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Abstract

Purpose : To report the drug sensitivity of causa-
tive agents produced by ocular infection of external
adnexa and anterior segments investigated by the
nationwide survey conducted by Japanese Associa-
tion for Ocular Infection between September, 2007
and August, 2008.

Subjects and Methods : Among all strains isolated,
causative and presumed causative agents were
selected according to the criteria described, and drug
sensitivity tests were conducted by minimum inhibito-
ry concentrations (MIC) with 10 kinds of antimicrobi-
al agents including 5 fluoroquinolones.

Results : Among 281 causative isolates, cefmenox-
ime (CMX) showed the highest sensitivity, followed
by fluoroquinolones. Staphylococei and Streptococei

were more sensitive to fluoroquinolones when com-
pared to the others. Haemophilus influenzae was
very sensitive to all fluoroquinolones. Corynebacteri-
um spp. and Propionibacterium acnes were most
sensitive to CMX and erythromycin respectively.
Conclusion : CMX and fluoroquinolones showed
generally good sensitivity among causative pathogens
of ocular infection.
Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol Soc
115 : 814—824, 2011)

Key words : External eye infections, Antimicrobial
agents, Drug sensitivity, Minimum inhib-
itory concentration (MIC), Fluoroquino-
lones
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281 BRIZ DO W T RE MR EL T o 72,

Wiz, SEGHESNRERICOWT, EREZED
WRERT. 1~8 I BEFEFHIL=E & MIC range,
MICg, MICx%Z 7R L TV332%, BILTIETNTOEH|E
FZHLEIE MICo%x ZEHICEEETAH., T LD, &£
FE 2O PICHEERAR LHE SN 28k (&5 281
BT 5 REETMEIERE MIC 2K 1 IORT. 28
RIS 2 BHIBRZME L L5 & MICoHfEIX CMX 4% 4
pg/ml THELE L, RWTTFLX @ 8, GFLX @ 16,
MFLX, VCM, CP ® 32 ug/ml DJETREZENS W
RThor:.

w2, FELZEEHCOVWTAL., BET FYKRED
9 5, methicillin-sensitive Staphylococcus aureuns IMSSA)



816

(%)

100

HREEE

115% 95

- E e
(o]
o

1 1 H

p}&o-\(ﬁo Q(Jgo A A IR @L P @"‘[/ \q@\(&; (ug/mi)
MIC
5

Range MICsg MICs
MFLX <0.06~128 8 32
GFLX £0.06~128< 4 16
TFLX £0.06~16< 4 8
LVFX £0.06~128< 16 64
NFLX <0.06~128< 32 64
MCR <0.06~128< 16 128
CMX =£0.06~128< 0.5 4
EM 0.06~128< 128< 128<
CP <0.06~128 8 32
VCM =0.06~128< 1 32

BJ 1 EERE 281 EARICI T 5 RIESREALERE (A) & MIC(B).

codo  MFLX(EF 2 70F4 3 Y), — GFLX(F#F70%43), —4 TFLX(FA 7O &3
¥), o CLVFX{(LR7OF43 ), == NFLX(/ Vv7uxi ), —e= MCR(Z7T./<%A>
VHEEEAR), =B CMX (7 A/ % ¥ LiEMIE), —e~ EM(Z) An~<{ ), —e=:CP(s 05 A

Tz Za=)), =t L VCMOSy a4 vy,
MIC : minimum inhibitory concentration.

47 ¥: (0 2) @ MICwtd CMX, VCM, GFLX 771 ug/ml,
R\ MFLX #¥2, TFLX, LVFX #¢ 4 pug/ml DNET
BEEDFBHERTH 572, —7F, MRSA 12 4 (X 3)
WKRLTIE, 703 a%/ 0rREE0TE L DERHO
BREFHIEFEHESEEIC Y 7 P LTEY, BHEm
TR DL, MICoix VCM : 2, )R\WT CP; 8 ug/ml
T, MANZEAE MICETH -7z, MHAKE (Strep-
tococcus preumoniae) 7 ¥k (K 4) 12 B\ Tlx TFLX 7%
0.25 ug/ml THRHE L, ®RWTCMX, VCM, MFLX,

GFLX 28 0.5ug/ml TH otz 4V 7NVI v WE (Hae-
mophilus influenzae) 14 # (& 5) i MFLX, GFLX,

