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WEHE L D B S M7 ARBR T 20 BRIZXE S A fosfomycin (FOM) & HikkME %, sulbactam/cefoperazone
(SBT/CPZ), ceftazidime (CAZ), aztreonam (AZT), ofloxacin (OFLX), panipenem/betamipron (PAPM/
BP) , imipenem/cilastatin (IPM/CS), dibekacin (DKB), piperacillin (PIPC) & D BtH#%E % in vitro

WZBWTHRE LUTOMESE S,

(1) FOM LDHRIZE Y, WIFNORBEIIBVTLHADRERIRD 5 Iz,

(2) FOM & EHRE L OHFHIZ X % fractional inhibitory concentration index ®F#{#ix, SBT/CPZ
0.38, CAZ 0.42, AZT 0.46, OFLX 0.56, PAPM/BP 0.64, PIPC 0.65, IPM/CS 0.66, DKB 0.77 T&% - 7=,

(3) MIC »EHK 5% 3 R MR P BELT Th o - HkOREE 5 %FI3, FOM Bt KT, SBT/
CPZ 100%, CAZ 95%, AZT 95%, DKB 90%, PAPM/BP 85%, IPM/CS 85%, OFLX 85%, PIPC 80
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Fosfomycin (FOM) IX7F K7 )4 Y GROE 1R
*HET MBS RHER TH A", subMIC DET
LMEO/E 2 BIE LY, $FRT 2O HKED MIC 2K
FTERLBZIENMONT VB2, LML%A5H, FOM &
EDED HEERZEAGDLEREL - L LBV BEAIZI R A
Bonshiz, oL TIER V. —F, RBEIE, EEERE
24 ¥ % compromised host DR EHAE DA RE & LT
BE S, $h8EThrI bl hwizo, &)
R L EFEDORENRKD LN TV 5,

ZZT, SEbhbiud, BEHE LD 5 S RRBRE I
T2 FOM & HAEHFIERIE L OFRAMEICONT, HMHE
#lo MIC & FOM & Ol MIC %I L in vitro T
BRE LD THRET 5.

I. M# & HE

R LBk, W) OB S KRR E 20 R T
%, FOM, sulbactam/cefoperazone (SBT/CPZ), cef-
tazidime (CAZ) , aztreonam (AZT), ofloxacin (OFLX),
panipenem / betamipron (PAPM/BP), imipenem/
cilastatin (IPM/CS), dibekacin (DKB), piperacillin
(PIPC) o ¥ijh#E#| o MIC & FOM & o ff F g O MIC
* AL REESEE RN THIEL /2o FOM
L AtEl & o B BB MIC O #ilE 1E, FOM & fti#l & o
Bt &EAOERR %S5 % 3 B O ML A
BREOHIZEEL, REWE MG~ AHRLTMIC IS

L7 &b, ERIEHEIL, FOM2g, SBT/CPZ2g,
CAZ 1g, AZT 1g, OFLX 200 mg, PAPM/BP 0.5 g,
IPM/CS 0.5g, DKB 50mg, PIPC1g& L, #%5%3
RER M A AR L, SEADA vy 2 —T +—L4
&V, FOM 50 ug/ml, SBT/CPZ 27.8 ug/ml, CAZ 20
ug/ml, AZT 18.5 ug/ml, OFLX 1.7 ug/ml, PAPM/
BP 6.37 ug/ml, IPM/CS 2.8 ug/ml, DKB 1.7 ug/ml,
PIPC 8.8 ug/ml & L 7=,

Fractional inhibitory concentration (FIC) index |3,
FIC index= (BFFHBFDOER A O MIC/HIEE D EHR) A
? MIC) + (PFFEFDEEH] B » MIC/H MO EH B O
MIC), ORIZTaEtH L, FICindex #°<0.5 DA% H
FRR, >05~=1.0 % HMEH R, >1.0~=<20% 1
M, >2.0 %#hte L7,

HEMITFHEBERETRDL, 2BEMONEME
O H#2121d Mann-Whitney ® U €, % EMETOHE
EDILBIIE— TR E 28O = v, p<0.05% b 5
THETHHE LT

. & 7

BMEE O HMEH o MIC & FOM & o i H B 0
MIC % #ll%E L 72 SBT/CPZHMIEH] 7> MICs, & 64 1 g/
ml, FOM H k3 #| 0 MICy 1& 128 ug/ml UL L Td -
72%%, SBT/CPZ & FOM % ¥ 5-1% 3 e ] ifiL i b 24 41 /%
BEORA (0.556: 1) DT in vitro THALZE

