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FIG 1 Dendrogram of PFGE types among the ESBL-producing E. coli isolates. The result:

mar

s of PFGE of Xbal-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 Xbal. 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 025b: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.

blacrx 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 Incl1 (1
isolate), as determined by PBRT. The Inc types of the plasmids
from the remaining 4 isolates could not be determined. The
blacrx.m.27 genes in the E. coli O25b:H4-ST131 isolates were car-
ried by plasmids belonging to IncF or IncFIB.

Detection of multiple blarx \-harboring E. coli isolates
with diverse serotypes. In 2 of the 13 long-term carriers (partici-
pants 49 and 60), blacry_yp.14- and blacry . s-harboring E. coli iso-
lates, respectively, were continuously recovered during the period of
investigation, but the serotypes of the E. colf isolates were different in
each participant (Table 4). In the case of participant 49, a blacry .
14-harboring E. coli O15:H6-ST354 isolate was repeatedly recovered
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for 7 months, and blacry_a.14-harboring E. coli O125:H6 isolates
belonging to ST354 were also recovered together with a blacry_y.y4-
harboring E. coli O27:HUT-ST641 isolate in July 2010. Conjugal
transfer of a blacrx_u.14-carrying plasmid to recipient cells was
successful in the conjugation experiment, but the replicon types of
the plasmids carrying the blacry .14 gene could not be determined
by PBRT. blacrx_p.15-harboring E. coli 0169: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 blacry .5 gene were IncK, suggesting the prob-
able conjugal transfer of the blacry_p.5-carrying plasmids
among genetically different commensal E. coli lineages in the
bowel of participant 60.
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Long-Term Carriage of blacy. y-Positive E. coli

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

Isolate Donor Trans- . Tested month®
conjugant
Partici-
. . 7
Pama Sero- MLST ESBL nglh' Resistant  ESBL R:g‘h- Resistant 2010 I 2011
type Pe  type W WP ype O 0 3456789101112 3 ~12
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bl n > 4 - - -
e B LU VRV e e e
' FIA, CIP, LVX,
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60 F 60 B/O ﬁi;l yvas
0169: CTX- SAZL - ory AZL, CTX,
N smer (X kom0 CAZ.CTX, 10 Koo .
oUT- CTX- & = A7ZL.CAZ. CTX- A7L. CTX,
anu STA04 s BBO e pp T Mas X b °
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66 F 50 %’6' ST648 &Tﬁ };]g’ MIN, CTX, - . ; cecoc6eoee s ee e e
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88 F 45 s §T131 M-14 ;II/;, CTX.PIP  M-14 I CIX,PIP e ¢ e ¢ o ¢ L] % * *
‘ CIP, LVX,
O stase  C7C ma MiNazL, ST ND CTXPIP e e 00 oo Xxoxoxooxx
) - CTX, PIP 3
‘ CIP, LVX.
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H6 M-14 Az M-14
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“ 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.
¢ ®, detection of blacrx.\-harboring E. coli; X, no detection of blacyx_-harboring E. coli, even though fecal screening was performed; A, prescription of
antimicrobial treatment; O, overseas travel.
Isolates detected for a long period.
¢ CIP, ciprofloxacin; LVX, levofloxacin; CTX, cefotaxime; PIP, piperacillin; MIN, minocycline; AZL, aztreonam; CAZ, ceftazidime; GEN, gentamicin; CHL,
chloramphenicol.

DISCUSSION

We first elucidated that blacry_y-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-
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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-
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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://mist.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.

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 blacry_,-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
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long-term colonization of ESBL-producing E. coi in the intestinal
tract. As for the serogroups of E. coli often recovered from human
intestines, O1 (4.81%), both O1 (7.1%) and 025 (7.1%), and 025
(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
025 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 025 generally accommodate themselves to
the human intestines regardless of the human race. Among the peo-
ple who participated in the present study, blacry_-harboring E. coli
serogroup O1 or 025 was indeed continuously recovered from 7 of
13 carriers. Moreover, 1 case was found to carry blacrx_y.,4-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
025 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
blacrx. genes by E. coli serogroups O1 and 025 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
025 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
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TABLE 5 Characteristics of the ESBL-producing E. coli isolates from the
120 overall carriers of ESBL producers and 13 long-term carriers of
ESBL producers

