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Molecular Features of Community-Associated Extended-Spectrum-
B-Lactamase-Producing Escherichia coli Strains in the United States
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We characterized 30 community-associated extended-spectrum-f3-lactamase-producing Escherichia coli isolates collected from
five hospitals in the United States. Nineteen sequence types were identified. All sequence type 131 (ST131) isolates had the
fimH30 allele. IncFII-FIA-FIB was the most common replicon type among the blax_y-carrying plasmids, followed by IncFII-
FIA and IncA/C. Restriction analysis of the IncFII-FIA-FIB and IncFII-FIA plasmids yielded related profiles for plasmids origi-
nating from different hospitals. The plasmids containing bla.rx_y or blagy, were stably maintained after serial passages.

ince its emergence in the 1980s, extended-spectrum-f-lacta-
mase (ESBL)-producing Escherichia coli has continued to
spread worldwide (1). Besides the resistance to penicillins and
cephalosporins conferred by the production of ESBL, these organ-

4). This change has coincided with the expansion of a single clonal
lineage of E. coli, defined as sequence type 131 (ST131) by multi-
locus sequence typing (MLST), which often produces CTX-M-
type ESBLs. ST131 accounted for an estimated 28% of E. coli iso-

isms are frequently resistant to other classes of agents, including
aminoglycosides, trimethoprim-sulfamethoxazole, and fluoro-
quinolones, which limits the therapeutic options for infections
caused by ESBL-producing organisms (2). In addition to the
steadily rising overall prevalence of ESBL-producing E. coli
strains, the last decade has observed a major epidemiological shift
in these organisms, as they have escaped the health care environ-
ment to cause community-associated infections in individuals
with minimal or no recent exposure to the health care system (3,

Received 13 May 2014 Returned for modification 5 July 2014
Accepted 10 August 2014

Published ahead of print 18 August 2014

Address correspondence to Yohei Doi, yod4@pitt.edu.

Copyright © 2014, American Society for Microbiology. All Rights Reserved.
doi:10.1128/AAC.03321-14

TABLE 1 Antimicrobial susceptibilities of community-associated ESBL-producing E. coli isolates”

Resistance profile (%) MIC (pg/ml)
Agent(s) Susceptible Intermediate Resistant 50% 90% Range
Ampicillin-sulbactam 333 60 6.7 16/8 16/8 =4/2to >16/8
Piperacillin-tazobactam 100 0 0 =8/4 =8/4 =8/4
Ticarcillin-clavulanic acid 53.3 43.3 3.3 16/2 64/2 =8/2to >64/2
Ampicillin 0 0 100 >16 >16 >16
Piperacillin 6.7 20 73.3 >64 >64 =16to >64
Cefazolin 0 0 100 >16 >16 >16
Ceftriaxone 3.3 3.3 93.3 >32 >32 =0.5to >32
Ceftazidime 60 16.7 233 4 >16 =1to >16
Cefepime 63.3 10° 26.7 =4 >32 =4to >32
Aztreonam 33.3 13.3 53.3 16 >16 =1to>16
Doripenem 100 0 0 =0.5 =0.5 =0.5
Ertapenem 100 0 0 =0.25 =0.25 =0.25
Imipenem 100 0 0 =0.5 =0.5 =0.5
Meropenem 100 0 0 =0.5 =0.5 =0.5
Amikacin 93.3 33 3.3 =8 16 =8to >32
Gentamicin 60.0 3.3 36.7 =2 >8 =2to>8
Tobramycin 43.3 10 46.7 8 >8 =2t0>8
Ciprofloxacin 16.7 3.3 80 >2 >2 =0.5to >2
Levofloxacin 16.7 0 83.3 >8 >8 =1to>8
Trimethoprim-sulfamethoxazole 33.3 0 66.7 >4/76 >4/76 =2/38 to >4/76
Nitrofurantoin 100 0 0 =32 =32 =32
Minocycline 76.7 16.7 6.7 2 8 =1to>8
Tetracycline 30 0 70 >8 >8 =4to>8
Tigecycline 100 0 0 =1 =1 =1
“n=30.

