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Vancomycin (VCM) &M Staphylococcus aureus ATCC6538P #k, ERR5BE VCM B % Methicillin—
resistant S. aureus (MRSA) H-1 #k, heterogeneously vancomycin—resistant S. aureus (Hetero—-VRSA)
Mu 3 #k, vancomycin-resistant S. aureus (VRSA) Mub0 ¥® VCM 2/ § % &% % MIC, population
analysis # VT L7248 R, VCM I T2 MICHEIZZh 205, 05, 1, 8ug/ml Th o7z T/
population analysis T 10" CFU OAifa#¥%E % 5e &2k 2 VCM iEldZhZh 8, 4, 10, 13 ug/ml T
Ho 72 F 72 Mu 3 ¥k D"C-N-acetylglucosamine (*C—-GluNAc) D HIFIBEEL ) sAAH %, ATCC6538P #k,
H-1%35 X O Mu 50 ¥k & B L 72453, hetero-VRSA Mu 3 %DEL Y :AAE X VRSA Mu 50 #RDHLY A
AHED 80% T, VCM Btk & B L 72356, 26~144 ML T/ 512 Mu3 HKiZH T %5 VCM
¢ aminobenzylpenicillin, ceftizoxime (CZX), cefpirome 3 & UF sulbactam/aminobenzylpenicillin ® f
AR, 3 XTHERERLE. 85612, Mu3HPWAEFTE 2\ VCM 5ug/ml &4 ? BHIB IZEFERR
L7z CZX 2N $ % & CZX @ 0.0078~0.125 ug/ml £HFF T Mu 3 MRODAEFVRD SNz THVCM &
B-7 7 % LEDHEHBS % FIH L T hetero-VRSA Dfi SR IMEERFF L72L T5H, MuSHMPAEFTE
%\ VCM 4 ug/ml EFERFRED f-F 7 ¥ LEEH paper disk FAFICOALEFTHAIBEE SN, 20
FEARHOCTEZEOBKSH MRSAISTS MDA 7 ) —= v V2 iTo72 8 25, 65% (108 4k) AR &

A
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Vancomycin (VCM) E#EDEI) L & 5> o 72 MRSA &K ¥
ENDRE L) VCM K & % % MRSA Mu3# (hetero—
VRSA)Y, VCM ittt MRSA Mu 50 % (VRSA)™® % 58 L
A

Mud#icRER s AN yav4 y ryATFuEEE T F
Y ERE (hetero—-VRSA) i, VCM & O X ) VCM it
HEEB T FYEKE (VRSA) Mu 50 B & RO % #15
THILPRESHTVAEY, ~AFuitE# iz ZoMieEH
WICABOMERE 2 ate/20, BRI L > TREEITRE S
NHEEOADHBERNEBEHITED S, LA Lhetero—
VRSA i3 MIC, disk #i#ki%, E-test 2 EOBKRREE TH
BibhaBREHRBRICBVWTRE LS hR vz, &
ke LTHRbNTE s FD728 VCM BB REBRYIZAT
bhb L, REEIZVRSA DAHIEIREN, VCM REFHER
b L<IZ VCM BIEl s 2o TV AT EEMR A H 519, VCM
191 E b PETHEFEL L TEASHK, HETD
MRSA BRSEICH T HABENZEREL LTERASA T
%o L7 L hetero-VRSA IZ VCM A 15 &£ VRSA 12
Bbs AWML ZEZ OBz, VRSAKMOERIZAY
PRV, FO7-DIFEMIZVCM O MRSA KT 2 HF %)
HEREET 57252 hetero-VRSA DRHMIZEETH 5 &

Zz 65, A TIE, hetero-VRSA Mu 3 ¥ X UF VRSA
Mu50 %D VCM Mt X ## = X452k L Thhbhixfis
L7-HRBE S R D TLHE DS, hetero-VRSA Mu 3 ¥EiZB W T
EB-92 5 MEOHETCELICHERBT 228, 20
BR%ZFHAL Thetero-VRSA D SR ELXZEE L
L, ELIZZDHEERCBEKRS MRSAK D 5 D
hetero-VRSA WD R 7 ) —= v VR 2 HET 2,
I MH & H &

