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INTRODUCTION

Although extended-spectrum B-lactamase-producing Escherichia coli (ESBL-EC) has
emerged as a significant community-acquired pathogen, there is little epidemiological
information regarding community-onset bacteremia due to ESBL-EC. A retrospective
observational study from 2006 through 2011 was performed to evaluate the epidemiology
of community-onset bacteremia caused by ESBL-EC. In a six-year period, the proportion
of ESBL-EC responsible for causing community-onset bacteremia had increased
significantly, from 3.6% in 2006 to 14.3%, in 2011. Of the 97 clinically evaluable cases
with ESBL-EC bacteremia, 32 (33.0%) were further classified as healthcare-associated
infections. The most common site of infection was urinary tract infection (n = 35, 36.1%),
followed by biliary tract infections (n = 29, 29.9%). Of the 103 ESBL-EC isolates, 43
(41.7%) produced CTX-M-14 and 36 (35.0%) produced CTX-M-15. In the multilocus
sequence typing (MLST) analysis of 76 isolates with CTX-M-14 or -15 type ESBLs, the most
prevalent sequence type (ST) was ST131 (n = 15, 19.7%), followed by ST405 (n = 12,
15.8%) and ST648 (n = 8, 10.5%). No significant differences in clinical features were
found in the ST131 group versus the other group. These findings suggest that epidemic
ESBL-EC clones such as CTX-M-14 or -15 type ESBLs and ST131 have disseminated in
community-onset infections, even in bloodstream infections, which are the most serious
type of infection.

Key Words: Escherichia coli; Community-Acquired Infections; Cephalosporin Resistance;
Bacteremia; Epidemiology

tions are severely limited.
Numerous studies have been published that describe the ep-

Escherichia coli is a common cause of urinary tract infection
(UTT) and intra-abdominal infection in humans of all ages, and
the spectrum of pathology can range from a cystitis to life-threat-
ening sepsis syndrome (1). The prevalence of resistance to fluo-
roquinolones and extended-spectrum cephalosporins in E. coli
has increased dramatically over the past decade (2). We have
witnessed that plasmid-mediated extended-spectrum f-lacta-
mases (ESBLs) have become prominent in community-onset E.
coli infections, as well as nosocomial infections. This increase is
largely the result of the widespread emergence of a single dis-
seminated E. coli clonal group, designated sequence type (ST)
131 on the basis of multilocus sequence typing (MLST) (1-3).
Since ESBL-producing organisms are frequently resistant to mul-
tiple antimicrobial agents, therapeutic options for these infec-
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idemiology and molecular characterization of the ESBLs (2-12);
however, few studies have presented sufficient clinical data es-
tablishing a relationship between the ESBL type or ST and clini-
cal characteristics, particularly in community-onset E. coli bac-
teremia, the most serious type of infection. Moreover, clinically
oriented data regarding community-onset infections caused by
ESBL-producing E. coli (ESBL-EC) are limited, and most stud-
ies included patients with UTIs involving ESBL-producing iso-
lates. There is little information about the risk factors and treat-
ment outcomes in cases of community-onset bacteremia due
to ESBL-EC. In this study, we evaluated community-onset bac-
teremia cases due to ESBL-EC that occurred over a six-year pe-
riod and were not associated with an outbreak of such infec-
tions. The primary objectives of this study were to investigate
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the microbiologic characteristics and molecular epidemiology
of community-onset bacteremia caused by ESBL-EC and to de-
lineate their clinical features.

MATERIALS AND METHODS

Study patients and design
A retrospective observational study was performed to evaluate
the epidemiology of community-onset bacteremia caused by
ESBL-EC. We reviewed the medical records of individuals diag-
nosed with E. coli bacteremia from January 2006 through De-
cember 2011 at Samsung Medical Center (a 1,950-bed tertiary
care university hospital in Seoul, Korea). Patients were included
in the study if their blood cultures were drawn in the Emergency
Department within 48 hr of admission and were positive for E.
coli. All patients aged > 15 yr were enrolled and only the first bac-
teremic episode for each patient was included in the analysis.
The data collected included age, gender, underlying diseases,
site of infection, and antimicrobial regimen. The presence of
the following comorbid conditions was also documented: re-
cent surgical procedure, corticosteroid use, immunosuppres-
sant use, presence of an indwelling urinary catheter or a percu-
taneous tube. Since this study was observational, patient man-
agement and the antimicrobial treatment regimen was decided
upon by the patients’ physicians without any guidelines or in-
tervention from the study investigators.

