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The actual state of intestinal long-term colonization by extended-spectrum �-lactamase (ESBL)-producing Escherichia coli in
healthy Japanese people remains unclear. Therefore, a total of 4,314 fecal samples were collected from 2,563 food handlers from
January 2010 to December 2011. Approximately 0.1 g of each fecal sample was inoculated onto a MacConkey agar plate contain-
ing cefotaxime (1 �g/ml). The bacterial colonies that grew on each plate were checked for ESBL production by the double-disk
synergy test, as recommended by the Clinical and Laboratory Standards Institute. The bacterial serotype, antimicrobial suscepti-
bility, pulsotype, sequence type (ST), and ESBL genotype were checked, and the replicon types of plasmids harboring the ESBL
gene were also determined after conjugation experiments. ESBL producers were recovered from 70 (3.1%) of 2,230 participants
who were checked only once. On the other hand, ESBL producers were isolated at least once from 52 (15.6%) of 333 participants
who were checked more than twice, and 13 of the 52 participants carried ESBL producers for from more than 3 months to up to 2
years. Fluoroquinolone (FQ)-resistant E. coli strains harboring blaCTX-M were repeatedly recovered from 11 of the 13 carriers of
blaCTX-M-harboring E. coli. A genetically related FQ-resistant E. coli O25b:H4-ST131 isolate harboring blaCTX-M-27 was recovered
from 4 of the 13 carriers for more than 6 months. Three FQ-resistant E. coli O1:H6-ST648 isolates that harbored blaCTX-M-15 or
blaCTX-M-14 were recovered from 3 carriers. Moreover, multiple CTX-M-14- or CTX-M-15-producing E. coli isolates with differ-
ent serotypes were recovered from 2 respective carriers. These findings predict a provable further spread of ESBL producers in
both community and clinical settings.

The production of extended-spectrum �-lactamases (ESBLs) is
one of the most common cephalosporin resistance mecha-

nisms acquired by bacteria belonging to the members of the family
Enterobacteriaceae (1). In particular, the incidence of CTX-M-
type-ESBL-producing Escherichia coli isolates among clinical iso-
lates recovered from community-acquired infections, such as uri-
nary tract infections and bacteremia, has been increasing (2). The
increasing rates of isolation of these microbes alert us to the prob-
able growing risk to public health in the future (3). The exact
reason for the rapid spread of ESBL-producing E. coli isolates
among healthy individuals remains unclear, although alterations
of the bacterial phenotypic and genetic properties that permit eas-
ier colonization in the human intestines, as well as the consider-
able contamination of foods with ESBL producers, have been
speculated to underlie the phenomenon (4).

The prevalence of intestinal carriage of ESBL-producing bac-
teria belonging to the family Enterobacteriaceae, in particular, the
CTX-M-15-producing E. coli O25b-sequence type 131 (ST131)
clone, has recently been regarded to be a growing public health
concern worldwide (5), because CTX-M-type-ESBL-producing E.
coli O25b ST131 clones usually show coresistance to fluoroquino-
lones (FQs) and sometimes cause community-acquired infec-
tions, such as urinary tract infections, as well as nosocomial infec-
tions. Some investigators have reported that the rate of enteric
carriage of ESBL producers among healthy individuals, including
travelers and soldiers, is considerable (6–10). However, although
most studies have so far focused on hospitalized patients, the aug-
mented prevalence of cephalosporin-resistant Enterobacteriaceae
in clinical settings at present would also be greatly affected by the
ESBL producers increasingly colonizing the intestines of healthy
people in the community. Woerther et al. have recently reported
on the trends in the fecal carriage of ESBL producers in the com-

munity, as well as their regional specificities, their dissemination
routes, and the way to control the bacterial populations in mem-
bers of the community colonized with ESBL producers (5). More-
over, some studies on the duration of fecal carriage of ESBL-pro-
ducing bacteria in patients have been conducted in Thailand and
Sweden (11–13). Titelman et al. have noted that the fecal carriage
of ESBL-producing Enterobacteriaceae in patients was common
for 12 months after the time of initial infection (14). Information
on the duration of fecal carriage of ESBL producers is important to
determine how to deal with healthy carriers of ESBL producers at
the time of their admission to hospitals.

The aim of our study, therefore, was to elucidate the states of
colonization by ESBL-producing E. coli in the intestines of 2,563
Japanese food handlers.

