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Fig. 1. Chemical structure of vancomycin.
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Table 1, Comparative antibacterial spectra of vancomycin and reference antibacterial agents

against aerobic bacteria

. . MIC (ug/ml)
Organism Strain veM CEZ FMOX IPM OFLX
S. aureus FDA 209 P JC-1 0.39 0.20 0.20 =0.006 0.39
ATCC 25923 0.78 0.39 0.39 0.025 0.39
Smith 0.78 0.39 0.39 0.025 0.20
3131° 0.78 12.5 3.13 0.10 0.20
SR 1626°* 0.78 100 6.25 0.78 0.20
S. epidermidis ATCC 14990 0.78 0.39 0.78 0.025 0.39
S. haemolyticus ATCC 29970 0.39 0.20 0.39 =0.006 0.39
S. warmeri ATCC 27836 0.39 0.05 0.10 <0.006 0.39
S. pyogenes C-203 0.39 0.10 0.20 =0.006 1.56
ATCC 10389 0.39 0.10 0.20 =0.006 0.78
S. pneumoniae Type 1 0.39 0.10 0.20 =0.006 1.56
Type 11 0.20 0.20 0.20 =0.006 1.56
Type lll 0.39 0.20 0.20 =0.006 3.13
S. agalactiae SR 1247 0.39 0.20 0.78 0.0125 1.56
E. faecalis ATCC 19433 0.78 25 100 0.78 3.13
E. faecium IFO 3181 0.78 >100 25 3.13 1.56
B. subtilis PCI 219 0.20 0.20 0.39 0.025 0.05
B. cereus IFO 3001 1.56 3.13 1.56 0.025 0.39
B. anthracis SR 1005 0.78 0.78 1.56 0.025 0.20
M. luteus ATCC 9341 0.39 1.56 0.10 0.025 1.56
C. diphtheriae Tront 0.39 0.05 0.05 =0.006 0.20
E. coli NIH]J JC-2 >100 1.56 0.05 0.10 0.05
ATCC 25922 >100 1.56 0.05 0.10 0.05
K. pneumoniae ATCC 13883 >100 1.56 0.05 0.39 0.10
M. morganii IFO 3848 >100 25 0.39 0.78 0.05
P. rettgeri IFO 3850 >100 0.78 0.10 0.78 0.10
E. cloacae ATCC 13047 >100 >100 25 0.20 0.05
S. marcescens ATCC 13880 >100 >100 0.39 0.39 0.20
C. freundii IFO 12681 >100 25 0.39 0.78 0.025
P. aeruginosa ATCC 25619 >100 >100 >100 0.78 0.78
P. cepacia ATCC 15416 >100 >100 25 3.13 3.13

MICs were measured by the agar dilution method using Mueller-Hinton agar (Difco). Inoculum size: one loopful

of bacterial suspension containing 10° CFU/ml.
*Methicillin-resistant strain.

VCM, vancomycin; CEZ, cefazolin; FMOX, flomoxef; IPM, imipenem; OFLX, ofloxacin.

Rtk ZLiza7 77 —YRETF VRECHLT

LED SN, Staphylococcus  haemolyticus X Staphy-

lococcus epidermidis @ IPM it tERk, FMOX i it Bk
BIUCEZtERic L THEOHENERL
(Table 3),

% 7z, BREHEHSIRE IC BT MIC $30.17~

0.56 ug/ml, MIC,, 235, 0.39~0.78 ug/ml & OFLX
£ MINO £ @ WHE %/~ L (Tabled), Zh s
@ OFLX Tttt #k, MINO gt £k, ¥ & v* AMPC i
MERF I LT OSBRI T 2188 Eb SRy
FENEHERFL T,

FAT 3 EEOBERE o L TEANL, $AEY
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Table 2, Comparative antibacterial spectra of vancomycin and reference antibacterial agents

against anaerobic bacteria

) . MIC (ug/ml)

Organism Strain veM FMOX IPM OFLX
C. difficile ATCC 9689 0.78 3.13 3.13 6.25
C. perfringens ATCC 13124 0.78 50.0125 0.10 0.39
P. magnus ATCC 29328 0.39 0.05 0.025 0.39