b Dose-dependent susceptibility.
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TABLE 2 Molecular characteristics of community-associated ESBL-producing E. coli isolates

Replicon type of

the plasmid Plasmid-

carrying ESBL- mediated
Isolate Location Source B-Lactamase(s) fimH® ST encoding genes coresistance?
CAO01 Pennsylvania Urine CTX-M-15, CMY-2 — 617 NT? None
CA02 Pennsylvania Urine SHV-2 + 906 NA® NA
CA03 Pennsylvania Urine CTX-M-15 + 131 N None
CA04 Pennsylvania Blood SHV-7 + 101 LM None
CAO05 Pennsylvania Urine CTX-M-14 + 131 FII None
CA06 Pennsylvania Urine CTX-M-14 - 127 FII None
CA07 Michigan Blood CTX-M-15 + 131 NA NA
CA08 Michigan Urine CTX-M-14 + 131 FII-FIA-FIB SXT, TET
CA09 Michigan Urine CTX-M-15 + 90 FII-FIA-FIB GEN, TET
CAI10 Michigan Urine SHV-5 + 12 A/IC None
CAl1 Michigan Urine CTX-M-15 - 38 Y None
CAl12 Michigan Abscess CTX-M-15 + 131 FII-FIA SXT
CAIl3 Michigan Urine CTX-M-15 + 448 NT None
CAl4 Texas Urine CTX-M-15 + 131 FII-FIA-FIB SXT, TET
CAl5 Texas Urine CTX-M-15 + 1280 NT None
CAlé Texas Blood CTX-M-14 + 1193 NT SXT, TET
CA17 Texas Urine CTX-M-15 + 410 FII-FIA-FIB TET
CA18 Texas Urine CTX-M-15 + 44 FII-FIA-FIB GEN, SXT, TET
CA19 New York Ascites CTX-M-15 + 131 FII-FIA SXT
CA20 New York Urine CTX-M-14 + 405 FII-FIB SXT, TET
CA21 New York Urine SHV-5 - 648 NT GEN, SXT
CA22 New York Urine SHV-5 + 744 A/C SXT, TET
CA23 New York Urine CTX-M-15 - 167 FII-FIA-FIB GEN, SXT
CA24 New York Urine CTX-M-15 - 3554 FIA-FIB SXT, TET
CA25 Iowa Urine CTX-M-14 + 38 NA NA
CA26 Iowa Urine CTX-M-15 + 131 NA NA
CA27 Iowa Urine SHV-5 + 131 FIA-FIB None
CA28 Iowa Urine CTX-M-15 + 44 FII-FIA-FIB GEN, SXT, TET
CA29 Iowa Urine CTX-M-15 + 205 NA NA
CA30 Iowa Urine CTX-M-15 + 131 FII-FIA SXT, TET

@ +, present; —, not present.

U NT, nontypeable.

¢NA, no transformant available.

48XT, trimethoprim-sulfamethoxazole; TET, tetracycline; GEN, gentamicin.

lates in one study (5), with an even higher prevalence among
ESBL-producing isolates in another (6).

We recently conducted a multicenter cohort study to docu-
ment the occurrence of community-associated ESBL-producing
E. coli infections in the United States (7). In this study, we identi-
fied 107 cases of community-associated ESBL-producing E. coli
infections from five health care systems in a 1-year period. Fifty-
four percent of them were due to E. coli ST131, and 91% produced
CTX-M-type ESBLs. The findings confirmed the predominance of
CTX-M-producing ST131 isolates among community-associated
ESBL-producing E. coli infections in the United States, but it also
indicated that nearly half of the infections were not due to ST131.
In addition, little is known about the nature of plasmids carrying
genes encoding CTX-M-type or other ESBLs in ST131 and other
clonal lineages associated with their spread in the community.

