C. IRBR

A )y RS kDR ES

A= v 7 QEDICHEHEE LTIFBE
BROBHEEBEABAKEMATA MYy h—
THABRZERLEZ. TABHEIZ
1075TCIDs0/0.1ml @ =7 1 )\ R i #K &
1/100 BMA 7= 1 IV AT AEKZE RN
TRBEHEDOKRE T (B1). U1
AT AR E 100 588 LIRBIRSP O
A AR 2R E LR RERE L&
A, B®EOETIE 100%
(1075TCID50/0.1ml) EX TE/=A. >3
BEBBELZE(F > a T 14.4%
(10665TCID50/0.1ml) DEIRBTH > /=,
RUIFLTYa—NIZKDBMET
(PEG #%) 13 6.8% (10633TCIDs50/0.1ml)
DENRBTH o7z, WORENSBI=y
M(Z2a2I14)L b5 15) &AW -8B
T2 ES TR 30,000 LA EGIKBLT
100,000 LA E(100K) &5 5 B 100% D ENY
BThol. £z, BHEEREECEELET
13 5 B, BYZFL Y a— )T
F4RMEBELEZDICHLT., 733290
k5 15 TiX 30K. 100K & HiZ 30 43 #fiig
TRFENAETH -z, £, BESHNE
SEMBNZ T ABBEE-LEEZA,
THOHETH TR RERIG SN
Zo RIEQOI/ DRI F— 3%t
B I BIEDT 4 AR—H TN DRAT
BREFETH D, MEHED LGRS
N=Z7zaU)lh3 156 ZHWTERT
HZ&EL,
DAV A IR DRSS
JOUANAEEDTANABRFED
FHRBROKREEOBERIIZFMBEREE X

S5N3 =0 RHMN S OMHIBIT DN THRE
L. PIVIHRANKTAINARER
(1043TCID50/0.1m1) 0.01ml Z®{FL &
£F v Exy AT 30 HREEE. 50ml
OEERELTF 2—TICAN 10ml OEE
Uiz AEK, 0.01M U U EEEHE-LEA
# kK (PBS. pH7.2) % % Wid 1%Beef
Extract /il Tris - Glycine(100 mM Tris,
50mM Glycine, pH9.5)§EE#K = N A Tk
BIREML. RO D1 )V G % 5
EFLEINBZRDE (K 2). 1%Beef
Extract /il Tris - Glycine(pH9.5)d % W\ id
PBS TREMIAINAZERBRTEZN4E
BERFEKTREBREMTIIT IV I RV
RHELETAINZAZENT S ERTER
Moz,

AN ABMBRTABENSDIALIVA
DER
BREAS 25g KA INWARER
(1075TCIDs0/0.1m1) 0.01ml %3 L%
¥y Exy hNT 30 SRBER. 918
BOEBBBKEMA T4 NI —FFA T
v H—4RIZT 30 BEIA MY v h—IZ TR
BRLERITABREEML BT IS —
AL D TABREERL. & 5ICHERY
ERETHEDIZEIVARL—F— (0L
m) D74 NI —TAHEE7Ia>T)Vk
Z 15(100K) &2 AW TR L 1 )L A RRH
iz fE L EINEREZRD (K 3). (TAE
BOEBICZA M~y Ah—2ERALRZBE.
BEUNBIZAMF 204%. ZAUSZTIES
15.8%. K% T DEM 60.3%. EAfDME
15.8%. R"T bHF5 72%. Y RAvF
DE (PTH. FR) 158%TH 5 7278,
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A=) A0-—"5REIRTELRN 7. E

oo ARy h—2ERALESERMHOB
BMNREL 7 4 NI —ABBXTELR
RS A8 E T aH o 7z,

BMOERYOREEZMZ B7-DIZIT A
B ORE = RBEMN TITWL., RORBES
AiBiEDH B WIIBELETY 1 IV A DEIY
L7z (K4). HRICEERE/KERNT

T ABBROEREZRBE TITo &
5. HLRRASBEICBWTHERERSN
S5O ADEIREIT 10%R1£8.4~
14.8%)TH o7z, BELETIRIZEAE
BT S E3TE Mo (EINER 0~
2.1%) . BHERTOMBIE P O U1 )V Ak
R AIBIETH S N2 1 I 2 DHK 100
ETHHIENS, REEMTIRBMLE
DA NAREENSTHICERET S &
MTERW, BREROETRAS»OERIC
01V ABSERE - FUX & 7R T E A8
REN/z.