No. (%) of isolates among:

145 isolates from
120 carriers

13 isolates from 13 long-term

Characteristic carriers

O serogroup

o1 11 (7.5) 3(23.1)
025 27 (18.6) 4(30.8)
015 3(2.1) 1(7.7)
074 5(3.4) 1(7.7)
078 4(2.8) 1(7.7)
Other O serogroups 32(22.2) 0(0)
ouT 63 (43.4) 3(23.1)
Molecular type of ESBL
CTX-M-1 group 30 (20.7) 3(23.1)
CTX-M-2 group 19 (13.1) 0(0)
CTX-M-8 group 7 (4.8) 0(0)
CTX-M-9 group 82 (56.6) 10 (76.9)
Non-CTX-M 7 (4.8) 0(0)
Resistance to:
Ceftazidime 25(17.2) 3(23.1)
Aztreonam 59 (40.7) 5(38.5)
Gentamicin 34 (23.4) 2(15.4)
Amikacin 1(0.7) 0(0)
Minocycline 96 (66.2) 8(61.5)
Chloramphenicol 23 (15.9) 1(7.7)
Fosfomycin 9(6.2) 0(0)
Ciprofloxacin 67 (46.2) 11 (84.6)
Levofloxacin 66 (45.5) 11 (84.6)

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 blacrx_y-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 blacry.y genes.

In the present study, we detected plasmids belonging to the
IncF group, especially FIA and FIB, from 11 of 13 blacry y,-har-
boring E. coli isolates repeatedly recovered, as reported previously
(14). We also found that the blacry_.,7 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 blacrx_p-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 blacrx ..
15, blacry o140 OF blacry a7 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 blacry
gene-harboring E. coli isolates repeatedly recovered from the feces of
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healthy people and could contribute to long-term carriage in the hu-
man bowel and to the widespread nature of blacr_, 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 blacx.,-harboring E. coli isolates were
continuously recovered from 11 (85%) of 13 long-term carriers,
and FQ-resistant and blacry y.o;-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 blacrx_y,-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 blacrx.\, genes, espe-
cially blacry .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 025b:H4-ST131 and O1:
H6-ST648 isolates that harbor blacry_s-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.
PQ-resistant E. coli O25b:H4-ST131 isolates harboring blacry y.o7
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.

ACKNOWLEDGMENTS

This study was supported by the Ministry of Health, Labour and Welfare
of Japan (grant no. H21-Shinkou-Ippan-008 and H24-Shinkou-Ippan-
010) and in part by a grant from the Research Program on Emerging and
Re-emerging Infectious Diseases from the Japan Agency for Medical Re-
search and Development, AMED.

FUNDING INFORMATION

Ministry of Health, Labour and Welfare (MHLW) provided funding to
Yoshichika Arakawa under grant numbers H21-Shinkou-Ippan-008 and
H24-Shinkou-Ippan-010.

REFERENCES

1. Paterson DL, Bonomo RA. 2005. Extended-spectrum B-lactamases: a
clinical update. Clin Microbiol Rev 18:657—686. http://dx.doi.org/10
.1128/CMR.18.4.657-686.2005.

aem.asmorg 1825

189n6 Aa aLnz ‘7 udtein Uo /Blorwise war/:duu Woll DanroIuMon



Nakane et al.

2.

hed

'

wr

[a}

~

o

10.

14.

18.

1826

Cantén R, Novais A, Valverde A, Machado E, Peixe L, Baquero F,
Coque TM. 2008. Prevalence and spread of extended-spectrum B-lacta-
mase-producing Enterobacteriaceae in Europe. Clin Microbiol Infect
14(Suppl 1):5144-5153.

Pitout ]JD, Laupland KB. 2008. Extended-spectrum f-lactamase-
producing Enterobacteriaceae: an emerging public-health concern. Lancet
Infect Dis 8:159~166. http://dx.doi.org/10.1016/S1473-3099(08)70041-0.

. Chong Y, Shimoda S, Yakushiji H, Ito Y, Miyamoto T, Kamimura T,

Shimono N, Akashi K. 2013. Community spread of extended-spectrum
B-lactamase-producing Escherichia coli, Klebsiella pneumoniae and Pro-
teus mirabilis: a long-term study in Japan. ] Med Microbiol 62:1038-1043.
http://dx.doi.org/10.1099/jmm.0.059279-0.

