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AF) CTEEET P YEKE (MRSA) ioxtd 2 HiE#I80S
20 NCHFRMERRED in vitro HiEH

BE WT-MR BT -® 1
BR HbE-#WaH R
H YR BR 7 AT IR o b 0

(FRR34E6 H 2 HRAT - FR 349 A 18 HZH)

1990 FERTEWCIUAR T O 7TiRRETHBE S N X F 2 ) UTtERE 7 1 o 5kE (MRSA) 100
Bt 2 MIEA #M G L UBERIBERBE O in vitro FIERNRIC DL TR L1, BEOKRER
THRELB2MPEMRELZERL T, B/NREMILBE (MIC) 3 fosfomycin T 25 ug/
ml 2L T, cefmetazole T 12.5 zg/ml LA F, vancomycin T 6.25 ug/ml L F, minocycline
B & imipenem T 3.13 ug/ml LA F, ofloxacin ¥ & tF netilmicin T 1.56 xg/ml LA F,
rifampicin T0.78 ug/mI AT OB E 2B E T 5 &, IFEWMOEFEE L, vancomycin T
100 %, rifampicin T 97 %, minocycline T90%TH D, FOMDOSKITCIE36~45%ThH
>t —H, ERIFEA TIX, cefmetazole+fosfomycin (25 ug/ml) T cefmetazole ® MIC
B125ug/mMIUTORDET2% Lo ZHRARHERNUMEELTRL 2o % 72, minocy-
cline+fosfomycin (6.25 ug/ml) +cefmetazole (3.13 ug/ml) T ¥, minocycline ® MIC
533,13 ug/ml LATFDORKHS 95 % izl 72, LoL, 2D 3IFIBEEDORIEIL, minocycline &
fosfomycin+cefmetazole ¥ DM RIZ L 52 b D TH > 72, %% B, minocycline+fos-
fomycin (6.25 ¥ 7213 25 ug/ml) TSkipHE (BEEETCHOXBFSHLES L, IV EE
BEECROMMENA SN LHR) HED SN, MEFAFRAERCT 2BREOLBEEIIRYE
ahiz,

Key words: x # V) & & 7 F v R (MRSA), vancomycin, minocycline, fos-

fomycin, Skip IR

AFVY UERE T F YRS (LUF MRSA L BET)
R, R=v ) Y RPL7 2 AROTERCTHEEZTRT DA
B, fERAEBEVDbIT=2—F/ 0 REHP
imipenem 7 ¥ & it LD BHICHEA TV 2, —7,
AR T 2 AR L T3, fosfomycin & 7 =
LFREHI", fosfomycin & imipenem®, imipenem k %
7rLREHR, ThI A7) RELT x LRE
A sulbactam & € 7 x 4 % E #|'?, oxacillin &
ofoxacin® %z K L Eh T3, Ll ZhsDEH
HAD S LERYFEIE SN T2 b DI, fosfomycin
L cefmetazole it ¥ D+ 7 = L R EH & D # A",
imipenem & ¥ 7 x AREF| L OHAY DB TH B, Ld
bIhsOptEIz, fosfomycin % imipenem 233 % &
ERMEEOMM £ £ b1z, ZOFRAMIMETFLTET
Wwa,

TITEESIZ, MRSA OFEBK S BKIc T 5

vancomycin % rifampicin 7z ¥ @ ${ & #| 8 #|, minocy-
cline ##h& ¥ 2 EHFIHH 6 D in vitro LEIR %, F
EMhBEEEEL TRETL 7zo & 72, minocycline &
fosfomycin & DI BT % Skip HR (BERES TEOD
KESHEIEEN, JVRBERCEOHEELASN BB
%) OS5I OWT LR EMZ 720
I. # 8 & F &

