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AN g K E 0157 & U CTHEIK 28 S N7z Escherichia coli 35 ¥:® verotoxin (VT) pE/EPE,
FRDUR LT 2 T PE B X OEAIENIE 0 VT bz 5 & W7z

1) VT ek

et L7z 35 #h 3 k7S VT-2 #0E/E L, flbod 32 ¥kiz VT-1, VT-2 i i O H£% WL L T/,

2)  HEAE

B-7 7% L% 21 HAl, ¥/ 0r%5 84, Fofl 10 BAOPEGYEZ NG LR, 35 Mo 1
MNXZ D) VPERTH - 7205, FOWMRTRTORANIRZETH -7z ST L7fkiz, ¥/ 0
RBUREE, AV LRNUA S, ceftazidime (CAZ), cefaclor (CCL) ZFr< £ 7 = 2 R0,
BIFEI AN Y LRZPRAED aztreonam (AZT) 1IZEWIRZY 2R Lz, fHLZHMAED D B,
tosufloxacin (TFLX) @ MICw flizid - & /& < 0.0125 ug/ml Tdh - 72,

3) VT i

VT-1, VT-2 j#i £ % AT % E. coli TK-806 #(Z TFLX, kanamycin (KM), fosfomycin (FOM)
% 2 MIC B X TF 100 MIC #1%T 2 WM S8, Kig LiGvbo VT i 2@ Uze ORI,
TFLX BLX ' KM @ 2 MIC, 100 MIC i #0828 Loy VT 58 3R A RS iy & (21 LT
H o727 FOM Tid 2 MIC T 64 fff, 100 MIC T 48 {50 VT il 23 ied 7z,

Ly Bl Lo~ a s 0/ EVE KB O157 o3 & A X ofkiE, VT-1 BX U VT-2 Ol 4%
VEE L, BRIz 2 L7z, 72, ¥ 7 0 Y REE Ao TFLX (10§ VT 8 htid FOM X 9
Vool
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AN dEADEEVE KRB O157 (2 & B IR ili g, FE& Y WAdh L. SHIZEATHRATER T 22 L1280, Hik
R E L TR E BRI T o A IYE X WO g #A WML, RSB LT 2 L ol 12
WBo -MiThHh, ZTo PEBBHEN AL verotoxin (VT) EOuTuwd. LaL, 1990 fFIZ3/E L0 KL oIS
ThHb'". VT EHEREOMELT 5800 LBD.0 G4 TH bk L7z 0157 ORI BT, O HLR S HE
. 'é"‘ff’ﬂll}f'lff) 60 S ARV —LEMEHAMIIG S, &Y BAMNTH LWy ShTuwbd, VT EEmEoXa b

GWEET LISt "3 . SR FEARE R HVEEVE Ry 3 U THUR TR L Aotk 2 i3 2 5 05, %8
oieﬂll'fft%nﬁﬂ{%l{ﬂ’iiﬁ'ﬁ (hemolytic uremic syndrome: HUS) NIV R S VT Z s S &3 e BRI T 2
&, e KB g2l XD AT Ué?);ﬁ))‘il'}’é SAMAZA - 72 PHBREGZPRUMTHLLEEZ LMD,

VT 23 O R AIATIZAS G L TR 20 E 42 00 i, Al K R ONUE S & G OB

THY, ML EATE%TS f;abz..#f}t g (SN g [H (el MR L LT, BRIK M~ o i 0 vk KB 35 HRz
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1996 4EIZERIKM R (f8) ﬁxﬁ)ﬁj\%ﬁ&n. SWN T
AL [7EWF) (57> A7) TP EHIE SN
o i RV KR 0157 35 fk T 720 S g
D VT ##E Wt OMGIZ1E,  verotoxin-1 (VT-1), vero-
toxin-2 (VT-2) % JZpEE$ 5 TK-806 ¥ % v 7-.

