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Methicillin &P (MSSA) s X Ol Staphylococcus aureus (MRSA) zwt-3 % cefpiramide
(CPM) & cefotetan (CTT) o in vitro {fRZE %At L7z, Checkerboard dilution method
X AP EBR ORI T, FMALPSERME, MERMNYE MRSA X LTRIFILEFEDRERL,
RE MRS 20N THHERMCIEA Lo X6k CPM, CTT BHIOTFET TAHE L-HEIX

autolysis L3\ Z LATDON, ChOAHEMREELTRTRREEL ORI,
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sE4E, methicillin [{jf#& Staphylococcus aureus (MR-
SA) X BRRPENHEML, BRHBRR%Y & D EKLERM
B, T\wb1, Cephalosporin RFLEWE TH 5
cefpiramide (CPM) iz, WhwWwaHE 3ttt 7 = 4%
OHTh S aureus kgD /T AHEE IV
Pseudomonas aeruginosa %#&di-7 5 s EEIC
BAEVWHEEEYRT - L Xabh 5%, %/, cepha-
mycin RHEYE T % cefotetan (CTT) % S. aureus
T AMENRE VR, /7 o BURCREEERLT
L% %E P-lactamase T LCHBDTEETHS Z &2
abhsY BERRERNDREAENR, b b TomPER
#ia CPM 249 4.5 Befll, CTT 12493 Beffl & iy
g 50, — MBI R s 36K 0 BIR it
HEONERI BN, BREOFHELEROFEA
OBRTHLEBRECKRESERShBZ L AbATY
%o & Z CH 4 X penicillin-binding proteins (PBPs)
w3 s BMERR AR D ho, RRNMSLEBEHO
R\ B-lactam FThrHHAOHHAOTRESEYE L, %
3 in vitro T methicillin-susceptible S.aureus
(MSSA), MRSA it 50 HBIR¥BRN LD TH
IA:;.?' 60

I. REBEMEGSIUEE

1. & &

1985~1986 1T/ BES Nt MEBRIERRE D EEFkS
Bt MRSA B XUO%BE LT MSSA Th 5 MS 353 ¥
%5 X OF penicillinase 47 5 2 § F pMS96 %\

1o
A
Cefpiramide (CPM, {X#3K), cefotetan (CTT,
Wz "% IE), methicillin (DMPPC, FHE3), cefo-
taxime (CTX, 48138 /A Lis,
3. RIRBIHIERE (MIC) oJE
MIC DRFEL 7 » — AFREL T 75 - 1o Sensitivity
test broth (STB, =, xA) T37°C —KHEEELL
BEREFAZHEAVCTERL, EHEF STB iy 10°
CFU/ml i27c® X 5 o8 Lic, 37°C, 18 BRIz,
HR CTHROREOROh W B/MEEY MIC kLl
4. BHRABHROHE
BEA%ZhE 1L checkerboard dilution method iz X h#
7 L7 fractional inhibitory concentration (FIC) index
ERACL-TRD, HELEILTFOI KL,
FIC index=
PtARD CPM @ MIC | $tfBKsD» CTT o MIC
BEso CPM o MIC ' B¥iso CTT o MIC
FIC index<0.5 #HH3%E
0.5<FIC index<1.0 #Hjn
1.0<FIC index<2.0 4EBA{
2.0<FIC index EC2

5. BREMBReRIEITEE

STB % FI\T 37°C %Kik Lg% 104 CFU/
ml 275 X 51 STB L, 37°C 2 REER
HHRIER S SRR AR R A RIE Lic, FHBRET

+

* HERAELRANE 2220
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£/ FIC index 5 x HREXH I,

6. Autolysis K

TR

QURONFLEH et al. DI BRI UTH1r -1 Tiedb
H—FREDOEF ¥ EE TS STB T37°C 24 I L
7-Bi¥ %, 10 mM phosphate buffer (pH7.0) T 1 [E4&
B, By 7 > —E L, O. D.600 nm (optic-
al density) 23#7 0.5 1&/e5 X 5 «iR¥tk BIOSCREEN

C (Labsystems,

JAPAN) % F \» T O.D. #{RIRHY

WEHRLE @ autolysis # 122 L1z, FHIZ M/ FIC

index B CWOLETOMEE I WIE, T7bb MS
16005 #f iz ix CPM, CTT & % iz 1.56 pg/ml (1/16

MIC),

3.13 pg/ml (1/8 MIC) # kD IR # %, MS

16009 #kici% CPM 1.56 pg/ml (1/32 MIC), 3.13 ug/
ml (1/16 MIC), CTT 3.13 zg/ml (1/32 MIC), 6.25
pg/ml (1/16 MIC) i [iF 0 3&F % B s X ODF B TIE

T,

1.

