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because viable cells are fluorescent enough to be distin-
~ . é: .
guished from dead cells and non-biological particles

Images of bacterial cells on fabric swatches

The images of bacterial cells smaller than C. albicans
were obtained with the UDF fluorescent microscope. A
typical image of P. fluorescens environmental isolate
that was inoculated on a fabric swatch 1s shown in
Fig. 3. Many fuorescent spots with rod shape were
speculated as single-cells of P. fluorescens. Non-specific
fluorescence exists over the whole area of the swatch
but this could be eliminated by a proper imaging pro-
gram as described below. Figure4 shows an image
obtained with a swatch mnoculated with P. aeruginosa
ATCC 15442, In the magnified inset, respective single
cells can be recognized. In this image, cells are more
densely distributed than Fig. 3. In the case of S. aureus
ATCC6538, the typical coccal shape could be clearly
recognized as shown in Fig. 5 together with 1ts magni-
fied inset.

In the same manner, nine other species and strains
(B. cepacia environmental isolate, Pseudomonas sp. envi-
ronmental isolate (Zinc pyrithione resistant), P. aerugin-
osa environmental isolate, C. freundii environmental
isolate, S. marcescens environmental isolate, E. gergoviae
environmental isolate, K. pneumoniae 2 environmental
isolates, and E. cloacae environmental isolate (HCHO
resistant)) could be visualized (Data not shown).

In spite of asperity of the fabric surface, microbial
cells widely distributing throughout the fabric surface
could be recognized.

Fluorescent image of a fabric swaich inoculated with
; rescens environmental 1solate taken with the UDF fluorescent
MICTOSCOPS

Fig. 3
F

Fig. 4 Fluorescent image of a fabnc swalch noculated wath
P. aeruginosa ATCC1 5442 taken with the UDF fluorescent microscope

Fluorescent image of a fabnc swalch inoculated with
S. aureus ATCC6338 taken with the UDF fluorescent microscope

Observation of floating of microbial cells in damp-dnied
fabrics

In the course of this study, we have often observed the
floating cells in damp-dried fabrics. Such water in damp-
dried [abrics should contain salts and detergents, Their
concentrations should be sufficiently low just after wash-
ing but they might be unexpectedly concentrated during
successive drying process. Consequently such a residual



solution should be toxic to cells. The present method is
based on the viable cell counting and therefore its possi-
ble influence on the un-removed viable cells should be
considered.

To demonstrate that the developed method can detect
viable cells even in such an environment, a damp-dnied
fabric was observed. A series of photographs from a to i
of Fig. 6 were taken at every 1 s. If these photographs are
carefully observed, it may be recognized that fluorescent
spots are fluctuating during this observation period. In
order to depict the cell fluctuation, one target cell was cir-
cled, In fact, the fluorescent spots were continually fluctu-
ating in the microscopic view. Some spots disappeared
probably because they moved to out-of-focus plane.

Demonstration of EMR evaluation

In order to demonstrate the evaluation of EMR of a
laundry detergent, fabric swatches inoculated with
C. albicans ATCC 10231 were observed before and after
the washing treatment with the test detergent. Before the
washing, viable cells on the swatch were observed as
depicted in Fig. 7a. In contrast, after the washing, no
fluorescent cell was observed (Fig. 7b). Therefore the
EMR can potentially be evaluated.

Fig. 6 Real tume images of
floating cells of P. fluorescens
environmental isolate on a
damp-dry fabric swatch.
Photographs a-i were taken at
every | s
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In order to express EMR quantitatively, the image
analysis program was optimized so that the non-specific
fluorescent area may be discriminated from microbial
spots. Figure 8 shows a typical result obtained after the
image processing. The fluorescent spots in Fig. 8a were
speculated as microbial cells. In this case, there are 39
cells. After the washing, no cell was detected (Fig. 8d).
These analyses were repeated as triplicates.

Using another pair of test swatches, EMRs deter-
mined by the developed method and the conventional
colony count method were compared. In the developed
method, six square spots (each square 64x107cm’,
total 3.8x10 *cm’) depicted in Fig. 9 were analyzed.
Before the washing treatment with a detergent, the total
number of viable cells detected in these six squares was
288 cells. After the washing, no cell was detected, indicating
the total number of cells was smaller than |. Therefore
EMR may be determined as log[(288)/( < 1)]=greater
than 2.5. On the other hand, in the colony count method,
the number of cells on the whole surface of the swatch
(0.5%1.0 cm?) before the washing was 2x 10°cfu. After
the washing, it decreased to be 4x10%cfu. Therefore,
EMR may be determined as log[(2x10%/(4x10%)]=3.7.
Both results are consistent with each other under the
present definition of EMR.




