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Streptococcus pneumoniae DI 7 17 A FRPURE M TEAL I BT 5 FBER 205 2 479 728, clarithro-
mycin (CAM) &M 8tk (MIC : 0.03~0.12 ug/mL, mefA, ermB BIZTIRAMRSE 11k FERAREK 6 R
W, ARPRIE & OB X 2 B0 B LS X OBIZ T F T 21T 5 72,

1/32~1/2 MIC ® 4% sub-MIC ® CAM % &3 % 5% 7 <ML Mueller Hinton agar (MHA) 12
ARERT MR 8 R KL, 10 /RIS L 720 72, MIC DL LOERED CAM 2543 % 5% 7 <Ll
WO MHA (ZRFRER R AR 2 IR L, BFERYISE WIREED CAM 2 & 48T 15 MUk URE L, 5612
CAM R EA R T 10 MRS L 720 MR ORI 32 CAM @ MIC % fiim AR A ik T
g L, BT mefA BE W ermB OFMEFR S & & HIZ, 23S rRNA #IZ TR, L4 B XU L22
YRy BIRFEREFE LT

mefA B & U ermB AR F-IRAFRIZ, sub-MIC TOFfIZ X ) CAM @ MIC i3 4~64 R mifiEfL L 72
MIC DL EOE#RED CAM (Bl S @721k % MIC 1 8 #kH 6 #k2S=64 ug/mL &2 1), 2D
9B 1 kI ermB PRARE, 4 #R1d 23S rRNA domain V IZER 2B 72, L2 L, 50 1 IE 4 G L 7:
W OBIRF IO ERILTD 5N Lo 720 FikED CAM & o ifes e, CAM ANE A B TREC
R L7280 b, ermB M2 E T 5 1 HRIZH VT CAM @ MIC 75>64 pg/mL %5 8 ug/mL
& 1/16 LT ORAE & 72 5 720 mefA & %\ & ermB & A A WkkIZ, {RIRETO CAM OBEFEIZ LD Hil
PN PR RE O FEBICAB IR R TLHE S L, MIC 2Nl 3 % 2 L AVRIB S /e,

S OBEHER XY, ITEEEFRA KD 2 I RBU TR & S B BRI BERDSFAE L,
AT HRPRERICE D~ 70T 4 FRICRERICEDUEZ RS X9 12% 5 WREMEAVRIR SN 720 S. preu-
moniae JEIIEGHIC~ 7 10 T 4 FRIURIEZ T 25513, 28ER D mefA, ermB 75 & DN PE#IE O
AT LENDH L EEZ ONT,
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Streptococcus pneumoniae IS, WUMLAE, i 9655 0 T e g%
GUiE R BT LW TH D, 1990 F1CLLE, penicillin-resistant
S. pneumoniae (PRSP) AS2 @28 LER STV D, &
LISEFETIIARO 7 074 FREWERELIZOVWTD
% HE IR, SRS OIS X 2 i T IHR I 8
EITAHE DL, ENTHEBICERS NS 70T 4 MR
MHEDERENRG25~ 7 05 4 FRVUE SN o8
ML L Twa e 28E b d 20 fTbhTw
W

Shlbbhid, S. prneumoniae ® clarithromycin (CAM)
THPEACICB T 25T & LT, mefA £ 7213 ermB AR TFIRA
% &t CAM &M S. pneumoniae % sub-MIC @ CAM & $ il

SR, £7: MIC ML EO®ERED CAM & il S & T15
bh7-au=—iZ>nT, CAMICH T 2EZhOELs X
=774 R EPERRE QRN 2175 720
L M# & F&E

1. ARER R

2005 4F, DAEIZBWTHHE S 2 H Kk CAM
&Yk S. pneumoniae 8 ¥k % I\ 720 3 7 b H AT SN/E
A a7 CNAS% b JIMKFEREH (H AN
Ty Ry ) ICHEBEKL, 35T, 24~48
¢ [ K S TIPSR 28 L 720 S. preumoniae % %E9 3 1
Z—%$WL, b VIMREREH (HARXZ b2
TA YRV Y) RTHEELHEE Y, ik :
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a B, 790584 75 AEERERE, hyo—¥
Btk +7 be VRt B AR TS LKD),
S. pneumoniae & 7€ L 720

