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Pseudomonas aeruginosa i, [L<S BRREAH TS5
LRMBETHY, E FOKMPBERICHEL, EERSR
EPHEMRBBRELZ COFEE L LTEELEE2 LD
Tw3Y, B, NRBEEREET0EELRL LHE
EhT» 3, —HTREBAMECLES, BROBZB
THREREh T3,

BIRERBLEO(LFEE BV T, B8N PRasRYE
PHARRRETH, EROHEE TR +22BKELE
#<, NEFAOHBRECHGT L2 2820Y,

FOM i3, 75 LBHB XU P. aeruginosa # 887 7 A,
UEOHEN =L, B2 OXEF L REF2HFAMIRERT
ZEBHEINTWABY,

2T, SEKL X, P. aeruginosa i=xt¥ 5 FOM & &
BHEE Bk /o A) LoABRICOVLTREL,
ETOMRE/RLOTHRET %,

I. RBRHESLUERFSE

1. fEREEk

LR EFRRE DB KB P. aeruginosa PRC-72,
P. aeruginosa PRC-49, P. aeruginosa PRC-16, P.
aeruginosa PRC-17, P. aeruginosa PRC-55, P. aeru-
ginosa PRC-78, P. aeruginosa PRC-33, P. aeruginosa
PRC-20 Dt 8 Bk 2 {ER L 72,

2. {FREH

Fosfomycin (FOM, 746 ug/ml, BA¥aH8I5L). pipera-

cillin (PIPC, 867 ug/ml, =#t), ceftazidime (CAZ,
750 ug/ml, HHI%43K), imipenem/cilastatin (IPM/CS,
441 pg/ml, BHEHIK). gentamicin (GM, 672 ug/ml,
BAASIE) . erythromycin (EM, 930 x#g/ml, Sigma),
ofloxacin (OFLX, 1,000 ug/ml, Z5—&IK), norfloxacin
(NFLX, 1,000 ug/ml, Sigma). 8 & U ciprofloxacin

(CPFX, 858.6ug/ml, Sigma) 2#HL7:. kB,
OFLX B Yo B THIHE, S LMELRE
BLI:bDEFEAL

3. BEMAIE

B EEFEREREEY ¥ U T, Mueller Hinton
agar (BBL) 2B W/ BXEIRFREC T, RIEE
FHiE#E (MIC) %#IEL 72,

4. BEHEEFIORWVIZ X 3 HAREEOKRE

Heart Infusion agar (Difco) THZEL 72 P. aerugi-
nosa PRC-72 % Mueller Hinton broth (BBL) iz
L, IPCT—RANEEL b2 FEAERKRE LT, #
DRHEE L /-8B % Mueller Hinton broth (BBL) T
HRFARL, 3°CT 2 RFREEE* Ui, MR
DI, FOM (1/2MIC) # 2 BsfI{ER %, Mueller
Hinton broth (BBL) T 100 f&FR 35 Z Lick b FOM
R E, 35K EHEE (sub MIC) 25HINL TR
WERBERE L7, £REHBHEIE X Heart Infusion agar
(Difco) 2RV, BRBHEEREIC TITo e %77,

* MR X AR ET 760
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FOM EMBER i LEROAETEEEEREL, &
BYIEEOKENICB L1127 FOM O#RZBRA L 10

5. FOM {ERME D&\ & B HEARIR O

P. aeruginosa PRC-72 izx¢L, 12.5, 6.25, 3.13 8
X U1.56ug/ml DMEDOFOM 2 2RMEA S L
%, HFFEwc L FOM 2 &%, %612 OFLX (6.25
pug/ml) % 7213 NFLX (3.13ug/ml) %{ER & &, &
IRF L 2 R OEERERIE L 2.