* [ 1Ly 5% 256 0 40 7 A5 BT 4L S 4066
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%, SBT/CPZ 4.448 ug/ml, FOM 8 ug/ml MBI B
W 20 EHRE 16 RO BB AL S iz, Mo HiE %
ZBWTH RO Z1To 7228, ZO#E, FOM &
BEMBEEELEOBERIZLY), WTFhOMEEIIBNTH
MICs DIE T A D SNz, 72, FOM O MICy b 1t
ODHBEEAHHTAIILICEINVETAEZD LN
(Table 1) o

FOM & &iH# & Of#FHIZ & % FIC index (X, SBT/
CPZ 0.38+0.17, CAZ 0.42+0.25, AZT 0.46+0.19,
OFLX 0.56+0.35, PAPM/BP 0.64+0.46, PIPC 0.65+
0.43, IPM/CS 0.66+0.40, DKB 0.77+0.36 T& - 7=,
SBT/CPZ @ FIC index (X PAPM/BP, PIPC, IPM/
CS, DKB® FIC index Il LEEIIKETHH (Fh
Zh, p<0.05, p<0.05, p<0.01, p<0.001), CAZ®D
FIC index (¥ PAPM/BP, PIPC, IPM/CS, DKB ® FIC

Table 1. Combined effects of fosfomycin and other antibiotics
against Pseudomonas aeruginosa

MICso (ng/ml) MICx of FOM (ug/ml)

Drug ) combined FOM bination
l0N€  with FOM  alone “OT0'aHe
Sulbactam/cefoperazone 64 = 4.448 =128 = 8
Ceftazidime 64 = 3.2 =128 = 8
Aztreonam 16 = 2.96 =128 = 16
Ofloxacin 8 = 0.544 2128 = 16
Panipenem/betamipron =16 = 2.032 =128 = 16
Piperacillin 2128 = 2.816 2128 = 16
Imipenem/cilastatin 32 = 0.89% =128 = 16
Dibekacin 8 = 0.544 =128 = 16
FOM: fosfomycin
1.2
10} T 71
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1 1 1 1 1 1 1 L
SBT CAZ AZT OFLX PAPM PIPC IPM DKB
/ICPZ /BP /CS

SBT / CPZ: sulbactam / cefoperazone, CAZ: ceftazidime,
AZT: aztreonam, OFLX: ofloxacin, PAPM / BP: panipenem /
betamipron, PIPC: piperacillin, IPM / CS: imipenem /
cilastatin, DKB: dibekacin,

Fig. 1. The fractional inhibitory concentration (FIC)index
in combination therapy of fosfomycin with other an-
timicrobial agents, sulbactam cefoperazone, ceftaz-
idime, aztreonam, ofloxacin, panipenem betamipron,
imipenem cilastatin, dibekacin and piperacillin, in
vitro against 20 strains of Pseudomonas aeruginosa
isolated from sputa. Dot, box and whisker indicate
mean, standard error and standard deviation, respec-
tively.

index [ClULABEIEMBETH Y (EhEh, p<0.05 p
<0.05, p<0.05, p<0.01), AZT ® FIC index & DKB
DFIC index E D ICLABEDVRD LN (p<
0.01)c YlEX Y, SBT/CPZIZBWVTbotdbRIFR
BERABEIBDO S5, R\\WTCAZ, AZT IZBWVW TR
BHERBREPED LN LV HERTH-7 (Fig. 1),

FMFN R E OB RARD b AR B R OE
&3, AZT B L U SBT/CPZ Tid 100%, CAZ Tit 95
%EBEETH o7, MWOTEETIE, OFLX 75%, PIPC
70%, PAPM/BP 70%, IPM/CS 70%, DKB 65% T
»Hol (Fig.2)o

FRBRE 20 EART 8 Bk 25 FOM 2 3t 3 % MIC % 128
ug/ml LLE D FOM R TH o720 TD 8K EMD
MIC 128 ug/ml Ki#® 12 #%T, FIC index % H#HRET
L7:%%, 8 #l# 6 #3724 HLCAZ, AZT, OFLX, PAPM/
BM, PIPC, IPM/CS (28!} % FIC index !X FOM iif
UHRETIIEBETH Y, FFHABHRIZ L EEED S
Ni=h, BEEIVTHOEAIHLRO LN hol,
DKB Tl FOM M4k #E D139 A FIC index i3AEIC
BETH o7 (Table 2)o

MIC S EHI O 5% 3 B MEHRELUT Tho
AABREERORRE EIE, HEMERR L FOM 6H
FTlx, #hZFh, SBT/CPZ55—+100%, CAZ 70—95

—
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AZT SBT CAZ OFLX PIPC PAPM IPM DKB
/CPZ /BP /CS