MR OB 21T S DI BAITABKR
DFABEHBHRMTITVRA 28 TO 1
WADEIRZTo 7= (K5). BRADHEFIC
FOEIRBIZIIS DENBDSNBMN
1%Beef Extract Il Tris-Glycine (pH9.5) %
RAWTHIH L 28 At ot & b ERER
MEWEEZ SN,

1%Beef Extract il Tris-Glycine (pH9.5)
EHHEELT, SEARNSDI1IVA
EIRZEfT->7=Gk1. K6). BAZBET
WINORHHBMERTO 10051271V R
B S N TWh, EIRRBIRBELORE
BHickoEdso>an@ovshniz (03~
17%).

D. EE

/O NVADRBERNERBBLRTH
5 LRI L BEMSDTA )V AEMEIGE
REFTo 1M, BEANDYA I ARERE
BTN ANBRBFICBEL 2720,
B stk E AT ERTE e, o7,
BRNSOMBEELTA Ny H—H 5
WIEREAHLBIENTNS EEZ SN,
INSOBETREBERBEFHYMNERBEL,
PCR 72 EDBEBIRILIC S . 5 BN
2INns,

E. B8 _

BENS D1 )V A% ORI E2 HH
EBLUVBEBEERF L. BEEELT
B R&TABKRZRCRENA8EICLD
BHETIHEMNEETH o7z, MHEIIE
B RIEKED 1%Beef Extract 1N
Tris-Glycine (pH9.5)EDEEREEHF T 5
it oML REREN TV, AL
3. BROBBEICK D RASH 30 R
#. 30 HEEBERHH D VIIA Ty h—
ZHEL, A My h—z2RANWEHHED
PBVBENTWEN, ATy A—HHIZ
LE5REMERNSHEBEREICEEBEB LI
L7z,
JOgAINADBRBEIZUTZINVI A A
PCR EMAWVWSLENTWS Z &, SRk
L=fhitik (®7) U751 L PCR
BCBLETEEERFT S,

F. BIRRER
<ERmIX>
Iritani N, Seto T, Hattori H, Natori K, Takeda
N, Kubo H, Yamano T, Ayata M, Ogura H,
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BM2508 A, REHER
22.5miMA %,

., =B, 305 M. &EREM
i HBHLIE RhTYH—308
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Tk 19 FEEESBRETRREYS RRORL - BLHRHELTHED
Ui

BRICBT HWMEYRERELOHAR R ST ORKEENE S A7 AICHY 555
/7 0Oy ABERELOBRN &

SEMAE FHH BT
MAHHE * FTE
& DX
FOvkn
B B

BAEE

REMERE MRt 57—
KEMBEREEMA L5 —
R BRZ MR 57—
HEMERE MRt 7 —
RKRBERE WAL 57—

BIMENSD /) O N AREEREEZF LI V52012, 2nd U 7IVF 1 L PCRED
B Z2To 2 @Ak 7TV F A APCRIEB)ICEK D /01 )V A GI Bthsl 6 ¢ & RRtEH 3
B X GII BHEF) 31 #F & Batkpl 5 #F. A&t 45 #iIcDWT 2nd U7V A A PCR 5%
EH L=, cDNA IZEAEEFRICERL. /09U X GI & GISKR/ICOGIF. GII &
G2SKR/COG2F ZHWT 1st PCR 2EEL. B5 N PCREMH 5u1ITDNWTYTINI A
LPCREZEMKLE. GI Batk#l 3t 2 443 2nd U T IVF 1 L PCRICKDBEE /25
7= 0%, GII Rt TI3BB AL L 724 N33R D S e o /2. GI & GII OB EL 37 T
20 #(54.1%)I2B\T 1,000 £ 5 100 A EOREATRIHBRED LRER N, L
U. GIEHE# 6 £ 3 £ & GIL BBtESI 31 #heb 5 # Tl BB QR LABED S h
2. SEAVEERT 514 X —EBMICERNBTEE L TWA R I N,