2. VT O iR

VT-1, VT-2 pE’E% Escherichia coli VT Ml *
b-xXo by Z2=-F %] (72 HEM 2T
72§, 90 ug/ml #EHEO lincomycin % A7
¥ % Brain Heart Infusion agar CRfFHL%) #Hiilz 4

ML, AR ETE, BRI Z 5.000 HifV/ml (2
polymyxin B (PL-B) %Mz 7z/EM T 1 ml (2%
#W L7z 37C T 30 Wik y; &%, B %% 3,000

rpm T 30 % N,@_ CL7Z i 2 ke L, Miike ki)
DERMEBZECREBEL, 57 v 7 2K gr AN
%iﬁéz:f;ﬁw‘lflj‘;ij (+) VL% "*~'r¢> Lf:J if- Hiw

WT PCR EIZLD chromosome DNA @
W7z, 3, PCR (22 Kobayashi © o %+
VT BB 77 4 ~— (Table 1) # w7z,

3. MAIHEA

Tosufloxacin (TFLX), ofloxacin (OFLX), le-
(LVFX), norfloxacin (NFLX),
xacin (FLRX),
(MINO), chloramphenicol (CP),
(CAM), erythromycin (EM), gentamicin (GM),
kanamycin (KM), tobramycin (TOB),
(FOM), PL-B, flomoxef (FMOX), ceftazidime
(CAZ), cefoperazone (CPZ), cefozopran (CZOP),
cefotiam (CTM), cefazolin (CEZ), cefteram
(CFTM), cefaclor (CCL), (CDTR),
dinir (CFDN), amipicillin
(ABPC), (CBPC),
(AMPC), piperacillin (PIPC),
tam (ABPC/SBT),
(PIPC/TAZ),

-1 7 1 mm
L7

vofloxacin flero-

tetracycline (TC), minocycline

clarithromycin

fosfomycin

cefditoren cef-

cefixime (CFIX),
carbenicillin amoxicillin
ampicillin/sulbac-
piperacillin/tazobactam
(IPM)., meropenem
(MEPM), aztreonam (AZT) ZJlw7., %13,
CFTM, CDTR. TFLX. LVFX, FLRX &, wiihifty
LMt TER L. CCL, NFLX, MINO, EM,
GM, KM, TOB iZ Sigma ftt2>5. TC (ZHDLHE
7oA L, CFDN, CFIX, CP, CAM &l

DAL 720 i o 45 BA 2 o L Te 7z,

imipenem

Table 1.

WF RO LA L A AT L7

4. GRS 2 RO

AL AL it 12 LD &, s s L
T Mueller-Hinton agar (Difco) #JlJvy, MIC % illl%E
L7z. FOM ®O¥;{714 Nutrient agar (#6f) % /w72

5. st VT #ofle

Heart Infusion agar (HIA: %6ff) “I*# |- 37C
L2 A% 1x10° CFU/ml £ % 2% X9
Mueller-Hinton broth (MHB: Difco) (2% L 7=. fa:
B, WHIZABMAIEE Y VT 28 0B T& 3 1x
10" CFU/ml & L7z Wil % 30 Jrfifif %, W 9 7#12
i U & AlO#RIL o 10 15 (20 MIC, 1,000 MIC)
W1 BRI A 7z AR 2 W A% LB £ % R
L. A7 7>740%— (02um: IVKRT) T
%, TOWEE VT WEM AR E Lz, 72, M
R B HIA 2072 PGLETHlE L 722 FOM oY)
#riX, Nutrient broth (%) Z w7z,

i fEi o> VT Wi, Vero ML % Jv> 72 bioassay ik
TE L7z s VT JE &K % vero MIBLY; 85 10T
H 7% 5% FCS @M E-MEM (H &) #Hv, 2kt 10
BETAML 7z & AREID 100 4] % 96 well 4 7
07 L—1F (CORNING) (Zf A%, Vero My 1x10°
cells/ml i 100 ul ZiFEM UL, BfE» ARG BEENT
5% CO. 37C ORI FT 48 WEME &£ L7z, Wi 1
Bl XTT i (XTT: Sigma 1 mg/ml, phenazine
methosulfate: FIGHEEE 25 4 M) 50 4] WA, 3 RER
{2 Fa~—23 %, WEMKE 450 nm TG %
WE L, Aot r g Lz . VT iz~ kv
A-F (VEWF) o VT BESZ T THOEE 2 1k L TR
L, 2 MIC #1Eo TFLX, FOM (% 3 uo) iRER&S YL
%, TOE 2 MO REEH YL 2 TR L 7=