(1) XREk

190 £3 A»5 8B Th6»ARMIIC, WART
D 7HR (UOKZEFMHERE, (LORIIFRE
B, FERERESRKEE, ESEEAUBGERE, N
mEEk, ILO% KRbe, BEERRESHER) O
BREDICBL TSN MRSA 100 #kE R E L
720 BT 4 A Z7HAEMN (=y A1) T3TC, 18
BRItz U 7z Staphylococcus aureus % B REKIC
WBL, vv 27 77— F 0.5 OEBCHARL D

* WORPERT/INE 1144
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D% T MRSA 2 7 Y) — KK (oxacillin &
6 ug/ml Z{j, BBL) ~gML, 35°CT 24 Wy fHss %
%, WIRMWCEBTDOR >z S aureus % MRSA &
HE LTz

Rtk o BRI, MR 36 4K, M 21 Bk K 10 BK,
WREE A 7 7 9 kk, HIR6EK M2 % Ofth16 8k
DEF 100 %K TH %,

(2) BER%EH

KD BEKI DK % il L 72: minocycline HCI
(MINO, H& v Y —), fosfomycin Na (FOM,
B ¥4 8 %), cefmetazole Na (CMZ, = #t),
imipenem (IPM, 5 & #4 3%), ofloxacin (OFLX,
H—BYH) netilmicin sulfate (NTL, =), van-
comycin HCI (VCM, ¥ # ~ ¥#3), rifampicin
(RFP, HEFNH A ¥ =),

(3) BERIREZMREE

ARG SATRE R R U T, BRFERA
Fkic & MIC 28I L 7z, WEARE L TR2
HHERT 4 3%, BREZUAEAEME L TR ET
4 AZHBHN (WFhb =y XA) EHV, &
BREmE LT, WEAEHT3ITC, 18 RRs#L
HEEEPEEREM T 1,00 ZEERL-bDOERHL
2o BHDEHIZ, 22707709 — (EXHBE
) #AWTEASEFRCHSuIBEST S L
L D17V, 37°CT 18 RIS B ICHIE L 120

nB, BHEHFATIE, HAERSO 1 FLUANOEE
ZEE L THRETL 72, SHRAZEFIOHEEY L2 OREIER
Bk &k 5 TH 5 MINO+FOM (6.25 % 7213 25
ug/ml), MINO+CMZ (12.5xg/ml), CMZ+
FOM (25 ug/ml), MINO+FOM (6.25 ug/ml) +
CMZ (3.13 ug/ml), MINO+FOM (25 ug/ml) +
CMZ (12.5 ug/ml),

1. #& :

(1) s/hRHEHEIERE (MIC)

Fig. 112 MRSA 100 #kic 5t 3 % # K D MIC 4 %5
BRI £1, IhOERORAKAR, HEEOR
S5MBTORES L URENSBRE, Zno0EH)::
BBHHD L YEL - MIC 2#{E (breakpoint) #
ST EFDRMHLDHEL LERUEKOGSE
Table 1 1Z7RL 72 2 2T MIC ZH#{E (breakpoint)
2, FhEROEFON RS T 208U b
STHHFELBL2MNTBAECETVLTIRELL,
MRSA 100 (kP OB ZH KO FE 12, VCM T 100

100 S ——
—_——— oo
S T =
— / NO 7]
o l / M Ve // /
> <
g ! > ; /" =
§ | = 3 foud 1S
& ‘ / S
£ | /;, ; /0 A /~..
v o0H [ /’g /
S =" TS /
t=] | et / g
= ! i 1PM ,
2 I / / / ;7
E » /
3 | - 4 /
© (A 1/
| S 4
- 17| 4
i /!
0 Y2y y4
Drug/MIC  <0.1 0.1 0.20 0.39 0.78 156 313 625 125 25 50 100 >100
MINO 1M 38 16 14 9 1 1 5 5
FOM 3011 M4 1 2u 4
CMZ 412 20 251718 4
IPM 7 5 10 4 1 6 8 2 8 1131 7
OFLX 9 30 4 2 1 6 20 18 4 5 |
NTL 2 17 4 14 25 19 9 4 3 3
RFP 97 3
VCM 1 9 48 2
(MIC: pg/ml)

MINO, minocycline; FOM, fosfomycin; CMZ, cefmetazole;
IPM, imipenem; OFLX, ofloxacin; NTL, netilmicin; RFP,
rifampicin; VCM, vancomycin.