TFLX, LVFX D7 At uFx,/,orZoOEHD0.06
ug/ml LT & EbL TEW MICHER L, BRI

MRSAWERBZVCMIEZ DA > 7V v HETIE 32
pg/ml &EEv MICE% R L 7=,

K, BERATHRZL, —BRCEERH LB Sh 5@
KOWTOHEREARSL, £7, SEBRLERERE L4
TBENT2T ) 2527 7 %7 L& (Corynebacterium spp.)
87 ¥R (X 6) Tix, CMX;0.25 VCM; lug/ml, K\
T, TFLX : 16, MFLX, GFLX: 32 ug/ml ®JECH -
7z. MCR & MICy 128 ug/ml Tk o 7278, BIEFEM
EROH—TEEFIHMBELTED, MICyhit 1 xg/ml
E3FHIEWERRLTEY, %< 0IzBSHER
TEEZoNTZ. T o AE (Propionibacterium acnes)35
(K 7) TiE MICwld EM : 0.125 pg/ml 758 & & <,
R\ T CMX:0.25ug/ml, %\ T VCM, MFLX,
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A
(%)
100
90
80
@ 70
B oo
?‘;ﬁ; 50
£ 40
30
20
10
o ' P
/7/‘0‘06&%@ 0(_{9 N I ,\b/’ P @v/’ \ng\qg)/, (pg/mh)
MIC
B
Range MICy  MICx
MFLX <0.06~32 0.25 2
GFLX =0.06~32 0.25 1
TFLX <0.06~16<  =0.06 4
LVFX 0.125~128< 0.5 4
NFLX 0.25~128< 2 32
MCR’ 0.5~128< 8 128
CMX 0.125~1 0.5 1
EM 0.5~128< 128< 128<
cp 0.5~8 4 8
VCM 0.5~2 1 1

2 Methicillin-sensitive Staphylococcus aureus (MSSA) A7 #4237 2 BB LSRR (A) & MIC

(B).

s MFLX (BEF ¥ 70F%4 2 2), —=  GFLX(FF70F% ), —k  TFLX(P A7 FH%

‘/),

< LVFX(LR7mFH ), #— :NFLX(/ v7ax4 ), —e— MCR(X7u/<4

v UREERIE), =B CMX(E 7 A/ ¥ AHEEE), —-8= EM(ZY A0S A ), —e= CP(r0J

AT zZa=)V), b= VCMQUSya<xaf V),

MIC : minimum inhibitory concentration.

GFLX, LVFX:0.5ug/ml Chot. Fi, BETF
% 3K B (Staphylococcus epidermidis) 9 & (K 8) T it
MFLX, GFLX #%4 ug/ml T MICED R DL, ®k»
TLVFX; 8, CMX, TFLX ; 16ug/ml TH o7z,

NV Z &

L BEANORIS TR RN 2 EH & IR O ZE
OHEENREETHL., FOLODERER L LT, BE
Do DSEREEOT» S EORKE #BICHEL,
MEEOBEERAZ BIsTLENH D, FF, BEED
BBz o TIREFHOERE L EEMOME £ L
LB EREEMT 572912, PK/PD (phar-

macokinetics/pharmacodynamics) # ZE 4 5 - £ 2°E
BEranTwa? EEBEESTH MHEEPK/PD Fxv
7= M ERAV, WHANE - BEE - MIC % & %R
LTFRELR EZITHIRYMAPTHOATEY, Wk
AE OB SR AR R O L E DR % L0
EEhTw3",
SEORAETOELZRIEHEIZ, BERT FYEE, &R
7 FUEKE, MARE 7/AH, IJUARNIFYY
L, AVITNVIUHHERETHo7/, BEXEELT,
BIERER - FMERERRRGYE S b 0B S NREFE Mo
AR THD, WALVIIREE AT EL L7 1,378 bl %
WHE LHEEERERIIOVWTEHREL TS, 208

=272~
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(%)

100

- doie

B

Range MICqg MICy

MFLX 0.125~128 128 128

GFLX 0.125~128 64 64
TFLX =0.06~16< 16< 16<<
LVFX 0.125~128 128< 128<
NFLX 1~128< 128< 128<
MCR 64~128< 128< 128<

CMX 0.5~128< 128 128
EM 2~128< 128< 128<

Cp 4~8 8 8

VCM 0.5~2 1 2

(ug/ml)

3 Methicillin-resistant Staphylococcus aureus (MRSA) 12 ¥ (Z i+ 2 R & FE - R ghig (A) &

MIC(B).

e MFLX(EF Y 70 %4 YY), —=: GFLX(FF70%43>), —k= TFLX(F 270 %43
V), cee L LVEX(L R 70343 0), ==  NFLX(/ Vv7uax4 ), —e=: MCR(ZZ7U./<A
¥V TERE), =B CMX (27 A/ % LEMIE), —6~ EM(TY) AuwA{i ), —e—:CP(ru>

LTz ZT—)l), e VEMOSY I A 2 0).
MIC : minimum inhibitory concentration.

B R, REERE T FYEE, KW TEE T FYE
B, 77 4HETHo7/. MRSA BE&BRHED 1.4% T
HY, TOMT T LABERE IAIKE, 7T ABHE
BT AN 7 v ADKME AN, THSBEE
HETHEESINDDOTH Y, SHOFK L OFEHE
DEH—BOHEBEERIIL o 2REE LT OMIEIT
ZEINTWVZRWY, BHT, SEOENERIZ, Bh2
BMHEETHZL, LI TIBRBETE LTHESIALA
HREOEMEZHEmZ 2728 Th 5,
SEORETERRLE & HE SN LEE T 5 285
BEME, RECHC SRS LTHELS 2HE
EDHHTCMX, VCM, ZEF ) 0 RREEDK

ZEPERIEVERSA SN (D). fb), Him
rwsuZ4 FEROEM, 73/ EEERO MCR,
72CP 2 S MEVWEREEIRE SN, 2 LI0E
M B M THREDSKIBICE 2 o 7RI T O RS-
DT, TNV DORFPLETHSB. LTIZ, HTE
BEICOVWTERRERNOBREZHE TR L TAHWN
Y, MSSAUTHR) TR 7t uF ) o ZRERRL
CMX, VCM "BV EZHEZRLZ(M2). BT Ky
RERIHERBREDO FERABE TH ) CMX i35k
LR LBERGEEL LTHERASNAZ LSt T 2 A
RREED—DTH 5. 4E, MSSA 12T % MICy,T
& CMX, VCM, GFLX #%1pg/ml &b BIFCTH 275,