A. BIREM

EE, /a1 IVAN)HEBAOER
RECBOTR,. BRINZZHAE#TE
FREETI2HHIIEDL. FAERBEIC
LDBBERONE - ERRXFEENLT
RITAHLR T 2HEHFANEML T 5, BREE.
NV ORRZEIE RT-PCR #EHDWIIU TN I A
L PCR{E CERR 154 11 A 5 BftEA%E
BEAE) BREBGTFEHENLANS
nTns, LML, BENSOTAIV AR
BIZBWTIERERVAIVABND RN &

NFPEIN., BRHBREOEZR LM ENKRD
5N5. B TFEWEORFHTHEIZN O
BETEREE DI, BEBAERRAE
M SR E NI NV OBETFRBIZTV, &
BEMEO—EIZDONT 2nd UTNI A L
PCR E#EBL. NV RHBREEZmMLESE
ZZEEBAMEL.

-~ B. BIRAE

1. wBEME
2007 &£ 4 ANS 2008 4 1 AICHBNTH
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£ L -BBRERAERHOSAMIEL 4,215
HizDONWT, BBRERY IV AOKREE
EMEL7=. 2nd U 7L ¥ 1 L PCR DK
121, NVGI BtE6 6 #F & Battp 3 B & TN
GII BBt 31 # LBatE6) 5 #. A&t 45 #F
RN\,
2. Hik
D BB YA VA DRE

NV RRFRISERR 15 4E 11 A 5 BAHEA %
HBANTHEL, UTINF A L PCREIZED
TiTo . YRUAI AL Oka 5DV
7 WA L PCR #E(J. Med. Virol. 78,1347~
1353(2006)) . ABBIOCHOYITIVLA
{&. ™R ELISA. RPHA Fvw M ZHWTE
REfTo7z. .
DNV OEE TR

Bt SNz NV OBEFRIFNE. SKR/SKF
B D PCR HIEEMET ALY N —I L
> A L. Katayama 5 D45 (Virol. 299, 225
~239 Q002 I REI NI ERA W THRKER
B &iTo 7z,
3) 2nd U7 NZ A L PCRE

cDNA DRI R A 57 B A B A & FERIC,

GO LNFHT L RERE

(SuperScript II, Invitrogen) &AW T 30
Ll DRIEFRTITo7. 1st PR IZIX, B5
N/z cDNAD—F 511 ZERAL 7=, HBRIC
RAWZUT7 V& A A PRRKIZHEED cDNA

ZHEML 7. NVGI 1275 1 < —GISKR/COGIF,

GIT & G2SKR/COG2F % A\ THPEZ1TVY,
Takara Ex Taq (1 U) , & T S 7= BREHK.
dNTPs I3RFTEEIN > THEL 2. Kb
&3 94°C5 57 D%, 94C1 4 -55C1 43 -
72C1417% 40 B DKL, 72C5 43 1[ET
fTolze BONZPCREYM S 1 ITDNTHE
EHEBAEBEBMEICHE LT, CGIF/R.

RINGI-TP (a) . RING1-TP (b) & B\ i COG2F/R.
RING2-TP ZH T 2nd U 7V % 1 L PCR %
ZEBLME 1.