The objective of this follow-up study was to conduct further
molecular analysis of representative community-associated
ESBL-producing E. coli isolates and identify clones and plasmids
involved in this emerging phenomenon in the United States.
Thirty community-associated ESBL-producing E. coli isolates col-
lected at hospitals and their affiliated clinics in 5 locations in the
United States (New York, Pennsylvania, Michigan, Texas, and
Iowa) between 2009 and 2010 were included. They were selected
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from the 107 community-associated ESBL-producing E. coli iso-
lates reported earlier (8), in order to represent different locations
(5to 7 isolates per location), ESBLs (19 isolates with CTX-M-15, 5
isolates with CTX-M-14, and 6 isolates with SHV-type ESBL), and
ST131 status (10 ST131 isolates and 20 non-ST131 isolates). Non-
ST131 isolates were overrepresented, since the molecular epide-
miology of E. coli ST131 isolates in the United States has been
investigated in detail (5, 9, 10), whereas less is known about ESBL-
producing non-ST131 isolates circulating in the community.
Antimicrobial susceptibility testing was performed by the
broth microdilution method using Sensititre GN4F (Trek Diag-
nostics, Oakwood Village, OH) and interpreted according to the
latest Clinical and Laboratory Standards Institute (CLSI) break-
points (7, 11). For tigecycline, the breakpoint recommended by
the U.S. Food and Drug Administration was used. Of the 30 iso-
lates tested, 93.3% were resistant to ceftriaxone, while 60% and
63.3% were susceptible to ceftazidime and cefepime, respectively
(Table 1). The rates of resistance to ciprofloxacin and levofloxacin
were 80% and 83.3%, respectively. A total of 36.7%, 46.7%, and
3.3% of the isolates were resistant to gentamicin, tobramycin, and
amikacin, respectively. Among other classes of agents, 66.7% were
resistant to trimethoprim-sulfamethoxazole, 6.7% were resistant
to minocycline, and 70% were resistant to tetracycline. All isolates
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A (parents)

B (transformants)

FIG 1 Plasmid analysis of IncFII plasmids carrying genes encoding CTX-M-type ESBLs in community-associated E. coli isolates and their transformants. IncFII
plasmids represent the largest plasmids in the parents ranging approximately between 100 and 200 kb. Lane 1, CA08; lane 2, CA09; lane 3, CA14; lane 4, CA17;
lane 5, CA18; lane 6, CA23; lane 7, CA28; lane 8, CA12; lane 9, CA19; lane 10, CA30; lane M, molecular marker.

were susceptible to carbapenems, piperacillin-tazobactam, nitro-
furantoin, and tigecycline.

Multilocus sequence typing (MLST) was performed as previ-
ously described (12). New STs were registered through the E. coli
MLST website (see http://mlst.warwick.ac.uk/mlst/dbs/Ecoli).
The ST131 isolates were further subtyped using the fimH sequence
(13). MLST of the 30 ESBL-producing isolates identified 19 dif-
ferent STs (Table 2). As expected from the inclusion criteria (10
presumptive ST131 isolates based on PCR screening [7, 14]), 10
isolates belonged to ST131. Seven of them were associated with
blacrx_m.15 While 2 isolates and 1 isolate were associated with
blacrxa.14 and blagyy s, respectively. Two isolates each had ST38
and ST44 associated with blacrx_y.15 OF blacrx w14 OTiginating
from hospitals in different states (ST38 from Michigan and Iowa
and ST44 from Iowa and Texas). ST38 has been reported in CTX-
M-producing E. coli worldwide, including isolates from commu-
nity-associated infections, whereas less is known about ST44 (15—
18). The remaining 16 STs only occurred in 1 isolate each.
Twenty-four of the isolates were positive for fimH. All 10 ST131
isolates had fimH30, which assigned them to the highly virulent
H30 subclone of ST131 (19). The high degree of clonal diversity of
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the non-ST131 isolates suggests that although the success of ST131
is clearly a major factor in the emerging epidemic of community-
associated ESBL-producing E. coli isolates, nonmicrobiological
factors may also be responsible for the spread of ESBL-producing
non-ST131 isolates into the community.