2. PUR SRRV 2

CAM o MIC % CLSI M100-S1712 #& U 7= fi & i AR A
FUEICTRIE L7z,

3. Moo = — IR

EF O ORHFEITHE AT - 72,

1) Sub-MIC ® CAM T®5 R

b DM IEREEH TRy 2 U 72 BABR TR ik 8 Pk % IR
WETHELED, 10°~10°CFU/mL £ 745 X H ISR L
72Wi % 1/32~1/2 MIC @ 2 f5 % R 5 O CAM &4
5% 7 < ML Mueller Hinton agar (MHA) 123K,
35C T 18~48 ¢ If 5528 L 720 KR BEBLRE © CAM
EHEREHIZIEE L2k % WAk 10°~10° CFU/mL & 7%
HEHIHBL, MBEO CAM AR ®HE - B2
L, ZO#E2 10 8H D KL 72,

2) CAM DA ToEIR

REBB R EHREZ IMIC B X O 1/2MIC ® CAM &4
5% w7 <ML AN MHA 12 1) & FARICH®IE - 5L, %
BLZWEREPELY, BE LA O CAMBED
1, 2B XU 455D CAM SR HICHIK - B L
7oo AEMEZ ISRV EL, BEBENICHRBED CAM
LR, ek, 15 AR E T2 128 ug/mL SR
WIZFHE L72%E1E, 15 RF TH CRE AL 72,

3) CAM AEHE M TORMAEE2E

EFt2) @ MIC Bl Eo CAM &4 8 1< 15 A=
WL 722, CAMAESR 5% 7 < M #RM MHA
T 10 AR E 175 720

4. BRTFFRE

1) mefA, ermB BfnT O

NR= ) CTifEM 2Bk E (PRSP) #in TR 38 (5
KRB ZHOWTRASGEICREY, 27054 PRI
KT HMEBIET TH S mefA B & U ermB BI5F
DO A 4T 720

2) 23STRNA BX L4, 122 % v /37 &5 T A BI%
#r

Canu HYOHMBITHEL, v 7054 FRIUHEHEC
5.4 % 23S rRNA domain IT 3 X OF domain V #8318 %
PCRICE DR L 72, PCREMDF¥ A L7 b —2 T
YAREAT, FEMROEIEEY K L £ 72 Ky —
LK T H LAY 87 & a— F§ 5% rplD BIET-B
KUL22 % 82 % a— 5 rplV #{Z§% PCRIZK
DHIEL, F4 VL2 My —2r v A%V, HAEKOE
FERFCH & LI L 72

m % ES

1. Sub-MIC ® CAM & ol

D RRIZDOWT, sub-MIC @ CAM AR T
10 AR ZE L 72T © CAM @ MIC % Table 1 127R

L7zc ermB Iz THREMKTH % No.6 1%, 1/4~1/2 MIC
@D CAM & OFEMIZ XY, BRI T 5 MIC IZHEEL
32~64 fEm At L7z — 0, mefA EIZTHRAKTH %
No.10 1%, 1/16~1/2 MIC TO#fz X b #HEko 8 512
EH U255 MICfliid 1 ug/mL &, No. 6 IZLL~EKMET
o725 No.6 B LU No. 10 #Fx < 6 B Tld sub-MIC T
D 10 fROJAKEEIC L 5 MIC EOZEALIZITE A LD
bNGholz,

