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Table 2. Biochemical and virulence-associated characteristics of minor serogroup STEC isolated from human in Osaka Prefecture
Serotype  Number of Biochemical characteristics® Toxin type(s) , Intimin Hel_n{’lyhﬁc ocd
strains LDC Gas GUR Rhamnose Sorbitol Xylose RPLA PCR-RFLP type  activity”
028:H20 1 + 4+ + + + + 2 2+2¢ - + +
063:H6 4 + + + + - + 2 2f + a - -
065:NM? 5 - *) + + 142 142 + B + +
091:H14 1 + + + + + + 1 1 - + +
0103:H2 6 + + + d + + 1 + € + +
O103:H11 1 + + + - + + | 1 + B + +
O119:H4 1 + + + + + - 1 1 - - -
O119:[H25] 3 -+ o+ + - ) i 1 + ¢ + +
OI21:H19 4 + + + + + d 2 2 + € + +
0126:H8 1 + + + + + + 1 1 - - -
O165:[HUT]” S - -+ - d - 2 242,2% + ¢ - +
O177:{HUT] 1 - -+ - - + 2 2 + - +
OUT™:H2 1 + + + + + + I 1 - + +
OUT:H14 1 + + + + - + 1 1 - - +
OUT:H25 1 - + + + - + 1 1 + ¢ + +
OUT:[HUT] 1 - - + - + + 2 242¢ + £ +

a) LDC; lysine decarboxylase, Gas; gas production from glucose, GUR; Sglucuronidase.
b) Enterohemolytic activity observed on enterchemolysin agar plate only.
c) +; positive within 1 day, (+); positive after 2days , —; no reaction in 3days, d; different reactions.

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

e) An H type in brackets indicates the presence of non-motile (NM) strains, which were analysed for their fliC type by PCR-RFLP.

f) HUT means untypeable with PCR-RFLP of fliC.
g) Three isolates have stx2 and stx2c. Two isolates have only stx2.
h) OUT means untypeable with antisera specific for O1 to O181.

Growth on CT-SMAC and MIC of potassium tellurite: In
11 strains of 7 serotypes (028:H20, O91:H14, O126:H8,
0165:[HUT], O177:[HUT], OUT:H2, and OUT:[HUT])),
there were few colonies on CT-SMAC that was used as a
selective agar plate for STEC O157. MICs of potassium tel-
lurite for these strains were shown to be below 1.25 ug/m!/
(Table 3).

Antimicrobial resistance: Antimicrobial resistance pat-
terns are shown in Table 4. Fifteen (40.5%) of the strains
showed resistance to one or more antibiotics. The 5 strains
belonging to serotype O65:NM that were isolated from 2
individual families showed identical resistance patterns. On
the other hand, in one family case, the strain O103:H2 iso-
lated from a patient showed multiple resistance, but the
other strains from the family members were susceptible.
There were no strains resistant to fosfomysin or ciprofloxa-
cin (Table 4).

PFGE: A dendrogram of the Xbal digest pattern is shown
in Fig. 1 for discrimination of the strains within the same
serotype isolated from independent cases. The strains iso-
lated from family cases were closely related (96% to 100%
similarity) within the respective family. In the cluster of
065:NM the similarity of the strains isolated from Family B
and Family C was 97%. In sporadic cases, the two
O121:H19 strains isolated in 2003 showed the identical
PFGE profile, and the two 063:H6 strains isolated in 2003
and 2004 showed 97% similarity as high as the strains of
Family D. In the cluster of O165:[HUT], five strains were
heterogeneous but three strains isolated in 2006 were related

Table 3. Growth on CT-SMAC and MIC of potassium tellurite
of minor serogroup STEC isolates
Growth on Numberof  MIC of potassium
CT-SMAC “orobPe strains tellurite (mg/m/)
. 063:H6 4 5
065:NM 5 >20
0103:H2 6 >20
0103:H11 1 >20
+ 0119:H4 1 5
O119:[H25)]~ 3 >20
0O121:H19 4 5
OUT™:H14 1 5
OUT:H25 1 >20
028:H20 1 <1.25
091:H14 ! <1.25
0126:H8 1 <1.25
- 0165:[HUT]® 5 <1.25
0177:{HUT] 1 <1.25
OUT:H2 1 <1.25
OUT:[HUT] 1 <1.25

a) An H type in brackets indicates the presence of non-motile
(NM) strains, which were analysed for their fiC type by PCR-
RFLP.

b) OUT means untypeable with antisera specific for Ol to O181.