6. FOM RIALERNR DR DM

P. aeruginosa PRC-72 ixxtL, FOM (12.5 ug/ml)
22RMEA &%k, FRECED FOM 2R/,
D0, 1, 2 £7043 4 REMBCHEH 247 10°CFU/ml &
2% X 312 Mueller Hinton broth (BBL) T#H#%¥ L +
JavEIRER& R, /0 KB 2 %D
ERBEHEL 12,

7. HEEORBMHORVLIC L ZHAMRORE

FOM 0RZMHE LU T OFLX ORZMDRRZ S P.
aeruginosa 5 #% (PRC-49, PRC-16, PRC-17, PRC-
55 8 X U PRC-78) &, OFLX DEZMH[HE U T FOM
DREZMDRL B P. aeruginosa 4 ¥ (PRC-17, PRC-
72, PRC-33 8 X U'PRC-20) w=»fL, AR %HMET
L7 T4bb, FOM (12.5ug/ml) % 2BEM/ER &
®o%, HR&ECELD FOM 2k &, X5 120FLX
(6.25 B X Uf3.13 ug/ml) R{EA& ¥, EHE L 2 K
BOERBEREL 120

%8B, 5 6BLUTDREE, BHRAE, HIHERE
BIUVEERAIEI 4 L EBROAETIT- 120

8. EEMEBFEMEC L 3 WEEIRET

EENEFEMF LD, P aeruginosa PRC-72 1
94 2 FOM L OFLX B FI/EARFIcBI 2EEL,
FOM 2 B5fifEA# I OFLX 2{EH & BB/ DL
PHERET LI, $hbb, BAEAEMATIEIFOM (12.5
pg/ml), OFLX (3.13ug/ml) 2Zh ¥ h 2 BFHEIEMA
&8, 2XIBEA T, FOM (12.5 ug/ml) % 2 BEREI/E
Fi#, Mueller Hinton broth (BBL) T 100 f£%®R ¥
5Zkickh FOM 2B*L, OFLX (3.13 ug/ml) %

QHREMER S €1, 2%, SNVI—NVTNVTEF (&
RIREE 2.5%) BLUAR ST LB (BKRE1.0%) T
ZEEE L, 85T, TAI—THEMEEK (50%~
100%) L, MASEREK, SKELI, CO¥Y TN
L EENRFEMM (Akashi DS-130) 2 & DIEZL /2,

9. BUKERIES ik

EMAB AL RHSY OFKICHUTITY, @
OKBAOBITEERIEL 120 T72b%H, Heart Infu-
sion agar (Difco) THsML 7c P. aeruginosa PRC-72
% L-broth ic ML, 37CT—AIEREL /o, ATEEL
7. W % L-broth THRME L, 37°CT 3~4 FMiRE
ERETFo T, COEMBIZ FOM 2{EA S ¥, 8563
~4 BRI SE L Zont SORR R oM 2, 4°C, 6,000
r.p.m. T20 AMOELIC L h ¥, tkE% PUM bu-
ffer (2.22% K.HPO.-3 H.0, 0.726% KH.PO., 0.18
% urea BX10.02% MgS0,7H:O;PH 7.1) i T
peEe Uiz, RIS Z DR, ¥k 2 EITo Ik,
HEEOS% L, PUM buffer ic¥#L, 0.D.=1.0
RWEL, COMBK2.5ml ICEREK (n-Hexane
% 7213 n-Octane) ¥ 1.0mIEEL, 37°C TI153ME
-5 7:#%, Vortex mixer T2 2HIEE L 7zo 20 2HIAHE
%, Z0KED 0. D. % 660 nm T Shimazu UV-260
SHHESHC THIZEL 120

%%, Index X TFEORIZ L DKRDTz,

Index = (FOM &2 & o buffer ®» 0. D.—FOM 4L
B 8 @ buffer ® 0.D.) /FOM & 4L # 8 © buffer O
0.D

II. * B & R

1. RBEEHE

5/ L - Mk 8 #kicxd 4~ 5 FOM, PIPC, CAZ,
IPM/CS, GM, EM, OFLX, NFLX 8 X t*CPFX ®
MIC % #iE L Table 1 iZ7RL /=, P. aeruginosa PRC-
72 1%, B-lactam#F|ZIZU»H T 3ZAMESED SN
7z7z%, Figs. 1~4, 6 8 X Ut Table 2 ic/R L 1-#EFTD
EREKRL L,

2. FOM :&@BHEEOHASE O

Table 1, MICs of fosfomycin and other antibiotics determined by agar dilution method against Pseudomonas aeruginosa