ks, ARBRIZEIUT2 VT-1. VT-2 ORI R
0.1 ng/ml £ 0.02 ng/ml THH. EMHELTHV
VT-1, VT-2 & Vero i3 % 1C. ffilZ, 5.06 pg/ml
L 083 pgml TH-7z. T/, HWiI L7z TK-806 £l
3% TFLX, KM 3 X" FOM ® MIC %. 0.025.
3.13, 25ug/ml Th -7,

6. LA Bnp Bl
TFLX, KM 5 X" FOM @ 100 MIC T 1 $£7:13 6
WE IR = 7 28 R0 - BRGE (H 7 S-4500)

TS L 720 o BB o { 52'!(1‘.'?{7'}&(: it - THrF
D720 DY, MHB 2 THREHY; 168 L 72 5f B ati ) o

PCR primer used to amplify the fragment of verotoxin gene

PCR product

Primer

Toxin type

size (bp) sense antisense
VT-1 811 5'agttaatgtggtggcegaa 5'gactettecatetgeeg
VT-2 471 5'tteggtatectatteceg H'tetetggteattgtatta
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RWIZHEA L 1 £7213 6 RERERH &, Bfk%E 12,000
rpm T 0%ER L7, Kerenberger buffer T#E# L,
15% Vg —=NTuFe K (FEME) < 1 KR, &
521 % *AI7 A8 (FOLME) T 18 KM EE,
TN A= VK, BEEEA VT INTEBRL, A%
BB L OB AE 1T - TBIZ - W L7z,
II. & S

1. VT M

GIERRE L7z 35 #RICH§T 25X by 7 12X % VT
OMMAE RSB L O PCR ETHAE L VT BEARIETH
DR % Table 2 \I/RT o 72, VT MEABEETHR
B AT Hu—2AERKBEO—Bl% Fig. 1 1ZRT,
Na by 7 RI2KDB VT OMMEERE PCR KX 508
HBIZT OMERFERIIEHR T L, 35 #krb 3 BRI

Table 2. Results of Verotox-F and PCR against verotoxin pro-
ducing Escherichia coli 0157

Strain  Results of Verotox-F Results of PCR

no. VT-1 VT-2 VT-1gene VT-2gene

I+ o+ o+ o+
I+ o+ o+ o+

O N R W N

10
11
12
13
14
16
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39 +

I+ + + + + + + + + + + + + + + o+ o+ o+ o+ 4+ 4+ + + o+

S S S T T T R I S S S R T T R T T T T T T S S iR
+ 4+ + + + o+ + o+ F o+ o+ o+ o+ o+ o+ o+ o+ +

R S s T T S S S S S S S S T T T S S S S S U U PP

+

A missing numbers = not verotoxin producing Escherichia coli
0157

VT-2 OHADELDS, o> 32 4 TiE VT-1, VT-2 O
HEDBEAL TV 2O MRINI, RRBRTHEAL
7= TK-806 # (Fig. 1 No. 31 #) & VT-1, VT-2 % &
BITEAEL TV,

2. HHIEZN

BRI M~ o B A E R 0157 35 BRICH§ 5
KA D MIC D5 i B L O MICso, MICso fli %
Table 3 127”6

NZ ) YREHANCWYE 2K (MIC: >100 ug/ml)
1 BHREDSND, ZOMOKIZT T OEANI
LCEZEERL,

SEBRFLEKEF 2 0 RAREIZL L b HW
EZMEZ R L, MICw fliix 0.0125~0.1 yug/ml T,
TFLX ® MICs i (0.0125) b o & /N Eh oz,
B-9 7 % LRETIZ, hIWIAXREALFR, CEZ, CCL %
w7 2 ARMELE, TIN5 LRMEED
AZT 12§ 5 BREZMVE L, ThZEhD MICw fEid
0.025~0.20 ug/ml, 0.05~0.39 ug/ml, 0.1 ug/ml TH
2720 TOMDPLRHEEIIN T 5 MICs fEIZ, MINO
1.56 ug/ml, KM 1.56 ug/ml, FOM 12.5 ug/ml, EM
50 ug/ml, PL-B 1.56 ug/mlT® -7z,