1. fBraliEek

VRSAMu 50 %%, VCM iGN R L % 5o 7= i 18
fili 9 BE DWESE 2 5 538 S 72 MRSA Mu 8 %Y, VCM
Y MRSA H-1 #*3 & UF VCM Bt Methicillin R
Staphylococcus aureus ATCC 6538 P #k% [ L 7=,
1995 4 A 5 1996 £ 122 F T 16 Mgk A LoEshi:
Methicillin—resistant S. aureus (MRSA) 1673 ¥ %
Wiz,

2. TEREH

VCM, flomoxef (FMOX), latamoxef (LMOX),
ceftibuten (CETB) (335 %F #% % %, imipenem (IPM)
EEARIE, aminobenzylpenicillin (ABPC) ¥ sulbac-
tam/aminobenzylpenicillin (SBT/ABPC) (&7 7 4 #

*RFHR SR X A 2-1-1
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— 3 cefpirome (CPR) IANFX b+ -3 F ¥ )b
+t )V, ceftizoxime (CZX) , cefazolin (CEZ) , cefixime
(CFIX) 3 BEIRBE, cefmetazole (CMZ) i3 =, clar-
ithromycin (CAM) (3 KIE®3E, ciprofloxacin (CPFX)
BN ZVEGTEINSE SNMEOBELZFERZ
vz,

3. “C-N-acetylglucosamine (*C—-GluNAc) #HfaBE
LD A A

Tryptic soy broth (TSB, Difco Laboratories, Detroit,
Michigan, USA) T—&¥E# L 72 W % $r 8 TSB 25
ml 2 5% #HE L, 37C T ODswnm @ 0.7 ¥ TIRE 55
#EwL, mAOEREB, 25ml D resting medium Tk
%L, BE 25ml D resting medium IZFE L7z F0
8 ml @ resting medium HIZ “C-N-acetyl-glu-
cosamine (“C-GluNAc, 1.85 MBq/ml, 2.04 GBq/
mmo, Amersham, Arlington Heights, 1) % 16ul &
20 5 & ® cold-GluNAc &ML, 37C TIRE L &4
SREBEMIZ05ml DY YT v TR To7. BHNT:
H1K% 0.1% Sodium Dodecyl Sulfate (SDS, Sigma
Chemical Company, Missouly, USA) T 2 [I& L,
AR ORETREERE 2 [ E L7z,

4. mNEFHRIERE MIC) DflE

B/NEE BHILREE (MIC) &, NCCLS #:iZ5E - 72 agar
dilution #% % B \» 72, %% #2 i& Mueller hinton agar
(MHA, Difco) DHt1iZ Heart infusion agar (HIA, %
BF, ®H, HZA), Brain heart infusion agar (BHIA,
Difco) % H\WTOKREFLIT- 7

L EEE ¥R D K5 2813 Mueller hinton broth (MHB, Difco)
Z M, 37C T20 WM DK% % 17 o 72 %, ODswnm
T 0.3 (Z#% L, #E MHB T 10 fEA M L - HHl % 107
CFU/ml & LTHWw/, i3I 7075 %— (k
ARBRIERT) 2BV 7. HIEIL 20 REEEERDOAFT D
HEZRRTHERL .

5. Population analysis

TSB T— & ¥ % L 72 B % ODswnm T 0.3 |2 i &
%, 010 HFRYM D 50 ul # VCM & A BHIA
WZBE L7z, 37C T 48 Byl atk, HFL-au=—
BalEL7

6. PFRAZIROMRET

Population anaysis & £k } % T ODsenm @ 0.3
IZHEEL, 20100 AR % VCM & ABPC, VCM
& CPR, VCM & SBT/ABPC, VCM t CZX% &t MHA
237077 85— (RABBIER, ®E, BER) 24
WM L7z, 37C T 20 WRIBEEL, Fovh—K—
ML THIER OMEER % fractional inhibitory con-
centration (FIC) index (TFEEHEN) X M LAY,