. Woerther PL, Burdet C, Chachaty E, Andremont A. 2013. Trends in

human fecal carriage of extended-spectrum B-lactamases in the commu-
nity: toward the globalization of CTX-M. Clin Microbiol Rev 26:744-758.
httpy//dx.doi.org/10.1128/CMR.00023-13.

. Janvier F, Delacour H, Tessé S, Larréché S, Sanmartin N, Ollat D, Rapp

C, Mérens A. 2014. Faecal carriage of extended-spectrum P-lactamase-
producing enterobacteria among soldiers at admission in a French mili-
tary hospital after aeromedical evacuation from overseas. Eur J Clin Mi-
crobiol Infect Dis 33:1719-1723. http://dx.doi.org/10.1007/s10096-014
-2141-8.

. Arcilla MS, van Hattem JM, Bootsma MC, van Genderen PJ, Goorhuis

A, Schultsz C, Stobberingh EE, Verbrugh HA, de Jong MD, Melles DC,
Penders . 2014. The Carriage of Multiresistant Bacteria after Travel
(COMBAT) prospective cohort study: methodology and design. BMC
Public Health 14:410. http://dx.doi.org/10.1186/1471-2458-14-410.

. George EA, Sankar §, Jesudasan MV, Sudandiradoss C, Nandagopal B.

2014. Incidence of extended spectrum beta lactamase producing Esche-
richia coli among patients, healthy individuals and in the environment.
Indian ] Med Microbiol 32:172-174. http://dx.doi.org/10.4103/0255
-0857.129810.

. Solé M, Pitart C, Oliveira I, Fabrega A, Mufioz L, Campo I, Salvador P,

Alvarez-Martinez MJ, Gascon J, Marco F, Vila J. 2014. Extended spec-
trum B-lactamase-producing Escherichia coli faecal carriage in Spanish
travellers returning from tropical and subtropical countries. Clin Micro-
biol Infect 20:0636—-0639. http://dx.doi.org/10.1111/1469-0691.12592.
Villar HE, Baserni MN, Jugo MB. 2013. Faecal carriage of ESBL-
producing Enterobacteriaceae and carbapenem-resistant Gram-negative
bacilli in community settings. ] Infect Dev Ctries 7:630—-634. http://dx.doi
.org/10.3855/jidc.2900.

. Apisarnthanarak A, Bailey TC, Fraser VJ. 2008. Duration of stool colo-

nization in patients infected with extended-spectrum B-lactamase-
producing Escherichia coli and Klebsiella pneumoniae. Clin Infect Dis 46:
1322-1323. http://dx.doi.org/10.1086/533475.

. Alsterlund R, Axelsson C, Olsson-Liljequist B. 2012. Long-term carriage

of extended-spectrum B-lactamase-producing Escherichia coli. Scand ] In-
fect Dis 44:51-54. http://dx.doi.org/10.3109/00365548.2011.592987.

. Tham ], Walder M, Melander E, Odenholt I. 2012. Duration of coloni-

zation with extended-spectrum B-lactamase-producing Escherichia coli in
patients with travellers” diarrhoea. Scand J Infect Dis 44:573-577. http:
//dx.doi.org/10.3109/00365548.2011.653582.

Titelman E, Hasan CM, Iversen A, Nauclér P, Kais M, Kalin M, Giske
CG. 2014. Faecal carriage of extended-spectrum B-lactamase-producing
Enterobacteriaceae is common 12 months after infection and is related to
strain factors. Clin Microbiol Infect 20:0508-0515. http://dx.doi.org/10
1111/1469-0691.12559.

. Suzuki S, Shibata N, Yamane K, Wachino J, Ito K, Arakawa Y. 2009.

Change in the prevalence of extended-spectrum-B-lactamase-producing
Escherichia coli in Japan by clonal spread. ] Antimicrob Chemother 63:72—
79. http://dx.doi.org/10.1093/jac/dkn463.

. Dallenne C, Da Costa A, Decré D, Favier C, Arlet G. 2010. Development

of a set of multiplex PCR assays for the detection of genes encoding im-
portant B-lactamases in Enterobacteriaceae. ] Antimicrob Chemother 65:
490—-495. http://dx.doi.org/10.1093/jac/dkp498.