3. EHEHKEO VT i

10°CFU/ml @ TK-806 FRIZE BRI RIHEEICHN S
LREbIhD 2 MIC R, ZoPBENTOEAED
EREE M A % 2 T 100 MIC ##E® TFLX, KMB &
O FOM Z{Ef 8¢, VT MR 2 /Mo VI 8 1
LT Fig. 2 2R T,

2 RE 1% O WA BRI O Wl VT 8%, REEplang
DfE (VT-2 #5 2.69 ug/ml) & HXB5.7EDOEEZRL,
2 MIC R ® TFLX, KM fEHETIX, ZhZh 2.6
B, 4.1 BOMETEABERMOLEELEEDL S RN 5T,
FOM fEHIBETIE, EABMAT O 64 f50 VT #sd R
S5h7z, 100 MIC g Tix, TFLX T 39 f%, KM T
5.4 5, FOM T 48 f5T& 1) 2 MIC #EEIRINKF & [FH
BTdHh -7z,

2 MIC BEERMRED 2 K% OB I: TFLX TH

o
800 bp PR ‘ O T-1
400 bp .""= zz.‘g? VT-2

M.W. 31 32 33 34 35 36 37 38 39 40 #

Fig. 1. Example of agarose gel electrophoresis of PCR
products.
M. W.: Molecular weight marker. #: Strain No..
Strain No. 40 was not O157. Strain No. 37 pro-
duced only VT-2. Other strains produced both
VT-1 and VT-2.
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Table 3. Antibacterial activities of drugs against verotoxin-producing Escherichia coli
0157 (35 strains)

Antibacterial agents Range (ug/ml) MIC . ug/ml) MIC. (ug/ml)

Tosufloxacin 0.0125-0.025 0.0125 0.0125

Ofloxacin 0.05-0.10 0.10 0.10

Levofloxacin 0.025-0.05 0.05 0.05

Norfloxacin 0.05=0.10 0.10 0.10

Fleroxacin 0.10 0.10 0.10

Tetracycline 1.56 1.56 1.56

Minocycline 0.78=1.56 156 1.56

Chloramphenicol 6.25-12.5 6.25 6.25

Clarnithromycin 25-50 25 25

Erythromycin 25— 50 50 50

Gentamicin 0.39 0.39 0.39

Kanamycin 1.56 1.56 1.56

Tobramycin 0.39- 156 0.39 1.56

Fosfomycin 3.13-25 12.5 12.5

Polymyxin B 0.39 - 1.56 0.78 1.56

Flomoxef 0.05-0.10 0.05 0.05

Ceftazidime 0.10-0.20 0.20 0.20

Cefoperazone 0.10-0.39 0.20 0.20

Cefozopran 0.05-0.10 0.10 0.10

Cefotiam 0.10—0.20 0.20 0.20

Cefazohn 0.78-13.13 1.56 1.56

Cefteram 0.20 0.20 0.20

Cefaclor 0.78=3.13 1.56 3.13

Cefditoren 0.20-0.39 0.39 0.39

Cefdinir 0.20-0.39 0.20 0.20

Cefixime 0.20-0.39 0.20 0.39

Ampicillin 3.13- >100 3.13 6.25

Carbenicillin 3.13- >100 12.5 125

Amoxicillin 3.13- >100 3.13 6.25

Piperacillin 0.78 = >100 1.56 1.56

Ampicillin/sulbactam 3.13- 25 3.13 6.25

Amoxicillin/clavulanic acid 3.13-12.5 3.13 6.25

Piperacillin/tazobactam 1.56-6.25 1.56 3.13

Imipenem 0.20 0.20 0.20

Meropenem 0.025 0.025 0.025

Aztreonam 0.05-0.20 0.10 0.10

1/10" (2 A L7z, FOM TEA 1/50 2k D L 7225,
oo, KM 4TI (2 058 ) eqs i & 1ol Bl o 71 0 B #8 % L
90+ 7: (Fig. 3) 100 MIC #21EGMIF0> 2 W51 %00 14 £ L
iod 100 MIC TFLX £ X 0¥ FOM T8 V10 (2|4 L7 £7:. KM
- 60 T 1107 LR L7 (Fig. 4) .
E 50 1 4. LA Y