2. CAM OR[N TOREIN L BlIETER

RO ZHRIZOWT, 15 M mMAEORIIK T 2
CAM O MIC &~ 27154 FARPUR KIS 5
BIAFOMBAERS L OHERTFER % Table 212/R L
720 No.10 ¥k 15 fCHkICHR 123 % CAM @ MIC & 8
ug/mL, No.1, 2, 4, 6, 8, 9D 15 LRI LT
1364 ug/mL DL b & SHF IS EAEIL L 72o CAM @ MIC
H=64 ug/mL &R L7z 6 #kH 4 BRIZE VT, 23S rRNA
BIETERINRZDOLN, D9 H 3HIE domain VO
A2058T &5, 1#kI1% A2059 GEEZAF LTz, —4,
No. 8 ¥k @ 15 1% {k 1% 4k 12 xF 9 %2 CAM @ MIC 13 >64
ug/mL Tdh o 7225, mefA, ermB B X U 23S rRNA #{x
TEEPEDONT, XHIZL4 57 87122 7 X
I DERBFBOOSNLR D o T ERIIIRE LD o 7278,
5#(No.1, 2, 4, 6 BIUIEBOEBD, 14, 14, 15,
11 BEOI3MRHEIC CAM 128 pg/mL &AH B THRED
BOLNTZ D 3DIHI B, No.8 BLU 101X 151K H
WCBOBOMBLU8ug/mLEARETREINRD
5743, No. 313 15 ARk LT3 MIC DL Lo &R T
DFEBITBRD LN LD o7,

BAE 15 FCHRAURE 221212 CAM A& A 53T 10 FCHRAL
R LI T 5 CAM @ MIC % il 22 L 7245 &,
CAM & Ol 22 8z X » MIC S & filifb L7- 7
WD S B, ermB BAZTIREARD No. 6 DA, CAM AEH
B COMAKEEICL D >64 ug/mL 2> 5 8 ug/mL -~
& 1/16 LT o MIC DT 253880 5 7z,

m. £ >3

S. pneumoniae \XHERLIE, HH 580 MR S E O 5
ELTHEELMECTH L. MBRHTEHLDOD, 7D
Tid B-lactam SRPUH M BT 2 &2V % R 3 Wi AR
THh o7z Lo, 1960 4825 penicillin G(PCG)
VR A R T WROIMRE" 5B Y, ED% 1977 412
FZ AR 7 7 ) A0S0 s hTwnbY,

HARIZBWTY, EFEDMEROZE L\ EIN2sHimt
P EOREREEL o TV, AROENIZET
A= 7074 FRIURERERITIEFFITE <, Inoue 57
1% 1999~2002 4 12 PROTEKT 4 — XA 5 v X %= FEifi
L, 2002 4753 BEWF0R 5 B 3K S. pneumoniae 817 #R® eryth-
romycin (EM) MHERIE 799%, —oHEkicBw»Tid
90% kB2 5 EERE LTS, F72, PCG ITHERE
itk DA b % 7R AR O 23 BEBUE 1 63.9% T, EM, PCG
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Table 1. MICs of clarithromycin to strains of Streptococcus pneumoniae after 10-times exposure

to sub-MIC of clarithromycin

(ug/mL)

Strain no. CAM MIC of

(concentration of CAM

Resulting MIC after
10-times exposure

Sub-MIC

(macrolide-resistant gene) parent strain included in medium) .to Cm ‘
(magnification ratio)
1 0.03 1/32 (0.001) 0.03
(N.D.) 1/16 (0.002) 0.03
1/8 (0.004) 0.03
1/4 (0.008) 0.03
1/2 (0.015) 0.06 (%X2)
2 0.03 1/32 (0.001) 0.03
(N.D.) 1/16 (0.002) 0.03
1/8 (0.004) 0.03
1/4 (0.008) 0.03
1/2 (0.015) 0.06 (%X2)
3 0.06 1/32 (0.002) 0.03 (x1/2)
(N.D.) 1/16 (0.004) 0.03 (x1/2)
1/8 (0.008) 0.03 (x1/2)
1/4 (0.015) 0.03 (% 1/2)
1/2 (0.03) 0.06
4 0.03 1/32 (0.001) 0.06 (X2)
(N.D.) 1/16 (0.002) 0.03
1/8 (0.004) 0.03
1/4 (0.008) 0.03
1/2 (0.015) 0.06 (X 2)
6 0.12 1/32 (0.004) 0.12
(ermB) 1/16 (0.008) 0.25 (X 2)
1/8 (0.015) 1(%8)
1/4 (0.03) 8 (X 64)
1/2 (0.06) 4 (%x32)
8 0.03 1/32 (0.001) 0.03
(N.D.) 1/16 (0.002) 0.06 (X2)
1/8 (0.004) 0.03
1/4 (0.008) 0.06 (%X2)
1/2 (0.015) 0.06 (X2)
9 0.03 1/32 (0.001) 0.03
(N.D.) 1/16 (0.002) 0.03
1/8 (0.004) 0.03
1/4 (0.008) 0.03
1/2 (0.015) 0.03
10 0.12 1/32 (0.004) 0.5 (x4)
(mefA) 1/16 (0.008) 1(X8)
1/8 (0.015) 1(%8)
1/4 (0.03) 1(%8)
1/2 (0.06) 1(X8)