. Yagi T, Kurokawa H, Shibata N, Shibayama K, Arakawa Y. 2000. A

preliminary survey of extended-spectrum B-lactamases (ESBLs) in clini-
cal isolates of Klebsiella pneumoniae and Escherichia coli in Japan. FEMS
Microbiol Lett 184:53-56. http://dx.doi.org/10.1111/}.1574-6968.2000
.tb08989.x.

Clermont O, Lavollay M, Vimont S, Deschamps C, Forestier C,
Branger C, Denamur E, Arlet G. 2008. The CTX-M-15-producing
Escherichia coli diffusing clone belongs to a highly virulent B2 phyloge-

aem.asm.org

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

Applied and Environmental Microbiology

netic subgroup. ] Antimicrob Chemother 61:1024-1028. http://dx.doi
.01g/10.1093/jac/dkn084.

. Clinical and Laboratory Standards Institute. 2011. Methods for dilution

antimicrobial susceptibility tests for bacteria that grow aerobically, 8th ed.
Approved standard M7-A9. Clinical and Laboratory Standards Institute,
Wayne, PA.

Barrett TJ, Lior H, Green JH, Khakhria R, Wells JG, Bell BP, Greene
KD, Lewis J, Griffin PM. 1994. Laboratory investigation of a multi-
state food-borne outbreak of Escherichia coli O157:H7 by using pulsed-
field gel electrophoresis and phage typing. J Clin Microbiol 32:3013—
3017.

Carrico JA, Pinto FR, Simas C, Nunes S, Sousa NG, Frazdo N, de
Lencastre H, Almeida JS. 2005. Assessment of band-based similarity
coefficients for automatic type and subtype classification of microbial
isolates analyzed by pulsed-field gel electrophoresis. J Clin Microbiol
43:5483-5490. http://dx.doi.org/10.1128/JCM.43.11.5483-5490.2005.
Ray JL, Nielsen KM. 2005. Experimental methods for assaying natural
transformation and inferring horizontal gene transfer. Methods Enzymol
395:491-520. http://dx.doi.org/10.1016/50076-6879(05)95026-X.
Carattoli A, Bertini A, Villa L, Falbo V, Hopkins KL, Threlfall EJ.
2005. Identification of plasmids by PCR-based replicon typing. ] Mi-
crobiol Methods 63:219-228. http://dx.doi.org/10.1016/j.mimet.2005
.03.018.

Luvsansharav UO, Hirai I, Niki M, Nakata A, Yoshinaga A, Moriyama
T, Yamamoto Y. 2011. Prevalence of fecal carriage of extended-spectrum
B-lactamase-producing Enterobacteriaceae among healthy adult people in
Japan. ] Infect Chemother 17:722-725. http://dx.doi.org/10.1007/510156
-011-0225-2.

Birgand G, Armand-Lefevre L, Lolom I, Ruppe E, Andremont A, Lucet
JC. 2013. Duration of colonization by extended-spectrum (-lactamase-
producing Enterobacteriaceae after hospital discharge. Am ] Infect Control
41:443—447. http://dx.doi.org/10.1016/].2jic.2012.05.015.

Paltansing S, Vlot JA, Kraakman ME, Mesman R, Bruijning ML, Ber-
nards AT, Visser LG, Veldkamp KE. 2013. Extended-spectrum f3-lacta-
mase-producing Enterobacteriaceae among travelers from the Nether-
lands. Emerg Infect Dis 19:1206—1213. http://dx.doi.org/10.3201/eid1908
.130257.

Kimura N, Kozaki A, Sasaki T, Komatsubara A. 1999. Comparison of
O-serotype distribution of Escherichia coli isolated from faecal specimens
of patients with sporadic diarrhea and healthy persons and regional dif-
ference in Japan. Kansenshogaku Zasshi 73:53-61. (In Japanese.) http:
//dx.doi.org/10.11150/kansenshogakuzasshil970.73.53.