¢) HUT means untypeable with PCR-RFLP of fIiC.

(93% similarity). The strains with the identical patterns by
Xbal digestion revealed also high similarity by Blnl diges-
tion (data not shown). -
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Table 4. Antimicrobial resistance pattern of minor serogroup
STEC isolates

Resistance pattern” Number of strains ~ Serotype

SM, TC, CP 1 0103:H2

SM, TC, KM 1 O119:H4

ABPC, SM 1 0103:H11

SM, KM 1 0103:H2

SM, TC 6 065:NM(5), 0165 [HUT}®
TC, CP 1 0165:(HUT]

cp 2 0121:H19, OUT®:[HUT]
SM ] 0165:[HUT]

TC 1 0126:H8

Total 15 (40.5%)

a) SM; streptomycin, TC; tetracycline, CP; chloramphenicol, KM;
kanamycin, ABPC; ampicillin.

b) Number in parentheses are number of isolates.

c) HUT in blackets means untypeable with PCR-RFLP of fliC of
non-motile strains.

d) OUT means untypeable with antisera specific for Ol to O181.

DISCUSSION

Reports of STEC isolation from PHIs to IDSC have
totalled 12,477 since 2000. Although O157 was the pre-
dominant serogroup, over 100 strains belonging to sero-
groups O103 or O121 that were untypeable with
commercially available antisera until August 2005 were iso-
lated [20]. In Osaka Prefecture, STEC 0103 and STEC
012] were sometimes isolated, but the STEC identified as
rare serogroups such as 065, 0165, and 0177, were found
among clinical isolates. O177 is a new serogroup that was
designated in 2004 [38]. The earliest clinical isolate of sero-
type O177:NM was stx2, eae, and ehxd4 positive and was
provided from CDC in USA in 1998. The first STEC 0177
isolate in Osaka Prefecture was isolated from a girl (4-years-
old) who complicated with HUS following bloody diarrhea
in July 2003, and it was also stx2, eae, and ehxA positive.
Another 0177 was isolated from a HUS patient (2-years-
old) living in Osaka City in same month, but these two iso-
lates showed different PFGE patterns [40]. Since the 5 iso-
lates of STEC O65:NM used in this study were only
reported to IDSC, they were isolated from five individuals
of two families eating together at a yaki-niku restaurant.
STEC O65:NM strains were isolated from swine feces in
North America [9, 12]. The strains from humans in Osaka
Prefecture were widely different from swine isolates,
because the human isolates had stx1, stx2, and eae (intimin
/) although most of swine isolates were stx2e positive [12],
and eae negative [25]. STEC 0165:[HUT] was isolated
from two children in 1998 and 2001 who presented compli-
cated HUS and three children in 2006 who presented diar-
rhea or bloody diarthea. It became easier to detect £. coli
0165 because seven antiserum, including O165 antisera,
came onto the market in August in 2005. STEC belonging
to serotypes O165:NM, O165:H19, and O165:H25 were
isolated in Europe and Australia [13, 37). The PCR-RFLP
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patterns of f1iC of STEC 0165 isolated in Osaka Prefecture
was identical to the patterns of neither H19 nor H25,
whereas they were the same with those of Q177 and OUT
isolated from HUS patients. It is of interest whether any
strain of nonmotile STEC reported to IDSC shows the same
pattern. Although ten isolations of STEC 063:H6 were
reported from 2000 to 2006 in Japan, there are no reports of
isolation of 063 from other countries [37]. The four
063:H6 strains in Osaka Prefecture produced Stx2, and had
stx2f and intimin o genes. STEC O128 strains harboring
stx2f were isolated from pigeons and infant patients [14, 21,
39]. In addition, intimin o was found frequently in entero-
pathogenic E. coli (EPEC) [33] and it was detected in only
two STEC O177:H7 isolates in Germany [5]. In this study,
we isolated and characterized the unique STEC O63:H6
haboring the szx2f and intimin o genes.