~213-
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A
-‘ T/ "”JTJ
& o0 | B ; /]
L N A
Dol g 2]
£ 30 VA
20 [i ] /] |
A= ==
0 § S S
/70.0@0@0 g‘l? LNV X %0 \@p § & F \q;b\ Q‘PL (g/mi)
MIC
B
Range MICg MICs
MFLX 0.125~0.5 0.25 0.5
GFLX 0.125~0.5 0.5 0.5
TFLX 0.125~0.25 0.25 0.25
LVFX 1~2 2 2
NFLX 4~32 16 32
MCR 4~32 32 32
CMX 0.06~0.5 0.25 0.5
EM 0.25~128< 32 128<
CP 1~8 4 8
VCM 0.5 0.5 0.5

& 4 Streptococcus pneumoniae 7 #RIZ3T 3 RERERIL=EIF (A) & MIC(B).
wpe  MFLX (BEF ¥ 70343 Y), W GFLX(FF7aF4L V), —k=  TFLX(FRA 70 %%
V), e D LVEX(LE 7B FH T ), == NFLX(V7uFxi ), —e= MCR(XR7O/ <4
UIRERE), —B— CMX (k7 A/ ¥ LEHIE), —o= EM(z)Au~<A ), = CP(ruda

T Za—)), =t VCMNY O A V),
MIC : minimum inhibitory concentration.

MICeTlE TFLX 0.06 LI F, MFLX, GFLX #%0.25 ug/
mlDONEE o TWAE, 7ivitadx /o ryRERIEN
FHEERT D OREEE LTRA ST, Ba
ASs 7 ROEREICHT AMMERIIEML T 5, 4H
DB TIE MICyh' NFLX @ 32, LVFX @ 4 ug/ml,
MICs7s NFLX @ 2, LVFX ® 0.5 ug/ml & BEDZE T
HBHH MSSA IZBWT S 2 MEERERTE S, &
O 2K PN T VFaF 0 RES D SBOTEIC
EERILET, HFEOFEH TRV I L SBEIIBLE
BB,

T 2T MRSA OFERIZOVWTEZE LV, MRSA 12
(3 LTix, 7ivioFx/ orREHZEDT
% OEFOREREHIERBBESGES 7 b LT

=274~

Hitk % 30 B H1, MICoid VCM 7% 2 ug/ml, &\ >T CP
A8 ug/ml T, MHFICHRBOESET D, MRSA
IR E RS S Nk 7 1989 £ EILRIEEEF - 4HERER
BIIEDHEDNE L, 70A 0%/ 0y REROBITE
ETHETA07 S o7, L L, RiETIEENESR
BIEAE 2 EOBEEFAIREINTE Y, ZONEE
FEERIETH 5. KETIRNLED S5 B S L7z MSSA
& MRSA 2DV TEABRERE L BEY T, &
LIZEBHEN VCEM ICBEHETH o /2. MSSA TlikzE
BT RTEZETH o729, MRSA TIIE 4K
viABFx o ryREHTHS MFLX, GFLX & iz
3B% METHo7z b BMESNT VS, MRSAIZHRT A
ThFuFx oy REROMPIIIREDND S & O



820 HIERES 115% 9%
A
(%)
100
90
80
70
% 60
Z 50
B 40
% 3
20
10
0
/709@0 (ug/ml)
B
Range MICo  MICs-
MFLX <0.06 <0.06 =0.06
GFLX <0.06 <0.06 =0.06
TFLX <0.06 <0.06 =0.06
LVFX <0.06 <0.06 =0.06
NFLX ~ =0.06~0.125 =006  0.125
MCR 1~4 2 4
CMX <0.06~0.5 05 05
EM 2~8 8 8
CP 0.5 05 0.5
VCM 16~32 32 32

5 Haemophilus influenzae 14 ¥I3 ¥ 5 RIERETA LR (A) & MIC(B).
w4 I MFLX (E% 3 7U%4 3 >), —: GFLX(#F 70543 >), —k=: TELX(} 27 0% 4 5

vy, -

CLVFX(LAR 78342 Y), == NFLX(/ MV 70%%3 ), —e—: MCR(Z7m /=A%

CHERIE), —B 1 CMX (v 7 2/ % ¥ A¥EEE), —e= EM(Z) AT 4 L), == CP(Z a5 A

Tz ZO—)), =t L VCMOS a= A2 0).
MIC ' minimum inhibitory concentration.