MATERIALS AND METHODS
Sample collection and bacterial isolation. The investigation was per-
formed with 2,563 different participants at the Okazaki City Public Health
Center in Japan from January 2010 to December 2011. Among the 2,563
participants, 2,230 were checked for colonization with ESBL producers
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only once and 333 participants were checked more than twice during the
period of investigation (see Fig. S1 in the supplemental material). In ac-
cordance with the requirements of the Ministry of Health, Labour and
Welfare of Japan, workers who handle food are expected to be checked
every month and, at a minimum, at least twice a year at regional health
centers or appointed private microbiology laboratories to determine
whether they carry any pathogenic bacteria, including enterohemorrhagic
E. coli, Shigella spp., or Salmonella spp., in their intestinal tracts, although
the periodic checking of the feces of food handlers is not strictly enforced
in Japan. Therefore, we considered that it would be suitable to follow up
healthy people with ESBL-producing microbes in their intestines for a
long period through the use of this evaluation system. The study was
conducted with the approval of the ethics committee for epidemiological
studies of the Nagoya University Graduate School of Medicine. All people
were informed of the ethical points, including the purpose of the study
and the study protocol, prior to the investigation, and those who con-
sented to join the study on their own were enrolled as participants.

A total of 4,314 stool specimens were collected from 2,563 different
participants (1,050 males and 1,513 females; age range, 18 to 74 years
for males and 18 to 79 years for female; average age � standard devi-
ation, 48.9 � 14.4 years for males and 48.8 � 14.0 years for females). The
stool specimen (approximately 0.1 g) from each participant was directly
inoculated by use of a sterilized cotton swab onto MacConkey agar plates
(Eiken Chemical Co., Ltd., Tokyo, Japan) supplemented with 1 �g of
cefotaxime (CTX) per ml (CTX-MacConkey). When the colonies that
uniformly grew on an agar plate showed very similar features, three colo-
nies were picked from the plate and the bacterial species was identified by
using conventional biochemical tests and an API 20E system (Sysmex
bioMérieux Co., Ltd., Tokyo, Japan). Four to 10 colonies were picked and
subjected to further testing when multiple colonies with different features
appeared on an agar plate.

Screening for ESBL producers and genetic identification. Screening
of probable ESBL producers was performed by the double-disk synergy
test using commercially available ceftazidime, cefotaxime, and amoxicil-
lin-clavulanic acid disks purchased from Eiken Chemical Co., Ltd. (15).
PCR analyses were performed using 6 sets of PCR primers for the detec-
tion of genes for CTX-M group 1, CTX-M group 2, CTX-M group 8,
CTX-M group 9, TEM-type, and SHV-type ESBLs, and their genotypes
were further determined by nucleotide sequencing analyses of the PCR
amplicons (16, 17).

Serotyping of E. coli by antisera and detection of serotype O25b by
PCR. The serotype was determined using E. coli antisera, Seiken set 1
(Denka Seiken Co., Ltd., Tokyo, Japan) for the O antigen and Seiken set 2
(Denka Seiken) for the H antigen, according to the manufacturer’s in-
structions. Serotypes that could not be determined by this method were
designated O antigen untypeable (OUT) or H antigen untypeable (HUT).
In addition, genetic O serotyping by PCR was performed as previously
described only for the E. coli isolates determined to be serogroup O25 by
the E. coli antisera (18). This is because ESBL-producing and FQ-resistant
E. coli isolates are usually identified to be serotype O25b:H4, a serological
variant of serotype O25:H4, but serotype O25b:H4 cannot be discrimi-
nated from serotype O25:H4 by commercially available antisera.

Antimicrobial susceptibility testing. Antimicrobial susceptibility
testing was performed using a control strain, E. coli ATCC 25922, and the
agar dilution method, which was done as recommended by the Clinical
and Laboratory Standards Institute (CLSI) (19). Interpretation of the
MIC results was done in accordance with the CLSI criteria in document
M7-A9 (19). The MICs of the following antimicrobials were purchased
from the indicated sources: piperacillin, cefotaxime, ceftazidime, imi-
penem, aztreonam, gentamicin, minocycline, fosfomycin, ciprofloxacin,
and levofloxacin were from Wako Pure Chemical Co., Inc., Tokyo, Japan;
cefmetazole, amikacin, and chloramphenicol were from Sigma-Aldrich
Japan, Tokyo, Japan; and flomoxef was provided by Shionogi & Co., Ltd.,
Tokyo, Japan.

PFGE and MLST. Pulsed-field gel electrophoresis (PFGE) analysis of
each ESBL-producing isolate was performed as described elsewhere (20).
In brief, a plug containing whole-genomic DNA was digested with XbaI
(TaKaRa Bio. Inc., Tokyo, Japan), and electrophoresis was performed
using a CHEF-DR III system (Bio-Rad Laboratories, Hercules, CA, USA)
with pulse times ranging from 2.2 to 54.2 s and at a voltage of 6 V/cm at
14°C for 19 h. Strain H9812 of Salmonella enterica serotype Braenderup
was used as the control strain. A dendrogram showing the genetic relat-
edness among the isolates was prepared with Fingerprinting II software
(Bio-Rad Laboratories). The isolates obtained from each participant were
regarded to have the same genetic background when they possessed a
pulsotype with �85% similarity, and one representative isolate of each
pulsotype was selected and used for further study. When a genetic simi-
larity of less than 85% was observed between two isolates, they were con-
sidered genetically different, and both isolates were separately character-
ized in the present study, as performed previously (21).