- C. BIREER

. BBREMRENSOTAINABRR
2007 £ 4 A5 2008 4E 1| BORICEE
REMBHOSAEME 4,215 HIZTDNT
BEBRAERY A IVADRREETWV, 1,035
HQLBDNSTLIIANEHEINZ(E D,
BRH SN -1 )V ATINVGIT A% 955 £, NVGI
A% 56 . NVGI+GIL A% 2 ., Y RIAIR
15, ABOYIALINA 448, CHOYY
AWAIBFTHo .
2. RHINEZN OBEETR
EHFEFNS NV PRE SN EEHHH
D b - b MEREELHBEINSZ 56 F
BlORERICOWTEETER ZfTo =
(F2. BHEM-ZDILGIL. 4 T 42 B4
(75.0%) . KWT GIL. 13 A% 8 F4 (14. 3%).
GI.4 2% 2 S DAh, GIL. 2, GII. 6, GII.9,
GIL.1TENFN | FHMSKRHEIN.
MR (K DicELHd L, BRHERR
T 27 B 26 B (96. 3%) . FRBEN 6
Bl 5 ) (83. 3% AIGIL.4 TH D, BmHE
BERLE. —F. REBR - 9HE - N
BROFHFHTIX. GII1.4 13 20 HHidh 10 HH
(50. 00 ICBED ., KEBBOBRITBNT
1Z GIL 4 A DBETERTEFNED SN
2o :
3. nd YTFILZA L PR HEIZ K BE
Eom L SR
WEE) 7 VT 1 L PR BRI X B NVGI
BEtER) 6 tF Z et 3 B X TR GIT BRHEH
31 # LR 5 . & &t 45 HHiIc DWW T 2nd
U7 )& A IPCRiE%EERL =(2).NVGI
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& GIT DBRHEMEL 37 # T3, 20 #:(54.1%)
BT 1,000 505 100 A EOHBE THR
HMERED ERNHEREINIZ(E D). £/, G
BRtEG 3 £hh 2 A% 2nd U 7L F A L PCR
CEDBEERo 705 Gl BEHEFITIZEE
HLL=MEHIZD SNsho /.

D. #®

BN TREL-HBREREHAN SR
ENSHUMINARII., BEERBICK-S T
REMNBEDOSNS. BRERER. KEMS
BREINNVD LA EEGIL 428 5D 7=,
—%. RER - HHEE - MERICBTHH
FITIE, GIL. 4 MR I /=8 &13 50%ic
EFO0. N DANICHHRTALINA, A#E-C
HOSUAMNANBERENSREBI N,
ZDRDEERBITBITSEBAERRE
ZHENTIE. NVIRBSTRIA<EBRY 1
NVADBRREERT 2 BREHNRED SN,
HE. VHEBBRERAREOHEFEAR
WKHFREDZBANLEDHHBIFIIETL.
NI ED> THBREHEICK > THERS
NERBICERT2HFANMML TS,
BROTAINVAERBRIIDRNT ENTH
ENB7. Ind UT7INF AL PR ZEIRE
DRMEREOM EERADZE TS, 37 b
20 #(54.19%)IZ B HHRREE D[] L ASZRD & 1.
GI Fatd4 3 b 2 HEASBHEAL L =0 2T D
MEHZ B TRIBRE O EXKE I N
MoERRELT, T4 v—REMILIC
BIIDBEETFERVEEZ TS alaEHAR
wx s, '

E. &
2007/2008 WATHIC BT 2RI TO
EFATN OBETEIIGCII/4 TH > 7. 2nd

D7NE AL PRTEICEBBHEREDR L
i3 54.1%DBREMENT BN TRER I Nt
ETOMEITERTETWARW, MIEICH
WARBER TSI —DORINBUVEELEZ
5Nz,

F. RRRfaRRiEH
1AW

G. BIRREE

#H OEE. & K BOSKWL, BBYE
. HAREE. HST. RREE. RY
JIGESR, BEFmLT. SHEF. KREF—
i R R OFBEEEENSD /O
TANWARTE. B OS5 EAEKY A RAERSE
=, FLIRT. 20074 10 A 21 H~23 H

H AN EHEOHE - R&RHR
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#HEER

5 EMEES T orm2 | ¥
- ORFL | T {Poly-A
. ORF3
COGIF| | [|G1SKR
1stPCR
COG2F|_| []G2SKR|
COGIF| | [ ]COGIR
COG2F [ | [JcoGar | 2nd/7M{LPCR

E1. 2ndY734LPCREICAWN=TS5147—

K 1. RRBAOBEREARENSDVMNILAERR

¥£A 74 5 6 7 8 9 10 11 12 81 &5t
B# 268 355 324 163 111 129 259 892 874 840 4,215
NoroGlI 6 7 9 4 30 56
NoroGlII 81 13 45 3 5 2 29 187 345 245 955
GI+Gll 2 2