Strain no. FOM PIPC CAZ IPM/CS GM EM OFLX NFLX CPFX
PRC-49 100 25 25 1.56 >100 400 1.56 0.78 0.20
PRC-16 50 50 12.5 25 3.13 1,600 6.25 3.13 0.39
PRC-14 50 25 12.5 0.78 3.13 1,600 12.5 6.25 1.56
PRC-55 100 12.5 6.25 0.78 3.13 1,600 50 25 12.5
PRC-78 50 25 3.13 0.78 6.25 - 200 200 50
PRC-72 25 >100 100 25 3.13 800 12.5 3.13 0.78
PRC-33 >100 >100 100 12.5 3.13 1,600 +12.5 3.13 0.78
PRC-20 >100 12.5 6.25 25 3.13 1,600 12.5 6.25 1.56

(pg/ml)

FOM: fosfomycin, PIPC: piperacillin, CAZ: ceftazidime, IPM/CS: imipenem/cilastatin, GM: gentamicin, EM: erythromycin,

OFLX: ofloxacin, NFLX: norfloxacin, CPFX: ciprofloxacin
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(@) RHOEXWIC BT 34AMREOR

FOM (1/2 MIC) #isi#E#z OFLX (sub MIC) %
fEA L 2-8& i3, OFLX $¥IER Lt LREH O
WL > hi-d8, PIPC, CAZ, IPM/CS, GM
BLUVEM (3FxTsub MICER) 21ERALBER
BREBREHOEZIZFLAYED s ok (Fig. 1),
(b) &*/ v EMicsT26tAMROEN

FOM (1/2MIC) BB zxtL, &+ ./ a > #| (sub
MIC) 2fER & ¥z, TRTHOHARENRLT
doh, ¥/ o FMTIRFRBRCELED SLLH

-t (Fig. 2).

3. FOM D{ERIME D&\ T & 5 HEARIROME

FOM DERME % 4 P v, * ./ o K2 &
Mtk & NINRFIC B 1T 2 EHBDE (Alogi o CFU/ml) %
Fig.3ic/RL %, # DR OFLX 8 & U NFLX O
EERADHEMIZ, FOM DERRE 2MiMa ¥ 5 L3 <
ol

4. FOM HIALERR DOReftE O MRS

FOMBRE#®IC* /o v KR RmMT 2REM 2 EL S
¥, ¥/ 0 KRN 2 REEI% & RIRRIC 81 2 EBEEK D

10 10 10
PIPC CAZ IPM/CS
9[- 9 9+
8 8 ”T - 8r ’ /"‘ /'x
=7 7 7
E E E
36 % 6 36
; SL(FO sk C 5l (FOM;
X M; 12.5 ug/ml) ¥ (FOM; 12.5 ug/ml) Ed 12.5 pg/ml)
= 4+—°—Fom = 4 —o—FoM = 4} —o—Fom N
==%-==Control = === Control ==X==Control o
3}-—o— FOM +PIPC 400 xg/ml 3}——o— FOM +CAZ 100 ug/ml 3} —e—FOM +IPM/CS 12.5 ug/ml
~——a— FOM + PIPC 200 ug/ml ~—tr— FOM +CAZ 50 ug/ml —a— FOM +IPM/CS 6.25 1g/ml
2} = -0-=PIPC 400 x#g/ml 2}==0==CAZ 100 ug/ml 2}-==0-=IPM/CS 12.5 ug/ml
= =&~ =PIPC 200 ug/ml ~ =t = CAZ 50 ug/ml - =0~ =1PM/CS 6~25u¥/ml
1 N 1 n 1 A I 1 " 1 i 1 n 1 —l 1 1 1 . I 1 1
-4 -2 0 2 -4 -2 0 2 -4 -2 0 2 4
Time (h) Time (h) Time (h)
10 10 r 10
ol GM ok EM 9l OFLX
8l Y X sl X o st X X
— T+ 7 7
E E E
el E 6 S 6
S o| (FOM; S .l S .| (FoM;
2 12.5 ug/ml) % °[(FOM; 12.5 ug/ml) & O 12.54g/ml)
4}-—°—FOM ~o ~ 4}—o—FOM 4}—°—FOM
=~ =¥—=Control —=x-— Control = =¥==Control
3}-——FOM+GM 0.78 ug/ml 3 }-——e— FOM +EM 800 xg/ml 3p—*—FOM + OFLX 6.25 pg/ml
~—d— FOM +GM 0.39 xg/ml —a— FOM +EM 400 ug/ml ——d&—FOM + OFLX 3.13 pg/ml
2}—-0-=-GM 0.78 ug/ml 2}= =0~ =~ EM 800 ug/ml 2f==0==QFLX 6.25 ug/ml
—=&-=-GM 0.39 pg/ml -t~ — EM 400 zg/ml —=6-—0FLX 3.13 g/ml
1 | ol 4 L J 1 n 1 i 1 . 1 1 1 n ) Rl " h n |
—4 -2 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4
Time (h) Time (h) Time (h)

