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M 2 BwRIE, UATE), 8-lactamase EE4#E (Iden-

tification stick @ -lactamase [NITROCEFIN],
OXOID), =v7wu by BF| (Fr&MH) 7F
YERE TSST-1 (FU A &EW 228Uk, ¥,
MRSA PBP 2 OMGERET, mec A OMH % MIT
59 DR L7z 19ED 754 v — 2 BILILERE
WRAICTER L, polymerase chain reaction
(PCR) iz THELI, &51#@5hi: PCR prod-
uct I 2T, MRSA mec A WEREGETFO—#TH
B LERMBET L0, HIRMXCla I (EWE) %
vy, MWK %27 Ho— AKX THEL .

3) BEREH

Piperacillin (PIPC), tosufloxacin (TFLX) (%
b T ¥k 4&#), arbekacin (ABK), fosfomycin
(FOM) (BR#a#43K), cefuzonam (CZON), minoc-
ycline (MINO) (BE& v # Y —), amikacin
(AMK), imipenem/cilastatin (IPM/CS) (A%
%), cefazolin (CEZ) (B iR ¥ #), cefotiam
(CTM) (RHE¥ESET%), flomoxef (FMOX), van-
comycin (VCM) (if %F # % %), cefmetazole
(CMZ) (=3t#xR4&#), rifampicin (RFP) (F—
%3%), meropenem (MEPM, SM-7338) (kM3
HREH) 2V, &8 IPM/CS i3 IPM Rix#aE
L, UTOERBZMEDORE, ¥R checker board
TRk AR, BEHR, BEELORNEICH
W, DI IPM £R7,

4) REIRZHOHE

AERCEREZSEEE Y L T &, Mueller
hinton agar (MHA: H{t%) 2HWT, EFHH
DHEH E2HFERT.

5) KREHLEYWEH, HEFRORZER

PIPC ¢ FOM, MINO, ABK, AMK, TFLX,
IPM, MEPM, CEZ, CTM, CZON, FMOX, CMZ,
RFP, VCM @ 14 EFl L DHf R E %, MHA £ H
V2724 checker board #:iZ & D Fractional inhibi-
tory concentration (FIC index) {&% & H L s

Materials

coagulase type

type I 1.9%
"

type I 98.1%

Fig. 1.

enterotoxin

AL 7o

5B o5n7FIC index {H% 4 D08, +42b
B1FERICEOHFRYRBED 5N 5 50.25, 2)ch
XD iRFELL, HEHRERT >0.25~50.5, Q)%
YER D 0.5~2.0, UETIIERABBEDSONSE>2.0 L4
BIZH 13 PIPC L &R L DHEAT, HAL 2408E
BloLdamT 508 L 7%,

6) Fpbdh#RIC 38 L2 PIPC L i 0st AR

X checker board & T ® FIC index {l#2<0.25
DB HEBD 5N, PIPCEIPM, 530t
PIPC Lt FMOX 0l & BRICDOWT, EhZho
FIC index fll #2<0.25 T, PIPC i % B & 1 (100
ug/ml) O S. aureus F-1922 ¥k, FHEERME (12.5
ug/ml) @) F-1895 #k% FA\>{T> /2o Mueller hinton
broth (MHB: SRBF{LE) TOXRFIERRFOREH
BIC B K127 PIPC L #th#| D HFFIRNR % B8589 12 X
B, 25z DT, Heart infusion
agar (HIA: %BHt%®) 2BV TEERENE LRSS
L7

7) FERIGtHRF MRSA OBENZEL

4R checker board & T @ FIC index f# #8<0.25
DHEEHED 5l PIPC & IPM HtHRE, &
BTHWI, S aureus F-1922 #ic DT, EAER
HcBlr2@84oErEEREFRERHE# (HILX-
650) =M, EFHBOBS L HERTLEEL,
BIFHEUFAREOENICH > TREECE>TT
72o T2 MHB IC TRBIZHENBIAD S. aureus
WCEF EER & ¥ 36FM%, Bk % 3,000 rpm THE
LME8, Kelleberger buffer T %®%, 7Vvy—N
TATNAF (FXHE) CEEL .