YR 1 7 1 1 3 2 15
A0% 3 1 4
c a4 3 3

At 81 16 55 17 5 3 30 197 352 279 1,035
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%2 ERBEFHLBREEN/O91LADEETE
F£H 20074 5 6 7 8 9 10 11 12 2008.t &5t
' 2 2

Gl/4
Gli/2 1
Gll/4 2 1 1 " 8 14 15 42
Gll/6 1 1
GI/9 1 1
GI-13 1 4 1 1 1 8
Gll/17 1 1
&it 4 1 6 1 2 1 0 8 16 17 56
% 3. EMAFERAISBRBEN-/O9/ NV ADBEFEFERAN)
aEnE REEFE b D1t =118
Gl/4 . 2 2
GI/2 1 1
Gll/4 26 10 5 1 42
Gll/6 1 1
GI/9 : 1
GI/13 7 1 8
Gll/17 1 1
&5t 27 20 6 3 56
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aBsTRACT. We have investigated 37 minor serogroup Shiga toxin-producing Eschrichia coli (STEC) strains other than 0157, 026, and
0111 isolated from human specimens in Osaka prefecture to determine their serological and biochemical characteristics, virulence-asso-
ciated genes, and clinical signs in patients. The same serotype strains were genotyped by pulsed-field gel electrophoresis (PFGE). The
O antigen of 33 strains were typed into 10 serogroups; 028, 063, 065, 091, 0103, 0119, 0121, 0126, 0165, and 0177, and other 4
strains were not agglutinated with any serum. Four different Shiga toxin (Stx) types (1. 2, 2c. and 2f) were distributed in these isolates.
The intimin gene was present in 83.8% of the strains and subtyped into intimin «, 3, €, and {. STEC 0165, O177, and OUT isolated
from hemolytic uremic syndrome (HUS) patients revealed atypical biochemical characters; negative reaction for lysine decarboxylase and
gas production from glucose. Eleven strains including the isolates from HUS patients generated no colonies on cefixime-tellurite (CT)-
sorbitol-MacConkey agar plates, since they showed high sensitivity (MIC < 1.25 ug/ml) to potassium tellurite. The finding show sup-
portive information for use the selective agar plates with and without CT supplement for the isolation of minor serogroup STEC. PFGE
analysis revealed that the strains isolated from family cases were closely related within the respective family, and it was useful for epi-

demiological analysis of minor serogroup STEC.

KEY wORDS: biochemical characteristics, minor serogroup, PFGE, STEC, szx.

Shiga toxin-producing Escherichia coli (STEC) is known
as an important cause of gastrointestinal disease in devel-
oped countries [5, 36, 42]. The public health impact of
STEC infections is high because of their ability to cause sec-
ondary infections and systemic complications, such as
hemolytic uremic syndrome (HUS) [3, 15, 23]. In Japan,
STEC infection is classified as a category III notifiable
infectious disease under the National Epidemiological Sur-
veillance of Infectious Diseases (NESID) in compliance
with the Law Concerning the Prevention of Infectious Dis-
eases and Medical Care for Patients of Infections (Infectious
Diseases Control Law), and reporting by physicians is man-
datory. More than 3,000 new symptomatic and asymptom-
atic cases of STEC infection are reported every year,
although reports have decreased slightly when compared
with the reports from 2004 [30]. In 2005, 1600 STEC iso-
lates were reported from prefectural and municipal public
health institutes (PHIs) to the Infectious Diseases Surveil-
lance Center (IDSC) of the National Institute of Infectious
Diseases (NIID). The ratio of O157 isolates was decreased
from 75.4% in 1997 to 68.4% in 2005. 026 accounted for
22% and O111 for 4.6% of the total STEC isolates in 2005.
In addition, serogroups other than 0157, 026, and O111
increased from 33 isolates (9 serogroups) in 1997 to 52 iso-
lates (14 serogroups) in 2005 [30, 31]. Recently there was