[0 addition
[ synergy

W antagonism
H no relation

AZT: aztreonam, SBT /CPZ: sulbactam / cefoperazone,
CAZ: ceftazidime, OFLX: ofloxacin, PIPC: piperacillin,
PAPM / BP: panipenem / betamipron,

IPM /CS: imipenem / cilastatin, DKB: dibekacin,

Fig. 2. Combined effects of fosfomycin with other antimi-
crobial agents. Synergy was defined as FIC index of<
0.5, addition as FIC index of >0.5~ =<1.0, no relation
as FIC index of >1.0~=2.0 and antagonism as FIC
index of >2.0.
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%, AZT 80—95%, DKB 20—90%, PAPM/BP 20—85
%, IPM/CS 50—85%, OFLX 10—85%, PIPC 40—80
%Tdh-7 (Fig.3),

FOM @ MIC 75 FOM 0 #% 5- # 3 B R 1L i o % i L)
TTHoAHBREKRD BIEE 5 XX, FOM HEEC
ix 55% T - 7275, SBT/CPZ B H TiE 100%, CAZ,

AZT Tid 95%, DKB Tii 90%, IPM/CS, PABM/BP,

OFLX TiX 85%, PIPI Tii80% Td» 7> (Fig.4)o
nm. = =

FOM BARTF N7 ) AV EEOE 1 BREEAHET S
HRRBE S K AEHTDH 5 2%, in vitro T2 FOM & SBT/
CPZ*¥, CAZ", flomoxef (FMOX)®, sparfloxacin
(SPFX)®, cefmetazole (CMZ)" 7% EDMDIMEIE L O
FRIZXDECRBERHZRL, BRI EIRD
LNTWb, In vivo IZBWTYH, #BHEPS XU MRSA
&G~ 7 X TH FOM, SPFX fif F# %% MRSA &
X7 AIIIBITAH FOM, CMZ A E" ORI MG
ThTwa,

PERBROBEF B 5 RE Tk, FOM LEE Tt
CPZ X° SPFX D REAENE ) AL BT 5 2 &L H'E2
HHoNY, T, Ko, BIBEIC1/4 MIC DBED
FOM 2EH & €72 L T AR DOHMEHERIRIZE & A/
U EINS I EEBELY, FOM ERAKED < 7
FYTLEFL- N LEMICHEEZHEET S LICL
DHEE L-EENEORICEETREE 2 5 LR LT
w5y,

FOM & DA EDOMA G LEIZET 5 in vitro T
DRRE T, )M S &, FOM (2 SBT/CPZ % 5 i
CAZ %K PFH § % & MR E % A PER 258 AR
HAR® 5N 7zA%, tetracycline (TC), chlorampheni-
col (CP) LO#AMBIIRDOON Lo EHRELY,
¥3H 51k, FOM & SBT/CPZ, CAZ, IPM/CS, OFLX,
arbekacin (ABK), gentamycin (GM) ® 6 @ O it &

Table 2. Fractional inhibitory concentration (FIC) index

FIC index

Drug MIC (pg/ml) of FOM p value

<128 (n=12) =128 (n=8)

Sulbactam/cefoperazone 0.40%0.17 0.35+0.17 0.48
Ceftazidime 0.42+0.15 0.43%+0.37 0.44
Aztreonam 0.38+0.14 0.57+0.22 0.052
Ofloxacin 0.55*0.32 0.57+0.41 0.94
Panipenem/betamipron 0.60%0.32 0.69+0.65 0.67
Piperacillin 0.58+0.24 0.76+0.63 0.94
Imipenem/cilastatin 0.66=0.28 0.68+0.55 1.0
Dibekacin 0.90+0.35 0.58+0.29 0.048

FOM: fosfomycin
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/CPZ /CS /BP

B alone
[J combined with FOM

SBT / CPZ: sulbactam / cefoperazone, CAZ: ceftazidime,

AZT aztreonam, DKB: dibekacin, [PM /CS: imipenem / cilastatin,
PAPM / BP: panipenem / betamipron, OFLX: ofloxacin,