II.

Table 1. Antibacterial activity of CPM, CTT and other cephalosporins
against methicillin-susceptible and -resistant S. aureus

® B M R
CPM & CTT offm%hR

MIC (pg/ml)"
Organism PCase®
CPM CTT DMPPC CTX
MS 353 - 0.39 3.13 0.78 0.78
MS353/pMS 96 + 0.78 6.25 0.78 0.78
MS16015 - 6.25 12.5 25 25
MS16094 - 3.13 25 25 25
MS 16005 + 25 25 50 200
MS 16006 + 12.5 50 100 50
MS16022 + 25 25 50 200
MS 16058 - 100 200 800 800
MS 16088 - 200 800 1,600 1,600
MS16009 + 50 100 800 800
MS 16050 + 100 400 1,600 1,600
MS 16052 + 100 400 1,600 1,600

2 penicillinase production.
b : determined by broth dilution method.

Table 2. Effect of combination of CPM with CTT against
methicillin-susceptible and -resistant S. aureus

Organism Minimal FIC index® Conc. (pg/ml) (CPM : CTT)
MS 353 0.500 (0.10:0.78)
MS353/pMS 96 0.375 (0.20:0.39)
MS 16015 0.375 (1.56:1.56)
MS 16094 0.281 (0.78:0.78)
MS 16005 0.375 (6.25:3.13)
MS 16006 0.375 (3.13:6.25)
MS 16022 0.313 (1.56:6.25), (6.25:1.56)
MS 16058 0.250 (12.5: 25)
MS 16088 0.500 (200 : 50)
MS 16009 0.188 (6.25:6.25)
MS 16050 0.266 (25:6.25)
- MS 16052 0.266 (25:6.25)

* I determined by checkerboard dilution method.
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MSSA D4z & LT MS353 #ts XU penicillinase
(PCase) st~ 5 A ¢ N4+ % MS353/pMS 96 %
Fl\» 75 MRSA & DMPPC o MIC 2% 6.25~400
pg/ml 0% O ESEERHE, DMPPC @ MIC A% 2400
pglml © % OFMEREEMAL, ThEhs kI oM
F L1z, PCase ORifBIL=trt7 ;v (Glaxo) %[
WCHERR Lo Thbo Hikkic x5 CPM, CTT,
DMPPC, CTX o MIC % Tablel &iRL, %O
/N FIC index & # o & & » CPM, CTT D%
Table 2 iR Lo

MSSA ThD MS353, % X0t PCase HEALM MS
353/pMS 96 1= xf+5 CPM & CTT o FIC index
%, FREh 0.5, 0,375 LiAFREEE AR Lico CPM 3
X0 CTT bttt MRSA i+ % FIC index
(L 0.281~0.375, & JETM#: MRSA w3+ % FIC
index (% 0.188~0.500 &\ T hd BIF/LHEERNR AR
Utoo FREEEith, EEEME MRSA wk\ T, MZEH
BITENAERARBZIR T, ¥ PCase 0FFITLD
FIC index OEEfEHRZELED NI 5T,

2. FEMBCRETEE

chEEEfift: PCase 4 MRSA T % MS16005
B ¥ LOESERmE PCase 4 MRSA o MS 16009
BRiesxt$ 5 CPM, CTT o checkerboard o #ER%
Fig.1 @R L, T hbmtkics+5 CPM, CTT §#/
B D RE 1 R AN IS Lic (Fig.2),

MS 16005 #kiz. CTT 3.13 pg/ml (1/8 MIC) H¥T
fER SRR, BHOBLBD LRI 5 T2 B,
CPM 6.25 pg/ml (1/4 MIC) iz CTT 3.13 pg/ml %

MS16005

50 - - - - = - - -
25 -
125+ + + + + - - - - -
6.25) + + + + + + + - -
3.13] + + + + + + + - - -
1.56] + + + + + + + +

0.78] + + + + + + + + -

Conc. of CTT (ug/ml)

0.39] + + + + + + + + -

0.20] + + + + + + + + +

0 + + + + + + + + 4+
0 0.20 0.78 3.13 12.5 50
0.10 0.39 1.56 6.25 25
Conc. of CPM (ug/ml)