Multilocus sequence typing (MLST) of the blaCTX-M-harboring E. coli
isolates repeatedly recovered from the same participant was performed by
analysis of seven housekeeping genes (adk, fumC, gyrB, icd, mdh, purA,
and recA) according to a protocol provided by a website for MLST of E.
coli (http://mlst.ucc.ie/mlst/dbs/Ecoli). The sequence types (STs) were
compared with the population structure of the species using the eBURST
program (http://eburst.mlst.net/).

Conjugation study, plasmid replicon typing, and PCR detection of
blaCTX-M genes. All the blaCTX-M-harboring donor E. coli isolates that
colonized the participants for a long period were uniformly susceptible to
rifampin. Thus, rifampin-resistant E. coli CSH-2 (metB F�, resistant to
nalidixic acid and rifampin) was used as the recipient in the conjugation
experiments, performed by the broth mating method (22). Transconju-
gants were selected on Luria-Bertani (LB) agar plates supplemented with
CTX (20 �g/ml) and rifampin (100 �g/ml) (Wako Pure Chemical Co.,
Inc.). The pulsotype of each transconjugant was compared to that of the
recipient strain to avoid the acquisition of rifampin resistance by the do-
nor strain. In addition, the acquisition of blaCTX-M by the transconjugant
was also confirmed by PCR using positive-control strains for each ESBL
gene (16, 17). For the resultant blaCTX-M-harboring transconjugants, as
well as their parent isolates repeatedly recovered from the same partici-
pant, the replicon types of the plasmids were checked by PCR-based rep-
licon typing (PBRT) using 18 pairs of primers as described previously
(23).

Statistical analysis. Comparisons of the proportions of participants
by age and gender were made by a continuity-adjusted �2 test with SPSS
software (version 20.0 for Windows; SPSS Inc., Chicago, IL, USA). A P
value of �0.05 was considered to denote a statistically significant differ-
ence.

RESULTS
Isolation of ESBL producers from fecal samples and their char-
acteristics. ESBL producers were recovered from 197 of the 4,314
fecal specimens evaluated in the present study. More than 2 ESBL
producers were recovered at the same time from each of 10 of the
197 fecal specimens. Two ESBL producers were recovered from 9
of these 10 fecal specimens, and 3 ESBL producers were from 1 of
the 10 fecal specimens. When the shapes of the colonies that grew
on a plate were apparently the same, three colonies were picked up
and subjected to typing of the ESBL by PCR. If the shapes of the
colonies that grew on a plate were different in size and/or color, 4
to 10 colonies with a distinct appearance were fished out and
tested. As a result, from 1 to 3 ESBL producers with different
genotypes were isolated from each participant, and 208 ESBL pro-
ducers were finally obtained from 122 participants. If the ESBL
producers recovered from the same participant in each test
showed very similar PFGE profiles and the same ESBL type, only 1
isolate was selected and kept for further analyses. Thus, 59 of the
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208 ESBL producers were excluded. Consequently, 149 ESBL pro-
ducers possessing different genetic backgrounds were recovered
from 122 (4.8%; 62 males and 60 females) of the 2,563 participants
(1,050 males and 1,513 females) and evaluated in this study (see
Fig. S1 in the supplemental material). Neither age nor gender bias
in the rate of detection of the 149 ESBL producers from the 122
participants was observed (P � 0.05). Of these 149 isolates, 145
were identified to be E. coli, 3 were identified to be Klebsiella pneu-
moniae, and 1 was identified to be Aeromonas hydrophila (Table
1). Two ESBL-producing isolates, one E. coli isolate and one K.
pneumoniae isolate, were coisolated from 2 participants, and an
ESBL-producing K. pneumoniae isolate alone was recovered from
1 participant.

One hundred thirty-eight (95.2%) of the 145 ESBL-producing
E. coli isolates from 120 participants harbored a blaCTX-M gene,
and the remaining 7 isolates harbored blaSHV-5-group genes, such

as blaSHV-12, as shown in Table 2. The types of blaCTX-M genes were
mainly blaCTX-M-14 (43.5%), followed by blaCTX-M-15 (17.9%),
blaCTX-M-27 (13.1%), and blaCTX-M-2 (13.1%). The most frequent
O serogroup of the blaCTX-M-harboring E. coli isolates was O25 (27
isolates, 18.6%), followed by O1 (11 isolates, 7.6%) and O153 (8
isolates, 5.5%). Evaluation of the relationship between blaCTX-M

genes and O serogroups showed that the serogroups of the isolates
harboring blaCTX-M-14, blaCTX-M-2, or blaCTX-M-15 were diverse,
i.e., O1, O74, and O153; however, 16 (84.2%) of the 19 isolates
harboring blaCTX-M-27 were O25b.