FOM : fosfomycin, PIPC: piperacillin,
EM: erythromycin, OFLX: ofloxacin

Fig. 1.
ginosa PRC-72.

—
o
1

CAZ: ceftazidime, IPM/CS: imipenem/cilastatin, GM: gentamicin,

Combined effects of fasfomycin and various antibiotics on Pseudomonas aeru-

—
(=3

10r  OFLX NFLX B CPFX
of-(FOM;; IZ.Syg/mI)/x g} (FOM ; IZ.Sug/ml)’,a 9}-(FOM ; 12.5ug/m])’,a
— '
E X 8 ,)( 8k <
~
2 v 7
g 6 6
€5 5 5
3
S 4 4 4
3 | —o— —o0—FOM
S 3 —--*.-gg,ffm] 3[F - -x==Control 3
2 = =x=~-Control
S 2{—e—FOM+OFLX 6.25 ug/ml 2[~—e—FOM+NFLX 3.13 ug/ml 2[-—e— FOM+CPFX 0.78 ug/ml
S —4—FOM +OFLX 3.13 ug/ml —4— FOM + NFLX 1.56 ug/ml —a— FOM +CPFX 0.39 sg/ml
1}-=<0-~OFLX 6.25 ug/ml 1= -0-— NFLX 3.13 ug/ml 1 -~ CPFX 0.78 ug/mi
ol =7 —OFLX3.13sg/ml _ 0 —-~o-=NFLX 1.56 sg/ml oL52p=CPFX 0.39 ug/ml
-4 -2 0 2 4 6 -4 —2 0 2 4 6 -4 =2 0 2 4 6
Time (h) Time (h) Time (h)
FOM : fosfomycin, OFLX: ofloxacin, NFLX: norfloxacin, CPFX: ciprofloxacin
Fig. 2. Combined effects of fosfomycin and new quinolones on

Pseudomonas aeruginosa PRC-72.
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I 2" (A) MIC of FOM: 50 ug/ml
// OFLX 1/2 MIC
[ ] OFLX 1/4 MIC
2 -E
E 3
3 r
© g
® 3
<4
1
0 e
P. aeruginosa PRC-49 16 17
0 MIC of OFLX: 1.56 6.25 12.5 200 (eg/mil)
Ofloxacin Norfloxacin 2
(6.25 ug/ml) (3.13 ug/ml) [ (B) MIC of OFLX : 12.5ug/ml
Fosfomycin B12.54g/ml, [26.25 ug/ml, [EJ3.13 ug/ml,
[ 1.56 ug/ml, []quinolone alone

Fig. 3. Combined effects of FOM and new quinolones
at several concentrations of fosfomycin on Pseudo-
monas aeruginosa PRC-72.

w

Fon  EAROM

3 1n
(12.5 ug/ml)
quinolone alone
-2 2+
E
N
3
3]
2
a1 11
OFLX NFLX 0 OFLX NFLX
(6.25 pg/ml) (3.13 pg/ml) (6.25 ug/ml) (3.13 pg/ml)
3ran 3r4n
< 2 2t
N
3
Q
-]
K]
g 1} 1 -
OFLX NFLX 0 OFLX NFLX
(6.25 ug/ml) (3.13 ug/ml) (6.25 ug/ml) (3.13 ug/ml)
OFLX: ofloxacin, NFLX: norfloxacin
Fig. 4. Combined effects of fosfomycin and new

quinolones at several dose intervals of quinolones
on Pseudomonas aeruginosa PRC-72.