100N
Fig. 7 Fluorescent images of a
fabric swatch inoculated with

C. albicans ATCC1023] 1aken
belore (a) and alter (b) the wash-
ing treatment with a detergent

Fig. 8 Microbial cells on a lab-
ric swatch numbered by image
processing. A fabnic swatch was
inoculated with C alhicans
ATCC 10231 and washed with a
detergent. a. ¢ Before washing; b,
d after washing; a, b before im-
age processing; ¢, d after image
processing

Discussion

In the developed method, the observation area of a test
fabric is only 3.8x10*cm’ that is smaller than 0.1% of
whole area (0.5 cm?). Therefore, it should be of no use to
compare the total number of cells localized in the
observed area simply with the total number of cells
washed out from whole area. What is worth discussing
should be the relative number of cells before and after
washing treatment, e, the indicator of EMR. In this
sense, EMR estimated by the developed method was
thought to be a reasonable value in companson with
EMR determined by the standard method [1]. In order to
overcome a problem of statistics, it is essential to develop a

more advanced system that can analyze much more obser-
vation spots at higher speed with higher spatial resolution.

The in-focus depth of an objective lens is a few
micrometers (Fig. 10a), but the lens can be driven auto-
matically in the Z-direction so that a fabric swatch with
no greater than 1.0mm surface roughness can be
observed continuously in X ¥Y-plane (Fig 10b). On the
other hand, its working distance is 130 pm (Fig. 10a) and
therefore the maximum focusing range in the fabric
swatch 1s 130 pym. The cells entrapped in the indicated
range can be detected by Z-scanning and displayed as a
single image by image integration (Fig. 10c).

Cells entrapped in the fabric matrix beyond this
range, if any, cannot be detected directly. These cells are
less likely to be removed in the washing tests. To detect
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Fig. 10 Key dimensions of the developed apparatus. a Working dis-
tance and in-focus depth, b Z-scanning stroke and fabric surface
roughness and ¢ focusing range in a fabric swatch

these cells, it should be necessary to incubate the fabric in
a culture medium for long time, For this purpose, the
HCHO treatment after 2NBDG staining should be
skipped to maintain the viability of these cells. The num-
ber of cells thus estimated together with the result of the
developed method may provide us with useful informa-
tion about the influence of fabric structure and degree of
cell-substrate interaction.

The use of 2NBDG characterizes this study. 2NBDG
can be taken only by the cells with high viability and
concentrated in the cells [29]. This contrasts other dyes
that enter the cells by passive diffusion [11, 13, 22} In
comparison with DNA staining dyes, 2NBDG is thought
to be more specific to viable cells and therefore less liable
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to cause pseudo positive data. A typical case in which the
use of 2NBDG is thought to be advantageous is biofilms
on fabrics with antibacterial surface. The viable to dead
cell ratio in biofilms is originally 70-95% [10] but it is
reduced markedly when the surface maintains chemically
modified antibacterial activity. In such a case, it is prefer-
able to count only viable cells.

2NBDG cannot be taken by every species equally [I5,
16). Therefore, users should check if the microorganisms
under consideration can take 2NBDG. 2NBDG can be
taken by E coli via mannose transporter as well as via
glucose transporter (unpublished data). However,
2NBDG cannot stain every species and strain. Whoever
wants to use this technique should make sure first that
the microorganism that he wants to study can be stained
with 2NBDG efficiently. If it cannot be stained with
2NBDG, it is necessary to use alternative dye. 2NBDG
could not stain viable cells of 6 out of 41 strains but these
unstained six strains could be stained with NBD-modi-
fied amino acids such as NBD-Gly and/or NBD-Leu (16
and unpublished data).

In conclusion, the present study has shown a success-
ful combination of a novel UDF fluorescent microscope
and a viable staining method.
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ABSTRACT. We have investigated 37 minor serogroup Shiga toxin-producing Eschrichia coli (STEC) strains other than 0157, 026, and
O111 isolated from human speci in Osaka prefecture to determine their serological and biochemical chamacteristics, virulence-asso-
ciated genes, and clinical signs in patients. The same serotype strains were genotyped by pulsed-ficld gel electrophoresis (PFGE). The
O antigen of 33 strains were typed into 10 scrogroups, 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, 2¢, and 2f) were distributed in these isolates.
The intimin gene was present in 83.8% of the strains and subtyped into intimin @, A, &, and £ STEC 0165, 0177, 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 colonics on cefixime-tellurite (CT)-
sorbitol-MacConkey agar plates, since they showed high sensitivity (MIC < 1.25 gg/m/) to potassium tellunite. The finding show sup-
portive information for use the sclective agar plates with and without CT supplement for the isolation of minor serogroup STEC. PFGE

analysis revealed that the strains isolated from family cascs were closely related within the respective family, and it was useful for epi-

ysis of minor p STEC.