EHIIZ1%A R Ty AR (FXHME) T 18 RRHE
SE, 73— NVBAR—EEM YT I VBROR, B
REERETO, ERERToRELL,

II. & ®
1) SEREEROHR
Fig. 1 it/ L = Z <, Awiz MRSA 54 fEK

TSST-1 production A-lactamase production

ND 7.4% mix. 5.6%

Laboratory findings regarding the MRSA used.
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8:1%, KwTF 4 7BTOETH- N 10
TSST-1 X 61.1% DOBERBSELE L Taledt, = 7w
rE¥Y v, 4 7COKIG100%, TSST-1 2 kL
LTwh, B-lactamase 22V T i, 74.1% & % ¢
OBBEEL T,

- Fig 2R L 7 & 9, PCRE¥I & % mecA
BEFHEEOBR, Awvi MRSA 54 ¥k RT2W
T, W5 2R L7z 1,339 bp @ PCR product 2558
poh, mecA BEFEREL TS I LRI N
tro ¥ 72205 @ product 2 HIFRBESE Cla I TN
L-b0O R Fig. 3 KR L 2EHEO—HERLI X
5, FRT0.81kb, 0.53kb D 2ED/NY i
i1z, Song &' 234 L /- PBP 2 OofbERE T
ixE# & L7 PCR product 510 Cla I Y&t 1
DPRTHBZERERLTEBY, RXOBERbVbENE—
BL Tz,

2) BERIRRZM

ERBEBMORBEHEMIC, ETHET 3 &,
Table 1&2 77 L 7z & & &, RFP(0.0125 ug/ml),
ABK (0.78 gg/ml), VCM (1.56 ug/ml) OETH
5 72e KT IPM, MEPM %25, 50 ug/ml C, *
ZavHlo TFLX i 25 gg/ml TdH - 7z, B-lactam
FlizwThoZEH b HE 1388 {, DMPPC ix>800
ug/mlTH D, % { @ cephem FiZiF & A ¥=2200
ug/ml T, BEAL BRI EBNEE % MRSA T
Hoteo f-lactam B O HFTIZCMZ, FMOX %850

- - - o

- e e 2.

MW, HM.W.

Fig.2. Agarose gel analysis of PCR products
following amplification in the 27 strains of
MRSA used.

*1:339 bp, M. W.. molecular weight F-1870
(left) to F-1926 (right)

MW.a a®* b bc g" a4 d e e f £ MW

Fig.3. Agarose gel analysis of Clz I-treated
PCR products.
*MRSA PCR product (1.4 kb)
**Cla I-treated (0.81kb)
**»*Cla I-treated (0.53 kb)
aa’ (F-1814, F-1814 Cla I-treated)
bb’ (F-1817, F-1817 Cla I-treated)
cc’ (F-1817, F-1817 Cla I-treated)
dd’ (F-1819, F-1819 Cla I-treated)
ee’ (F-1821, F-1821 Cla I-treated)
ff* (F-1824, F-1824 Cla I-treated)

ug/ml T, R MIC,, fHMED - 7.

3) EFHARR

~=y ) % B-lactam F| D PIPC & £ F# L OF
#R Checker board iz 83 % in vitro fFRI%IER % 14
EKANWZDWTKREL, fR% Table 2 it RL 7,

#OfER, PIPC iz, IPM, MEPM, CMZ, FMOX
D 4F L ORIV ERSIRSED Sz, T4hbb
PIPC £ IPM T X A \» 7254 ¥k b, 40 Bk (74.0%),
MEPM & X 39 #k (72.2%), CMZ k i3 43# (79.6
%), FMOX & ix40% (74.0%) i B v TFIC
index=<0.25 L WLIEEIRSED Sz,

% 72 FIC index o # B ix, IPM T 12<0.039~
0.51, MEPM & i£<0.078~0.625, CMZ & % 0.063
~0.51, FMOX & 1£<0.039~0.78 & &b T\
AR TH >, —F, MRSA iz B3 CHE 158
HaNTWw3 ABK, VCM & i3#WAHRENED
5h9, ABK L i3 78 (12.9%), VCM & i2 11k
(20.3%) #$>0.25~=<0.5 D FIC index f %#~ L 7z
2, =0.25 OBWHASIR P RTEAREED SRR
Moz,

% 7- FOM & 13<0.5 ® FIC index (i 27~ L 7= %
b, 12k (22.2%) B onl, FEH 2RI
(FIC index: >2.0) % 34# (63.0%) :L&HTED S
N, IS 4KD 1BV TELNIHHR
BORED 5, PIPC %25, 12.5 551311 6.25 ug/
ml @inL 7-B%, #:F L 72 IPM, FMOX, CMZ x5
FTERAVIEROBRSERED L S BT 2 hER
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Table 1, Antibacterial activity of agents against MRSA (54 strains)