CAM: clarithromycin, N.D.: not detected

Strain nos. 1, 2, and 4: penicillin-susceptible Streptococcus pneumoniae
Strain nos. 3, 6, 8, and 9: penicillin-intermediate Streptococcus pneumoniae

Strain no. 10: penicillin-resistant Streptococcus pneumoniae

WIPUH I 2 /R 0k 33.2% 1CDIZB & LTw b,
CAM DIEJHKEFIZ Y » 8 7 AT, 70S VKV —
AD50SH 7=y b EHEKL T 5 23S rRNA (2 H
G LZDOIEH % 55 %, 23S rRNA 1Z domain I~VI
757 1), CAM 1 domain V(2058 - 2059 L7 7= )
BT %o
<7174 FRVEIEME S. pneumoniae O VEREF

WBEBH 225, EORNPTD ermB BIAZT 25 HEILIC &
DHEL TV BoermBBIEFNOLY KRV —LT AT T —
EAEEA &N, 23S rRNA domain V & 2058 iz 7 7 = ~
(A2058) DY XAFNMALBE L, CAM OFEGHEIEFEL <
TTL, ke LTREICHMIEILY %0 mefA BIETFD3H
54 B PR S PR PRI R D ITHEIC K B D DT,

ermB IZHR L, WP IIHERWE S b, LA L mefA



206 H A& AL & %% & M

& MAY 2009

=

Table 2. MICs of clarithromycin to strains of Streptococcus pneumoniae serially passaged 15-times with gradually higher concen-

tration of clarithromycin and mutations in 23S rRNA genes

Parent strain

15-times passaged strain

. ribosomal protein
23S rRNA mutation

Strain mutation
CAM MIC CAM MIC - -
no. mefA ermB mefA ermB domain II domain V
(ug/mL) (ug/mL)
A752 L4 L22
. A2058 A2059 (2610 C2611
deletion

1 0.03 - - > 64 - - - T - - - - -
2 0.03 - - > 64 - - - T - - - - -
3 0.06 - - 0.06 - - - - - - - - -
4 0.03 - - 64 - - - - - - -
6 0.12 -+ > 64 - - - - - - - -
8 0.03 - - > 64 - - - - - - - -
9 0.03 - - > 64 - - - T - - - - -
10 0.12 + - 8 + - - - - - - - -

CAM: clarithromycin

B ermBOMBIET2RETIHDL L, Inbid
CAM IZEEM ML L Twb, & 512 domain II % do-
main V (A2058, A2059) DERRLYY RV —LF V37T
H5 L4, L2 0ERIZE AL S TW5EY,

ShbhibiE, T 50ME L HENCHEL TS.
pneumoniae @ CAM i YEALIZ D W THBER 72 MG %
To7zo T H, CAM OARIREE T OMKELHY 721k 8% 2 48
& L C sub-MIC ® CAM % &4 3 %Kiy T 10 FLRkALRE
F LR, mefA BIZTFIRAMKS & O ermB BIZFRA
BIZBWTOHR MIC D FH 2520 5N, W#{ETF D%
BTTEL T A WEEAVRIE S Nze TS Dl
L7:H%E S 512 CAMAGAITHRARET 22 LT
MIC MK L724%, CAM &l L~ £ TIiEEAL
Laholze SNHEDIEDD, mefA, ermB BIZTIRA
T, 7874 FRUFHRICEE e S N%T
HoThH, KEED CAM & ok L 728l CARPUR 3
WAL T A 2 LN E o7,

