 6/17.9 10/244 26/41.0 19/53.2 4/55.8 68/99.4 1/100 64 256

NCCLS MIC interpretive standards(ug/ml) for S. pneumoniae to cefaclor :
S:<1,1:2, R: =4
S :susceptible, I:intermediate resistant, R : resistant

3) cefaclor Z1} = WAE 19%, 1= WAE 93.6%)= HIATHTable 7).
A T Ugk cefaclord It Wl 1 ug/mLelA

512 pg/mLo11aL, MICs< 64 ug/mL, MICee 256 ug/mLo]

Atk 2o Farel] ok e 45%, W8S 95.5%(F 5
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A 9] 891« HA TEHVIAE FotellA BElE Hy ol W AYLH WAARES AT FAA I B AT

BT Zlo] FEE AEo|Th old A fopdd e

| & AE Faol s 2ofella] w7 W AFeHs #J7e] WA

o] Ea ZololA FA Fold FojelA e FAAL] ALgol

A A AAFeR FE/0U ol g 2 BARe A4 o Az FAHUHTY. AR5 ATAdE FA A+

ol BAIglol TFVIHES Do Wl dF FAAe]  HIEH FojelA Rl J%hl*u AYAY MIC B¥E= 0.015-

el Aoz Frbetis Aolm? oldl FAAl Aol =7t 8 pg/mLolw FUAH ulgEe] 714%0]x FA AH b

of wel Aol Mol AAolE e U AE gl 2 FH BIE dAte] Hydy MIC #E7F 94 0.015-8 ug/

o]2 molt Foltf?, B3] A#A EE/7A F dATdel ¥ mLolW HUAA WA Sl 734%9 WA, 34 Folg ool

3 WAEAE 19679 Papua New Guinea®ld Hx= #HA7d A 28 #A7w9 AYdd MIC #X%% 0.03-16 ug/mLo=E

o WEk HUAA WAawe] Bu¥E o] A AAHow ey o7k di HAYUAA A Ee] 27%E AAF] =4tk 53] 4
B

aolom tAUA el oS StEa glo] AlZ4E dstel  ug/mL ©]del
ok, 1980l obA A AR el WiE Hudd B(4.8%)0lM, 949 w4
el 10% AEE welthrh 1990 d el oA felvets 23 W A4 Fold fotel Agol= 418wl
atol WAEOl 50%7F Wi Zrhse]l Tolue FAlel 9w, #EHe TG xelE BAth AREY )9 22 AT A

Aol dAUAddel g MIC7F 4 pg/mL o143 1% uid welueteld 54 Fold fotellAl &1 Akl WIsts

A
Age Aol Agol ool g e BARE B

ol A97F 3 £3 921 chloramphenicol, tetracycline, tri- 2L
methoprime-sulfamethosazole, erythromycin, clindamycin &  © F€ ZA°lth
ol Aol WAL Hol:= oty ARSol F4 TEF/NH B-lactam”] FAAZ HAYAHA E= cephalosporinsol] WA
A(FA Told, FA FHEd 2 A% golzrg Eod #@ o e HF T 9% 54 FToldd FHE #AE A5Y A
Farol thE WA HIEE AARE B AT Aadx Hydd f olEs AT Fold(middle ear fluid)I HH Gl A=
o 782%¢ WAL B MIC7F 4 pg/mL o349 1% WA % fA wd A5yt AdHeg e Ay d9En
ol A7} 156TF F 1375 (83%)olA Atk ol@d #H7d  AETF &olakA] &rh ol el B wfe] thEAQI HBTE&
o WAL #HFFe mfe 424 W9 intrinsic resistance A -lactamZl FAAQ! amoxicilline 30-35 mg/kg®l &FOE
B} gAYl FHr} ARl 938 extrinsic resistanced] 3 FoF F Foldo| 4-5 yg/mlLE FEE FAY F Jdi FF
Ao AR I} A&l 93 5 YHS 5% o4 1 FEE =Y AL A A RV fXHE FESEHH
T S BolE EAo] 9o oo gigk AAg uido] & 5Ao] ol FA Fold oA AT ANET & A= FAA
THE B3] oY A o] Q= FA 537179 3 oltH?. 183 amoxicillin® YA @)Y amipicillin tF 7
9] | Heu 5o