Fig. 1. Distibution and cumulative curve of
MICs of eight kinds of agent against 100
clinical isolates of MRSA.

Table 1. Susceptibility test results of 100 clinical isolates of MRSA to eight kinds of agent

Peak and trough

Usual adult dosage
Agent

serum levels

Standard interpretive

breakpoint of Susceptibility (%)

(g/day) .
(ug/ml) susceptibility (ug/ml)
Minocycline 0.1-0.2 8.8—2.0 =3.13 90
Fosfomycin 2—4 157—-2.6 <25 39
Cefmetazole 1-2 76—0 £12.5 36
Imipenem 0.5—-1 40—-0 =3.13 41
Ofloxacin 0.3—0.6 3.7-1.2 <1.56 45
Netilmicin 0.15—0.2 7.7-0 <1.56 37
Rifampicin 0.45 1.9-0.4 <0.78 97
Vancomycin 2 50—0.5 <6.25 100
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9%, RFP 97 %, MINOT90% T & - 7 28,
OFLX, IPM, FOM, NTL, CMZ Tixw¥h b 50
YLUTTHoTz, & 61T, Table2 iz, MINO %t
DET 2 4BOME R OEAIMHER ORKEERL 72,

—7%, MRSA 100 8kt 3 2 X OF RS O P& 17
HEER I, HAEFOFCBEREEL ThinE
#oMIC A4 LTRL: (Fig. 2), 22T, #8

R OEEREDRE 13, Exfd MIC B¥(H (break-

point) XU TITo7%, £, BRMLDHZ20EH
D¥ER, BEZEEL THLiWLIEF O MIC &g
(breakpoint) IZETWTITo 7, AL, BELEE

Table 2. Drug-resistant pattern of MRSA (100 clini-
cal isolates)

Resistant pattern No. of strains

MINO & FOM 5
MINO & CMZ 9
CMZ & FOM 44
MINO & FOM & CMZ 5

MINO, minocycline; FOM, fosfomycin;, CMZ, cef-
metazole.

100

‘Q\a /l
= .
[
O
g !
a i
.g 5[)_,
s |
K]
3
E —-— MINO+CMZ (12.5ug/m))
O —-— CMZ +FOM (254g/ml)
= ===MINO+FOM (6.25¢g/ml) +CMZ (3.13pg/ml)
======= MINO+FOM (25pg/ml)+CMZ (12.54g/ml)
0 MINO
Drug'/MIC  <0.1 01 020 039 078 156 3.3 625 125 25 50 100>100
MINO
+CMZ 4.2 8 10 3 1 4 5
(12.54g/ml)
fFOM(25ug/mn33 1 1 1 9 1 5 5 16 6 10 10 2

MINO
+FOM(6.254g/ml)
M ) 64613 10 1 [ S
MINO
:gor;« 25ug/ml)
Wsugmp 2 40T 1 ¢ 3
MINO 13816 14 9 1 1 55

(MIC: pg/ml)
*The combinations of MINO plus FOM (6.25 or 25ug/ml)
were omitted since these showed the skip-phenomenon.

MINO, minocycline; CMZ, cefmetazole; FOM, fosfomycin.
Fig. 2. Distribution and cumulative curve of
MICs of drug combinations (four kinds) and

minocycline against 100 clinical isolates of
MRSA.