It is probable that rhamnose, sorbitol, or xylose can be
used as a discriminative marker, because 80% of E. coli fer-
mented these carbohydrates [11]. The serotypes O63:H6,
O119:[H25], OUT:H14, OUT:H2S, and O103:H11 can be
detected on CT-SMAC or CT-RMAC used as selective
medium for STEC 0157 or STEC 026, because they were
sorbitol- or rhamnose-negative and resistant to potassium
tellurite. We attempted to prepare medium without potas-
sium tellurite to detect STEC 0165:[HUT], O177:[HUT].
and OUT:[HUT] that did not ferment sorbitol and/or rham-
nose, because these serotypes were susceptible to the com-

. pound. Since it is impossible to detect all minor serogroup

STEC by using one media, we should pick up sorbitol-fer-
menting colonies on CT-SMAC, and use the medium with-
out CT supplements, for example desoxycholate-hydrogen
sulfide-lactose (DHL). When public health agencies inves-
tigate follow-up cultures, MacConkey agar base (Becton,
Dickinson and Company) and DHL agar base (Nihon Phar-
maceutical, Osaka, Japan) supplemented with a discrimina-
tive carbohydrate are useful. It is widely known that
enteroinvasive E. coli reveal characteristics similar to Shi-
gella. Since some of the minor serogroup STEC produced a
negative reaction for lysine decarboxylase and gas produc-
tion from glucose, we performed Stx examination of the
atypical E. coli.

It was reported previously that enterohemolysin agar
plates were useful as screening media for detection of non-
0157 STEC [4]. In this study the serogroups 0103 and
0121 that were reported to IDSC frequently showed entero-
hemolytic activity, but 14 strains of 7 serotypes including
isolates from HUS patients were negative. In addition, ehx4
was not associated with disease severity [10], so that it is
suggested that enterohemolysin agar plates are not suitable
to detect minor serogroup STEC.

The National Veterinary Assay Laboratory reported that
antimicrobial resistance was more frequent in serogroups
026 and 0145 than serogroup 0157 among bovine STEC
strains [25]). Similar results were found in our study, where
the resistance rate to antibiotics of minor serogroup STEC
(40.5%) was higher than STEC 0157 (10.8%) isolated in
Osaka Prefecture in 2006. Although there were no strains
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Dendrogram of Xbal-digested PFGE profiles of STEC 063:H6, 065:NM, 0103:H2, 0121:H19, and O165:[HUT] strains. Fin-

Month/Year Family or

Serotype of isolation sporadic

1Bl ©165 :[HUT] July /2006 Sporadic
UL O165 :[HUT] Sep. /2006 Sporadic
HE””“ 0165 :[HUT] Aug. /2006 Sporadic
I 1} O165 :(HUT] Oct. /1998 Sporadic
] ©165 :{HUT] July /2001 Sporadic
LI O121 :H19  June /2003 Sporadic
VIl 0121 :H19  June /2003 Sporadic
TN 0121 :H19  Aug. /2006 Sporadic
LI 0121 :H19  Dec. /2006 Sporadic

| ML M) o103 :H2  Sep. /2002 Sporadic
W1 0103 :H2  Aug. /2004 Sporadic
Il [l 0103 :H2  June /1998 Family A

[ 1/l 0103 :H2  June /1998 Family A

Il 11l 0103 :H2  June /1998 Family A
It Il 0103 :H2  June /1998 Family A
WL M o6s :NM - July /2003 Family B
I W 065 :NM July /2003 Family B
I I o6s :NM - July /2003 Family C
W o6s :NM — yuly 72003 Family €
W IEI 065 :NM— July /2003 Family C
[N 1] 063:H6 ~ Aug. /2001 Family D
M U|| o63:H6  Aug. /2001 FamilyD
063 :Hé6 April /2004 Sporadic

063 :Hé6 Aug. /2003 Sporadic

gerprinting II Version 3 (Bio-Rad Laboratories) was used for calculating the Dice similarity indices (tolerance 1.2%, unweighted pair
group method using arithmetic averages) in the cluster analysis. The serotype of the strain, month and year of isolation, and whether the
strain was isolated from a family case or sporadic case was indicated on the right.

resistant to the drugs for therapy of STEC infection, an out-
break due to multiple-drug resistant 026:H11 and the isola-
tion of 026:H11 producing extended-spectrum f-lactamase
have been reported in Japan[17, 27], so that the careful mon-
itoring of antimicrobial resistance of minor serogroup STEC
should be continued.

PFGE analysis revealed that all of the O65:NM strains
isolated from Family B and Family C were closely related,
which confirmed epidemiologically and genotypically that
they had been exposed to the same infectious source. In
sporadic cases, the PFGE profiles of some strains suggested
a genomic relationship, but there was no epidemiological
information to support these relationships. Since high

diversity was shown in 063:H6, O103:H2, and
0165:[HUT], the PFGE profiles of these strains should be
compared with the strains of the domestic PFGE network.