As shown in Table 3, most ESBL-producing E. coli isolates were
susceptible to cefmetazole, flomoxef, imipenem, amikacin, and
fosfomycin. However, these isolates tended to show a phenotype
of multidrug resistance to aztreonam, minocycline, and FQs. The
isolates harboring the blaCTX-M-27 gene, especially the serotype
O25b isolates, usually showed resistance to FQs, such as cipro-
floxacin and levofloxacin, but no isolate showing resistance to
gentamicin and amikacin was found among the 19 isolates har-
boring the blaCTX-M-27 gene, although 23 of 63 isolates harboring
the blaCTX-M-14 gene showed resistance to gentamicin and/or ami-
kacin. The FQ MICs for serotype O25b:H4 isolates harboring the
blaCTX-M-27 gene were significantly higher than those for the iso-
lates of the other O serotypes harboring any of the other blaCTX-M

genes (P � 0.05) (see Fig. S2 in the supplemental material). The
MIC values of aztreonam and ceftazidime for the isolates harbor-
ing the blaCTX-M-15 gene were significantly higher than those for
the isolates harboring any of the other blaCTX-M genes regard-
less of their O serotypes (P � 0.05) (see Fig. S3 in the supple-
mental material). On the other hand, no significant differences
in the MIC values of minocycline, amikacin, and fosfomycin

TABLE 1 Characteristics of nonduplicate 149 ESBL producers obtained
from 122 participants

Species

No. of isolates in each of the following CTX-M groups:

CTX-
M-1

CTX-
M-2

CTX-
M-8

CTX-
M-9

Non-CTX-
Ma Total

E. coli 30 19 7b 82 7 145
K. pneumoniae 2c 1 3
A. hydrophila 1 1

Total 30 21 7 83 8 149
a Isolates harboring the blaSHV gene.
b One of seven isolates harbored both the blaCTX-M-8 and blaTEM-52 genes.
c These isolates harbored both the blaCTX-M-2 and blaSHV-1 genes.

TABLE 2 O serogroups and CTX-M types of nonduplicate 145 ESBL-producing E. coli isolates

Serogroup

No. (%) of isolates of each CTX-M type

CTX-M-1 group
CTX-M-2 group,
CTX-M-2

CTX-M-8 group,
CTX-M-8

CTX-M-9 group
Non-CTX-
Ma TotalCTX-M-1 CTX-M-15 CTX-M-3 CTX-M-55 CTX-M-14 CTX-M-27

O1 3 2b 5 1 11 (7.6)
O8 3 1 1 5 (3.4)
O15 2 1 3 (2.1)
O18 1 1 (0.7)
O25 1 1 1 1 7 16 27 (18.6)
O27 1 1 (0.7)
O29 1 1 2 (1.4)
O74 1 4 5 (3.4)
O78 3 1 4 (2.8)
O86a 1 1 (0.7)
O125 1 2 1 4 (2.8)
O128 1 1 2 (1.4)
O142 3 3 (2.1)
O148 1 1 (0.7)
O153 1 1 5 1 8 (5.5)
O157 1c 1 (0.7)
O166 1 1 (0.7)
O169 1 1 2 (1.4)
OUT 2 11 1 11 3 30 1 4 63 (43.4)

Total 2 (1.4) 26 (17.9) 1 (0.7) 1 (0.7) 19 (13.1) 7 (4.8) 63 (43.5) 19 (13.1) 7 (4.8) 145 (100)
a Isolates harboring a blaSHV-5-group gene, such as blaSHV-12.
b One of the two isolates harbored both the blaCTX-M-8 and blaTEM-52 genes.
c This isolate did not harbor genes for Shiga-like toxins.
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(P � 0.05) were found among the groups harboring different
blaCTX-M genes.

PFGE analysis. As shown in Fig. 1, the O25b:H4-ST131 group
(including 19 isolates of O25b:H4-ST131, 2 isolates of O25b:
HNM-ST131 [where NM indicates nonmotile], and 1 isolate of
O25b:HUT-ST131) and the OUT:H5-ST131 group (including 12
isolates of OUT:H5-ST131 and 1 isolate of O25:H5-ST131) con-
stituted 2 large clusters which were defined at the 71% and the
80% similarity levels, respectively, but the isolates belonging to the
O1 serogroup showed a very wide genetic diversity.