P. asaccharolyticus ATCC 14963 0.20 50.0125 0.025 12.5
P. anaerobius ATCC 27337 0.78 0.10 0.05 0.78
P. prevotii ATCC 9321 0.78 0.20 0.10 6.25
P. micros GAI 5540 0.78 0.05 0.025 0.78
S. saccharolyticus ATCC 14953 1.56 0.05 <0.0125 0.39
S. constellatus ATCC 27823 1.56 1.56 0.05 3.13
P. acnes ATCC 11827 0.78 0.05 =0.0125 0.78
E. limosum ATCC 8486 1.56 0.20 0.05 1.56
E. aerofaciens ATCC 25986 0.78 1.56 0.025 0.78
V. parvula ATCC 10790 100 0.05 =0.0125 0.78
B. fragilis ATCC 25285 50 0.39 0.10 1.56
GM 7000 25 0.39 0.10 1.56
B. thetaiotaomicron WAL 3304 50 6.25 0.20 6.25
B. vulgatus ATCC 29327 12.5 0.20 0.05 1.56

B. ovatus VI-62 50 6.25 0.20 12.5

F. varium ATCC 8501 >100 0.78 0.78 12.5
F. necrophorum ATCC 25286 100 0.05 0.025 3.13
F. nucleatum ATCC 25586 >100 0.10 0.05 1.56
F. mortiferum ATCC 9819 >100 0.39 0.20 1.56

MICs were measured by the agar dilution method using GAM agar (Nissui). Inoculum size: one
loopful of bacterial suspension containing 10* CFU/ml.

VCM, vancomycin; CEZ, cefazolin; FMOX, flomoxef; IPM, imipenem; OFLX, ofloxacin.

MIC #80.62~1.08 ug/ml, MICy, #30.78~3.13
pg/ml &£ FMOX, IPM, MINO s & *OFLX 2 ¥
L D#WEHEH%2RL (Table5), Zh s o IPM i
¥k, AMPC itEek, MINO mitE#k, 8 & F OFLX
TtERFICN LT, Bk 3 208N L FFD
HORBENERLL, ZThsOBEETIRBAKRKT,
plasmid DAEL 1o EFIC N T 2 BEMIERR S HBE L
TWB'IDTERICB I 2BEREDO VCM B4
FALIKHLLFARSLD, 189FE7A15 108D
IR TR ESERRE Y > ¥ — CH B S n - LRI
L WIBEREES R 5 BBk 1c D v T TEF D MIC %
MBI LB L /- Z % Table6 icBAs iz X 51,
Enterococcus  faecalis 1z xt 4+ % MIC 132 0.78~3.14
ug/mliZ A L, ¥ MIC 12 1.56 xg/ml TH
NIz T DK AMPC ® IPM E RIHEA R I R2
HERLIz, ZhicH LT, Enterococcus faecium 0

&1, OFLX, MINO, AMPC 8 X UfIPM & ¥
CHENRKED, FNLEFN, 48, 79, 81, B X U83%
DI MIC #3125 ug/ml A EDREtE 2R L, KACH
L Tz, MIC »%£6.25~12.5 ug/ml O {& B ief 14 £k 55
438k 3tk (7%) FH S5tz (Table6),

Enterococcus avium b+ 135k LorFoni
o feds, Zodz AMPC &, IPM i MIC #812.5
wug/ml LA E DOt 2R3 858, Eh€h, 11&KLT
(Ao L, KRl TR ~_T1.5
ug/mUTOMIC %5 2 B2t Tdh o 1z (Table
6)o

WMEIHED C. difficile ioxt3 % &HFlD MIC 13 0.39
~1.56 ug/ml 2 34 L, %3 MIC i3 0.77 ug/
ml, MICy, i3 0.78 xg/ml © FMOX, IPM, OFLX
ZELXDEASMIZEOHIEN 2R L (Tableb),

FHOHME N %2 FMOX BX U IPM L H#& T 5 &,
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Table 3. Comparative antibacterial activity of vancomycin and reference agents against
clinical isolates of bacteria (1)