FICindex =

PRI MIC fi8 (A ) | ff B MIC fiEl (B %))
HARE MIC il (A #EA)) -~ HAIR MIC (B H#)

7. Broth dilution #12 & 5 VCM & CZX D5

Population anaysis & [FJ#? % & T ODssnm @ 0.3
WCEEL, BREEEE % 5x10°CFU/ml IZHEL /-
VCM 5 ug/ml &% BHIB (2 & AR B 128 ug/ml 75
0.0078 ug/ml ¥ T 2 AR L 7= CZX ZiHML 72,
37C T20 KM #E L, MHA CHEZ 77V ¥ b L7

8. ¥ ¥ & F paper disk & H \» 72 hetero-VRSA
Ly 5 W S

WRE % TSB T— R #E %, ODswnm T 0.3 125
¥, VCM4ug/ml &8 BHIA ICRBRREAMBETEEL
770 O LFIZHEED 0.1, 1, 10 ug/ml &F paper disk
#E X 37C T20 KRB EL 72

9. Hetero-VRSA DR ) —= 7

1995 4 7> 5 1996 FE I 16 M & » & 77 B S h /-
MRSA 1673 #ki22W T, CZX 0.1, 1, 10ug/ml &F
paper disk & VCM 4 ug/ml &% BHIA #H\7- ki
¥ #71: T hetero-VRSA DHHE#FAEL 72

. %% 2

1. "“C-GluNAc DHUY AA

VCM &t MSSA ATCC 6538 P ¥, MRSA H-1 %k &
hetero-VRSA Mu 3 %D *C-GluNAc B ) AAE % 60
SFETHET % L, ATCC6538P #% @ 14.4 f5, H-1
D 2.6 %% 0o 72, FIFEIZ VRSA Mub50/k& LB L
72 2%, Mub0#kiE Mud kD 1.2%Hh o7, L7z
23 o T, VCM B ™ #& ATCC 6538 P ¥ ®*C—GluNAc
WY hkhEE 1.0 & Lo%E, MRSA H-1 %3 5.6 15,
Mu 3 kit 14.4 %, Mu 50 ki3 17.9 FEEH FNE D A
AREMHML T2 &2k 5 (Fig. Do

2. VCMIIX¥ 5 RE%H

NCCLS #2# U7z agar dilution #(2 & 5 VCM @
MIC f % Table 1 {27/~ L 720 MHA % B \» 72 VCM ®
MIC i, ATCC 6538 P ¥ki 0.5 ug/ml, MRSA H-1
¥k 13 0.5 ug/ml, Mu 3 ¥ 13 1 ug/ml, Mu 50 #k i% 8 ug/
ml Td - 72 HIA B X ' BHIA = 7234 ® MIC
fiElX ATCC 6538 P #%, MRSA H-1 #, Mu 3 #, Mu
50 BRDMALZ 1, 1, 2, 8 ug/ml TH - 72,

ATCC 6538 P #%, MRSA H-1#, Mu 3 #, Mu50
¥ population curve % Fig. 2 {27R ¢, VCM TREI
WHEAHEI NS BEIZ, VCM EME# TH 5 ATCC
6538 P 4, MRSA H—1 #i4 3, 4 ug/ml, Mu 50 #id 13
ug/ml DRENLETH - 72755, Mu 3 #kiZ VCM B4
¥ VRSA Mu 50 %D I3IZH M TH 5 10 ug/ml TH
272

3. VCM & -5 7 % LEOHHMBEOWRE

VCM & -5 7 % L EDO PR R D4 F % Table 2
27”3 Mud#®d VCM & ABPC, VCM & SBT/
ABPC, VCM & CPR, VCM & CZX @ FICindex (3%
NZ1 2.016, 2.016, 2.004 35 £ 172,016 %7 LIERT
Holze LAL, VCM EMHE TH 5 MRSA H-1#kid
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4. Broth dilution 12 & 5 VCM & CZX O