BETHD, &, HHETHL VCM OIREKRE A5
RS TS, Nrva<wA v VS Ee T FYRE
(VRSA) DERICHRE SN TEY, Z0EHAITEEICEE
ENDULEIHBLLEZOND, EERET FYIRE QK
TE7VFox )/ 0y REHH MICy 4~16 ug/ml &,
EFIMCEZEOBHEASNL D DD, MOEH]Z A~
NITERIZEVEZTEERLAEVWASE, —F, 1T
& 24" VCM T 32ug/ml 7R L7z b DHH ) (M 8),
FEEDBVER 7 FIEE LIV, 4BI0L > 7%
BN LT 2WREEDD Y, Z0A25H VEM D
BHEOEAIIELSETHLEEI LN,

P RERBHT T 2 BEEHOHETIE, MFLX @ MICy
A70.25 ug/ml T, CMX @ 0.5ug/ml & I1ZIZRZEDE

BERTIEIRENTVLY, SEOFETD, ik
BRETHICHLT7VvdAox ) oy RZEH LS U
CMX, VCM #EEEEZRLTB Y (R4), 131FFE
O MICoh BNz, 7t usx./ o VREHI OFRT
AbE, WhOLELAHATLVIOX ) urRERTH
% MFLX & GFLX i dual inhibition %* & L L 12 ¢ va
EVIHFIED DD EEL OND, REOHED TR -
BRE (1,276 %8) @ 64% H3<=3Y) > (PC) 2 sensitive, 17%
intermediate, 19% resistant T& V), #9 20% »% PRSP
(penicillin-resistant Streptococcus pneumoniae) T 5 .

PCHMEARIZET7 7O AR ) V%, <2054 F%, 7
V& <w A4y (CLDM), FhIH% 42 v (TC), A
W77 ARFT = MY XN LIS THEER T
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FEa Tt e

B

,//9-066’.\(’?0@ N ™ o0 g P @Vz/\ng\ ‘f/bb (ug/mi)
MIC
B

Range MICs MICw
MFLX =0.06~128 32 32
GFLX £0.06~64 16 32
TFLX <0.06~16< 8 16
LVFX  =0.06~128< 64 128
NFLX 0.5~64< 32 64<
MCR <0.06~128< 1 128
CMX £0.06~2 025  0.25
EM <0.06~128< 128 128<
CP <0.06~64 32 64
VCM 0.125~128< 0.5 1

6 Corynebacterium spp. 87 #4233 T 2 BHEFERRIL IR (A) & MIC(B).
wiu  MELX (BT 70 FH ), == GFLX(FF70F%3 V), k= TFLX(b A7 T X4
V), wwee D LVEX(LAR7 O XY V), =¥= NFLX(/ Vv 70%¥% ), —@= MCR(Z70/%4 %
VEEEEE), =B CMX (k7 A ¥V AERE), - EM(z)Au~<A ), —e= CP(r a7 A

Tz Za— ), b VCMSra<w A ),
MIC : minimum inhibitory concentration.

Holhs, IrFuFrsarik, VCM, V77 rEY
AT R o EHE LTV,

£V UYEICELTE 7 Ve X ) o s REA
BELOTHEVEZEERLAZ(ESE). ChETicd 7
VruaEx /) uryREINOL IV FEICN TS
MICwtk 0.06 ug/ml L F L HE SR TV AW, 4 7)1
I HEIGESE, EEL-T 7 7 ARVAECH T A0
PEALDSEE L o TV AR, 7t uF ) n v REH
12 & A CTHEERIZA STV,

7 AETIEEM A RS BIF2EEEEZRL, CMX
MW TH o7z, M MCR I, BREENT 3/ RHEE
BT THA LR EB Y, MF L DS IR
AR LT, ST vAoF ) oy REEIL EM,

CMX KRB ZEEENALNLAE(RT). T/
Smith 5212 &ML, BED B-F 7 5 ARER L TV F
O /0 yRER L EICOWT, BRSEEEICSTT 2
THERETLTVAED, LHICRTFLREBSTETHL LR
ELTwD, SEHFANLCERHTIEEM 2R D RS
DRIFTH o4, MBHTIET 7 FEIH LTINS
BEWHTHA ) H. RERD»SLOMETIZEM, 7
¥y r, CLDM, /%42 ¥ (MINO), +¥ 71
FHYU, k77 LEYY, FEIH LYY, FUnE
Py, TCROWTHEL#E, EMAREUTSE
LEN, MINO 2STHE(LE O TEN TV 2L LTWw 5,
Lo T, 77 AHADEETIEEM P8 —RRH &
LTEwnEBhhs,
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822

(%)
100

HER&ES

HE-Botioise
o
o
)

/7/0'0@0"\@0?33 N A I \@‘ o P brx‘ \Qg;\ o (ug/mi)
MIC
B
Range MICs MICy
MFLX 0.125~2 0.25 0.5
GFLX 0.125~2 025 05
TFLX 0.125~4 1 1
LVFX 0.125~4 0.5 0.5
NFLX 1~64 4 8
MCR 0.5~32 16 16
CMX =0.06~0.5 0.25 0.5
EM =0.06~4 0.06  0.125
CP =0.06~2 0.5 1
VCM 0.5~1 0.5 0.5

7 Propionibacterium acnes 35 ¥\Z3¢ ¥ % BHZEH MR L= (A) & MIC(B).
@ MFLX (25 Y 70%F4%3 V), —@=GFLX(F#F70%4 ), == TFLX(} 270 %43
)y o LVFX (LR 7B FH 3 0), == NFLX(/ V7 a9 ), —e— MCR(Z271./<w4>
YERERLE), —B- 1 CMX (7 A/ % AEEHE), —e— EM(Z) Ao A o V), ——CP(7 a5

115% 9%

Tz Zd=)b), =t VCMONY a4 2 ),
MIC : minimum inhibitory concentration.