Long-term colonization by blaCTX-M-harboring E. coli.
Among the 122 carriers of ESBL producers, 52 carriers could be
checked at least 2 times, and blaCTX-M-harboring E. coli isolates
were recovered more than twice from 13 (25%) of the 52 carriers
during the study period (Table 4; see also Table S1 and Fig. S1 in
the supplemental material). Since some of the blaCTX-M-harboring
E. coli isolates from each of the 13 participants showed the same
PFGE profile, we defined the 13 participants to be long-term car-
riers. The periods of detection of the blaCTX-M-harboring E. coli
isolates in each participant ranged from 3 months to up to 2 years.
Neither age nor gender bias was observed (P � 0.05) among the 13
long-term carriers. In two of the long-term carriers (participants 60
and 66), blaCTX-M-harboring E. coli O1:H6-ST648 isolates were re-
peatedly recovered for more than 1 year. Interestingly, blaCTX-M-14-
harboring E. coli O1:H6-ST648 isolates were repeatedly recovered
for up to 2 years in a long-term carrier (participant 66). In three
long-term carriers (participants 64, 69, and 106), blaCTX-M-har-
boring E. coli isolates were intermittently recovered but the par-
ticipants were negative over different periods. In four cases (par-
ticipants 12, 26, 29, and 87), the durations of colonization of
blaCTX-M-harboring E. coli in 2011 were uncertain because they
were not checked in 2011. It was confirmed from the question-
naires submitted by all the participants at the time of submission
of each fecal sample that all but one carrier (participant 69) re-
ceived any obvious antimicrobial treatment during the period of
investigation. Participant 69 received antimicrobial treatment for
pneumonia in March 2010, but the name of the antimicrobial and
its period of administration were unidentified. An ESBL-produc-
ing E. coli O25b:H4-ST131 isolate harboring blaCTX-M-27 was first
isolated from participant 69 in January 2010, prior to antimicro-

bial administration in March 2010, and the same ESBL producers
were repeatedly recovered from this participant for 5 months even
after antimicrobial treatments were stopped, as shown in Table 4.
Two carriers (participants 50 and 88) traveled abroad during the
investigation period, and ESBL-producing E. coli OUT:H4-
ST3407 harboring blaCTX-M-15 disappeared from one carrier (par-
ticipant 50) just after overseas travel, while E. coli OUT:H5-ST131
harboring blaCTX-M-14 was repeatedly recovered from participant
88 for 5 months after the foreign travel.

Serotypes and multilocus sequence types of blaCTX-M-har-
boring E. coli isolates from long-term carriers. As shown in Ta-
ble 4, the most frequent serotype of blaCTX-M-harboring E. coli
isolates that colonized any of the participants for long periods
was O25b:H4 (4 carriers), followed by O1:H6 (3 carriers) and
OUT:H5 (2 carriers). The serotypes of the remaining isolates were
diverse, i.e., O15, O74, and O78.

MLST analysis identified 6 different STs, and the most pre-
dominant one was ST131 (6 isolates), followed by ST648 (3 iso-
lates). The remaining STs were ST354, ST38, ST23, and ST3407,
and the 6 STs were scattered evenly among the ST population
structure of E. coli, as illustrated by eBURST analysis (Fig. 2). No
apparent genetic relationship between ST648 and ST131 accord-
ing to the nucleotide sequences of the seven housekeeping genes
for which they were tested was found.

Characteristics of blaCTX-M-harboring E. coli isolates from
long-term carriers. As shown in Table 4, 6 (46%), 4 (31%), and 3
(23%) individuals were long-term carriers of E. coli isolates har-
boring blaCTX-M-14, blaCTX-M-27, and blaCTX-M-15, respectively.
Most blaCTX-M-harboring E. coli isolates colonizing participants
for long periods tended to show multidrug resistance profiles, and
the blaCTX-M-harboring E. coli isolates recovered from 11 of 13
long-term carriers showed coresistance to FQs. Interestingly, the
ceftazidime MICs for blaCTX-M-27-harboring E. coli isolates recov-
ered from four long-term carriers (participants 12, 64, 69, and
106) were about 2 or 4 �g/ml, although CTX-M-27 generally hy-
drolyzes ceftazidime as well as cefotaxime.

Replicon types of blaCTX-M-carrying plasmids. The conjuga-
tion experiment and replicon typing of plasmids were performed
with the 17 blaCTX-M-harboring E. coli isolates recovered from the
13 long-term carriers. As shown in Table 4, the conjugal transfer of

TABLE 3 Antimicrobial resistance profiles of 145 nonduplicate ESBL-producing E. coli isolates

Antimicrobial
agentb

No. of resistant isolates of each CTX-M typea

CTX-M-1 group

CTX-M-2 group,
CTX-M-2 (n � 19)

CTX-M-8 group,
CTX-M-8 (n � 7)

CTX-M-9 group

Non- CTX-
Mc (n � 7)

Total
(n � 145)

CTX-M-1
(n � 2)

CTX-M-15
(n � 26)