Organism MIC (ug/ml)
Agent
(no. of strain) range 50% 90% mean
vancomycin 0.78 0.78 0.78 0.78
MSSA cefazolin 0.20 ~ 3.13 0.78 0.78 0.57
flomoxef 0.39 ~ 0.78 0.39 0.78 0.47
“® imipenem 0.025~ 0.05 0.025 0.025 0.026
minocycline 0.10 ~ 1.56 0.10 0.20 0.11
ofloxacin 0.20 ~ 1.56 0.39 0.78 0.42
vancomycin 0.78 ~ 1.56 0.78 0.78 0.80
MRSA cefazolin 1.56 ~>100 100 >100 84.2
(125) flomoxef 1.56 ~>100 6.25 50 9.85
imipenem 0.05 ~>100 1.56 50 1.45
minocycline 0.10 ~ 25 0.20 6.25 0.38
ofloxacin 0.20 ~ 50 0.39 1.56 0.64
vancomycin 0.78 ~ 1.56 0.78 1.56 0.96
OFLX'-MRSA cefazolin 100 ~>100 >100 >100 >100
37 flomoxef 3.13 ~ 100 25 100 32.5
imipenem 0.10 ~ 100 25 50 20.7
ofloxacin 12.5 ~>100 25 50 27.5
vancomycin 0.78 ~ 1.56 1.56 1.56 1.55
S. epidermidis cefazolin 0.20 ~ 50 0.78 1.56 0.76
flomoxef 0.39 ~ 50 1.56 3.13 1.64
(60) imipenem 0.013~ 50 0.10 12.5 0.12
minocycline 0.10 ~ 1.56 0.39 1.56 0.41
ofloxacin 0.20 ~ 0.78 0.39 0.78 0.49
vancomycin 0.78 ~ 3.13 1.56 3.13 1.49
. cefazolin 0.20 ~>100 3.13 >100 6.56
S. haemolyticus
flomoxef 0.39 ~ 100 3.13 25 2.88
“3 imipenem 0.013~>100 0.10 100 0.47
minocycline 0.20 ~ 25 0.39 6.25 0.42
ofloxacin 0.20 ~ 3.13 0.39 0.78 0.44
vancomycin 0.39 ~ 1.56 0.78 1.56 0.84
S. saprophyticus cefazolin 0.39 ~ 100 0.78 3.13 1.22
flomoxef 0.39 ~ 12,5 0.78 1.56 0.74
(39 imipenem 0.013~ 0.39 0.025 0.05 0.034
minocycline 0.20 ~ 0.39 0.20 0.39 0.22
ofloxacin 0.39 ~ 1.56 0.78 0.78 0.80

MICs were determined by the agar dilution method using Mueller-Hinton agar (Difco)
(inoculum size: one loopful of bacterial suspension containing 10* CFU/ml) .

MSSA: methicillin-susceptible S. aureus.

MRSA: methicillin-resistant S. aureus.

OFLX"-MRSA: ofloxacin-resistant MRSA.

mean: geometrical mean MIC.
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Table 4. Comparative antibacterial activity of vancomycin and reference agents against

clinical isolates of bacteria (II)

Organism MIC (ug/ml)
. Agent o

(no. of strain) range 50% 90% mean
vancomycin 0.05 ~ 0.39 0.20 0.39 0.17
flomoxef 0.025~ 0.39 0.10 0.20 0.10
S. pneumoniae amoxicillin 0.013~ 0.025 0.013 0.025 0.015
(33) imipenem 0.013~ 0.025 0.013 0.013 0.013
minocycline 0.05 ~25 1.56 6.25 1.14
ofloxacin 0.39 ~ 3.13 1.56 3.13 1.32
vancomycin 0.20 ~ 0.39 0.39 0.39 0.37
flomoxef 0.10 ~ 0.39 0.20 0.39 0.20
S. pyogenes amoxicillin 0.013~ 0.025 0.013 0.025 0.014
(30) imipenem 0.013 0.013 0.013 0.013
minocycline 0.05 ~12.5 0.10 6.25 0.25
ofloxacin 0.78 ~ 3.13 1.56 1.56 1.16
vancomycin 0.20 ~ 0.39 0.39 0.39 0.39
flomoxef 0.39 ~ 3.13 0.39 0.78 0.58
S. agalactiae amoxicillin 0.025~ 0.39 0.10 0.10 0.093
(56) imipenem 0.013~ 0.05 0.013 0.013 0.013
minocycline 0.10 ~50 25 50 5.59
ofloxacin 0.78 ~ 6.25 1.56 3.13 1.73
vancomycin 0.39 ~ 0.78 0.39 0.78 0.46
flomoxef 0.20 ~50 1.56 12.5 1.56
S. mitis amoxicillin 0.025~25 0.20 3.13 0.31
(17) imipenem 0.013~ 1.56 0.05 0.39 0.053
minocycline 0.10 ~50 0.39 25 1.33
ofloxacin 0.78 ~12.5 1.56 3.13 2.17
vancomycin 0.39 ~ 0.78 0.78 0.78 0.56
flomoxef 0.10 ~25 0.78 25 1.21
S. sanguis amoxicillin 0.025~ 3.13 0.05 3.13 0.16
(19) imipenem 0.013~ 0.78 0.025 0.78 0.061
minocycline 0.20 ~50 6.25 50 2.09
ofloxacin 1.56 ~ 3.13 3.13 3.13 2.91