* CorrESPONDENCE TO: Kozaki, S., Department of Veterinary Sci-
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an outbreak of STEC O121 infections among school chil-
dren in Chiba Prefecture [1]. Many effective and selective
media are widely used in routine laboratory examination for
the isolation of STEC O157 that have sorbitol-nonferment-
ing and S-glucuronidase-negative characteristics. Rham-
nose and sorbose are also utilized as indicators for the
isolation of STEC 026 and STEC O111, respectively [16,
41)]. The biochemical characteristics of various other STEC
serogroups have not yet been reported. In Osaka Prefecture.
some cases of HUS caused by non-O157 STEC have been
reported since 1997. The development of rapid and effec-
tive methods for the isolation of ‘minor serogroup’ (sero-
group other than 0157, 026, and O111) STEC are desirable
to prevent secondary infections and analyze the infectious
route. Methods for the detection of Stx, the cardinal viru-
lence factors, directly from human stool or colonies on
selective agar plate have been described [18, 24, 34], but
these have been failures due to low sensitivity and false pos-
itives [8]. Isolation of STEC is required not only for report-
ing to NESID but also for epidemiological investigation.
Symptoms range from mild diarrhea to hemorrhagic coli-
tis, and the infection may be complicated with HUS. STEC
has been isolated from healthy individuals as well. It was
suggested that the clinical outcome of STEC infection is
associated with the Stx type and intimin, an outer membrane
protein responsible for the intimate adherence between the
bacteria and the intestinal epithelial cell membrane {7, 10,
13]. The finding that enterohemorrhagic E. coli (EHEC)
hemolysin, called enterohemolysin, might act as a virulence
factor in STEC 0157, 026, and O111 was reported [6]. We
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therefore investigated minor serogroup STEC that had been
collected from human cases from 1996 to 2006 in Osaka
Prefecture to characterize the isolates for their serotypes,
virulence factors, and their correlation with disease. Fur-
thermore, we applied pulsed-field gel electrophoresis
(PFGE) to analyze the similarity of isolates in the same sero-
type. The aims of this study were also to describe the char-
acteristics as indicator of effective detection of minor
serogroup STEC and to evaluate the tools for epidemiologi-
cal analysis.

MATERIALS AND METHODS

Strains: STEC identified to serogroups except 0157,
026, and O111 were used in this study. These strains were
isolated from 24 patients and 13 healthy carriers between
January 1996 and December 2006. Their clinical features
are summarized in Table 1.

Serotype identification: Serotyping of O antigen
(lipopolysaccharide) and H antigen (flagellar) of motile
strains was performed according to the agglutination test
[32] using Escherichia coli antisera set 1 and set 2 (Denka
Seiken, Tokyo, Japan). The strains untypeable with com-
mercially available serum were identified at the National
Institute of Infectious Disease. The H types of nonmotile
strains were investigated for the flagellin genes (f/7iC) by
PCR followed by Hhal digestion of f/1iC PCR products and
evaluation of restriction fragment length polymorphism
(RFLP) patterns, as previously described [28].

Table 1.
serogroup STEC

K. SETO, M. TAGUCHI, K. KOBAYASHI AND S. KOZAKI

Biochemical characterization: The strains were exam-
ined for biochemical properties using conventional methods
[11]. The carbohydrate-fermenting ability was determined
with pepton water containing Andrade’s indicator (1%) and
one of the following 14 carbohydrates (1%) (Wako Pure
Chemicals, Osaka, Japan): adonitol, arabinose, dulcitol, glu-
cose, inositol, lactose, maltose, mannitol, rhamnose, salicin,
sorbitol, sucrose, trehalose, or xylose, after 3 days incuba-
tion at 37°C. The activity of fglucuronidase was observed
by inoculating on CLIG medium (Kyokuto Pharmaceutical,
Tokyo, Japan).

Typing of Shiga toxins and stx genes: Production of Stx1
and Stx2 was tested using a reverse passive latex agglutina-
tion test (VTEC-RPLA; Denka Seiken), according to the
manufacturer’s instructions. The detection and subtyping of
stx genes was performed by Hincll digestion of a 900 bp
DNA product, which was obtained by PCR with primers
Lin5’ and Lin3”’ [2].

Detection and subtyping of intimin gene (eae): The eae
genes were detected by PCR using primers eaekl and EA2
[26]. The subtyping of eae genes into intimin a, 3, v, £, and
€ was performed by PCR with primer SK1 in combination
with primers LP2 to LP6B [44].