Mu3¥DAEBHRRD LN EWVVCM 5ug/ml&F
BHIB 2 2 BERARL7: CZX ® 128 pug/ml 5
0.0078 ug/ml % ¥R L 72 & &, CZX ? 0.0078 ug/ml
POEEFEMNED SR (4.00x10°CFU/ml), CZX D
0.03125 ug/ml ¥ H1 T 1.95x10° CFU/ml ¥ THEF A&
Hoh7 (Fig.3)o ZNDEFIECZX @ 0.125 ug/ml ®
BEFTRODLRLLY, TRULORBETIEIRDONE
AR

(X104 4

Radioactivity (CPM)

ATCC6538P  H-1 Mu3 MuS50

Fig. 1. Incorporation of *C—GluNAc into the cell wall.
“C-GluNAc was detected in the cell wall by tracer
experiment of “C-GluNAc.

Table 1. Effect of various mediums on Hetero~VRSA Mu 3 strain

MHA HIA BHIA
ATCC 6538 P 0.5 1 1
H-1 0.5 1 1
Mu 3 1 2 2
Mu 50 8 8 8

Inoculum size: 2% 10‘CFU/spot

Number of colony forming units (Logjo)

0 2 4 6 8 10 12 14

Concentration of vancomycin ( zg/ml)

Fig. 2. Population analysis of hetero-VRSA and VRSA.
Symbols: O: Staphylococcus aureus ATCC 6538 P,
©®: MRSAH-1, l: Mu3, A: Mu50

(X108) 25 T T T T T T T

20

15

LI T I S S o ¢

CFU/ml

10

0 0.0156 0.0625 0.25 1 4 16 64 256
Concentration of Ceftizoxime ( ug/ml)

Fig. 3. Combination effects between 5 1g/ml of vancomy-

cin and various concentrations of ceftizoxime (CZX)
against Mu 3 strain.
Mu 3 was inhibited in BHI broth containing 5 mg/1 of
vancomycin. However, in combination with low
concentrations of CZX (between 0.008 and 0.125 mg/
1) the cells grew.

Table 2. FIC index of vancomycin and B-lactam antibiotics against Mu 3 strain

ABPC SBT ABPC CZX CPR
H-1 Mu 3 H-1 Mu 3 H-1 Mu 3 H-1 Mu 3
MIC*of VCM alone 1 2 1 2 1 2 1 2
MIC of B alone 32 32 32 32 512 256 64 128
Combined MIC of VCM 0.5 4 0.5 4 0.5 4 0.5 4
Combined MIC of B 16 0.5 16 0.5 256 1 32 9
FIC index 1 2.016 1 2.016 1 2.004 1 2.016

*MIC (ug/ml)

ABPC: aminobenzylpenicillin, SBT/ABPC: sulbactam/aminobenzylpenicillin, CZX: ceftizoxime, CPR; cefpirome, VCM: vancomycin



342

H &1L % % & F & % &

JUNE 1999

5. PiRi# &K paper disk % V> 7z hetero-VRSA
DR

VCM 4 ug/ml % A BHIA |Z hetero-VRSA T & 5%
Mu 3 ¥k % 8K, 0.1, 1,10, 100 ug/ml DV FI)D 3
& gE o CZX, CMZ, ABPC, CEZ, LMOX, FMOX,
CETB, CFIX, IPM, CPFX, CAM &4 paper disk % i&
X, 37C T20 BRI LR, AV p-527% 24
ETRTOVWThAOBEICBWT, disk AZIZAR
MaRsd 5hiz, LA L, DNA gyrase HEHTH 5

CMZ-100

.CcMZ-10 .~

Fig.4. Antagonism effects between vancomycin and f—
lactam antibiotics against a hetero-VRSA strain Mu
3 by disk diffusion method.
Mu 3 cells were spread on brain—heart infusion agar
plates containing 4 ug/ml of vancomycin. The disks
containing 0.1, 1, 10 zg/ml, respectively of ceftizox-
ime (CZX) (upper) and 0.1, 1, 10 4g/ml, respectively
of CZX (lower) were plated, and the plate was
incubated at 37°C for 48 h. Note dense growth of cells
around the disks.