MICs were determined by the agar dilution method using Mueller-Hinton agar (Difco)
(inoculum size: one loopful of bacterial suspension containing 10 CFU/ml).

mean: geometrical mean MIC.

Table3 i BA & » % & 5 ICOFLX it % & &
MRSA, REBRHRES X VRAME C. dificile B
L TFMOX®IPM X O BEAT W, EFRESL
SUa7 /s —¥RETFYREICXIPM L Do
Twiz,

3. HEHCBLRTERFORE

BEDY 7 LRSI T 2 XFOREICB &

IR, H5hpH, BREERB L CEMERMOR
BLRARIERIUTOEBY TH 2,

a. EHOLE

A&l MIC % s EBEORS 3 BRI EEALT
ERXERAFREC L D RE L 72, Table7 Rl z&
52, BERECHT 2 MIC R FhoEnic sy
TH 2EURNICIE D, 5T X 2 XFOMEI~D



VOL. 40 NO. 5

Vancomycin @ i vitro {817

587

Table 5. Comparative antibacterial activity of vancomycin and reference agents against

clinical isolates of bacteria (III)

Organism MIC (ug/ml)
X Agents
(no. of strain) range 50% 90% mean

vancomycin 0.78~ 3.13 0.78 3.13 1.08
flomoxef 25 ~>100 100 >100 >100

E. faecalis amoxicillin 0.10~ 1.56 0.78 0.78 0.71

(50) imipenem 0.10~ 3.13 0.78 1.56 1.03
minocycline 0.10~ 50 25 50 9.47
ofloxacin 0.78~>100 3.13 50 3.96
vancomycin 0.39~ 3.13 0.78 0.78 0.62
flomoxef 6.25~>100 25 >100 57.6

E. faecium amoxicillin 0.10~ 100 1.56 50 3.65

(49) imipenem 0.10~>100 3.13 >100 9.16
minocycline 0.10~ 50 0.10 25 0.78
ofloxacin 0.78~ 100 3.13 12.5 4.45
vancomycin 0.39~ 6.25 0.78 0.78 0.84
flomoxef 1.56~ 25 12.5 25 10.25

E. avium amoxicillin 0.10~ 25 0.78 12.5 1.42

(21) imipenem 0.10~ 100 0.78 12.5 1.16

minocycline 0.05~ 25 12.5 25 7.37
ofloxacin 1.56~ 50 3.13 6.25 3.02
vancomycin 0.39~ 1.56 0.78 0.78 0.77
flomoxef 1.56~ 25 3.13 12.5 4.77

C. difficile amoxicillin 0.20~ 3.13 0.78 1.56 7.56

(41) imipenem 3.13~ 25 6.25 6.25 5.28
ofloxacin 6.25~>100 12.5 12.5 12.1

MICs were determined by the agar dilution method using Mueller-Hinton agar (Difco) for
enterococci and GAM agar (Nissui) for C. difficile. Inoculum size: one loopful of bacterial

suspension containing 10* CFU/ml.
mean: geometrical mean MIC.