Hemolytic phenotype and detection of EHEC hemolysin
gene (ehxA): The hemolytic activity was assayed on entero-
hemolysin agar plates (Kanto Chemical, Tokyo, Japan) con-
taining washed sheep blood and 10 mM calcium chloride,
and sheep blood agar plates (Kanto Chemical). Enterohe-
molysin is only observed on the enterohemolysin agar plate,

Source and number of isolates and clinical features of individuals infected with minor

Number of

Symptoms®

Serotype

Family® Sporadic?

Persons

AP D BD HUS None

028:H20 1
063:H6 1 2
065:NM¥ 2
O9%1:H14

0O103:H2 1
0O103:H11

O119:H4

0119:[H25]" 1
O121:H19

0126:H8
0165:[HUT]
0O177:[HUT)

OUT#®:H2

OUT:HI14

OUT:H25

OUT:[HUT]
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—_— e o s
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1 1

4 1 3

W= - N
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a) Family cases.
b) Sporadic cases.

¢) AD; abdominal pain, D;nonbloody diarrhea, BD; bloody diarrhea, HUS; hemolytic uremic

syndrome, None; asymptomatic.

d) Nonmotile and negative in the fTiC-specific PCR.

e) An H type in brackets indicates the presence of non-motile (NM) strains, which were analyzed

for their fliC type by PCR-RFLP.

f) HUT means untypeable with PCR-RFLP of fliC.

g) OUT means untypeable with antisera specific for O1 to O181.
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and a-hemolysin reveals hemolysis on both agar plates [6].
Detection of ehxd was performed with primers hlyAF and
hlyAR [35].

Growth on CT-SMAC and MIC of potassium tellurite:
The growth of the strains was evaluated by comparing the
colonies on MacConkey sorbitol agar (SMAC; Nissui,
Tokyo, Japan) with and without CT supplements
(cefixime;final 0.05 mg/liter and potassium tellurite; 2.5
mg/liter, ASKA Diagnostics, Tokyo, Japan). The bacterial
solutions were adjusted to the 0.5 MacFarland standard (ca.
10® CFU/m/) with BBL Trypticase Soy Broth (Becton,
Dickinson and Company, Sparks, MD, U.S.A.). Ten micro-
liter of the solution was applied to SMAC and CT-SMAC,
and incubated for 20 hr at 37°C. The MIC of potassium tel-
lurite (Dynal A. S., Oslo, Norway) was measured by the
agar dilution method [22] using SMAC as a substitute for
Mueller Hinton agar.

Antimicrobial susceptibility testing: The antimicrobial
susceptibilities were determined by the disk diffusion
method [29] with the following 12 antimicrobial agents
(Becton, Dickinson and Company): ampicillin, cefotaxime,
chloramphenicol, ciprofloxacin, fosfomysin, gentamicin,
kanamycin, nalidixic acid, ofloxacin, streptomycin, sul-
famethoxazole-trimethoprim, and tetracycline.

PFGE: PFGE was performed according to the method of
PulseNet Japan [43], using Xbal and B/nl (Roche Diagnos-
tics, Mannheim, Germany). Salmonella Braenderup H9812
PulseNet Standard Strain was kindly provided by the Cen-
ters for Disease Control and Prevention (CDC) [19]. Fin-
gerprintingll Version 3 (Bio-Rad Laboratories, Hercules,
CA, U.S.A) was used for calculating the Dice similarity
indices (tolerance 1.2%, unweighted pair group method
using arithmetic averages) in the cluster analysis.