KEY \mn;s: biochemical characteristics, minor serogroup, PFGE, STEC, stx.

Shiga toxin-producing Escherichia coli (STEC) is known
as an important cause of gastrointestinal discase in devel-
oped countries [5, 36, 42]. The public health impact of
STEC infections is high because of their ability to cause scc-
ondary infections and systemic complications, such as
hemolytic uremic syndrome (HUS) [3, 15, 23]. In Japan,
STEC infection is classified as a category Il notifiable
infectious disease under the National Epidemiological Sur-
veillance of Infectious Diseases (NESID) in compliance
with the Law Concerning the Prevention of Infectious Dis-
cases 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 Discases Surveil-
lance Center (IDSC) of the National Institute of Infectious
Diseases (NIID), The ratio of 0157 isolates was decreased
from 75.4% in 1997 1o 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 O11!
increased from 33 isolates (9 serogroups) in 1997 to 52 iso-
lates (14 serogroups) in 2005 [30, 31]. Recently there was
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an outbreak of STEC 0121 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 Q157 that have sorbitol-nonferment-
ing and B-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 0111 was reported [6]. We



1216

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 O157,
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 (fiC) by
PCR followed by Hhal digestion of fliC PCR products and
evaluation of restriction fragment length polymorphism
(RFLP) patterns, as previously described [28].
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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 f~glucuronidase was observed
by inoculating on CLIG medium (Kyokuto Pharmaceutical,
Tokyo, Japan).

Typing of Shiga toxins and stx genes: Production of Stx|1
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 eackl and EA2
[26]. The subtyping of eae genes into intimin «, /4, v, €, and
€ was performed by PCR with primer SK1 in combination
with primers LP2 to LP6B [44].

Hemolytic phenotvpe and detection of EHEC hemolysin
gene (ehxd): 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,

16

of individuals infected with minor

Table 1. Source and numb
serogroup STEC

of isal

Number of

Symptoms®’

Serotype
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091:H14

0103:H2 1
0103 HI1

O119:H4

0119 [H25]" 1
0121:HI9

0126:H8
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O177.[HUT]

OUTH: H2

OUT HI14

OUT:H25

OUT/[HUT]
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and a-hemolysin reveals hemolysis on both agar plates [6].
Detection of ehxd was performed with primers hlyAF and
hiyAR [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 Binl (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 0111 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 § family
cases and 23 sporadic cases, and classified into 16 different
O:H serotypes. Twenty-two motile strains belonged to the
following 11 serotypes: O28:H20, 063:H6, 091:H14,
0103:H2, O103:H11, O119:H4, 0121:H19, O126:H8, O
untypeable (OUT):H2, OUT:H14, and OUT:H25, and 15
other nonmotile strains were analyzed for their H type by
fliC-specific PCR. Three strains belonging to 0119 were
identified as O119:[H25]. Although the same restriction
pattern digested by /fhal was present in 7 strains belonging
to serogroup 0165, 0177, and OUT, the pattern was not
identical with any patterns that had been reported previ-
ously. Therefore these strains were designated as
0165:[HUT], O177:[HUT], and OUT:[HUT]. Only sero-
group 065 (5 isolates) was classified as O65:NM, because
no amplification product was detected with the fliC-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), O177:[HUT], and
OUT:[HUT]. The strains belonging to serotypes O91:H14,
QUT: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:H2S strains were lysine
decarboxylase-negative, and the serotype O65:NM strains
did not produce gas from glucose. Sorbitol was not fer-
mented in § serotypes; 063:H6, O119:[H25], O177[HUT],
OUT:H14, and OUT:H25. Four serotypes (O103:H11,
0165[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 fglucuronidase 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 (0O28:H20,
063:H6, 0121:H19, 0165:[HUT], O177:[HUT], and
OUT:[HUT]). O28:H20 (1 strain), O165:[HUT](3 strains),
and OUT:[HUT] (1 strain) had stx2c in addition to sex2.
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, 4, g, 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, £ 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
0126:H8), but eight strains, O165:[HUT], O177:(HUT],
OUT:H14, and OUT:[HUT] showed no enterohemolytic
activity. The 6 eiixd negative strains were negative for
enterohemolytic activity (Table 2). There were no strains
demonstrating a-hemolysis.
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Table 2. Bioch | and virulence tated ct istics of minor serogroup STEC isolated from human in Osaka Prefecture
Serotype Number of Biochemical characteristics® Toxin type(s) ege Imtimin Hemolytic it
SIS IDC Gas GUR Rhamnose Sorbitol Xylose RPLA PCR-RFLP type  activity”
028:H20 1 +# o+ + + + + 2 242¢c - + +
063:H6 4 + + + + - + 2 Fi + a - -
065 NMY 5 + = (¥ +) + + 142 142 + B + +
091 H14 1 + + + + + + 1 | - + +
0103:H2 6 + + + d + + 1 | + £ + +
O103:H11 1 + + + - + + 1 I + fil + +
0119 H4 I + + + + + - | | - - -
Oll%:[H25]" 3 - + + + = (+) | | + /4 + +
OI121:H19 ] + + + + + d 2 2 + 3 + +
0126:H8 1 + + + + + + | | - - -
O165:[HUT]" 5 - - + - d - 2 242, 20 + £ - +
O177:(HUT] 1 - - + - - + 2 ] + £ - +
OUT" H2 1 + > + + + + 1 | - + +
OUT:H14 1 + + + + = + 1 1 = . *
OUT:H25 I - + + + - + 1 1 + (4 + +
OUT.[HUT] | - - + - + + 2 242¢ + € - +