CPFX, EHEHHEN D CAM TIZAFHIFED LA
Aot Fig. 412, CZX & CMZ TR b AFH
NN

6. Hetero-VRSA DX 7 ) —=>7

1995 25 1996 £ EE 16 RO TR E N -
MRSA 1673 BRIZDOWT A2 Y —= ¥ 7 %1757z (Table
3)o CZX D 0.1ug/ml EFNR—/3=F 1 27 LD H
AFEMAHBE LK IZ2H (1.85%), 0.1 & 1ug/ml
HEHENR—N—F 4 A7 FBICEFTHSHI L 724k 22
B (20.37%), 1& 10ug/ml EFR—1—T4 A7
BIAEBTASHB LRI 778 (71.29%), 0.1, 1, 10
ug/ml EHR—IN=F 1 A7 FBICAEBTHPHBRL
BRiZ 78R (6.48%) ThHol:eo T/, MHFIIHEMT
ENHY, HVEIHTIE383% Thods, 420
BT BRI SN L Dol ERERDFEHIE
6.5% T&H o7

m. * =

VRSA Mu 50 %3 & U hetero-VRSA Mu 3 ¥t
AH=AnE, HIRBEEROTENESLTVDEEER
55, LA»L, Mu3d ko VCM IZX§ %5 MIC &
B ThoEr BT BREERD 125 2ug/ml
THhb72DMICENDATIIERZEMREDXFIZEHLD
THELv, BEMEHRLE MudBROEWVIZDWTIE MIC
I LREDOEN TV 5 population analysis & T
Watd5E, Mu3tiIZVCEM D 4 3 L < i12 8ug/ml#
AT TLHEIRELZ VRSADH 7T RE 2L —Ya vk
EATVEY, LMo TZOHICEE LSS, VCM
DEVCHRBBITED 20127, VCME5ICL > TER
BREEZT) LR TE LRV, BED MRSADIZ
EAEDLHMEMRSA TH A0, VCM T THH
NERSI5E, TRODOEERITIISREEEIE) Z
LRBEZHICHEBETE S, TDX) % VRSA 2R S
Wizdild, WEDOERE T hetero-VRSA # R § 5 &
EMH b, Hetero-VRSAMHD b - L bHEELFER
population analysis Td 5 %5, MIBRKRAEZE TITH KX

Table 3. Detection ratio (%) of hetero-VRSA using simple detection method

Facility Numb'er Rate of detection Facility Numb.er Rate of detection
of strains (%) of strains (%)
A univ. hospital 20 5.0 I univ. hospital 21 9.5
B hospital 20 10.0 J  univ. hospital 17 0.0
C univ. hospital 21 33.3 K civic hospital 10 0.0
D center 20 15.0 L univ. hospital 113 18.6
E univ. hospital 20 0.0 M univ. hospital 404 3.5
F univ. hospital 19 5.3 N univ. hospital 293 3.8
G univ. hospital 20 5.0 O clin. lab 515 8.7
H univ. hospital 20 5.0 P clin. lab 140 0.0