Agent Range MICs,o MIC,,
PIPC 12.5 — 400 50 200
DMPPC 50 —>800 200 >800
CEZ 12.5 — 400 50 200
CT™M 12.5 —>800 50 200
CPZ 12.5 —>800 200 > 800
CZON 12.5 —>800 200 400
CMZ 6.25— 100 25 50
CBPZ 25 ~—>800 100 800
FMOX 3.13— 100 25 50
FOM 50 —>800 >800 >800
MINO 0.1 = 50 0.39 50
ABK 0.1 — 6.25 0.39 0.78
AMK 0.78— 25 12.5 25
TFLX 0.025—> 25 3.13 25
RFP 0.006— 0.0125 0.0125 0.0125
IPM 0.39— 100 12.5 25
MEPM 0.78— 50 25 50
VCM 0.78— 3.13 1.56 1.56

PIPC: piperacillin, DMPPC: methicillin, CEZ: cefazolin, CTM: cefotiam, CPZ:
cefoperazone, CZON: cefuzonam, CMZ: cefmetazole, CBPZ: carbenicillin, FMOX:

flomoxef, FOM:
amikacin, TFLX:
meropenem, VCM: vancomycin.

fosfomycin,

g
g

$00125 005 02 078 313 125 50 200 800
0025 01 039 15 625 25 100 400

IPM MIC (ug/ml)

Cumulative percent inhibited (%)
1y

Cumulative percent inhibited (%)
S

500125 0.05

T RS W m
B8 01039 158" k8 100
FMOX MlC(ﬂg/ml)

MINO: minocycline, ABK: arbekacin, AMK:
tosufloxacin, RFP:

rifampicin, IPM: imipenem, MEPM:

g

Cumulative percent inhibited (%)
L

$039 156 625 %
078 113 125

0%
]
CMZ MIC (ug/ml)

PIPC: piperacillin, IPM: imipenem, FMOX: flomoxef, CMZ: cefmetazole.

Fig. 4. Antibacterial activity of imipenem, flomoxef, cefmetazole alone and in combination

with piperacillin.

L7, BRIZLCLLEBEDORZHOERTEL,
Fig. 4 xR L 72,

Z DR, IPM, FMOX, CMZ, w¥FhoOEHico
WT b, ERHMEEL D PIPC %25, 1255203
6.25 ug/ml MU LRRICERREANCAES Y7 P L
72

4) BEHRICB LY PIPC L iRl OBtEZRE

F #X Checker board #% T @ FIC index {# 23,

<0.25 D¥R I HFED S iz, PIPCLIPM, 55
Vi3 PIPC & FMOX DRIz 8 X127 HAZR
% S. aureus F-1922 ¥k, F-1895 #k%& FV#REFL 7.
ZDER, Fig. 512RL=TEL, WThOBED
FhENOEFEIH 1/2 MIC BE TRBEND, |
& A YEHRIERE FEREREBEES DI,
W# % 1/2~1/4 MIC BE THRA L -84, Ho K
BEN R ERSERER 2~ BREUBRD o,
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< by 2 s — : E’ E st
Q AV = o control
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‘E 2.l s FMOX alone 1/2 MIC (50 ug/ml)
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© - -] E9
s | = @ | & w | <
2lah|le o w NS Qe 58
2 lm|em = c |l e N ©7
g | = V|V e g e o control
g ] K] e PIPC alone 1/2MIC (12.5 ug/ml)
F A 35 o IPM alone 1/2 MIC (0.78 ug/ml)
E ] ~ &5 54 a PIPC 1/2MIC+IPM 1/2MIC
8|2 |lgow Sl _&®B|5 % « 3 a PIPC 1/4 MIC+IPM 1/4 MIC
& °|e |8 E S 9 PIPC 1/8 MIC+IPM 1/8 MIC
,‘g \ A\ = § 0 limit of assay
(% > —
< ol S 8 0 2z 4 6 24
ZlE|ereg |2|2-2|FE _ Time (h) =
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é o - § ;‘é’ Fig.5. Bactericidal activity of g-lactam alone
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N
2| ol e < g ¥RIC S. aurens F-1895 #k T, WD 1/8 MIC &
Qo P _ N
a5l -e |3|S-2|Ek DA TIER 6 BRIGERIZ 10 S TR L, %
(=] )
%3 LW HHARR ST S h iz,
o <. ?é 5) FHERRE(L
o ~ o3 F|lo—-23 |83 PIPC-IPM D& ¥ I1 D W THWAHEI R D
o
< Stz S aureus F-1922 k2 AV, EEBEFEHEMY
g = _
o e| £0 FE AL TERAREEOREFNRE ST, 20
=] (=] < —_
E Dl = B §§ #ER, Fig.6-B, CicmLA&S 1, SEH1/4
E § MIC+1/4 MIC OME Tz 3REMER %, BIXEH
Sle <=8 BT & CRIEAL T D, —HREEmRs 8
S|V 2 *I|L|le—R|EZ Zant
= AlVY ANIES ? <o
g0 ZOERBREEFEM2MICBE GRER &
2 zE D123 > IO IEAGOED &, %7 Fig 6-C
g WWR|c|yg $3 ERLIE S 12, SBRRORR L LB L SN
ola § J, s E = ; D S. aureus BEPHE S iz,
=@ %R 5 L % = |
MRSA izx43 2 BEHREME, HLERID in  vitro,
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in vivo HFRADOERMIC DV TIREBIES DG
ENTVEY, FREREFMICHL TLEBESHD
BREFIsEN s ho0H 549,