PIPC: piperacillin, FOM: fosfomycin

Fig.3. In each antimicrobial agent used alone and in
combination therapy with fosfomycin, the cumulative
percentage of MIC under serum concentrations of
agents at three hours after intravenous administra-
tion.
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SBT CAZ AZT DKB IPM PAPMOFLX PIPC FOM
/CPZ /CS /BP alone

combined with FOM

SBT / CPZ: sulbactam / cefoperazone, CAZ: ceftazidime,

AZT: aztreonam, DKB: dibekacin, IPM/CS: imipenem / cilastatin,

PAPM / BP: panipenem / betamipron, OFLX: ofloxacin,

PIPC: piperacillin, FOM: fosfomycin

Fig. 4. Infosfomycin (FOM) used alone and in combina-
tion therapy of FOM with other antimicrobial agents,
the cumulative percentage of MIC under serum con-
centrations of agents at three hours after intravenous
administration.
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L OBAMRESE MRSA LEBEICBVTHKREL, W
BIZHL90% Lt MIC BRfE% R L7-DIiLABK &
SBT/CPZD 2K TH ol b HEL T2 UELOH
E5 53 FOM LOMBALEDOHAELEDNIZL - T
BRDRICEND LI LPRKEENSD, FOM & &D
I REELEAEDENTD o L b B WBEHR RS
BonADIEF/FHLLTIE RV,

SEOKRFTIE, BRIV HSBES N EREY AV
MHEH|» MIC & FOM & OB MIC 28IE L7,
PEEEEO MIC OHlEiZ, FOM L itif & DRA %%
EHAOEREZHR5HIBBOMBEHERIREDIC
BELTIToze BFADHREORIFICEF 2 v H—FK—F
ENLCHVONED, TOHFETIE, WK THEEE
BT oBEIlb ) A VBEOHAGLELET L
Twb, BEMIZIIEEHORSHOMmMBHEREDEL
FRECHIALTERTRETHAIVEHETH Y RE
BITid 2o PEAIZER) o 3 BE R £ o I 3 i B b g,
K] O I AR AR IS R %2 o T T Eik 5%
1~8RHEOEFMBHBEILIGEBTH S L ShTw
20 ZEns, H5HIWRHMBRPERBEORE L
#H\ 7z in vitro TOBEREERRIX, BEIDEBRRIIHIE
Li-EBRBELEZ Oz, 72, EFRRSHOMBH
BEORD O Ua 7z hEE LIRETHEER I 2b
ZREIEAEEIOCHIBEBORELHEESNT
WBP7-8, MIC 2"EHFIZS5 4% 3 BEMAPIRELLT T
HHEROBRBETFIE, BROAEHEEZFETSL LT
BELEZ LN,

BRE DR, FOM EEHREELOHFHICLY, T
NOBFHEIZBWTD MIC, DIET 2D 5 iz,
FOM & ZEA L OBAIZ L 5 FIC index X, SBT/
CPZ, CAZ, AZT, OFLX, PAPM/BP, PIPC, IPM/
CS, DKB DJHIZEAETH Y, SBT/CPZICBVTH -
EDREIF2HRABDENRD S5h, KT CAZ, AZT |2
BUYWTRHLBRHENRO SN, /2, MIC 23
A% IREMBEPRELT CHIAKDORRE S
i3, FOM Bt B ¥ Tid, SBT/CPZ, CAZ, AZT, DKB,
IPM/CS, PAPM/BP, OFLX, PIPC ®JEIC B B 7
RISETHY, oM TH, SBT/CPZ, CAZ, AZT
CBWTEBHRERSENED N LD in vitro
DERPOLIE, bo b bAMLBEbNBHEBRE R
FOM, SBT/CPZ Bt fi#iETH Y, K\ TFOM, CAZ
FHE#E, FOM, AZT BrRMETHL L EZ LN, &
DERINAS RHFHBAS " DHRE L FF LRV
ReEzoNl, 372, MOEFIZBWTH AR
RHLNTEY, FOM IIEL WIEE & O BEBRED
MHETHEZ L HREENT,

FOM L BFR$ 2 MBAEOHEIZ X > THEADENR
GABHIIDOWTIIAHTH 5, fidbd T & { FOM it
PHRAEORANR ) AARZHINEELICLD

HRHRERIETLOTH 5%, FOMULE SN HE
SEDEBUEFERNC L > TRE-o T2, AL
S THENNDHHOBRERR L2 > TWhE, FOM &
DAL > THVEBREFBEFFONLIER LD
T D EENBEEEDS 2 WER EXFET D EhH#
WINhd, JIIMESIETC, CPIZBWVTIZFOM & Dt
BHMREPED N 2ho/zl b, TRODOEHIHEH
EOEORGLREETHHI L L OMERZRBLTY
%Y, ZEANIBIT S EME L FOM R TORER
EHBEEORBRIVPEET NS,