Plasmid DNA was extracted from the clinical isolates using the
standard alkaline lysis method (20). E. coli strain DH10B compe-
tent cells were transformed with the plasmid DNA by electropo-
ration, and B-lactamase-producing transformants were selected
on lysogenic agar plates containing 50 wg/ml ampicillin. Transfer
of the plasmids carrying ESBL-encoding genes was confirmed by
PCR of blacx_y or blagyy, and reduced susceptibility to cefo-
taxime and/or ceftazidime. The plasmid replicons were deter-
mined using DNA extracted from the E. coli DH10B transfor-
mants according to the protocol by Carattoli et al. (21). The E. coli
DHI10B transformants with plasmids carrying ESBL-encoding
genes were obtained for 25 isolates. The frequently occurring plas-
mid replicons included IncFII-FIA-FIB (7 isolates), IncFII-FIA (3
isolates), and IncA/C (2 isolates) (Table 2). IncFII-FIA-FIB was
identified in various STs, including ST131, ST44, ST90, ST167,
and ST410, whereas IncFII-FIA was identified in ST131 only. Co-

Isolate  Replicon type ESBL Location
CA19 FlI-FIA CTX-M-15 New York

|  CA30 FlI-FIA CTX-M-15 lowa

o CA14 Fll-FIA-FIB CTX-M-15 Texas
CA23 Fll-FIA-FIB CTX-M-15 New York
CAQ9 Fll-FIA-FIB CTX-M-15 Michigan
CA18 Fll-FIA-FIB CTX-M-15 Texas
CAZ28 FlI-FIA-FIB CTX-M-15 lowa

] CA12 Fll-FIA CTX-M-15 Michigan
CA17 FlI-FIA-FIB CTX-M-15 Texas
CAO08 FlI-FIA-FIB CTX-M-14 Michigan

FIG 2 EcoRI plasmid restriction profiles of IncFII plasmids extracted from E. coli transformants.
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TABLE 3 Stability of plasmids carrying ESBL-encoding genes in E. coli DH10 transformants

No. in which blacrx_ or blagyy, was detected by PCR (10 colonies/strain) by day”:

Isolate B-Lactamase  Replicon type 1 2 3 4 5 6 7 8
CAO3TF  CTX-M-15 N 8(+)2(—) 9(+),1(—) 6(+),4(—) 9(+),1(—) 10(—) 10(—) 10(—) 10(—)
CAOATF  SHV-7 L/M 10 (4) 10 (+) 10 (+) 10 (+) 10(+) 10(4+) 10(+) 10(+)
CAO05TF  CTX-M-14 FII 10 (+) 10 (+) 10 (+) 10 (+) 10(+) 10(+) 10(+) 10(+)
CAO6TF  CTX-M-14  FII 10 (+) 10 (+) 10 (+) 10 (+) 10(+) 10(+) 10(+) 10(+)
CAOSTF  CTX-M-14  FII-FIA-FIB 10 (4) 10 (+) 10 (+) 10 (+) 10(+) 10(4+) 10(+) 10(+)
CA09TF  CTX-M-15 FII-FIA-FIB 10 (+) 10 (+) 10 (+) 10 (+) 10(+) 10(+) 10(+) 10(+)
CA10TF  SHV-5 A/C 10 (+) 10 (+) 10 (+) 10 (+) 10(+) 10(+) 10(+) 10(+)
CAIITF  CTX-M-15 Y 10 (4) 10 (4) 10 (+) 10 (+) 10(+) 10(4+) 10(+) 10(+)
CAI2TF  CTX-M-15 FII-FIA 10 (+) 10 (+) 10 (+) 10 (+) 10(+) 10(+) 10(+) 10(+)
CA18TF  CTX-M-15  FII-FIA-FIB 10 (+) 10 (+) 10 (+) 10 (+) 10(+) 10(+) 10(+) 10(+)
CA20TF  CTX-M-14  FII-FIB 10 (4) 10 (+) 10 (+) 10 (+) 10(+) 10(+) 10(+) 10(+)
CA22TF  SHV-5 A/IC 10 (+) 10 (+) 10 (+) 10 (+) 10(+) 10(+) 10(+) 10(+)
CA24TF  CTX-M-15 FIA-FIB 10 (+) 10 (+) 10 (+) 10 (+) 10(+) 10(+) 10(+) 10(+)
CA28TF  CTX-M-15 FII-FIA-FIB 10 (4) 10 (+) 10 (+) 10 (+) 10(+) 10(+) 10(+) 6(+),4(-)
CA30TF  CTX-M-15 FII-FIA 10 (+) 10 (+) 10 (+) 10 (+) 10(+) 10(+) 10(+) 10(+)