FEIILAERWEEL NI,

b. 3% pH ORE

pH%55 708X U85 FhFhEEL K
MHA 2w TEH| O MIC 2fIFE L IR, HkC
& o TizEEMANCHERT T VA Y fITERA D MIC 23
PEVEATIREbAONTY, ELOBEELL
EEIIZ I o7 (Table?),

c. BEFEDOY

EEEE Y 10°CFU/ml 0E®K 1 H&HE» 5 10°
CFU/ml 0¥i# 1 A& ERICHPL L THEH O MIC
DEENITAELUARTEE®RIFIT >/ (Table
8)o

d. BIMEFHRMOLE

MHAWEME 220% (ZR// ZER »2 vk
50% () #HmL THEHFDMIC iz 2~4 ERED
ZEEITINE -7 (Table8),

AL DRSS & XHIOTE &, #5#, 5% pH,
BEEFHES L UVEMBERNEOXELRFII{ Wi L
DEES M E R 5T,

4. BEEH

HLDB-7 79 LRICEEOMMRRT S. aureus
SR 3626 #% (MRSA) w VCM 2 fEF & ¥, £E K
CBLIZTEEY FMOX R IPM LRtz b 2 3,
VCM BB HE BV FMOX ®IPM X e s
HIENFEFEHERL (Fig. 2),

EER MR E A Rl b & 23 B S 172 FMOX ® IPM 12 &
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Table 6, Susceptibility of recent clinical isolates of enterococci to vancomycin and reference antibacterial agents

Enterococcal Antibacterial Distribution of MIC (ug/m!) Mean MIC MIC,,

species agents 0.20 0.39 0.78 1.56 3.13 6.25 12.5 25 50 100 >100 (ug/ml) (ug/ml)
vancomycin 6 60 12 1.56 3.13
imipenem 45 31 2 1.07 1.56

E. faecalis (78) amoxicillin 20 56 2 0.67 0.78
minocycline 33 1 2 1 28 12 1 4.54 50
ofloxacin 11 53 9 4 1 3.70 6.25
vancomycin 39 2 1 0.92 0.78
imipenem 1 3 3 1 1 6 15 12 52.54 >100

E. faecium (42) amoxicillin 3 3 1 1 21 10 3 17.10 50
minocycline 3 3 1 2 6 23 4 11.90 25
ofloxacin 4 13 5 2 4 6 4 4 12.71 50
vancomycin 7 6 1.08 1.56
imipenem 1 2 2 1 3 1 3 11.85 100

E. avium (13) amoxicillin 2 8 9.58 25
minocycline 1 3 4 5 11.24 25
ofloxacin 12 1 3.30 3.13

MICs were measured by the agar dilution method using Mueller-Hinton agar (Difco). Inoculum size: one loopful
of bacterial suspension containing 10* CFU/ml.

Table 7. Effect of assay medium and medium pH on the antibacterial activity of vancomycin using the agar
dilution method

. . MIC (ug/ml) of vancomycin on MIC (xg/ml) of vancomycin on MHA-D at
Organism Strain
MHA-D MHA-E STA HIA TSA pH5.5 pH7.0 pH8.5
S. aureus 209P JC-1 0.39 0.39 0.39 0.78 0.39 0.20 0.39 1.56
ATCC25923 | 0.78 0.78 0.78 1.56 1.56 0.78 0.78 1.56
SR 2030 0.78 0.78 0.78 0.78 0.78 0.39 0.39 0.78
SR 3626 0.39 0.39 0.39 0.78 0.78 0.39 0.39 0.78
S. epidermidis ATCC 14990 1.56 1.56 1.56 1.56 1.56 0.78 0.78 0.78
S. haemolyticus ATCC 29970 0.78 0.78 0.78 0.78 0.78 0.39 0.78 0.78
B. cereus IFO 3001 0.78 0.78 0.78 0.78 0.78 0.39 0.78 1.56
E. faecalis ATCC19433 | 0.78 0.78 0.78 0.78 0.78 0.39 0.78 1.56
E. faecium ATCC 8043 0.78 0.78 0.78 0.78 0.78 0.78 0.78 1.56

MHA-D: Mueller-Hinton agar (Difco).
MHA-E: Mueller-Hinton agar (Eiken).
STA: Sensitivity Test agar (Nissui).
HIA: Heart Infusion agar (Difco).
TSA: Tryptic Soy agar (Difco).