Fig. 1.
(checkerboard dilution method)

FMCER+ 5 & & DEPHIC RENET 57, MS
16009 #fiz CPM % 6.25 pg/ml (1/8 MIC) BT,
» Bk CTT 6.25 pg/ml (1/16 MIC) BHTEhEn
R &R L EBEOBY IBRENIh STl |
FEAB ATz Lic X VEORP BRI v,

3. Autolysis DIR%EE

s XU LicHEic X b, MS16005 #,
MS 16009 #kic CPM, CTT %X & &0 auto-
lysis %1% L= (Fig.3), MS 16005 #kic CPM %4
- 1.56 pg/ml (1/16 MIC), 3.13 pg/ml (1/8 MIC) f¢
g tErit, avie—AL LRIEABREDORET
Y Lico CTT %MW T 1.56 pg/ml (1/16 MIC) {Ff
K@l bEiza v b e —A X b2 EREELLE
L, 3.13 pg/ml (1/8 MIC) fEM & i & &1y 31%
BERLHEE Lico CPM & CTT 2 ThZXhoRET
Ot Lic &k Zicix, CTT Dk L CTT Bgc
fER XL X LABEOHESE THE LIS

¥4z, MS 16009 iz CPM % 1.56pg/ml (1/32
MIC), 3.13 pg/ml (1/16 MIC) BHITIERI#I L&
i, avie—L Lt EARBREDEXTHELN, CTT
B yh ¢ 3.13pg/ml (1/32 MIC), 6.25pg/ml (1/16
MIC) fE X et Eicita v tre—A X hd# 28
EEBE Lz, CPM & CTT #ThZhoBE T
AtsE, CTT BEMCIFAI¥LE LRABENES
THE L

LLED X5z, CPM, CTT fiAEEnzIZ MS16005,
MS 16009 FHEIZ s\ T autolysis LT chT &M
Rukidhic,

MS16009

400 - - - - - -
200 - - - - -

50 o+ - - - - - -

25 + o+ o+ o+ - - -
125 | + + + + + - -

6.25| + + + + + -

3.131 + + + + + + - -

Conc. of CTT (ug/ml)

1.56] + + + + + + - -

0.78] + + + + + + + - -

0 + + + + + + + +

0 0.78 3.13 12.5 50 200
0.39 1.56 6.25 25 100

Conc. of CPM (ug/ml)

Combination effect of CPM and CTT against methicillin-resistant S. aureus
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Incubation time (h)
— Control —— Control
—®— CPM 6.25 ug/ml —®— CPM 6.25 ug/ml
—®— CTT 3.13 ug/ml —®— CTT 6.25 ug/ml
—&— CPM 6.25 ug/ml + CTT —&— CPM 6.25 ug/ml + CTT
3.13 ug/ml 6.25 ug/ml
— — Limit of detection — — Limit of detection
Fig. 2. Bactericidal activity of CPM in combination with CTT against
methicillin-resistant S. aureus
I11. # = PBPs &xf L T2 » TV B AREMEAE 2 bh b, MRSA

MRSA 3REHMRICIT <, B-lactam FiZHFED
Eyv, HLlv<=v) vEAEAE (PBP-2) »EALL
TWHLEDE HEL LTS E EX LR TR YO, &
0 PBP 348« D&M TR TH I LT X H BEHINCE
EXRBT EMNBLAERTVWSY, 2D MRSA i
%5 B-lactam #| & OBFFIBIT HEERAIH 5\ LK
BRBENES BMEIRTW B2, SRR ALERN
BREOBE NI cephalosporin RITEHWE TH S CPM &
cephamycin RHUEWE TH 5 CTT O AR 2
L7

CPM & CTT offfix, MSSA, & MRSA,
BEMYE MRSA WTFhizk\\Th BIF is HEDREY
T L BEEA DR TEVTH ThABRE Ihic
(Table 2, Fig.2),

Z®D CPM & CTT DOMHFEREIL, MSSA Kk Th
Buxhi-z L2t PBP-2’ LIS DIER EM A B
OhtebCBE LTw5 EE X b b, Escherichia coli
it B-lactam FOBADOHIE TR, RicHEILX
-4y } PBPs wRABHCfEATAC LItk D, BREN,
BEONEREh Bz @b TR 19, CPM &
CTT oftfEsicd = ® X 5 7 fF A #° S. aureus O