LTl n3EHl o MIC 45, MINO ¢ 3.13 ug/ml 1L
T, CMZT12.5ug/ml A FTOBKEE2M/KE T2
&, BHFAERICNT 3 ERMEKOBEIIRD L > 12
% %5, MINO+CMZ (12.5ug/ml) T91%,
CMZ+FOM (25 ug/ml) T 72%, MINO+FOM
(6.25 % 721225 ug/ml) +CMZ (3.13 % 7z 13 12.5
pug/ml) TI5%TH5, —4, MINO+FOM (6.25
¥ 7243 25 ug/ml) TI, Skip HRLA S NI DH
D, BREEKOFESOHUELBTEETH > 12D
T, Fig. 2 i3I 5 OHADHERERL TR,
UL, HHETH oI BRFE %, Table2 DA M
BogRextHa€ 3% L, MINO+CMZ 5 & U
MINO+FOM+CMZ Tz, #RIC & 3 B2 Mtkkod
BOLERBE nE» T, T2bH, MINO #h
BLUCMZ BiowFhic bR ORI, h
SOfFRICbEERL 72, %7, MINO, FOM,
CMZ #mpowFhicx L CHMEROEKRIZ, Th
S3KOPRC bR L, LeL, MINO+
FOM T, AW & D RZHBRELS56 %b> & 72 %~
ERUZ, v2bb, CMZ 841 & U FOM 80D
WTNIHTHEROBKIZ 4 % TH > 7258, fFHICE
D AT ERIER I 28 % & 7% 5 T2,

(2) SkipHE%

Xt TIZ, MINO+FOM iz oW T bR L 72
#%, MINO+FOM (6.25 ug/ml) T 3100 &5
#k, MINO+FOM (25 ug/ml) T i 100 Bk 1 £k
Skip Bl b & &7z, Table3 iz, SkipBHRERL
126 BkD > bREXMZ 2HROBRERT, Tho 2
Wt 2 FOM 84 o» MIC 13 6.25 ug/ml Tdh > 72
DT, b L MINO & FOM t O#tAEHN TR
ni¥, FOM % 6.25 ug/ml ML - 2 5 RBEER R
5o MINO &B 51 BWLWT I, Wiho MINO &
ETLbHETERVWRTTHS, L»L, Strainl T
i3 MINO # B 1.56 ~ 3.13 ug/ml T, Strain2 T i
MINO #E 0.78 ~ 6.25 ug/ml THEFEM & & h 1z,
Evnfiznid, 0.1~0.78 (£7:130.39) ug/ml &
v 3 {E 8 EE © MINO i FOM (6.25 xg/ml) OHiE
HIcEHEEB LIRS R, MINO B H1.56 ~
3.13 (% 721%0.78~6.25) ug/mlic E R ¥ 3 &
FOM (6.25ug/ml) OHE N BHEK T 3, — A,
MINO R 6.25 & 7213 12.5 ug/ml LA ETIE, W
FHOKRLIEL T2 v, Zhid MINO #om
FESREOEENEEEZ SN S, 28 MINO+
FOM o Skip L & &, CMZ (3.13 & 72 13 12.5 ug/
ml) ZEMBET 2L TRTHEELI,
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Table 3. Growth of MRSA on agar plate containing various concentrations of minocycline with fosfomycin at 6.25

ug/ml
Minocycline concentrations with fosfomycin at 6.25 ug/ml
Strain no.
0.10 0.20 0.39 0.78 1.56 3.13 6.25 12.5 25 50 100
1° - - - - + - - - - -
2¢ - - - + + + - - - -

+: Growth, —: No growth

*The MICs of fosfomycin against two strains were 6.25 4g/ml, and the MICs of minocycline against strain 1 or 2

were 12.5 ug/ml or 25 ug/ml.