CTX-M-3
(n � 1)

CTX-M-55
(n � 1)

CTX-M-14
(n � 63)

CTX-M-27
(n � 19)

Ceftazidime 0 17 0 1 0 0 1 1 5 25
Aztreonam 2 25 0 1 10 0 11 3 7 59
Gentamicin 0 6 1 0 4 0 23 0 0 34
Amikacin 0 0 0 0 0 0 1 0 0 1
Minocycline 2 17 1 1 15 3 37 15 5 96
Chloramphenicol 0 7 0 0 1 0 14 0 1 23
Fosfomycin 0 1 1 0 1 0 5 1 0 9
Ciprofloxacin 0 16 1 1 1 0 28 18d 2 67
Levofloxacin 0 16 1 1 0 0 28 18d 2 66
a Interpretation of MIC results was done in accordance with the CLSI criteria in document M7-A9 (19).
b All ESBL-producing E. coli isolates were resistant to piperacillin and cefotaxime but were susceptible to cefmetazole, flomoxef, and imipenem.
c Isolates harboring a blaSHV-5-group gene, such as blaSHV-12.
d Sixteen of 18 E. coli isolates harboring the blaCTX-M-27 gene were serogroup O25.
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blaCTX-M-carrying plasmids to recipient cells was successful for 11
isolates, and the replicon types of the plasmids transferred were
IncF (1 isolate), IncFIB (2 isolates), IncK (3 isolate), and IncI1 (1
isolate), as determined by PBRT. The Inc types of the plasmids
from the remaining 4 isolates could not be determined. The
blaCTX-M-27 genes in the E. coli O25b:H4-ST131 isolates were car-
ried by plasmids belonging to IncF or IncFIB.

Detection of multiple blaCTX-M-harboring E. coli isolates
with diverse serotypes. In 2 of the 13 long-term carriers (partici-
pants 49 and 60), blaCTX-M-14- and blaCTX-M-15-harboring E. coli iso-
lates, respectively, were continuously recovered during the period of
investigation, but the serotypes of the E. coli isolates were different in
each participant (Table 4). In the case of participant 49, a blaCTX-M-

14-harboring E. coli O15:H6-ST354 isolate was repeatedly recovered

for 7 months, and blaCTX-M-14-harboring E. coli O125:H6 isolates
belonging to ST354 were also recovered together with a blaCTX-M-14-
harboring E. coli O27:HUT-ST641 isolate in July 2010. Conjugal
transfer of a blaCTX-M-14-carrying plasmid to recipient cells was
successful in the conjugation experiment, but the replicon types of
the plasmids carrying the blaCTX-M-14 gene could not be determined
by PBRT. blaCTX-M-15-harboring E. coli O169:H51 and OUT:HNM
isolates, together with E. coli O1:H6-ST648, were recovered
from the feces of participant 60, a long-term carrier, on differ-
ent occasions. However, the replicon types of all 3 plasmids
carrying the blaCTX-M-15 gene were IncK, suggesting the prob-
able conjugal transfer of the blaCTX-M-15-carrying plasmids
among genetically different commensal E. coli lineages in the
bowel of participant 60.

FIG 1 Dendrogram of PFGE types among the ESBL-producing E. coli isolates. The results of PFGE of XbaI-digested whole-genome DNA from 142 of the 145
ESBL-producing E. coli isolates recovered from 120 participants are shown. DNA from the remaining three ESBL-producing E. coli isolates (including one E. coli
serogroup O15 isolate and two E. coli serogroup OUT isolates) became smeared during digestion with XbaI. The dendrogram was produced by the unweighted pair
group method using arithmetic averages (UPGMA) algorithm based on the Dice similarity coefficient with a 1.0% band position tolerance. The O25b:H4-ST131 group
and the OUT:H5-ST131 group are surrounded by squares with solid lines and dotted lines, respectively. Arrows, the rows for the serogroup O1 isolates tested.
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DISCUSSION

We first elucidated that blaCTX-M-harboring E. coli isolates have
colonized the intestinal tracts of healthy Japanese people, even in
the absence of antimicrobial pressure, for from 3 months to up to
2 years. At one point in the study of ESBL producers from 2,230
participants, 70 (3.1%) participants were positive for ESBL pro-

ducers. This proportion is comparable to that (6.4%) determined in
other investigations involving 218 participants in Japan (24). On the
other hand, 52 (15.6%) of the 333 participants whose feces were
checked more than twice were found to be positive for ESBL produc-
ers. This proportion is far greater than that for the 2,230 participants
evaluated once, but we assume that this value may well more accu-