MICs were measured by the agar dilution method (inoculum size: one loopful of bacterial suspension containing
10 CFU/ml).

KM %7+ MRSA (20%) 3793 VCM ® MBC  #BH b3%» o7 (Fig. 3).

(24 BERAVEFIBS) D55 13 1.56~6.25 ug/ml CEIA 24 BERAYE A & 4 72 BF ) £ T ¥ #9 MBC f& 12 1.99
O MIC i £3EBL TVavz, 27, VCM O MBCfE  pg/ml & ST MIC f (1.73 ug/ml) L8SELT
FFMOX ® IPMOMBCEX D EL (B, #7 B » FMOX ® IPM o # {7 ¥ ¥ MBC f& (FMOX
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Table 8, Effect of inoculum size and horse serum on the antibacterial activity of vancomycin

MIC (ug/ml) of vancomycin at MIC (ug/ml) of vancomycin on
Organism Strain inoculum size MHA with horse serum

10¢ 10° 107 10° 0% 20%* 50%*

S. aureus 209 P JC-1 0.39 0.39 0.39 0.78 0.39 0.78 1.56
ATCC 25923 0.78 0.78 0.78 1.56 0.78 1.56 1.56

Smith 0.78 0.78 0.78 0.78 0.78 0.78 1.56

SR 3626 0.39 0.39 0.78 1.56 0.39 0.78 0.78

S. epidermidis  ATCC 14990 0.78 0.78 0.78 1.56 0.78 0.78 1.56
S. haemolyticus ATCC 29970 0.39 0.39 0.78 0.78 0.78 0.78 1.56
B. cereus IFO 3001 0.78 0.78 1.56 1.56 0.78 1.56 3.13
E. faecalis ATCC 19433 0.78 0.78 0.78 0.78 0.78 1.56 1.56
E. faecium IFO 3181 0.78 0.78 0.78 0.78 0.78 1.56 1.56

MICs were measured by the agar dilution method using Mueller-Hinton agar (Difco).

*Volume per volume %.
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Fig. 2. Comparative bactericidal activity of vancomycin,

flomoxef and imipenem against methicillin-resistant Sta-
phylococcus aureus strain SR 3626.
The figures represent final concentrations (ug/ml) of the

antibiotics added.
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Medium : Mueller-Hinton broth (Difco).
Inoculum size: 1.0~3.4x10%CFU/ml.
Incubation temperature : 37°C.
Killing rate: 99.9%.
Fig. 3. MBC against clinical isolates of methicillin-resistant
Staphylococcus aureus (20 strains) .
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IN VITRO ANTIBACTERIAL ACTIVITY OF VANCOMYCIN

Hiroshi Nagata, Isao Higashiyvama, Rie Kondoh
and Yoshihide Komatsu
Shionogi Research Laboratories, Shionogi & Co., Ltd.,
Fukushima-ku, Osaka 553, Japan

The in vitro activity of the glycopeptide antibiotic vancomycin was determined against 802 clinical
isolates of aerobic and anaerobic gram-positive bacteria, including strains highly resistant to many
of the antibacterial agents currently available. Vancomycin was highly active against resistant
strains of staphylococci, streptococci, and enterococci, which produce severe infections, and had a
very narrow range of inhibitory values for most species. All Staphylococcus aureus resistant to
cefazolin, flomoxef, imipenem, minocycline and/or ofloxacin were inhibited by 1.56 ug/ml of
vancomycin. It was also active against coagulase-negative staphylococci resistant to the above
antibacterial agents. It strongly inhibited minocycline-resistant strains of various streptococci and
enterococci, and imipenem-, amoxicillin- and/or ofloxacin-resistant strains of enterococci. The
antibacterial activity of vancomycin was not significantly affected by assay-media, medium pH,
inoculum size or the addition of horse serum. The bactericidal activity of vancomycin against
cephem-resistant strains of S. aureus was much greater than that of imipenem or flomoxef. Labora-
tory-induced resistance of S. aureus SR 3626, an MRSA, occurred in a very slow, stepwise fashion.