T) AT T )T ATERE, BEREEOREE L 2
BIEPOLHEEIRAETE LSBT L b s X
NTETWE, KEEBEREZONTE L) 2ER2 3
FEOHBE TIZR T, SHORLAEHE,S LELAE
& LTHIERER - FMEHMBEELBHRLTWB I AL
WL &0 FEO MIChid, CMX T0.25ug/
ml, 7hF0F) 0 RERT16~128 ug/ml & HE
ENTWwAYY, KiFET b, CMX @ MICe7%0.25
pg/ml L BWBREESEON, T 0F ) oy REL
T 16~128 pug/ml & BRI SN D Z RO MER
TH-72(X6). &, Eguchi 522k h KB OBz
L BREMEOERLT /0 IS ICE T 25T £
BB OFEMPHRE SN T3, —7F, MCR b ARz

TRIVANT T )T MCBRIFREZEEER L, L
HoT, FEIZWEEL T 2 ARD CMX %, MCR % 2
T BERRIEIEREO—DE B8 L&z
Lh5,

KET® Ocular Tracking Resistance in U.S. Today
(TRUST)™ ® 2008 4EMR T2, ARRIHERR S. qurens 197
¥k, S. pneumoniae 809 ¥k, H. influenzae 388 ¥lZ 5w
TR~z 7a 7o %43 (CFLX), GFLX, LVFX,
MFLX, PC, 7V xu~=4>ry, b735% 430, b
DANTY A, RYIFT U BT 2RSHBER
RVBEINTVD, 7+ ux)orBETIIEER L
b MSSA, MRSA & LIEMER T, MSSA O
79.9%~81.1%, MRSA Tt 15.2% T& %. S. pn-
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W8

X ® B L o o> L » L (ue/ml)
\\Q) (bbqu‘ ’\Q/Q,(b

N

Range

B
MFLX 0.125~4
GFLX 0.125~4
TFLX 0.06~16
LVFX 0.125~8
NFLX 1~128
MCR 0.5~128<
CMX 0.25~16
EM 2~128<
CP 2~64
VCM C1~32

MICs MICw
2 4
4 4
16 16
8 8
64 128

128< 128<
8 16

128< 128<
64 64
2 32

8 Staphylococcus epidermidis 9 ¥k 3 RBHRBEEILEHMIR (A) & MIC(B).
v MFLX (EF 70543 0), ~B= GFLX(#F7u%% v V), =  TFLX(F A 7T %%
v), e LVFX(LAR 70 %4 Y), =¥ NFLX(/ Vv7uax}ir), —e~ MCR(R70/ =<4
CREEE), =B CMX (27 A/ X AEBE), —o= EM(ZYAUu<A L), —e= CP(radLs

Tz =a—)V), =t VCMUS> a4 ),
MIC : minimum inhibitory concentration.

eumoniae V¥ GFLX, LVFX, MFLX 28 L 100% D#k
PR T, CFLX @A 89.8% & 1E\Vy. H influenzae
EhU A MNT) LARHE—FISE LT, FOMTIZ100%
DREZEMENRALNTWVE, ZOEREPALE, SHED
FArDTF—7 ELBLTHW GFLX, LVFX, MFLX
2B L THXRIEET S & MSSA, MRSA, S. prneumont-
ae, H. influenzae & SEMEMORZTHELEZ OGNS,
BIRER - SHEIR R CIRAE ¥ AT 5 AT
BHEOHEEZEET S, VbW 5 empiric therapy A1—
BHTH S, EBOBKETIE, BB ER, H5H0»
BFEFICL o TOREAEOERNEL LI L EZEELT
HEEZBERLTWEY, BH2y—-{bL2F %
BOBELY, BEEOBRTLAENZ2RBFEHLAD

-218-

T 5 EPHEIC ORI BAEEEND 2720, 5%
MEEOBELREREFOHE, AREYTFTAILNED
ODTEEELEZOLNS,

—fkFm e LT, MANDOFHER RS T 5 &t
BEPELRLTWI b, TEH72THRSHMIILE
BIERICT 2 2 L SEENTH LY, $ R E R
VB (mutant prevention concentration : MPC) D&\ 37,
HE, 2INHEVIEIOL OV beIz 5 L& 2
bB7dY, INLERA L THEEORS BT
BR, FRZEE/INIT D20000%, FEEE « 5578m5 (short
and strong strategy) iZERSHH L EZ LN D, ZOH
RELT, SHDOE—H,, BFHMAED L)L, BEH
& ERBREEORIEM L EHRICILE - S L, E



824
ROGENEAZHL LN EETHLEEZ NS,

IREEEFIREEA S T V=T

REEE(ERENKRESTERR), M B (a5
BRE, &BEE (0 ERER), #E REREA
IRFHEER S EIRAL), LR (BIRSE S
BE), A5 MASEMNER), TOF—BOIOR
Tke), K& M(EREALEAERR), XEHGF (K
TBIREL), KAEH— (BIRAFEFELRR), BAEH (B
RENFRXBABRR 2 ) =0 27), WA &(—HE
EABKM AR RSERRESR), AN H(ESEE
AAEFETO A ) KA R AR, AT (—ikE
NIRRT S R ERRARER), £+ RES (HHE
BRFHRET), R AOERRRER), Sl & (ERE
ANIBEREEELHEN), ®F B0V AE0R
B, BE HONTTFRAMBEZ Y=y y), BARE
(AR, =HEM (EREAANSE HREHER),
R HE 52 (LR