# (AlogiCFU/ml) % Fig. 4Rl 7, FOMBRXE
% (0h) w* /o REHRMLIBEERX, ¥/ 0V
B X R TREH OEESH B o 528, FOM
B2 1 BFR%ICEIL 7288 IRE I OEESDLTHL

Alog cfu/ml

Il @él

P. aeruginosa PRC-17
MIC of FOM: 50 400(yg/ml)
FOM: fosfomycin, OFLX ofloxacin

Fig. 5. Correlation between the combined effects and
MICs of fosfomycin and new quinolones on
Pseudomonas aeruginosa.

PEDHOSNT, 2BIVARMETRIZLALZDON
oz,

5. BZMOEBWICL 3HAMEOKRS

P. aeruginosa izt 3 % FOM & OFLX ® MIC 8 &
2% 88Xt L, FOM & OFLX & 08tH%HE £ MIC
EDBEICDWT, Fig. 5w L. BEIEIER
(D %, FOM ALE# 1 OFLX Fhifs & 2 B g
B OZE@)» 5 MAER - OFLX &ML -6 L 2 6
FERBOEEROZOGL) 2 M UE (AlogiwCFU/ml=
a—b) LLTHXDbL:, ZOERESS 7127
ZD#R, FOM @ MIC »8—%E T, OFLX ® MIC 8
R ERAVRECHAYROMEIZ, OFLX
OMIC t—FDMEABEDO>hxhoT:, %72,
OFLX @ MIC #3—5% T FOM & MIC 4S8 7% 2 % %
WIS E W HARR DM X, FOM @ MIC & —E®D
ER2SEED Shish o Iz,

6. FHEERIRE

EBENETFEMFEC L 2BEEORTEEE % Fig. 6



VOL. 43 NO. 8

EMAEROWEHIZB LI1ZT FOM Q% 739

Control

FOM+OFLX
3.13 ug/ml 12.5 ug/ml 3.13 mg/ml

FOM: fosfomycin, OFLX: ofloxacin

Fig. 6. Scanning electron micrographs of P. aeruginosa
PRC-72 exposed to fosfomycin and ofloxacin.

KR L7z, FOM 12.5 pg/ml > BEfER S € 1B AT
i, BOEREBAEBL U IVIEERBEE XL, OFLX
3.13 ug/ml B X ¥ 1B IE, BOETOMHREL
gHEant, —4, FOM 12.5ug/ml % 2 BrEI{ER %
FOM % &, OFLX 3.13 ug/ml 2fEf & ¥ 7B H
i, BEFIOERCHRTHES ORBALIES LU
BHBIEEIN,

7. BHAEERBOBKMEDE N L HAZIROKET

FOM 0HEAEBOBKMEICRIZTHEORNER Y
Table2 iR L7zo Wicix, FOM % 12.5, 3.13 8L U
0.78 ug/mIEAA X ¥ SDORERR LI, AR
DHSLNBEE12.5ug/ml 2EAE L &, BER%
BOTRWEE0.78 ug/ml ZEH &L & L 2H&K
T3k, HEMROTIBELEHI L EDFH,
#110~70 fE B R E % BRI/ 72, %72, FOM
12.5ug/ml % 0.5, 1, 2B XU 4FRIfEA S €L &
2@IRLU T, ZORKR, FOM % 1 KM EDIER &
3 ZEick VEBREEBAECELSE S Z L5
»ohiz,

III. # =

P. aeruginosa 13, —RIZFDREEIFBELHOE S
NTw3H8, Compromised host iZ¥f L TIZRBHeT % F
EHL, Z2ORBREEMCBTLYTL, ERlcBT3

Table 2, Influence of fosfomycin on cell-surface hydrophobicity
in Pseudomonas aeruginosa PRC-72

(A)
Fosfomycin Cell-surface hydrophobicity index
(ug/m) n-Hexane n-Octane
12.5 0.73 0.73
3.13 0.42 0.39
0.78 0.06 0.01
(B)
Cell-surface hydrophobicity index
Time (h)
n-Hexane n-Octane
0.5 0.004 0.050
1 0.613 0.532
2 0.560 0.524
4 0.683 0.530

(FOM; 12.5ug/ml)

WERICIIBRABD D, HABREONREBLEZL SNT
b)63'7~9)o

¥ 72, BEHREERIL, EHO¥K, mEkoRsiE, B
TEROBERZ XY 2M5FE"Y L LTEHERATWS,

P. aeruginosa izt L€ FOM (1/2 MIC) & NFLX (1/2
MIC) 2fEFi& €% L, HIMTRBFENCHEBERTHY
FEL, BtRIC BV Tk, FOM ¥#in%ic NFLX 28
SEBLERBMELEEL, L DEFENRIERAERL
ek DEDH B,