1. =* »®

MRSA 100 BRicxf L T, PidiFI8 s X UHF R
HAREOTERIRICDOWT in vitro TR L T2, BEXRE
D, in vitro COFEITORF ZHESH L A 5N 308,
2 ORI EEEDRE TR, FMBEFIOEEMG
BEZEEALLEEZACTVIEELH Y,

ZZTHRIZ, Tablel iwRLIzXS1E, ETHRA
HFRRLEEOMBCRE L BECEONIRES
JURBOTRESZERDA VI Ea—T +—Lbi»
OR, ChETEFANHEERBEEED L, 0D
B, BEEFIOLEHLERL, A TES PR
BELEMLESIHEE2REL. ChoDEHELIVE
NFEFHEILEE (MIC) 2% fosfomycin T 25 ug/ml
LT, cefmetazole T 12.5 ug/ml A F, van-
comycin T 6.25 ug/ml LA F, minocycline 8 & f
imipenem T 3.13 ug/ml LA F, ofloxacin ¥ & tf
netilmicin T 1.56 xg/ml L F, rifampicin T 0.78
ug/ml AT REZHE Lz,

MEROBMERARF T, MRSACER L O#H
&2~ hs H 5 IPM, OFLX, NTL 23, 37~45%
DEVEMEBIZELYE >, 263D b,
IPM & OFLX T2 D BHEBNETLTWE ED
WELTTIHD, ZhoDME LSEORBEIE
—H L7 —A, NTL X, ARIEMETLTW2
EDHEL, EFBSBFARLEBHATIIREY S0, L
»L, 73 /EEERIERDS b TRAShTER:
gentamicin (GM) % £ T, Bic MRSA icxt3 2
BHRBOZVETLTWILDRE  bH B, &
EONTL OFERS, ZOFEAAFEOWMME & b2
NTL fittE MRSA 38l TETWB I L (2RLT
W3EEZ SN,

— 7%, VCM, RFP, MINO iz MRSA 100 £ & 5t
LT90~100 %DEWEEETRL L iz, VCM
DMICEIZT RT3.13ug/mUTEIEL, fDH
T LRI MRSA I2xt ¢ 3 VCM o MIC {# i3 18

VLTI & e, AHNE T TIIKE T I MRSA B
N BB —BIREA L L > T b2, French 52
i3 MRSA & 1 fE B # D ¥ ¥ # sk B D BOL £ M,
VCM T 14.8% (2T AHF4AN), VCML# 0 in
vitro HRHFEHIT 44 % (34 A 15 N), in vitro %
ERT100% (I3AFI3AN) ThHolLBELTY
%, Cafferkey 5% #S MRSA fMfEBE MK L L
TITo LAKOHMERETH, FDOBFEENVCM T
23.5% (17 A#13 N), in vitro B3t @ amikacin
(—3ixt 7  AREREOHMA) T72.7% (1A
8 A), in vitro MM DOIERT93.3% (15 AF14
AN) THo1:, 72 McManus 52713, S. aureus &
REEXEH L -EERPBH OB VCM 2#AL
7-B¥, MRSA ¥ MSSA (A Fv ) v E#EETFY
Ki) OuiFhsERETH->TH, FOBEERICE
k<, VCM 2Huihif MRSA 2B icBh 308
BRVERRTVE, &5i12, VCM 0#FEMiz—#Ki
BbhTwai3 <z, 73/ REkRigHn
EOFE - BEM 2R TEA L OEERY, mPRE
ZHEL 8o ETHITHBESICHWE b
TER® LI HELDH B,

IhoDBEDEE»S, VCM OFWERELE
EHEN D, gESETH, KOECHERY
“deep” & MRSA BIuFE 1z 1, VCM » E—BRT
RETHH>5FZEz26h3,

RFP i3 100 #kh 97 BRiCHRNTd - 7208, FAE
FIEACRMELZELRT L EDRELH
VCMz Y ofFl e AT hiFERL#ESND
13%0, ERMBERMRVL E PREIZIL TORVLOT, #
BWELLTHRITER Y,