T A% W FEe] =3 Al Jel A AFEgHew
ol glol gEEo] wr?. Al 1992358 1993
23S A2 3 e AP g d Aol AFH dF Tk v=9 157H 57| HAA EZFV
o AR A FAREEY Held 185659 ATHS g 1671 FAAel

525 A3 geotste] A3 YA AFES FESeo 3 uig FEY ATE AAF A amox1c1111n°] = A T
ot TFatoll tisle] ceftriaxone 2 datelo] =31 thE cephalospo-
Htrt ZFEe JHet sF-sky 59 ] we} # o] Aol rins(cefuroxime, cefaclor, cefixime)®.tF 4u] o]Ake] &4t o]
AP Bl 1979 Ee AL BusRa) 199335 19959 Aol 97 ¥ =

HE 1987744 3570 el A %al:a 5459709 #HFre]l Tkl T BARNFH 4L AT 400 HA HF p-
H P HAUAE WadEo] 92 lactamAl FAA ] tidk v B7F AF} amoxicillin®] 2 mg/

%ol ot dof 2 Ao Beld H e Ay o LY FEolA 96%0 HUAY WA Aol FdEel e A
HEL 48%, 7% T Aol Halg 7w Audd O & AP, aea A7 g 2488 W BT o
AEL 43%, A9 wE= B4 Eg®E #uAdd Adsel T(in vitro pharmacodynamic model study)el*%E amoxicillin

AEL 37%= B o] & B-lactamA FAARTHAYAH, cephalosporins) 3
w2 Jackson 57V Fololx Hel® #Hwte]l vk wHo]l ¥E& A IS amoxicillin-clavulanate = am-
oA B FEFR AUAdd Yol @ =L Aoz B oxicillin U Iy} dEBGEH aHUt g dFEHAU
w3t o9l g2 ATSolMEM0 el AW weoje] o AxEel ATelA amoxicillin® el W WSS
e LHH-J zlolE H I =) ~6] } & 16.7%(Table 5), amoxicillin-clavulanate?] WAES 9.6%
A BE713G ol FololA EE® #HTde] MY wAe]l  (Table 6)& E penicillin®] 78.2%(Table 1)¢] Wl/dS X<l
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ar
NCCLS MIC EF 4 7]l 0o penicillin® 715 (%
<0.06 ug/mL, 5% WA; 0125-1 ug/mL, J
ug/mL)¥ amoxicillin®] 71#(HF4; <2 ug/mL, T5% WA,
4 pg/mL, L% WA =8 ug/ml)o Afolel] gk Ajolr},
gitH o2 A9 U I8 NCCLS 7]Eel o3 3
ZtEm, o] ZlEe] og HuUAde HFwe] ug Pt
MIC7F <0.06 ug/mL<! %+ #54, 0.12-1 ug/mLSl 73
EF5E WA, =2 pg/mLs] B9E 15 WAos #gEry,
aeiy HFe] o] #g vlEe HE FAEEE EEE f
Tl 9%k AnrthE e #xie 4 2|
2 IV E A A ] o] 7l AEe AYA Fe 4 A
oY olsh AvkE ATl HTH 5F g
ulg 2 7)ol AA A= AR EAs
HUdde A4 2 pyg/mL =2 B4E 2
A& 4 pyg/mL =22 FoJsleof dtrh=
oxicillin®] 7ol o] AL FEAFEH B &
w2 A gt Hrle] #Ik oy AT
19979 o|FHE el dig amox1c1llmf] )
71Ee]l Wste] 200195E A5¥ 2 7)ol ALHAE
NCCLSOIA ©] 7]l A& amoxicillin & &F& 40-45
mg/kg/day S E A Aot HA| Al EE &7 9
g amoxicillin®l Y} amoxicillin-clavulanate®] A& & 2}= A
o amoxicillin®] X%+ &%°] 30-35 mg/kg/dayd WF-E A
o BT §9¥Y WX vE AT4E B-lactamA FAA Hrt
ojg Eo Aow oy AP oA wel vl glo] amoxi-