FIERAR  H EER (D7 T — F BREE), AEH—
(AFT)—F: BREE), THE—(AF7T)—F: 5
REE), BREEEFEZUR ST V=T (hF T
J—F:HER7LIY)

, X @
1) #HEFER, £HAT, SHETF, HekEEF, |
LANEF AR THE NS YA L Tt
BT F7HREICOWT. E1&E BRI S
Dr AL Y THEREOSBERE & BRI S
LU 7 7 —YENIDOWT. Chemotherapy 30 :
86—95, 1982 :
NEETF, ZERE, BIT T BRSSO
L 728 48 3K H (Streptococcus preumoniae) W23t 5
ROB-7 75 LRFEORENICOWT, BILES
FE 43 : 531—538, 1995.
Powell M, Yeo SF, Seymour A, Yuan M, Williams
JD © Antimicrobial resistance in Haemophilus influ-
enzae from England and Scotland in 1991. 7
Animicrob Chemother 29 * 547—554, 1992.
ABFT BEHEOHEEN MRSA R % &
MRSA X 76 LWIEFR 17 191—195,
2000.
KEBAF, KEEN, WERE HARFHZ®
MRSA R D BRREB—IERE & FERBEH O I
8 ERER 53 1 1979—1984, 1999.
FFEFBE  PK/PD 6 A B R B HOER.
BTIEEE 4551, 2004.
NEREE, KBA—, BHRTI, WMELF, %
BTR, RIBEE, b AEEAWmICL 2 (g
PK/PDFzv 7 y— 3 EALAMEEETFE
A~OE) # A, BRIERGEE 123 ¢ 112—123, 2008.

2)

3)

4)

5)

6)

7

8)

9)

10)

1D

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

HIESE 115% 98
WAREF, SABRFIM  SIRERRGE 1378 S 33
FARIME S, EHERE 52 1 247—252, 2003,
FIUEH, THSE, LIUFMF, Fek—2 5B
BROBEE & = DR R M (1994 £~1996 4€). B
41 © 1149—1155, 1999.
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Abstract

Background

Understanding the geographical distribution of drug resistance of Plasmodium falciparum is
important for the effective treatment of malaria. Drug resistance has previously been inferred
mainly from records of clinical resistance. However, clinical resistance is not always consistent
with the parasite’s genetic resistance. Thus, molecular identification of the parasite’s drug
resistance is required. In Africa, clinical resistance to pyrimethamine (Pyr) and chloroquine (CQ)
was evident before 1980 but few studies investigating the genetic resistance to these drugs were
conducted before the late 1990s. In this study, genotyping of genes involved in resistance to Pyr
and CQ was performed using archive blood samples from Africa between 1984 and 1998.

Methods
Parasite DNA was extracted from P. falciparum-infected blood smears collected from travellers
returning to Japan from Africa between 1984 and 1998. Genotypes of the dihydrofolate reductase

gene (dhfr) and CQ-resistance transporter gene (pfert) were determined by polymerase chain
reaction amplification and sequencing.

Results

Genotyping of dhfr and pfert was successful in 59 and 80 samples, respectively. One wild-type
and seven mutant dhfr genotypes were identified. Three dhfr genotypes lacking the S108N
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resistant dhfr genotype (IRNI triple mutant) emerged from Southeast Asia and migrated to
Africa, where it spread into endemic regions throughout Africa [14,18,19].

The identification of pfert and dhfr as target genes for drug resistance provides solid ground for
exploring the geographical distribution and spread of CQ- and Pyr-resistant P. falciparum.
However, previous reports of genetic resistance (but not clinical resistance) to these drugs are
very limited before the 1990s, since the target genes for CQ- and Pyr-resistance were not
identified until 2000 and 1988, respectively [8,10,20]. Indeed, studies on the genotypes of drug-
resistant genes are scarce, with only one report each for pfert [21] and dhfr [22] in the late 1980s
in Africa. Investigating the geographical distribution of pfert and dhfr genotypes in Africa before
1990 is undoubtedly crucial for tracing the evolutionary history of CQ- and Pyr-resistance in the
continent, where both CQ- and Pyr-resistance was introduced from Southeast Asia. To address
this issue, genotyping of archive blood samples was performed using samples collected from
travellers who had returned from Africa between 1984 and 1998. Results show that in Africa the
CQ-resistant pfrt genotype was already widely prevalent in the 1980s, and the highly Pyr-
resistant dhir genotypes (double and triple mutants) increased after the mid-1990s.

Methods

Collection of samples and DNA extraction

The archive blood samples used in this study had been collected and stored as blood smears for
the national surveillance system of imported malaria cases operating in 50 hospitals in Japan
from 1984 to 1998 [23]. Of the 588 malaria cases imported to J apan during the period, 122
Plasmodium falciparum cases were derived from 23 African countries. Parasite DNA was
extracted from Giemsa-stained thin blood smears as previously described [23]. Briefly, Giemsa-
stained slides were dipped in xylene and then in methanol to remove the immersion oil and dye,
respectively. Each blood smear was scraped off with the edge of a clean glass slide, and
subjected to DNA purification using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany). A non-infected blood smear was also used as a negative control in the DNA
extraction and polymerase chain reaction (PCR) amplification procedures. In total, genotyping
was successful for dhfr and/or pfert in 85 samples of the 122 samples examined [see Additional
file 1].