4 b 450 MRSA BEYEICK T 2 EME, HIE
HOMHREEOERELREBD 5 7:®, B-lactam # %
FLETI2HMOERE INE TREDD Rd o e
—y ) U RFEME I DT, piperacillin (PIPC)
v in vitro FERIBE #BRET L 12, T DEER, v
BHAERIE UES Db DD, EkD 5 REDH
Boht, Txbb, 1) =) % g-lactam &
® PIPC 135§ 5%E @ p-lactam F L O HHREIR 2 R
Zk,2) #2LT%#0 B-lactam # & ix IPM, MEPM,
FMOX, CMZ Th o722 &, 3) BOHABE LR
TIho O B-lactam Fi3, BEMERKE, S aureus
OPBPs iz L, £BOBEEHMMEEL > TW0E I
t ’Cb 6 11,12)‘.‘

Fvy/: MRSA 33 XT mecA BEF2EEFL, B
L 7% L D g-lactam FZ LM E BT 2 R T8
wELY Thol, 723777 —PRIFNZ98.1%
VHEFEEZIRTLEREI ATV E R
HoT,

Zho@RicH L, PIPC L FERAEF AW
BRD 79.6~72.2% DOk FIC index {#23<0.25 * &
WHHEZRPED S iz, % 72 FIC index & » & B
i, 0.055~0.61 (4&[FH) xbHTEVEHY
RTho7,

EHWERD» S 28 L 72 MRSA ioxt L, PIPC #8

Fig. 6. Morphological alteration of Staphylococcus aureus F-1992 (MRSA) treated with pipera-
cillin (PIPC) plus imipemem (IPM).
A:normal cell
B, C: PIPC 1/4 MIC+IPM 1/4 MIC

IPM, FMOX, CMZ % #EWHtHZIRE2RTOR,
PIPC %8 25~6.25 ug/ml DBETCHELELTWE L
TH+HTHY, ThoDHAMROBELIRER
Fig. 7wwm L/ & 5 ot OB O S iR
B ThH o T,

7o & 2 i FMOX D35 &, H \» /254 % @ PIPC,
FMOX @ MIC,, B i3 Z 1L Fh 200 ug/ml LA E, 3
WX 50 ug/ml HDTHEMTD2g, 1g HETTRE
MPB|E I E > ED W, —4, PIPC ofif
W 25 pg/ml I3EK = 2 g, 1 BSRAREREICH 2,90
MgHFCcx2BETHYD, Table 3RTLIK
PIPC 325 ug/ml % # ¥ L T v h iF, FMOX 0
MIC,, # 1% 6.25 ug/ml i T8> Tw» 2 DT, PIPC
5225 ug/ml R #ERE L TV BB &, FMOX 286.25
pg/ml OMPERE S HERFL TV ARBMEOXHE A
75 B % TOBRRIS PIPC & FMOX %6t L 7284
DOBEMPBELrEZ 5 E8TES, AERIES
PIPC t IPM, CMZ Tb 3 H % 5,

~R=v ) v % B-lactam F| D PIPC s ¥HED
-lactam #l, IPM, MEPM, FMOX, CMZ &
RBRERTO», HEEBLTFHRIEIA TR,
72122050 g-lactam R i3RI B I/ERARE, S. aur-
eus O PBPs o L, ¥z PBP 4w EM 25
DT ENILBEL TS,