3t A4l NCCLS MIC

cillin® amoxicillin-clavulanate®l

7 Ay 7] AAAHA APel AFHJULE old A=
amoxicillin®lY amoxicillin-clavulanate &3 Fo] 1+4%<k

40% o’ AlztellA o5 FAAE]

Y Be BEE 4AGH o
A

F27F Adel A MIC X
FAE FodES =Y 4 ¢

=4
Al FRAEA AT 2

= H
79l aminopenicillin®] E&-&Fol g X5
Azl glo] 2 Aok YAW AT HuWeh A YA
s Ae Hw A Azl o] HUA-— Y amino-
penicillins®] Y¥F T §FOZ 87 & o]Foixn HYA
Holl MIC7F 4 pg/mL o742 WA #Hde 3% S-lactam”l
AR g NE7F AFEL YA A Ak FF &7

PR
2% g7t gHoF o]Fo

&40

Atk A7 w7t glo] 7
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Jraell 9% SE71E 5&"]—"“ A ASHE amoxicillin® am-
oxicillin—clavulanate® 1&#o® Amdte A &4 &

olE kAl tid AAES AFANHE MIC7F 4 pg/mL °
Ql A7t 1567 & YA -e 1378F(8.3%), amoxicillin®]
749 2675(16.7%), amoxicillin-clavulanate®] -9 157 5(9.6
%) AEolil olF 8 ug/mL °1EA & WAl ATt Ay
o] A 13¥FolA 67, amoxicilline 267 T4 23,

amoxicillin-clavulanate= °©l¥ A$7F §le Z24E B9 £

Ut A H el e Aol TF7IA Fete A o5 A
AE 27|58 wLgForn Fosie AL AifskA &k 53
AYLHY MIC7t 4 ug/mL o173l A9-7F 45% W<l &4

FrlEdd A Fole] Adde HS 27 1E&F FoE
stedof & Floltk | AAES AFellA amoxicillin-clavul-
anate®] MICy< 2 pg/mLo2 amoxicillin® MICe 4 ug/mL
B} gu UYHEE 96%E Yo 8 yg/mlL o449 Ik
Ax g AoldS BYE dH o]E B-lactamase inhibitor$
clavulanate’t ¥+ ¥ Wl U= penicillin binding protein
(PBP)3(D, D-carboxypeptidase)$} ZAgste] ==t A2 3
S FEAE F 9o clavulanate®t e A<
e Ao EY F Ae Aolgs AT AHV
%% clavulanate®] PBP3¢}9]

el A & dold = 9lo] o]
ZlthE & vk ok AR
Ao E wulg v om}
B-lactam” FAAE BFAHOE AU &F Fo| T F
Hy F=E MICE L]'“F inhibitory quotient(IQ)2] &<
ATl A amoxicilln® A9+ 1Q =19] 100%°.2 7Hd *
AE H<Ql WA ceaclor, cefuroxime, cepfodoxime % ce-
fixime?} %2 cephalosporinsZl @A 25% w|wo = vhe
AT A3¥?9} cephalosporins Al FAAIE AT Fo] F Fol
W s=7b ulg- Sl A v mas ) oja gl A
WA #H X7 ol FAE U} ABAR AMEEA &
ofof gt} Al 2] 4 A-elA cephalosporins Al A A =
WAge Ad ATE FFE AR F AN mask 9a”)
U gt 7F3 $kA}ol] cephalosporins Al FAAIE AME-e A
< 91917]zke] AejFitkE Bauvt o o] Aol kAl Ad
o glol F& 71&ojok gk AREY AFelA el A
AT8o2 714 ®ol A83tal & cephalosporin FA3AIR]
S MIC ¥3¥7} 1-512 pg/mLol® WA Eo

T 1= UAde] 936%Z(Table 7) YERY =)
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Zob FAT HAY EFVIFEG oldAl 4R As FAARE
FAYR Feom JAro] ofd g ALzl A7t Besitt

AT A3z fEud 2of 54 ZF71HE EolRitH
dE d7del A Avdd HAgol w255 At
538 34 Fold FobollA weld dATtel Wi AYEY
ol 7P Eolk 34 Fold FotolAl AL Age] Woks
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AR 9 8 1 HA TEVAE FoldlA EelE Fgel A AL
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