Molecular analysis

For genotyping of the dhfr locus, amplification of a 350-base pair fragment covering the four
polymorphic sites at positions 51, 59, 108 and 164 was unsuccessful, due primarily to severe
fragmentation of the templates extracted from the methanol-fixed blood smears, which were not
suitable for amplification of fragments greater than 200-base pairs [24,25]. Thus, three 190-base
pair fragments covering the polymorphic amino acid positions at 51 and 59, 108, and 164 were
separately amplified by nested PCR [23]. The PCR products were subjected to direct sequencing
in both directions. In samples with mixed infections of different genotypes showing
superimposed peaks on an electropherogram, the PCR products were cloned into pT7Blue vector
(Merck, Darmstadt, Germany) and sequenced. More than 10 plasmid clones were sequenced to
ascertain linkage of the polymorphisms at 51 and 59 in dhfr; those clones in which linkage was
not confirmed were excluded from further analysis. For genotyping of the pfert locus, a 190-base
pair fragment of pfert encoding the amino acid residues at positions 72-76 was amplified by
nested PCR as previously described [5].

Statistical analysis

Comparisons between the prevalence of drug resistant genotypes before and after 1995 were
examined using the Fisher exact test or Chi-square analysis. A p-value of less than 0.05 was
considered to be statistically significant.

Results

Pyrimethamine-resistant genotype
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mutation (NRSJ, ICSL, IRSI; amino acids at positions 51, 59, 108, and 164 with mutations
underlined) were highly prevalent before 1994 but reduced after 1995, accompanied by an
increase in genotypes with the ST08N mutation. The dhfr IRNI genotype was first identified in
Nigeria in 1991 in the present samples, and its frequency gradually increased. However, two
double mutants (ICNI and NRNI), the latter of which was exclusively found in West Africa,
were more frequent than the IRNI genotype. Only two pfert genotypes were found, the wild-type
and a Southeast Asian type (CVIET; amino acids at positions 72-76 with mutations underlined).
The CVIET genotype was already present as early as 1984 in Tanzania and Nigeria, and
appeared throughout Africa between 1984 and 1998.

Conclusions

This study is the first to report the molecular identification of Pyr- and CQ-resistant genotypes of
P. falciparum in Africa before 1990. Genotyping of dhfr and pfert using archive samples has
revealed new aspects of the evolutionary history of Pyr- and CQ-resistant parasites in Africa.

Keywords

Plasmodium falciparum, Drug resistance, Chloroquine, pfert, Pyrimethamine, dhfr, Africa,
Archive sample

Background

Drug resistance of Plasmodium falciparum, the most virulent human malaria parasite, is
imposing a serious problem for the effective treatment of malaria in almost all endemic areas.
Thus it is imperative to understand the geographical distribution and origin of the parasite’s drug
resistance. In Africa, clinical resistance of falciparum malaria to chloroquine (CQ) was first
reported in the late 1970s [1,2]. In addition, while clinical resistance to pyrimethamine (Pyr) had
been reported in limited endemic foci in the 1950s after mass drug treatment using Pyr [3,4],
highly resistant parasites became remarkably frequent and spread into endemic regions
throughout Africa during the 1990s after the implementation of sulphadoxine/pyrimethamine
(SP) as a first-line therapy in these regions [5]. Clinical resistance is not always consistent with
genetic resistance because drug resistance results from the interplay of the parasite, drug, and
human host, and is largely influenced by immune factors. In highly endemic areas in Africa,
where individuals often possess semi-immunity against malaria after repeated infections, this
semi-immunity more or less strengthens efficacy of anti-malarial drugs to drug-resistant parasites
[6,7]. Thus, in Africa the timing of the first appearance of genetic resistance to CQ and Pyr and
its subsequent spread in the continent remain to be explored.

The P. falciparum chloroquine-resistance transporter gene (pfcrt) was identified as a primary
target gene for CQ resistance in 2000 [8]. PCRT is a transmembrane protein, localized to the
parasite’s food vacuole [9]. An amino acid substitution at position 76 from lysine to threonine
(K76T) in pfert confers resistance to CQ [8]. Pyr inhibits a key enzyme in the folate biosynthetic
pathway, dihydrofolate reductase (DHFR), which is encoded by the parasite dihydrofolate
reductase gene (dhfr). Four major amino acid substitutions in dhfr have been widely recognised
among Pyr-resistant parasites [10,11]. A mutation at position 108 from serine to asparagine
(S108N), leading to the NCNI dhfr genotype (amino acids at positions 51, 59, 108, and 164 with
mutation underlined), is essential for conferring a mild resistance to Pyr in the parasite [10-13].
Additional point mutations at 51, 59, and 164 are associated with increased levels of Pyr
resistance in vitro [11]. Importantly, as the number of mutations in dhfr increases, levels of
resistance to Pyr become higher [13]. The IRNL dhfr genotype of the quadruple mutant shows so
far the highest ICso values to Pyr (1,111-fold as compared to that of the wild-type parasite) [13].
The IRNL dhfr genotype is predominant in Southeast Asia and South America where the
efficacy of SP has already reached unacceptable levels [14].