8) LDC; lysine decarboxylase, Gas, gas production from glucose, GUR; fglucuronidase.
b) Enterohemolytic activity observed on enterohemolysin agar plate only.
) +, positive within | 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 indi the p
) HUT means untypeable with PCR-RFLP of fliC
8) Three isolates have stx2 and stx2e. Two isolates have only stx2
h) OUT means untypeable with antisera specific for Ol to 0181

Growth on CT-SMAC and MIC of potassium tellurite: In
11 strains of 7 serotypes (028:H20, 091:H14, 0126:H8,
0165:[HUT], O177:[HUT], OUT:H2, and OUT:[HUTY),
there were few colonies on CT-SMAC that was used as a
selective agar plate for STEC 0157, MICs of potassium tel-
lurite for these strains were shown to be below 1.25 ug/mi/
(Table 3).

Antimicrobial resistance: Antimicrobial resistance pat-
terms are shown in Table 4. Fifteen (40.5%) of the strains
showed resistance to one or more antibiotics. The § 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 0103: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 pattem 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
O65:NM the similarity of the strains isolated from Family B
and Family C was 97%. In sporadic cases, the two
OI121: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
heterogencous but three strains isolated in 2006 were related

of non-motile (NM) strains, which were analysed for their fliC type by PCR-RFLP

Table 3.  Growth on CT-SMAC and MIC of potassium tellunite
of minor serogroup STEC isolates
Growth on Number of  MIC of potassium
CT-SMAC SErobPe strins  tellurite (mg/mi)
063:H6 4 5
065 NM 5 =20
0103:H2 6 20
0103:HI1 1 =20
+ O119:H4 1 5
O119:[H25]" 3 =20
0121:H19 4 s
OUT”HI4 1 5
OUT:H25 | =20
028:H20 1 =125
091:HI14 1 <1.25
0126 H8 1 <].25
- Q165 [HUT] 5 £1.25
0177:[HUT] 1 <125
OUT:H2 | 5125
OUT [HUT] I <1.25

I T

a) An H type in b the p ce of non-motile
(NM) strains, which were analysed for their liC type by PCR-
RFLP

b) OUT means untypeable with antisera specific for Ol to 0181

) HUT means untypeable with PCR-RFLP of fliC.