RESULTS

Serological diversity of STEC isolates: Of a total of 1,705
STEC strains, 1,519 O157 strains (89.1%), 136 026 strains
(8.0%), and 13 O111 strains (0.8%) were isolated during the
period from January 1996 to December 2006. A total of 37
minor serogroup STEC strains were isolated from 5 family
cases and 23 sporadic cases, and classified into 16 different
O:H serotypes. Twenty-two motile strains belonged to the
following 11 serotypes: 028:H20, 063:H6, 091:H14,
0103:H2, 0103:H11, O119:H4, O121:H19, O126:H8, O
untypeable (OUT):H2, OUT:H14, and OUT:H25, and 15
other nonmotile strains were analyzed for their H type by
AliC-specific PCR. Three strains belonging to O119 were
identified as O119:[H25]}. Although the same restriction
pattern digested by Hkal was present in 7 strains belonging
to serogroup O165, 0177, and OUT, the pattern was not
identical with any patterns that had been reported previ-
ously. Therefore these strains were designated as
O165:[HUT], O177:[HUT], and OUT:[HUT]. Only sero-
group O65 (5 isolates) was classified as O65:NM, because
no amplification product was detected with the fJiC-specific
PCR (Table 1).
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Clinical features: Twenty-four strains were isolated from
patients, and the other strains were obtained from asymp-
tomatic carriers (Table 1). HUS developed in 4 patients, and
abdominal pain was the dominant symptoms in 20 patients.
Bloody diarrhea and nonbloody diarrhea appeared in 14 and
10 patients, respectively. The serotypes isolated from HUS
patients were O165:[HUT] (2 isolates), 0177:[HUT], and
OUT:[HUT]. The strains belonging to serotypes O91:H14,
OUT:H2, and OUT:H14 were isolated from food-providing
workers who showed no symptoms. The remaining asymp-
tomatic carriers were family members of patients. 063:H6
(2 isolates) and O119:H4 were isolated from family mem-
bers of STEC 0157 patients. O119:[H25] (3 isolates) was
isolated from family members of STEC 026 patients.

Biochemical characterization of isolates: The strains
belonging to same serotypes showed the same results except
for some carbohydrate fermentation results. The serotype
0165:[HUT], O177:[HUT], and OUT:[HUT] strains
revealed the most atypical phenotype, negative reaction for
lysine decarboxylase and gas production from glucose. The
serotype O119:[H25] and OUT:H25 strains were lysine
decarboxylase-negative, and the serotype O65:NM strains
did not produce gas from glucose. Sorbitol was not fer-
mented in 5 serotypes; 063:H6, O119:[H25], O177[HUT],
OUT:H14, and OUT:H25. Four serotypes (0103:H11,
O165[HUT], O177[HUT], OUT:{HUT]) and two serotypes
(O119:H4, 0165:[HUT]) were rhamnose-negative and
xylose-negative, respectively. Although it is well known
that STEC 0157 is B-glucuronidase negative, the minor
serogroup STEC strains were positive except for O65:NM,
which was positive on day 2 (Table 2).

Characterization of virulence factors: The production of
Stx1 and Stx2 was examined with the VTEC-RPLA assay,
and stx genotypes of the strains were determined by PCR-
RFLP (Table 2). The serotype O65:NM strains produced
both Stx1 and Stx2. Either Stx1 or Stx2 was detected in the
other strains. The stx types of all strains were identical to
the Stx types. The production of Stx2 and presence of stx2
were founded in 16 strains of 6 serotypes (O28:H20,
063:H6, O121:H19, O165:[HUT], O177:[HUT], and
OUT:[HUTY]). 028:H20 (1 strain), O165:[HUT](3 strains),
and OUT:[HUT] (1 strain) had stx2c¢ in addition to stx2.
Stx2 was also detected in O63:H6 (4 strains) carrying stx2f.

The eae gene was detected in 31 strains (83.8%) belong-
ing to 10 serotypes. In the eae-positive strains, four intimin
types, namely a, S, €, and §, were detected (Table 2).
Intimin € was most frequent and detected in serotypes
0103:H2, O121:H19, O165:[HUT], O177:[HUT], and
OUT:[HUT]. Intimin a was found in O63:H6, B in
065:NM and O103:H11, and ¢ in O119:[H25] and
OUT:H25. The ehxA gene was detected in 31 strains includ-
ing all except for 3 serotypes (063:H6, O119:H4, and
O126:H8), but eight strains, 0165:[HUT], 0177:[HUT],
OUT:H14, and OUT:[HUT] showed no enterohemolytic
activity. The 6 ehx4 negative strains were negative for
enterohemolytic activity (Table 2). There were no strains
demonstrating a-hemolysis.