—75, mefA, ermB % R4 L % \WHRIZE W TId sub-MIC
D CAM T 10 RO TIZTHEALIZA DN 225 72
7%, MIC % A HEICEBMICRELZ LIFTwivnby 3
BT I U AEEE L2 & 25, CAM IZH EET
AL Z R TRPFRD bz SO DHKTIE, 23S rRNA
domain V {2 A2058T & %\ & A2059 G ZEAA L7z
25, CAMAEAR M ETES S ICHRREL T MIC
B2IL L h oz 2RHDZ & XY, 23S rRNA EIBT
ERIZEBHEACEIATHENTH 1EH9 D) T HET
BB EEZ SN S HOMETId 15 fAHkALERD AU
2T CAM @ MIC Z % L T\ 5 7280, ML H 2 S i
BEEEPEOREORHETHHL 200 EALHTH
5o GBI, THEZERSIBLIT 2 A HEIZ O
THHFMICHE T2 LENH L L EZ b,

SO D, FHRAMTIE~ 70T 4 FRIUHERK
PDORHRIZB VTS, WHEBIETTH S mefA H 5\ IE

ermB % BT AWM, KRETOVHERZEICLY
MIC 23 & Ak L, HUm SEHE I ARRE 0 56 3 %> 23S rRNA
DB R EADTCHE SN L TR RIE S Wi,
mefA, ermB IRAMIZHARIZB W TIIERICHEET SH 2
EVREINTVDEDY, ermB REMRT CAM I Z
RTHRIZOWTOIMEIZRSNTWEY, SHEBEh
72 CAM BN D ermB PRA MR DIRE: L )L T O il 1l R i
WRITBERR D 72 7012 C OB RIRRDS & OREEAFALS B DB
WS B LEN DD EHR B
INOLDZ L EERICAN, S. pneumoniae IEGE TG
Zx7ug4 FRGHELZHHT 2561, BALEN
WA L2V EHETH Y, 55HERD mefA, ermB
% EDOMHERBET OMBLIINIEL EIRT 29 2 THH
GIEREKY 25D DEEZ LN,
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Resistance of Streptococcus pneumoniae to clarithromycin developing by serial exposure

Takeshi Saika”, Kaoru Matsuzaki’, Miyuki Hasegawa’, Akiko Kanayama",
Fumiaki Ikeda", Intetsu Kobayashi”, Akiyoshi Tsuji” and Noboru Yamanaka”

Y Chemotherapy Division, Mitsubishi Chemical Medience Co., 3-30~1 Shimura, Itabashi-ku, Tokyo, Japan
? Department of Infection Control and Prevention, School of Nursing, Faculty of Medicine, Toho University

¥ Department of Otolaryngology - Head and Neck Surgery, Wakayama Medical University

We studied changes in susceptibility to clarithromycin(CAM) and in molecular analysis using 8 CAM-
susceptible Streptococcus pneumoniae (MIC: 0.03-0.12 u g/mL) after exposure to CAM.

Test strains were cultured 10 times on Mueller Hinton agar(MHA) with 5% horse blood containing sub-
MICs of CAM. Also, strains were cultured 15 times on MHA with 5% horse blood containing CAM at gradu-
ally higher concentrations, then cultured 10 times on the same agar without CAM. Using these strains, we
determined susceptibility to CAM, detected mefA and ermB genes, and analyzed mutations of 23S rRNA
gene, rpID and rplV (encoding L4 and L22 protein).

CAM MICs of mefA- or ermB-positive strains were increased by 10-times exposure to sub-MIC of CAM, so
their MICs were 4 to 64 times higher than before. Serial exposure to high CAM concentration made 6 of 8
test strains highly resistant (MIC: =64 ug/mL). Four had point mutations in 23S rRNA domain V and one
had ermB. The remaining strain had no mutations. CAM MIC to the ermB-positive strain cultured on agar
without CAM decreased to less than 1/16, from 64 yg/mL to 8 ug/mL.

Our results showed that an mefA- or ermB-positive strain exposed to low-concentration of CAM is made re-
sistant by promoting the production of modification enzymes and efflux. It appears that clinical isolates had
resistant genes but susceptible to macrolides in the phenotype will be resistant by inadequate chemother-
apy with the antibiotics. Resistant genes such as mefA and ermB should thus be monitored to ensure appropri-
ate chemotherapy.