(93% similarity). The strains with the identical patterns by
Xbal digestion revealed also high similarity by Binl diges-
tion {data not shown),



MINOR SEROGROUP STEC ISOLATED FROM HUMAN

Tabled  Antimicrobial resistance pattern of minor serogroup
STEC isolates

Resistance pattemn®’  Number of strains  Serotype

SM, TC,CP 1 0103 H2

SM. TC, KM | 0119:H4

ABPC, SM | 0103:HI11

SM, KM i 0103:H2

SM, TC 6 065 NM(5), 0165 [HUT]®
TC, CP 1 0I165.[HUT]

cP 2 0I121:H19, OUT®-[HUT]
SM 1 0165 [HUT)

TC 1 0126 HS

Total 15 (40.5%)

a) SM; yein, TC, yeline, CP; chlommpt 1 KM,

kanamycin, ABPC, ampicillin
b) Number in| heses are number of isol
€) HUT in blackets means untypeable with PCR-RFLP of fliC of
non-motile strains
d) OUT means untypeable with antisera specific for 01 to 0181

DISCUSSION

Reports of STEC isolation from PHIs to IDSC have
totalled 12,477 since 2000. Although 0157 was the pre-
dominant serogroup, over 100 strains belonging to sero-
groups O103 or 0121 that were untypeable with
commercially available antisera until August 2005 were iso-
lated [20]. In Osaka Prefecture, STEC 0103 and STEC
0121 were sometimes isolated, but the STEC identified as
rare serogroups such as 065, 0165, and 0177, were found
among clinical isolates. 0177 is a new serogroup that was
designated in 2004 [38]. The carliest clinical isolate of sero-
type O177:NM was six2, eae, and elixd 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 ehxd 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 0O65: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 stx/, stx2, and ege (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 diarrhea. It became easier to detect E coli
0165 because seven antiserum, including 0165 antisera,
came onto the market in August in 2005. STEC belonging
1o serotypes O165:NM, 0165:H19, and 0165:H25 were
isolated in Europe and Australia [13, 37]. The PCR-RFLP
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patterns of fliC of STEC 0165 isolated in Osaka Prefecture
was identical to the patterns of neither H19 nor H2§,
whereas they were the same with those of 0177 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
sex2f and intimin o genes. STEC 0128 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 063:H6
haboring the stx2f and intimin @ 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 063:H6,
O119:[H25], OUT:H14, OUT:H25, and O103:H11 can be
detected on CT-SMAC or CT-RMAC used as selective
medium for STEC O157 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 O165:[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 £ 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-
(157 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, e/ued
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 O145 than serogroup O157 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 O157 (10.8%) isolated in
Osaka Prefecture in 2006. Although there were no strains

— 65_
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Month/Year Family or

8 R 8 $ - Serotype of isolation sporadic
"E | [WIHII) ©165 :(HUT] July /2006 Sporadic

L 1] ©165 :(HUT] Sep. /2006 Sporadic

o O [| ITHIN ©165 :(HUT] Aug. /2006 Sporadic

u L1 W] l| o165 :[HUT] Oct. /1998 Sporadic

| JII!IIIIIIJIHI 0165 :[HUT] July /2001 Sporadic

— UL FENN 0121 :H19  June /2003 Sporadic

— 1 THIGEN 0121 19 June /2003 Sporadic

== I LD o121 :H19  Aug. /2006 Sporadic

——— I | LI 0121 :H19  Dec. /2006 Sporadic

o | M 0103 :2  Sep. /2002 Sporadic

B I IHI!III Il 0103 :H2  Aug. /2004 Sporadic
I I ©103 :H2  June /1998 Family A

[ IMITI 0103 :H2  June /1998 Family A

Il I ©103 :H2  June /1998 Family A

| I [l ©103 :H2  June /1998 Family A

I MUl ©o6s :Nm  3uly 72003 FamilyB

LI o065 :NM— July /2003 Family B

I MU o6s NM — suly /2003 Family C

B I ©65 :NM  July /2003 FamilyC

Hllll M 065 :NM  July /2003 Familyc

r L [IHIEI 0] o63:H6  Aug. /2001 FamilyD

AL IET | o63 :H6  Aug. /2001 Family D

r UL TN W) 063 :H6  April /2004 Sporadic

LTI 0| o63:H6  Aug. /2003 Sporadic
Fig |.  Dendrogram of Xbal-digested PFGE profiles of STEC 063:H6, 065:NM, 0103:H2, 0121 H19, and 0165.[HUT] strains. Fin-

gerprinting 11 Veersion 3 (Bio-Rad Laboratories) was used for ca

lculating the Dice similarity indices (tol 1.2%, ighted pair

group method using arithmetic averages) in the cluster analysis. The serotype of the strain, month and year of isolation, and whether the

struin was isolated from a family case or dic case was indi

i on the right

P

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 /Flactamase
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, 0103: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 ege. Ten of 13 strains
isolated from asymptomatic carriers were Stx1-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)].



MINOR SEROGROUP STEC ISOLATED FROM HUMAN

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 all isolates on selec-
tive agar plates with and without CT supplement for the
detection of various serogroups of STEC.
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