TABLE 4 Characteristics of blaCTX-M-harboring E. coli isolates repeatedly recovered from 13 long-term carriers and blaCTX-M-
harboring E. coli isolates simultaneously recovered from 2 participants

a The data in the first three columns represent the personal identification number, gender (F, female; M, male), and age (in years), respectively.
b -, not transferred; ND, the replicon type was not determined by PBRT.
c ●, detection of blaCTX-M-harboring E. coli; 	, no detection of blaCTX-M-harboring E. coli, even though fecal screening was performed;o, prescription of
antimicrobial treatment; Œ, overseas travel.
d Isolates detected for a long period.
e CIP, ciprofloxacin; LVX, levofloxacin; CTX, cefotaxime; PIP, piperacillin; MIN, minocycline; AZL, aztreonam; CAZ, ceftazidime; GEN, gentamicin; CHL,
chloramphenicol.
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rately reflect the state of fecal carriage of ESBL producers among
healthy Japanese people. To our knowledge, our study, which in-
volved more than 2,500 participants, is the first one to report the state
of colonization by blaCTX-M-harboring E. coli isolates in the intes-
tinal tracts of people living in the community who have not
apparently been exposed to antimicrobials.

There are some reports concerning the duration of fecal car-
riage of ESBL-producing E. coli isolates in humans who had been
checked in clinical settings. An investigation enrolling 24 outpa-
tients in Thailand demonstrated that the average period of car-
riage of ESBL producers in feces was 98 days and that 8 (33%) out
of 24 patients carried ESBL-producing E. coli for 6 months (11). In
a French study, 180 (40%) of 448 patients were persistent carriers
of ESBL-producing Enterobacteriaceae for a median period of 6.6
months (25). After a nosocomial outbreak in southern Sweden, the
long-term carriage of ESBL-producing E. coli (41 to 59 months) was
observed in 5 (13%) of 39 patients (12). In a Netherlands study with
521 participants, 19 (16.8%) of 113 participants who acquired ESBL
producers during foreign travel kept the ESBL producers for 6
months (26). A Swedish study also showed that 10 (24%) of 41 pa-
tients with traveler’s diarrhea who carried ESBL-producing E. coli still
carried the ESBL producers after 3 to 8 months (13). These findings
are somewhat similar to our observation that 13 (25%) of the 52
carriers kept the ESBL producers for long periods. The present
study may well be unprecedented, because more than 2,500
healthy participants were involved and the investigation was con-
tinued for more than 6 months with 10 carriers of ESBL producers
and for up to 2 years in one case. Therefore, the results of our
investigation suggest the actual state of the fecal carriage of ESBL
producers among healthy people to whom no obvious antimicro-
bial was administered.

The affinity of particular E. coli serotypes to human intestines
or the fitness of E. coli in human intestines would contribute to the

long-term colonization of ESBL-producing E. coli in the intestinal
tract. As for the serogroups of E. coli often recovered from human
intestines, O1 (4.81%), both O1 (7.1%) and O25 (7.1%), and O25
(9.1%) were reportedly predominant in healthy subjects (27), pa-
tients suffering from sporadic diarrhea (28), and outpatients (29),
respectively. These findings suggest that E. coli serogroups O1 and
O25 are the ones that are most able to adapt to the human bowel.
Serogroups O1 and O25 were predominant in the enteric flora of
both American and Romanian people (30, 31), indicating that E.
coli serogroups O1 and O25 generally accommodate themselves to
the human intestines regardless of the human race. Among the peo-
ple who participated in the present study, blaCTX-M-harboring E. coli
serogroup O1 or O25 was indeed continuously recovered from 7 of
13 carriers. Moreover, 1 case was found to carry blaCTX-M-14-harbor-
ing E. coli O1:H6 for 2 years in the absence of antimicrobial treat-
ment. These findings are consistent with those of several previous
studies conducted in Japan and other countries. In the present study,
the rates of detection of ESBL-producing E. coli serogroups O1 and
O25 from the 120 people positive for ESBL producers were 7.6%
(11/145) and 18.6% (27/145), respectively (Table 5). On the other
hand, the rates of recovery of ESBL-producing E. coli isolates of
serogroups O1 and O25 from patients who carried the ESBL pro-
ducers for long periods were 23.1% (3/13) and 30.8% (4/13), re-
spectively, and these values are much higher than those found for
the 120 carriers of ESBL producers (Table 5). The acquisition of
blaCTX-M genes by E. coli serogroups O1 and O25 might well con-
tribute to the long-term carriage of ESBL-producing E. coli in the
intestines of healthy humans receiving no antimicrobial treat-
ment. In addition, according to the results of PFGE analyses, it
was suggested that the E. coli isolates belonging to serogroup
O25 formed a clonal lineage, while the E. coli isolates belonging
to serogroup O1 were genetically diverse (Fig. 1). It has been
considered that bacterial strains harboring plasmids carrying