Average of detection ratio 6. 5% for 24 hours.
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T X HRIEDSH B, Z D720 population analysis
R LHMBERERT *b*j I T fiE 7 hetero-VRSA DR
WHEZ A7 £9, hetero-VRSA D H I L 72
He i MIC I 45 3 & 1) HIA, BHIA A58 L T 5 4%
REefrz, THETTICEHE STy A VRSA Mu 50
ROEEH DRI TH - & & VCM IR ZPEA A - 7287
# (BHIA) & —3 L Tw7i*, £/, 21 ¥ TVCM
LB-77 5 LEDHHDOL ITHHTE, HIE 72 1A B
ERESINTEY, HitoWmtizdbT O b n
WL LA L, Mu3 MROAEFH 2522l %3 5 MIC
£ EDOVCM#E B (5ug/ml) % ffi J§ L 72 broth
dilution 2L D, VCM & -5 7 % LD H 5 L1y
TS RIEPAFE SN, 2 1d hetero-VRSA O
BEDO12THHEEZOLNL, TOWHERKIZIL
R L7zl SR & G L7225, VCM [fﬂ'l PE% iS4 %
B-7 75 L EOEBFEREIHKIZE > TRAE ST
uatm.%%mm&fu,%mw%tﬂmfétmu
CZX D 0.1, 1, 10 ug/ml O 3 BB Z W/, #0
R, VCM &K IR % hikik, -7
7% L EH paper disk #E L 2 XI12X D, VCM 2%t
T HMMEAFEE XN paper disk liLiJJ'UCl’!‘{ffl'lﬁiu‘lﬁl“}l?)’"
HRFE B L7z SO OTETI OB THIL X
7z#1x Mu 3 #k & [F £ population pattern % 75 TTJ PR
ERTV2Y, 2%, ZORIBETHINSNS KL
VCM {2 L T Mu 3 ¥k & ] % @ 7k % % 47 ¥ hetero—
VRSA &2 L5, F72, BIZ/EH L2B{1E Mu
3%ibt%b WPEE DR GHTH D, VRSA & LT
DHERR A T 5 7251213 MIC O E AT 7 52
Z DR & H\ T 4Eo>) MRSA (1,673 ) % 22
== T LESR, 6.5% (108 M) AH X7z, M
i X 172 hetero—VRSA ¥ iX VCM & B-T 7 % LD
BEFCHE 2 R T 720, L7 L VCM & p-77%

LEDHANI X T LENHDEELEZOND. £7220
771k T paper disk B B2 A LT & 7o A g

population anaysis % 17 T b Hki £ pattern % 7%
¥ (data not shown), DI LiE, O PT:
FLTL2HMBIEH L FTH-F 7 9 2 HIZE-T
VCM M PEASFE G (540 SN2z dlEfLTw 0
THY, VCMIZE > TVRSA ZHIL T HDTIE
RO, A b 20k kRl - Thetero—
VRSA R L, U R G B2 BINTRETH D

%mimﬂluLW9¢61wu.ﬂ4mmnﬁw
FRILF DR ERIBWTREL.
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Study on the mechanism and detection method of heterogeneously resistant
Staphylococcus aureus to vancomycin

Yoko Inaba, Hideaki Hanaki, Junko Takahashi, Naomi Sugimoto,
Kyoko Kuwahara—Arai, Longzhu Cui and Keiichi Hiramatsu

Juntendo University, 2-1-1, Hongo, Bunkyo—ku, Tokyo 113—-8421, Japan

Vancomycin susceptibilities of three methicillin—resistant Staphylococcus aureus (MRSA) strains Mu 3,
Mu 50, H-1 and a methicillin-susceptible S. aureus strain ATCC 6538 P were compared by determining
MIC and population analysis, which showed that their MIC values were 1, 8, 0.5 and 0.5 ug/ml,
respectively, while the vancomycin concentrations required to inhibit 1x10" cells of these strains were 10,
13, 4, and 3 ug/ml, respectively. Population analysis of Mu 3 showed a typical hetero—type vancomycin
resistance. The profiles of *C—N-acetylglucosamine incorporation into the cell demonstrated that the
incorporation to Mu 3 cells was 2.6 and 14.4—fold higher than those to H-1 and ATCC 6538 P, respectively,
and was 0.8—fold lower than that to Mu 50 cells. In vitro synergy studies with a combination of vancomycin
and aminobenzylpenicillin, cefpirome, ceftizoxime or aminobenzylpenicillin/sulbactam demonstrated an
antagonism for the heterogeneous vancomycin-resistant S. aureus (hetero-VRSA) Mu 3, with a fractional
inhibitory concentration (FIC) index of>2. Subsequently, a hetero—VRSA detection method was developed
by means of detecting the antagonism vancomycin and ceftizoxime. 1,673 clinical MRSA strains isolated
from 1995 through 1996 in sixteen medical facilities all over Japan were screened for hetero—VRSA, which
showed that the frequency of hetero—VRSA was 6.5% among the all MRSA clinical isolates.