An epidemiological study for 6 years in Denmark indi-
cated that risk factors for HUS were the combined presence
of stx2 and eae rather than serogroup 0157 [10]. The
present study shows that the -strains isolated from HUS
patients were harboring both stx2 and eae. Ten of 13 strains
isolated from asymptomatic carriers were Stx 1-positive and
Stx2-negative, whereas 10 of 14 strains isolated from
patients with bloody diarrhea produced Stx2, supporting the
previous reports that Stx2 was associated with severity of
disease [7, 10].
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The current methods for the detection of STEC have been
developed to isolate serogroups 0157 and 026. We should
consider that some of minor serogroup STEC strains present
atypical phenotypes and form no colonies on CT-SMAC. In
addition, only 50 serogroups are typeable with commer-
cially available antiserum, while there are over 130 sero-
groups reported as STEC [37]. Our results indicate that it is
important to examine Stx production of al} isolates on selec-
tive agar plates with and without CT supplement for the
detection of various serogroups of STEC.
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#3. AROBEENRMBRESL L UABRE-ER (RARG)

7

oz b

B o K@ E. coli ) o L BE BEITFIHEA @ YrEERIEE
54 i 3&7111%1 / 100/g LATFY / 1,000/g LI'F fatk/25¢
55 g | 4SS / 100/g LIFY 1,000/g LLTF 1,000/g LIF fa¥E/25¢g
56 ;; CEERIMBIRE B (BGLB) / 1.000/g YU F / /
57 ' mEAGREE S / fs¥E (EC)? / 1,000/g LT fetE/25 ¢
58 @ ' ‘B / fatt (EC)? / / /
= B HeloHEE
BREIFER - - -
BE (C) i (B5R) FRIER - EHIORK H¥ BB LURRES
KIBHE 350%+1.0 BGLB (48%3) x10; 10 m{ X3 & 25 g+225 ml (SP)
E. coli 445%02 EC (24%2) X 10, X100; 1 mi x5 #AY
x10; 1 m{x5 &2
#E7 FoKRE 350+ 1.0 BEM= v = v F AIGERIEM (4813)  X10; 0.1 mIX2 L3¢

a7 75 - CHRBHE 2R

7R MY IOLER 35010 JoX YTy A (2412)

X 10, X100; 10 mI X2 X

35.0%1.0 EEM (18%2)

25 g+225 mi (EEM)

43.0%1.0
X
35.0%1.0

SBG, tv+14+, TT

S NERSEE DVWFhh—> (20£2)

EEM @ 1 mi

MLCB X i DHL (24%2)
TSI/LIM (24%2)
OPNG RAEEME % 522

350%1.0
ok 14AR

1 B2E

D EC ORSHERAH X10 T3/5LITFDE %id 10/g BUF, X100 T 3/5 LI TO & %3 100/g KUF, SP: #E~RT + v MERAEK

2 MBABREESERRNGE B L UVERERNRNGOSERE

#£4. AGOMBEEORIBEE LUERE—BR (127094 —5-5)
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REEE -
& (°C) it (BRRED EEOHRIERE
#EERR 35.0%+1.0 AC, 10 mi (48x3) X1;10mi, 1 ml
18 | BERR 450*10 = AC, 10 mi (48%3) 184H
1% eH% 35.0%+1.0 7 F o EEER (2412) 189%2E
35.0%+1.0 TrROETA 3 (24£2)
] 35.0t1.0 6.5%NaCiin7 K o¥7 4 3~ (48%3)
35.0%1.0 7P oBEXHE (24%2)
h 5 —YHBREHY - 75 ABHKRE
#ERER 350%+1.0 AB, 10 m! (24£2, 48£3) x1;10mi, 1 ml
2 ’ UV (365 nm) TOHLRFRE
B EEHR 350%1.0 + b Y3 FEX (48£3) 18£¢FE
B xem® 415205 BRI (24+2) BREXIFIBREE
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ChoHBREDH L, BARG L ABINOHAKEILE
METH S ANESOBKE 7Y A RREOR K ILE
TEE CERISE6 B7H) THDH, ERERDIEK
1346 B 29 Bic MBRYE 7Y ARBREICO>WT] Ml
maht. CoBMcRERINEBREKIGEMLT,

DD H

-154 -

[REHE] BLUTREU LoRiEEHET S L
2B RE N
SVTRARBG E L TREMRE 25 REHNSDH 5 b

ZHohn

F1, x50 +—5—%EIC

ERLUEY, BAKEBEERO I ATV 4 —

5 K BBIBHERES D 5.