“ +, positive; —, negative.

resistance to the non-B-lactam agents gentamicin, trimethoprim-
sulfamethoxazole, or tetracycline was observed for 15 of the 25
transformants using the disk diffusion method (Table 2). Notably,
all IncFII-FIA-FIB and IncFII-FIA plasmids conferred resistance
to at least one non-B-lactam agent (trimethoprim-sulfamethoxa-
zole, gentamicin, and/or tetracycline). Two IncFII-FIA-FIB plas-
mids conferred resistance to trimethoprim-sulfamethoxazole, tet-
racycline, and gentamicin. These multidrug resistance traits of
IncFII-FIA-FIB and IncFII-FIA plasmids may provide them with a
selective advantage. Furthermore, multireplicon IncF plasmids
are considered to possess an ability to evolve the regulatory se-
quences for these replicons, and this versatility has been associated
with the abrupt worldwide emergence of IncF plasmids carrying
blacrx.m (22). In particular, IncFII plasmids carrying blacrx
have been widely reported (23-25). The IncFII-FIA-FIB and
IncFII-FIA plasmids were found across various STs, including
ST131 isolates, suggesting that they may be serving as the vehicles
for the spread of blacrx ., between ST131 isolates and non-ST131
isolates in the community.

For the 10 IncFII-FIA-FIB and IncFII-FIA plasmids, their sizes
were estimated by S1 pulsed-field gel electrophoresis (PFGE) for
the clinical isolates and their transformants (26). All of the tested
clinical isolates possessed >1 plasmid, with some possessing up to
3 (Fig. 1). The sizes of the IncFII-FIA-FIB and IncFII-FIA plas-
mids varied, ranging from approximately 100 to 200 kb. They
were then extracted from the transformants, digested with EcoRI,
and profiled by an overnight electrophoresis on a 0.7% agarose
gel. Dendrograms representing the similarities of the restriction
patterns were constructed according to the unweighted-pair
group method using average linkages (UPGMA) using Bio-
Numerics version 6.01 (Applied Maths, Austin, TX). The plasmid
restriction analysis yielded 4 related profiles using a similarity cut-
off of 90%, with each profile containing 2 isolates from hospitals
in different states (Fig. 2).

To determine the stability of the plasmids carrying ESBL-en-
coding genes, 15 representative transformants containing
blacrx.m (n = 12) or blagyy, (n = 3) with plasmids of various
replicon types were grown separately in lysogenic broth free of
antimicrobial agents at 37°C with shaking. After overnight
growth, the cells were diluted into fresh lysogenic broth to a con-
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centration of approximately 10> CFU/ml and incubated further
for 8 successive days. The colonies were isolated on lysogenic agar
plates, and 10 random colonies were subjected to PCR to deter-
mine the presence or absence of the ESBL genes (blacrx_\ or
blag;y, as appropriate) from each culture on each day (a total of 80
colonies for each transformant). One transformant completely
lost its IncN plasmid by day 5, and another partially lost its IncFII-
FIA-FIB plasmid on day 8 (Table 3). Otherwise, none of the re-
maining 13 transformants lost blacry_\ or blagy, during the 8
days of serial broth culture. Therefore, plasmids containing
blacrx_ or blagyy, were stably maintained in the majority of the
isolates, even in the absence of selective pressure, suggesting that
the cost of maintaining these plasmids carrying ESBL-encoding
genes may be minimal for the host E. coli.

The emergence of community-associated ESBL-producing E.
coli infections in the United States is driven by the epidemic ST131
clone and diverse non-ST131 clones. The most common IncFII-
FIA-FIB and IncFII-FIA plasmids occur in ST131, as well as non-
ST131 isolates in distant states, suggesting the potential role of
plasmid-mediated dissemination of ESBL-producing E. coli into
and within the community. Further genetic characterization of
these key groups of plasmids is ongoing.
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