ol TFLX. KM # X ° FOM @ 100 MIC Tl 547
201 o)LL B4 2 Fig. 5 (253 TFLX, KM
B , 6 WEI {1 S 4 22 A5 IR LSS S vz

control  tosufloxacin  kanamvan  fosfomycin

Fig. 2. The amounts of verotoxin released from Echerichia
coli TK-806 (0157) after exposure to tosufloxacin,
kanamycin and fosfomycin for 2 h.
Tosufloxacin, kanamycin and fosfomycin were used
at the concentration of 2 MIC and 100 MIC.
The amounts of released verotoxin are presented as a

ratio of before and after exposure to drugs.

FOM Tl 1 DR Tl s Mg s <4, 6 I¥ITIig
AR AL AR 2 T X e, 72
. = =3
el VT pEERYE O IR 25 8~ T g 206 P KB
#0157 35 FRE N0 FRESEAN T 2 ezl B X
CHEANENNE DR VT e fiad L7z Z o, i&
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ZHiE TFLX 213 Lo E$T5F /7 0r RZEHI»L - &
LR, ROT -T2 5 LRBHIOH N NARRLRE
Y7 2 AREHDIETH 720 T72, FH L 35 D
PIZIENR =) Y RER WA 1 bRED SN2,
MOKETRXTOEANEZHETH > 720 ZOMRIT,
RS D 0157 TOMFERF? LR —FLTHEY,
1994 AFIZIRBREHAE BEH S 08 S oz KBS i o3 H)
MY (RX= 2 CREAMERR: $ 20%, ¥/
O VSREAIMERR: £ 6%) & HITF KL, NuHH
FEAEMEREGE 0157 3HIRTIZ—H#2D E. coli & L~
ML RARZRERTI LB RVWEEZEL LN,

4, TFLX, KM, FOM O:REREE %, KB
MEIHNLZBEL LT 2MIC 2, ¥/, #dT5&
IICHENERREIBRETHLEHEESIhL I L
25 100 MIC %#3%& L7z, EAMERRED VT fesfid 3

10
—_ /control
E 8 kanamycin
=)
=
O
3
o 6L fosfomycin
s
4 tosufloxacin

0 Time for drug exposure (h) 2
Fig. 3. Reduction of viable cells of Escherichia coli
TK-806 (0157) after exposure to 2 MIC of tosu-
floxacin, kanamycin and fosfomycin for 2 h.

kanamycin 100 MIC 6 h

A TKEZEFAD SR, 2 MIC B XU 100 MIC #
BEIZBWT TFLX, KM (3xf B EE & [F 72 B i o it
BLIRE LN o724, FOM TRRZBOHZEEHR
Doz, BAEAMEHOM S, 2 MIC RE T TFLX,
FOM, KM DIET#» Y, 100 MIC iRE TIXHEH & 3
RO R R L7228, B s REMERICIIHEY
WRBDHNE D o7,

100 MIC D FHF| 2 e S 72RO B RO E 7 M
B2 5, FOM /EHRFICIZERMNTOBRENA LR,
TFLX, KM fEHRCTIRIBRARD SNed o7z, HF
WHERIIEAIERT HOBERORE L BT 242
ThHo7

EZATEAMERED VT #EIC DOV TOHEIZIZ,
ST AHIAH D VT A %MK SHE, #IZ CPFX VT
FEEZNH T2 L OMEY 2d b, B, FHESIEF

0 control
- Tr
E
=]
3
o b
=]
53
Q
—
3 -
fosfomycin
tosufloxacin
1 kanamycin
0 Time for drug exposure (h) 2
Fig. 4. Reduction of viable cells of Escherichia coli

TK-806 (0157) after exposure to 100 MIC of tosu-
floxacin, kanamycin and fosfomycin for 2 h.