S. aureus ® PBP 4 AL T ik, SHNERMET
SEMRSE R BT, S. aureus @ PBP 4 % BRI IHE
¥ % cefoxitin (CFX) % B>, CFX 0.05ug/ml T
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3 :gicc il :- i < PIPC 2g d. i. ~=PIPC 2g d. i,
P gd i ; .
ey o IPM/CS <o~ FMOX 1g d. i, «<=CMZ 1g d. i.
3100 500mg/500mg d. i.  100F 100
R
=
8
g 50 50
S 25 25 ‘ E
E S
= ] ]
3 n r; =
. A ab Aa b B
a
051 2 3 4 6 051 2 3 4 6 051 2 3 4 6
Time (h) Time (h) Time (h)

PIPC: piperacillin, IPM/CS: imipenem/cilastatin, FMOX: flomoxef, CMZ: cefmetazole.

Fig. 7. Serum concentrations of various #-lactam antibiotics.
A—B (A’—B’): Time above 6.25 ug/ml (MIC;, against MRSA used in
combination with piperacillin (PIPC)) of serum levels (i. v. drip infusion)
of imipenen (IPM), flomoxef (FMOX), cefmetazole (CMZ), respectively,
when the serum levels of PIPC was above 25 ug/ml.
(A—B: PIPC 2 g i. v. drip infusion, A’—B’: PIPC 1 g i. v. drip infusion)
a—b: Time serum levels maintained above the MIC,, of IPM, FMOX, CMZ

alone according to MRSA used.

DO PBP 4 DELHEETCHHEELZhozZ %
gELTWS, $-EAU#HET, PBP 4L fthD
PBPs, 72k 21X PBP 1% %\>i2 PBP 3 H& B
E3hBBE, ELLOBHEEFERASRENS ELTY
3, Wyke 5'® i3 PBP 4 DR¥% 13 S. aureus EHE D
RFFFTYV AV ORBEEOELVWEHD LEEL T
WBZEEREL TV AMLUBE A ERFIREATL
B, SBRIDEIBELTE S CRHZED S TFET
b5,
EEOBKDBICBVWTRERKBEETBEIC
MRSA B34 U 2358, MRSA B X D &E
BERUDETET7L0BUEE DEERELEL A
bhd, D7 MRSA Bt it 2GRS BMT
B iiEmE, fEABtnwItbboE o> THA
KX BBENTOLBLTHS, LELLHFRIEHz-
T}, vancomycin | 85§ T i3 > MIC % 7= 7 25,
HEEIC k> Tizsh 3L b FIC index 25 & \» & 1ZfR
599 teicoplanin iIC DWW T L2 FKD Z L BE D
hTw3, SEOKE T b vancomycin iZEHE T
1.56 ug/mIBEDOEWMICZ2RLIZZb DD S
¥, FIC index T# % & 0.5~2.0 & i 388 54
BHLHTED, A HIz> TRHFFAEDRNIC
DWTDERONSHETHS 5,
51z, BEFE, BEEFZEOKREH MRSA
RYEw, L VBRNCHARERTICH > TR
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In vitro studies of combinations piperacillin and various
antimicrobial agents on MRSA
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1) We investigated the bacteriological characteristics of 54 strains of methicillin-resistant
Staphylococcus aureus (MRSA) isolated from patients in the Clinical Laboratory Department,
School of Medicine, Yokohama City University between January 1991 and July 1991.

2) Coagulase type-II strains accounted for 98.1% of the isolates, and enterotoxin C was
produced by 48.1%. Approximately 74% of the isolates produced g-lactamase. All strains tested
possessed the mecA gene.

3) Combination of piperacillin (PIPC) with imipenem/cilastatin (IPM/CS), with meropenem
(MEPM) , with flomoxef (FMOX), and with cefmetazole (CMZ) in vitro yielded potent synergistic
activities (FIC index: <0.25) against 74.0%, 72.2%, 74.0%, 79.6%, respectively of the isolates.

4) Based on the morphological findings, when treated with the PIPC plus IPM combination, the
MRSA cells became swollen and disintegrated.

5) Although the mechanism of the synergism between PIPC and the above 4 drugs is unknown,
it appears that the affinity of these drugs for S. aureus, PBP 4 is related to this phenomenon.