FIG 2 Result of eBURST analysis. A snapshot of the population created by eBURST analysis (http://eburst.mlst.net/) shows clusters of linked and unlinked
sequence types in the E. coli MLST database (2,000 sequence types; http://mlst.ucc.ie/mlst/dbs/Ecoli). Sequence type labels were removed, but the serotypes and
sequence types found for the ESBL-producing E. coli isolates repeatedly recovered from healthy people in the present study are shown.
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antimicrobial resistance genes tend to disappear sooner or later
from human intestines and also that the plasmids carrying an-
timicrobial resistance genes are apt to be deleted from bacterial
cells before long in the absence of antimicrobial treatment be-
cause the acquisition of antimicrobial resistance mechanisms
usually impedes bacterial growth. However, ESBL-producing
E. coli serogroups O1 and O25, which have a probable affinity
for blaCTX-M-bearing plasmids, could persistently inhabit the
intestines of healthy people. This finding may suggest the pos-
sible acquisition of an additional ability for intraintestinal
long-term colonization of E. coli isolates belonging to sero-
groups O1 and O25 that harbor IncF-group plasmids, which
often carry various blaCTX-M genes.

In the present study, we detected plasmids belonging to the
IncF group, especially FIA and FIB, from 11 of 13 blaCTX-M-har-
boring E. coli isolates repeatedly recovered, as reported previously
(14). We also found that the blaCTX-M-27 gene in E. coli O25b:H4-
ST131 isolates was carried by plasmids belonging to the IncF or
IncFIB group. The plasmid should have affinity for human-asso-
ciated E. coli if the blaCTX-M-carrying plasmid is kept for a long
period in an E. coli isolate that colonizes human bowels even in the
absence of antimicrobials. In fact, the plasmids bearing blaCTX-M-

15, blaCTX-M-14, or blaCTX-M-27 often belong to the IncF type (32–
34). These IncF-type plasmids were also frequently found in hu-
man-associated E. coli strains that can usually accept various types
of plasmids carrying multiple drug resistance genes (35, 36).The
IncF group of plasmids has frequently been detected in blaCTX-M

gene-harboring E. coli isolates repeatedly recovered from the feces of

healthy people and could contribute to long-term carriage in the hu-
man bowel and to the widespread nature of blaCTX-M genes among
various Gram-negative bacilli belonging to the family Enterobacteri-
aceae.

The CTX-M-15-producing E. coli O25b:H4-ST131 isolates dis-
tributed worldwide are usually resistant to FQs. In the present
study, FQ-resistant and blaCTX-M-harboring E. coli isolates were
continuously recovered from 11 (85%) of 13 long-term carriers,
and FQ-resistant and blaCTX-M-27-harboring E. coli O25b:H4-
ST131 isolates were repeatedly isolated from 4 participants. The
FQ resistance rates of ESBL-producing and ESBL-nonproducing
E. coli isolates recovered from Japanese hospitals were about
63.3% and 30%, respectively (37, 38). Interestingly, the FQ resis-
tance rate (85%) of the blaCTX-M-harboring E. coli isolates colo-
nizing Japanese food handlers for long periods found in the pres-
ent study was considerably higher than the average FQ resistance
rates of ESBL-producing and ESBL-nonproducing E. coli clinical
isolates. This might predict the future endemicity of FQ-resistant
E. coli O25b:H4-ST131 isolates harboring blaCTX-M genes, espe-
cially blaCTX-M-27, in Japan and surrounding Asian countries, as
well as the global spread of FQ-resistant and CTX-M-15-produc-
ing E. coli O25b:H4-ST131 isolates.

In conclusion, our study elucidated that 70 (3.1%) of 2,230
healthy people were positive for ESBL producers when fecal
specimens from these individuals were checked once and 52
(15.6%) of 333 people were positive for ESBL producers when
fecal specimens were rechecked. This volunteer-based investi-
gation could not systematically check all 2,563 participants
through the investigation period, but 13 of the 52 carriers of
ESBL producers who were checked more than twice (see Table
S1 in the supplemental material) were found to carry ESBL
producers for from more than 3 months to up to 2 years even in
the absence of obvious antimicrobial treatment. Increasing hu-
man intestinal colonization of E. coli O25b:H4-ST131 and O1:
H6-ST648 isolates that harbor blaCTX-M-carrying plasmids be-
longing to the IncF, IncFIB, or IncK group would contribute to
the augmented rates of long-term carriage of ESBL-producing
E. coli isolates in the bowels of ordinary people receiving no antimi-
crobial treatment, as well as in patients admitted to hospital settings.
FQ-resistant E. coli O25b:H4-ST131 isolates harboring blaCTX-M-27

were repeatedly isolated from 4 of the 13 long-term carriers for several
months. These observations might have implications for the choice of
antimicrobial agents used for the treatment of community-acquired
infections in the future, such as urinary tract infections and bactere-
mia caused by E. coli.
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