EHIftATIZ, CMZ+FOM (25 ug/ml) DIHAEN
BRETRLI:ODD, RUOEHRCLEE 2T
SEOEARBOERETH, FOM 0 MIC 5 200 zg/
ml Lk %R 3 #2545 % 12 & & 1, MRSA © FOM
BEMMELISEA T2 Z E MBS LWL D,
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—%, MINO+FOM (6.25 ug/ml) +CMZ (3.13
pg/ml) ¥ & FMINO+FOM (25 ug/ml) +CMZ
(12.5ug/ml) TR IS BOAEEERL, MINO #
BOEWEIN%E LEsbo7, LrL, MINO+
FOM+CMZ @ & \» & 1 X ¥, MINO &£ FOM+
CMZ L ofEfERIc L 2 b DT, $HAKC X 2%
gERRAS B>, LIttt T, 20 3FIBEH
HEFIRSMRIER A O MRSA BR324 B
BurEizohd,

MINO+FOM T#& & i 7: Skip TR E, CMZ %58
mERT A LI LD HEL L, ZORKIIR, FOM
rCMZ & O H K% R 5, MINO+FOM T 0
FOMOHENEBET 2 /"= LD LEEEINR S,
2 n RICEBC OV T RBRERN T TH 2,

BAE, 4B, MRSA 100 8/ X$3 2 HiE#| o 41 4k
B X UBERERRED in vitro FUERRIC D WL TEIEMm
hRERPERL TR LIL 25, MRSAKCRVE
HicERIZ VCEM ThH - 7o,

# OB

MRSA R BERE R W 2 UORMI SR
b, FEMREDIEEE, Eir#EALBEERR, /)
BHEMIRR, WO% KRk, BAERRKERIRD
RcEL LB L LT, £/, BEADOEK%E
HRET SV E L REEHCEFERABL £ 7,
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IN VITRO ACTIVITIES OF SEVERAL ANTIMICROBIAL AGENTS, ALONE
OR IN COMBINATION, AGAINST METHICILLIN-RESISTANT
STAPHYLOCOCCUS AUREUS

Kiyoko Takahama, Yoshiko Takeo, Ye Huang, Shigeharu Oie
and Akira Kamiya
Department of Pharmacy, Yamaguchi University Hospital, 1144 Kogushi, Ube 755, Japan

We determined the effects of several antimicrobial agents, alone or in combination, i vitro
against methicillin-resistant Staphylococcus aureus (MRSA). One hundred strains of MRSA
examined were clinically isolated from inpatients at seven hospitals in Yamaguchi Prefecture during
March to August, 1990. The following MICs were defined as breakpoints of susceptibility for each
agent: fosfomycin, <25 ug/ml; cefmetazole, =12.5 ug/ml; vancomycin, <6.25 xzg/ml; minocy-
cline and imipenem, =3.13 ug/ml; ofloxacin and netilmicin, <1.56 xg/ml; rifampicin, <0.78 ug/
ml. These values were decided on the basis of attainable concentrations in blood after the recom-
mended dosage of each drug. All MRSA strains tested were susceptive to vancomycin. The suscepti-
bility of MRSA was 97 % for rifampicin, 90 % for minocycline, and 36—45 % for the other five
agents. When cefmetazole was combined with 25 ug/ml of fosfomycin, it inhibited 72 % of isolates
at a concentration of =12.5 gg/ml. This two-drug combination was synergistic. Also, minocycline
inhibited 95 % of isolates at a concentration of £3.13 xg/ml, when the combination of minocycline+
fosfomycin (6.25 ug/ml) +cefmetazole (3.13 ug/ml) was tested. The excellent activity of the
three-drug combination was due to the additive effect. In the combination minocycline with fos-
fomycin (6.25 or 25 #g/ml), the “skip phenomenon” was observed, namely, the bacterial growth
was inhibited at a lower concentration and not inhibited at a higher concentration of minocycline,
indicating the necessity of further study on the interaction of these two agents.