Kobayashi I, Osawa H, Harada T, Saika T, Kanayama A, Muraoka H,
Uchino U, Hasegawa M, Sato Y, Numata K, Hashiguchi N, Nishida
M. 1997. Study of diarrhea-inducing strains of Escherichia coli mainly
isolated in Kanto area between June and September 1996. Kansen-
shogaku Zasshi 71:495-500. (In Japanese.) http://dx.dot.org/10.11150
/kansenshogakuzasshil970.71.495.

Hibi H, Ishikawa K, Izumitani M, Tanaka T, Naide Y. 1991. Studies on
the virulent factor of Escherichia coli isolated from urogenital infection—
pilus type and adherence to human exfoliated uroepithelial cells etc. Hin-
yokika Kiyo 37:1525-1529. (In Japanese.).

Kennedy RP, Plorde JJ, Ptersdorf RG. 1965. Studies on the epidemiology
of Escherichia coli infections. IV. Evidence for a nosocomial flora. ] Clin
Invest 44:193-201.

Popovici M, Georgescu C, Dumitrescu M, Florescu D, Racovitd DC.
1976. Evaluation of the etiopathogenic significance of E. coli serotypes
01-025. Rev Ig Bacteriol Virusol Parazitol Epidemiol Pneumoftiziol Bac-
teriol Virusol Parazitol Epidemiol 21:85-94. (In Romanian.)

Carattoli A. 2009. Resistance plasmid families in Enterobacteriaceae. An-
timicrob Agents Chemother 53:2227-2238. http://dx.doi.org/10.1128
IAAC.01707-08.

Yu FY, Yao D, Pan JY, Chen C, Qin ZQ, Parsons C, Yang LH, Li QQ,
Zhang XQ, Qu D, Wang LX. 2010. High prevalence of plasmid-mediated
16S rRNA methylase gene rmtB among Escherichia coli clinical isolates
from a Chinese teaching hospital. BMC Infect Dis 10:184. http://dx.doi
.org/10.1186/1471-2334-10-184.

Matsumura Y, Yamamoto M, Higuchi T, Komori T, Tsuboi F, Hayashi
A, Sugimoto Y, Hotta G, Matsushima A, Nagao M, Takakura S,
Ichiyama S. 2012. Prevalence of plasmid-mediated AmpC B-lactamase-
producing Escherichia coli and spread of the ST131 clone among extended-
spectrum [B-lactamase-producing E. coli in Japan. Int ] Antimicrob Agents
40:158~162. http://dx.doi.org/10.1016/j.ijantimicag.2012.04.013.

March 2016 Volume 82 Number 6

diy wolj pepeojumod

1senb Ag 9102 ‘2 yose uo /Bio’wse’wery/



35.

36.

37.

March 2016 Volume 82 Number 6

Naseer U, Sundsfjord A. 2011. The CTX-M conundrum: dissemination
of plasmids and Escherichia coli clones. Microb Drug Resist 17:83-97. http:
/1dx.doi.org/10.1089/mdr.2010.0132.

Peirano G, Pitout JD. 2010. Molecular epidemiology of Escherichia coli
producing CTX-M B-lactamases: the worldwide emergence of clone
ST131 O25:H4. Int ] Antimicrob Agents 35:316-321. http://dx.doi.org/10
.1016/j.ijantimicag.2009.11.003.

Matsumura Y, Yamamoto M, Nagao M, Hotta G, Matsushima A, Ito Y,
Takakura S, Ichiyama S, Kyoto-Shiga Clinical Microbiology Study

38.

Applied and Environmental Microbiology

Long-Term Carriage of blacyx y-Positive E. coli

Group. 2012. Emergence and spread of B2-ST131-025b, B2-ST131-016
and D-ST405 clonal groups among extended-spectrum-f-lactamase-
producing Escherichia coli in Japan. ] Antimicrob Chemother 67:2612~
2620. http://dx.doi.org/10.1093/jac/dks278.

Ministry of Health, Labour and Welfare. 2011. Open report of The Japan
Nosocomial Infections Surveillance (JANIS) database, January to Decem-
ber 2010. Ministry of Health, Labour and Welfare, Tokyo, Japan.
(In Japanese.) http:/fwww.nih-janis.jp/report/open_report/2010/3/1/
ken_Open_Report_201000.pdf.

aem.asm.org 1827

:dnu wiodi papeoIUMO

Bio'wse wee/

uo/

*

1senb Ad aLnz ‘7 uo






