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Molecular Characterization Reveals Three Distinct Clonal Groups
among Clinical Shiga Toxin-Producing Escherichia coli Strains of
Serogroup 0103

Atsushi Iguchi,® Sunao lyoda,” and Makoto Ohnishi® on behalf of the EHEC Study Group

Interdisciplinary Research Organization, University of Miyazaki, Miyazaki, Japan,® and Department of Bacteriology 1, National Institute of Infectious Diseases, Tokyo, Japan®

Shiga toxin-producing Escherichia coli (STEC) is one of the most important groups of food-borne pathogens, and STEC strains
belonging to the serotype 0103:H2 can cause diarrhea, hemorrhagic colitis, and hemolytic-uremic syndrome in humans. STEC
0103:non-H2 strains are also sometimes isolated from human patients, but their genetic characteristics and role in significant
human enteric disease are not yet understood. Here, we investigated 17 STEC 0103:non-H2 strains, including 0103:H11, 0103:
H25, 0103:HUT (UT [untypeable]), and 0103:H— (nonmotile) isolated in Japan, and their characteristics were compared to
those of STEC 0103:H2 and other serotype STEC strains. Sequence analyses of fliC and eae genes revealed that strains possessed
any of the following combinations: fliC-H2/eae-epsilon, fliC-H11/eae-betal, and fliC-H25/eae-theta, where fliC-H2, -H11, and
-H25 indicate fliC genes encoding H2, H11, and H25 flagella antigens, respectively, and eae-epsilon, -betal, and -theta indicate
eae genes encoding epsilon, betal, and theta subclass intimins, respectively. Phylogenetic analysis based on the sequences of
seven housekeeping genes demonstrated that the 0103:H11/[fliC-H11] and 0103:H25/[fliC-H25] strains formed two distinct
groups, different from that of the 0103:H2/[fliC-H2] strains. Interestingly, a group consisting of 0103:H11 strains was closely
related to STEC 026:H11, which is recognized as a most important non-0157 serotype, suggesting that the STEC 0103:H11 and
STEC 026:H11 clones evolved from a common ancestor. The multiplex PCR system for the rapid typing of STEC 0103 strains

-described in the present study may aid clinical and epidemiological studies of the STEC 0103:H2, 0103:H11, and O103:H25

groups. In addition, our data provide further insights into the high variability of STEC stains with emerging new serotypes.

* higa toxin-producing Escherichia coli (STEC) is one of the
=+ most important groups of food-borne pathogens worldwide

" because it can cause gastroenteritis that may be complicated by

hemorrhagic colitis or hemolytic-uremic syndrome (HUS) (21).
STEC O157:H7is the main serotype responsible for outbreaks and
sporadic cases of hemorrhagic colitis and HUS, but non-O157
serogroups (such as 026, 0103, O111, and O145) can also be
associated with severe illness in humans (16, 32).

Serotype 0103:H2 is one of the most frequently isolated non-
0157 STEC. It was first identified as a causative agent of HUS in
1992 (19), and since then both outbreaks and sporadic cases of
diarrhea and HUS caused by STEC O103:H2 have been reported
worldwide (2, 7, 14, 20, 34). STEC O103 strains expressing H
antigens other than H2 are sometimes isolated from human pa-
tients. Sporadic cases of human infections with 0103:H11 in Ja-
pan (37) and Canada (38) have been described previously, and it
was recently shown that 0103:H25 was responsible for outbreaks
of HUS in Norway (35). Thus, STEC O103:non-H2 serotype
strains have also become a threat to public health.

Our previous studies (12, 13) demonstrated that E. coli strains
with the same O serogroup but different H types sometimes be-
long to different evolutionary lineages. Furthermore, most STEC
strains possess various combinations of virulence genes and ex-
hibit allelic variations of some genes, such as the stx gene on lamb-
da-like prophages and ege (encoding the adhesin intimin) on the
locus of enterocyte effacement (LEE) element, which may affect
the pathogenicity of strains. Because 0103:H2 is a major serotype
of STEC, the prevalence and genotypic characteristics of these
strains have been investigated in detail; however, little is known
about the characteristics of STEC 0103:non-H2 strains.

The aim of the present study was to compare STEC 0103:
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non-H2 strains isolated from Japanese patients -infected with
STEC 0103:H2 and other serotype STEC strains to identify their
genetic characteristics and to explore their phylogenetic relation-
ships to determine whether pathogenic non-H2 strains share sim-
ilar molecular characteristics with other, better-characterized
0103 strains. ‘

MATERIALS AND METHODS

Bacterial strains. The relevant characteristics of the 22 STEC- 0103
strains, including five O103:H2 strains used in the present study, are listed
in Table 1. The strains were isolated from patients with gastrointestinal
disease (including diarrhea and hemorrhagic colitis) from 2007 to 2011 in
various prefectures of Japan. O serogroups of each strain were determined
by agglutination tests with the anti-O103 serum (Denka Seiken Co., Ltd.,
Tokyo, Japan) according to the manufacturer’s instructions. H types
were determined using a set of anti-H sera purchased from Statens
Serum Institut (Statens Serum Institut, Copenhagen, Denmark). Three
STEC strains, O145:H— (092372), O121:H19 (071942), and O165:H—
(071324), obtained from Osaka Prefectural Institute of Public Health and
three different kinds of E. coli serotype strains, 0128:H2 (100923), O130:
H11 (102608), and O156:H25 (110085), obtained from Fukuoka Institute
of Health and Environmental Sciences were used as controls for the phy-
logenetic analysis and the multiplex PCR assay described below, respec-
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