ZZTESEBLR X, P aeruginosa 2343 %5 FOM &
BEEA E OBEZR, B2 FOM 2B T 22 L1
BB OWTRNL T,

FOM MLE izt L, PIPC, CAZ, IPM/CS, GM,
EM, OFLX, NFLX & UCPFX 2{Ef&¥32¢k
D, BeF s orHlizownTid, HAER L HE
L, BECHEBEHIOEBLED SN, i, ETENE
FEMBIC L 2BEICB VT, FOM & OFLX % §
A¥sltick), RHEAOER L HELES  DBHE
BROBE I, BRERENCLHANRELED Sz,

* /0 OERDASE Mg THESh, BitEFz
oo BN EBRET S LMD AAELEINT
22 Zrsubi T,

%7z, FOM BBWEBA 4 > Th oMo Tnws 1
B, B A OHEOBRD/NNT X EEHL, Mg«
BELEZTWBIENEZIONS,

—7%, MRSA izt L FOM % 1/16 MICfEFH & ¥ %
& PBPII' DEEWBDRLRY, 72, 77 ARMEI
BWTbkbhs PBP EAMNED 5NEY L3 Hisk
Bh5,

ZD& 5% FOM OfEFfEIc X v, EEHREEOH
EHAANDED AADBED S5 WEEHOBEBED Sh i
bOLEESNS,
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SEE L DHEERIC BT, FOM OEHIMRE 2 #INS
3% &, OFLX, NFLX & b ICHFRRRIHEMT 5 C
Eo, BWERENLZHAMRERT I Lalbh o7,
%7, 20 FOM ORTLERRIZ, FOM % kv 7%
R (1 BFRALAAD) i3 2 Z Lothdr o & 51T,
IS DHBEYMRE L P aeruginosa 2 X3 2 FOM &
OFLX DR&Z2M & OEBBRRIE, B Shiah o7,

—7%, P. aeruginosa DHEERBOBKKEICB LIXT
HEFOLE L, Godfrey A J 5913, 6-APA D
ERZRNIER, BEERACBTELERED TV
3, Hx ik, BERBOBUKNMICE L2 FOM OE¥
KDOWTRKRE L, FOM 2 AR OBH 5 2 RE %
18 EER S v 2 L R REEHKEICETS Z &
Bhbot,

77 LBMEIZ, NEORERERMELME  BUKMERER
BEEL WS L wnwbhTBY, —4, P. aeruginosa
RO v BOEEIZL Y, PorinEATH S
Protein P #5¥ 429 Z b Tnwd, %72, B
AMHEFICRZME2ET 277 LBMEOMNRIZ, B
O LPS 282019 Z L BHEEN T 5,

ZDEIBI L5, FOM BSHEEEH L LPS ioxt
LTEEL2BEZ TWB I EBEZ LN, SHERELTY
R EBLETH 5,
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Influence of fosfomycin on the bactericidal activity of
various antibiotics against Pseudomonas aeruginosa
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We examined in vitro the synergistic effect of fosfomycin (FOM) and other antibiotics against
Pseudomonas aeruginosa under various conditions. The results were as follows.

1) In combination with FOM and other antibiotics, the bactericidal activities against P.
aeruginosa pretreated with sub MIC of FOM were greater than those of non-pretreated bacteria,
and these synegistic effects increased with increasing concentrations of sub-MIC of FOM.

2) In FOM and other antibiotic combinations, good synergism was found when an antibiotic
was added for less than 1 hours after the removal of FOM for the pretreatment of cells. No
apparent synergism was observed when the antibiotic was added for more than 1 hour later after
FOM was removed.

3) We did not observe a correlation between these synergistic bactericidal effects and the
antipseudomonal susceptibilities of each antibiotic.

4) In the test strains that revealed synergistic effects the cell surface of P. aeruginosa became
more hydrophobic than without FOM treatment.

5) The combination of FOM and ofloxacin (OFLX) induced lysis at higher frequencies than
that either FOM or OFLX alone according to morphorogical observation by scanning electron
microscope.