Recent molecular studies using microsatellite markers showed that the geographical origins of
the mutant pfcrt genotypes were extremely restricted and resistant genotypes spread into almost
all endemic regions, due to a selective sweep driven by treatment with CQ [14-17]. The CVIET
(amino acids at positions 72~76 in pfcrt with mutations underlined) genotype represents the most
common CQ-resistant type in Southeast Asia, which expanded to Africa. Similarly, a highly Pyr-
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Genotyping of dhfr was successful in 59 of the 122 archive samples, of which 37 (63%) showed
mixed infections of different dhfr genotypes (Figures 1a and 2a). In addition to the wild-type
(NCSI), seven mutant genotypes were identified: three with a single mutation (NRSI, ICSI,
NCNI), three with double mutations (IRSI, ICNI, NRNI), and one with a triple mutation (IRNI).
The most Pyr-resistant genotype (IRNL) known so far was not found in the present study. Of
note, the three mutant genotypes lacking the S108N mutation (NRSI, ICSI, IRSI) were more
prevalent before 1994 than after 1995 (p < 0.0001, Fisher exact test).

Figure 1 Yearly change in the number of dhfr- and pfert-genotypes in Africa between 1984 and
1998. (a) Wild-type (NCSI), pyrimethamine-sensitive (NRSI, ICSI, IRSI) and pyrimethamine-
resistant (NCNI, ICNI, NRNI, IRNT) dhfr genotypes were identified in blood samples collected
from cases of Plasmodium falciparum malaria in Africa between 1984 and 1998. The height of
each coloured bar shows the number of samples in that year infected with that particular
genotype. (b) Wild-type (CVMNK; white bars) and chloroquine-resistant (CVIET; black bars)
pfert genotypes were identified in blood samples collected as above. The height of each bar
shows the number of samples in that year infected with that genotype.

Figure 2 Time-line scheme for dhfr and pfert genotypes determined using samples from Africa
between 1984 and 1998. (a) Wild-type (NCSI), pyrimethamine-sensitive (NRSI, ICSI, IRSI) and
pyrimethamine-resistant (NCNI, ICNI, NRNI, IRNI) dhfr genotypes of Plasmodium falciparum
are shown by the different coloured symbols, as listed at the bottom of the figure. In samples
with mixed genotype infections, the different genotypes are listed together and underlined.
Values in parentheses are the number of samples. *One individual that returned from Ghana in
1993 also visited Burkina Faso in the same trip. (b) Wild-type (CVMNT) and chloroquine-
resistant (CVIET) pfert genotypes of P. falciparum are shown by white and black circles,
respectively. In samples with mixed genotype infections, the different genotypes are listed
together and underlined. Values in parentheses are the number of samples. *One individual
returning from Ghana in 1993 and one individual returning from Togo in 1990 also visited
Burkina Faso in the same trip.

The IRNI genotype, which is currently predominant in many endemic regions in Africa [26], was
first identified in Nigeria in 1991 in the present samples (Figure 2a). Since then, the frequency of
IRNI genotype gradually increased (Figure 1a), but it was not highly predominant in both East
Africa (16%) and West Africa (18%) in 1991-1998. Instead, the double mutant genotypes (JCNI
and NRNI) were predominant during that period in the present sample set. The NRNI genotype
was identified exclusively in West African countries: Nigeria, Ghana, Cote d’Ivoire, and Niger
(Figure 2a). On the other hand, the ICNI genotype was prevalent in both East and West Africa.

Chloroquine-resistant genotype

Genotyping of pfert was successful in 80 of the 122 archive samples. Only two pfert genotypes
were found; the wild-type (CVMNK) and the CQ-resistant genotype (CVIET) of Southeast Asia
(Figure 1b). Mixed infections of wild-type and CVIET type were found in 22 (28%) samples.
The SVMNT pfert genotype that originated in either Melanesia or South America was not
detected. The CVIET genotype was already present as early as 1984 in Tanzania and Nigeria in
the present samples (Figure 2b), and appeared throughout the studied period (1984-1998). There
was no difference in the prevalence of the CQ-resistant pfert genotype (CVIET) before 1994 and
after 1995 (p > 0.8, Chi-square analysis). The prevalence of CQ-resistant pfert genotype between
West and East Africa was comparable (p > 0.48, Chi-square test).

Discussion

The present study is the first to report pfert and dhfr genotypes in Africa before 1990 using
archive samples. It was found that before the mid-1990s the predominant dhfr genotypes were
wild-type (NCSI) and three mutant genotypes (NRSI, ICSI, IRSI), all of which lacked the S108N
mutation. This is unexpected because it was believed that the initial mutation in dhfr was
exclusively the S108N mutation, which confers weak resistance to Pyr on P. falciparum [10-13].
Experimental investigations have recently demonstrated that mutant genotypes lacking the
S108N mutation (NRSI, ICSI, IRSI) are as sensitive to Pyr as the wild-type parasite [13,27].
Notably, the prevalence of these three mutant genotypes (NRSI, ICSI, IRSI) lacking the ST08N
mutation, as well as the wild-type, was remarkably reduced after the mid-1990s. Instead, dhfr
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