AT, HIHESIZ FOM O MIC »* 256 ug/ml B
FOBEEH T SBT/CPZ L D in vitro TOHRERE
BZLweEHEELTWAEY, SROKE TIX, FOM®
MIC %% 128 ug/ml LAk D& H #k @ FIC index i3,
MIC 128 ug/ml KiGOHE# L D b 8F P 6 K THET
H Y FEHBENZ L EmARD SNz, FEERSR
BHoHhd, FOMMHEKRTH o TOHHASRIIB/FTE
BEVIERTHo2. LA L, &) BEOmMERKICD
WTIHESIREPLETH A LEZ DN,

FOM % &4 AREOBRMMET & L Tid, Mm%
BICBER L7 ERERYIE IC T 5 FOM, SBT/CPZ #
BEE?, MBA%MRSARSEEMXICHT 2
ABK, FOM #f Bz EHKRE S BIF % BUEL#
HEshTwa, BEbhbhi, SEOKRFEREET
Z T, MEHBREYIEICH T 5 FOM, SBT/CPZ #f %
EOBRIBEHIOWTE iR ERIIE L ET3 0D
Hbo

EZAT, M5 FOM SHBEDONEE UET B DI
60 5 LA LA A5 /-8, FOM #fH#EIZ B\ Tid FOM
ERITHRS L 60 3 RICHFHEL IS T 5 R M ZBURHE
EEERBLY, BEA)NIZin vitro 2B\ T FOM % %47
YER L7z 1 BRI FMOX 2 1EH S €72 A REE I/
AL O REEAXBEHELY, Kb
FOM, SBT/CPZ #fFksMZHBH#HEY, FOM, FMOX
W Z BRI 2 EOBRIRIIRE 21TV BRIF 2 B %
HELTWB, F7, A SIxMkEKEA B EERRE
2% %5 FOM & SBT/CPZ D[R E#%5-8 & FOM %&1T
RHERSHL ZHBRITL, SEFATIIEEERIRD
Sz, BHEEHEHLR TIRRMERSHOD
BHRENECERIICH . FHRERE 501/ 1] UL EDOIES
DEDRIIFHERSHEVARICER T ZEHELT
WY,

SEIORET in vitro TOFRKEHEERTH o 1205,
SHOBEERICE W THARKEO MIC 2 8##% 5%
SEEMMmPREXT I Y, BRICBVLTIIRKKS T
b+ SR BESHRETEL L VIR TH o FHD
b in vitro BT HEROEEANDOIY AARDKRE &
< ZADOBRGEHMERDKE R S FOM & SPFX #tH
R BERIEIST ABAICIIFARKRE 2R E LTE
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LOPRBEVWHDEBDLNBLEERLTEHY, =&
DI AR ENBEFE L /- B R GE L2 % 5 FOM, SBT/
CPZ fF Mk H FOM % %17 S ¢ - E KX 5 TlEd 5
BRIFLBBERE L TWAEY, Lo Liss, B
BELTHI LI L o TRIBAD 2V IdEFHERS LD
bESIIRHRBRREEL LA TEENEMNCD
WX, B SHOBETH VREDVVLETH S L
Zzohiz,
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Effect of combination therapy of fosfomycin and other antimicrobial agents against

Pseudomonas aeruginosa strains isolated from sputa

Atsuhiko Tada, Shin Kawahara and Kiyoshi Takahashi

Department of Internal Medicine, National Minami-Okayama Hospital,
4066 Hayashima Hayashima-cho, Okayama 701-0304, Japan

We studied the combined effects of fosfomycin (FOM) with other antimicrobial agents, such as sulbactam/

cefoperazone (SBT/CPZ), ceftazidime (CAZ), aztreonam (AZT), ofloxacin (OFLX), panipenem/betamipron
(PAPM/BP), imipenem/cilastatin (IPM/CS), dibekacin (DKB) and piperacillin (PIPC), in vitro against
20 strains of Pseudomonas aeruginosa isolated from sputa. Combined effects were observed in all agents
tested in this study. The mean fractional inhibitory concentration indexes were 0.38 in SBT/CPZ , 0.42 in
CAZ, 0.46 in AZT, 0.56 in OFLX, 0.64 in PAPM/BP, 0.65 in PIPC, 0.66 in IPM/CS and 0.77 in DKB. In
combination therapy with FOM, the cumulative percentage of MIC under serum concentrations of agents
at three hours after intravenous administration were 100% in SBT/CPZ, 95% in CAZ, 95% in AZT, 90% in
DKB, 85% in PAPM/BP, 85% in IPM/CS, 85% in OFLX and 80% in PIPC. These results suggests that the
most effective combination therapy was that of FOM with SBT/CPZ.