Rt B HEHR oW T L, D MSSA TO
N2 AXANBEEL TWAI ENELLRDN, I Off
iZ MRSA Ofiffkic kKES<FETHLE LR TV
PBP-2’' iz LT CPM & CTT 2ED X5 fFALT
Whh, Xzt CPM o MRSA a3 % 585 E TD
Ef %25 & sub-MIC BETHLRENCERATHZ &
(RFEFEF—2), S.aureus DFEHET%H PCase L OFEF)
OFEEEA T HEIER, PCase 0RBRIEFTHEEZD
HYEN, 0L CHAIOHFHRCESE LTV
MHIEDOWT, SHILTEMABRNANLETHD LEX
T\ b,

¥ 7o, WFRIGHABRCAEE LicE D autolysis %EBE L
telAh, VR AHNERBE LY TR, T
Wb EnHEE Lic (Fig.3),

QURONFLEH %3 MRSA zxf L T DMPPC 7: autoly-
sis L=< fEATA DL PBP-4 OfAEIC X b 2K
IEHEN HEI RS LIEBZ L 2 RELTWS
2, 1 & D4AEH autolysis B 52 BT L L EE
ThTuws, CPM & CTT OffARCAT LEY
#HHE & LT MIC ZHRIET 5 &, autolysis D2 h 3
WEETEE LIcHEL, BRARZFRAIE VWSS
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100 g MS16005

% Initial Asoo

20+

0 1 1 1

100

20

0

MS16009

0 4 8 12

0

Incubation time (h)

— Control

—&— CPM 1.56 ug/ml

—a— CPM 3.13 ug/ml

—&— CTT 1.56 ug/ml

—¥— CTT 3.13 ug/ml

—O— CPM 1.56 pg/ml+ CTT 1.56 ug/ml
—0O— CPM 1.56 ug/ml + CTT 3.13 pg/ml
—o— CPM 3.13 ug/ml + CTT 1.56 ug/ml
—— CPM 3.13 ug/ml + CTT 3.13 pug/ml

Fig. 3.

IZHANT CPM @ MIC fEiAMETF LTz & CREER
F=2) b, HEO AL LIS ENB autoly-
sis LoT< 725581 MRSA ORSFHILZ3|ZE L
Tk b, ki L7 PBP-4 OEEOELEDOFEEK Y &
SHORFAVMLETH S EEL T b,

W 35\»C CPM & CTT 2% in vitro © MRSA
Zx LTHEGRE >R T L &R L1, MRSA 134
iz X b PBP-2 OFEDOEEMNRIc ST &K
TOBEREXFRHMTE V2, MRSA wH\Thiih
A, EARBTHARFLBE I invitro TFEX
NBLEDBEN invivo THLRB Z EXBREINT
WABZ MR, F i in vitro CTHESEIBLRTY
in vivo THEHEIBRLI S DILEREBEXFTIC
R TE L VWERNE VR T, BHROHARZOER:
BABEY D Z D&% &b B ifilcd f-lactam H| o
HAEETHHEELZLLNDZ LE0L, WHAINHEORRK
ETCoRERESIIFEI RS,

X 3
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—&— CPM 3.13 ug/ml
—&— CTT 3.13 pg/ml
—¥— CTT 6.25 ug/ml
—O— CPM 1.56 ug/ml + CTT 3.13 ug/ml
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—&— CPM 3.13 ug/ml + CTT 3.13 pg/ml
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Autolysis of methicillin-resistant S. aureus in the presence of CPM and CTT
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COMBINATION EFFECT OF CEFPIRAMIDE AND CEFOTETAN
AGAINST STAPHYLOCOCCUS AUREUS

Masato WatanaBe and Susumu MITSUHASHI

Episome Institute, Fujimi-mura, Seta-gun, Gunma, Japan

MaTtsunisa INoue

Laboratory of Drug Resistance in Bacteria, School of
Medicine, Gunma University

We studied the in vitro antibacterial activity of cefpiramide (CPM) in combination with cefotetan
(CTT) against methicillin-susceptible (MSSA) and -resistant (MRSA) Staphylococcus aureus, using

the checkerboard dilution method.

The combination with CPM and CTT showed good synergistic

activity against moderately and highly resistant MRSA strains and also synergistic bactericidal activity.
The MRSA strains grown in the presence of both CPM and CTT were autolyzed easily, and these
results may represent the synergistic activity.