Fig. 5. Morphological alteration of Escherichia coli TK-806 (0157) after
exposure to tosufloxacin, kanamycin and fosfomycin.
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/a2 fijo> NFLX 7% sub MIC #1%T VT-2 /L% &
WY 2L, £7: FOM % @M o5 34 Tk
VT L322 L2 iy LTwd, Slok
2BV TOHE S o o & Ak FOM 1B (100
MIC) (23 o VT Wil sz ), ¥/
Oy RIEETH D TFLX EHINELZ I O157 124 L T,
RGN 2 R Lz aE MW o g VT sk iz
o 7ze TELX OGBSI E RGO Ko
¥/ VT iz b %enr 722 &H 0, TFLX Tid,
sub MIC T VT #/E%& S5 T 2 0 fetE I35 2 A%, 2
MIC %Eiz%lv LTI, ROMTEN L VT
PEEORIME TR RS v i 3z,

LA NIkEO e b RMEPEIE L, FOM (NI
197~605 ug/ml'™, NFLX (X A) 102~960 ug/ml*,

TFLX (& A) 205~449 ug/ml'™, KM (i A) 1,354~
14,612 ug/ml™ LM I NTEHEY, I SRIgET

HDo BAFRYAEIZBIT D FRRFO SEM sz
LHEHIZIEEA LR VA, FHRIFIZB T LBSNT
IR B L OB & X o g 0 P K A
fitszabDEEZH5ND
Bk, il I 2 %o 2
WF 0 YR, TR A OB T I YL
T HAMELHELINTHDL I E0S, MNEOKG
(A RGN =l R (N 21 53 S TR ¢ e VR [ Aed s SUS
HELAEAEEZONDL, LA2L, ¥ /70 A0
BGAGRIET VT w2 8NS5 08N H 50T,
AN g B ENE KB AN T A F 2 a rRlo A
MEWEDODITE, PRI L5 2 &
T5IERBATNIEREEBLZZE S % 4&FTo
BUWEN, VT sz it 3228, KM TOHN
EM S SICHA2 OBEPLETHS .
Amxww . 8 43 M H AL L SR H A L

R L VT sk b 4

R A B LU 71 W ARSI ARSI BT &
L7
X ik
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Antibacterial effect and verotoxin-release of antibiotics exposure on
verotoxin-producing Escherichia coli O157

Masahiro Takahata', Yousuke Furuta", Yoshiko Yamashiro',
Junichi Mitsuyama', Shinzaburo Minami', Hiroko Hirata* ,
Emiko Yamaji* and Issei Nakayama*

" Research Laboratories, Toyama Chemical Co., Ltd. 4-1 Shimookui, 2-Chome, Toyama 930-8508, Japan
¢ Third Department of Surgery, School of Medicine, Nihon University

Thirty five clinical isolates of Escherichia coli O157 were subjected to verotoxin-production, sus-
ceptibility and verotoxin (VT) release testing against various antibiotics.

1) Verotoxin-production of clinical isolates of E. coli

Three strains produced only VT-2 and an other 32 strains produced both VT-1 and VT-2 in
our tested 35 clinical isolates of E. coli O157.

2)  Susceptibility testing

Thirty five clinical isolates of E. coli O157 were subjected to susceptibility testing against 21
drugs of f-lactams, 5 drugs of quinolones and 10 other drugs. Only one strain was resistant to
penicillins, whereas, an other 34 strains were susceptible to all drugs tested. Quinolones were
most active against E. coli O157, and its MICws were 0.0125-0.1 ug/ml.

3) Verotoxin release

The amounts of VT released from E. coli TK-806 were measured after exposure to 2 MIC of
tosufloxacin (TFLX), kanamycin (KM) and fosfomycin (FOM). The amounts of VT were increased
64 fold after exposure to FOM for 2 h. On the other hand, no increase was observed in the case
of TFLX and KM.

In the study described here, clinical isolates of verotoxin-producing E. coli 0157 were tested for
susceptibility to various antibiotics, and TFLX made E. coli release less VT than FOM did.