Definitions

E. coli bacteremia was defined as the presence of E. coli in the
blood, documented by at least one positive blood culture. The
site of infection was determined by the patients’ physicians on
the basis of E. coli isolation from the presumed portal of entry
and a clinical evaluation. Community-onset infection was de-
fined as an infection diagnosed within the first 48 hr of hospital-
ization. Since many cases of bacteremia that are present or incu-
bating upon admission to the hospital are nonetheless health-
care-associated, we refer to non-nosocomial bacteremia as com-
munity-onset rather than community-acquired (13). Episodes
of community-onset bacteremia were further classified as health-
care-associated if any of the following criteria were present: his-
tory of hospital admission of > 48 hr duration in the previous
90 days, hemodialysis, intravenous medication, home wound
care in the previous 30 days, or residence in a nursing home or
long-term care facility (13). When cases did not meet these cri-
teria, they were categorized as community-associated. Severe
sepsis was defined as sepsis with one or more clinical signs of
organ dysfunction.

Bacterial isolates and microbiological analysis

Of the stored blood isolates collected by the clinical microbiol-
ogy laboratory in our hospitals, 103 ESBL-EC isolates were suc-
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cessfully recovered for inclusion in the study. Species identifica-
tion was performed using the standard VITEK II identification
card (bioMerieux, Hazelwood, MO, USA). Antimicrobial suscep-
tibility testing and ESBL confirmatory testing were performed
using the broth microdilution method, following the recom-
mendations of the Clinical and Laboratory Standards Institute
(CLSI). The minimum inhibitory concentrations (MICs) of the
antimicrobial compounds tested were determined by the broth
microdilution method. E. coli ATCC 25922 and Pseudomonas
aeruginosa ATCC 27853 were used as quality-control strains.

The ESBL-related genes, including TEM, SHV, CTX-M, and
OXA, were amplified by polymerase chain reaction (PCR) from
clinical isolates as described previously (6, 14, 15). PCR and se-
quencing of PCR products were performed to identify the blarev,
blasnv, and blacrx.m genes responsible for the ESBL activity in
the ESBL-producing strains. Both strands of all PCR fragments
were sequenced and the types of B-lactamase genes were iden-
tified by comparing the sequences against those in the database
of G. Jacoby and K. Bush (http://www.lahey.org/Studies/). MLST
was performed by following the method of M. Achtamn and
colleagues (http://mlst.ucc.ie/mlst/dbs/Ecoli), in which seven
housekeeping genes, adk (adenylate kinase), fumC (fumarate
hydratase), gyrB (DNA gyrase), icd (isocitrate dehydrogenase),
mdh (malate dehydrogenase), purA (adenylosuccinate synthe-
tase), and recA (ATP/GTP binding motif), were used (16, 17).
Clonal complexes were followed by those of the E. coli MLST
website (http://mlst.ucc.ie/mlst/dbs/Ecoli).

Statistical analysis

Student’s t-tests were used to compare continuous variables,
and the chi-squared or Fisher’s exact tests were used to com-
pare categorical variables. All P values were two-tailed, and P
values of < 0.05 were considered to be statistically significant.
The SPSS statistical software for Windows, PASW version 18.0,
was used for the statistical analyses.

Ethics statement

This study was approved by institutional review board of Sam-
sung Medical Center (Seoul, Korea) (IRB file No. SMC 2011-03-
072). Informed consent was waived because of the retrospec-
tive nature of this study.

RESULTS

Characteristics of patient population

During a six-year period (2006 to 2011), a total of 1,517 commu-
nity-onset E. coli bacteremia episodes were identified, of which
160 (10.6%) were ESBL-EC bacteremic episodes. The propor-
tion of ESBL-EC-caused community-onset bacteremia had in-
creased significantly, from 3.6% in 2006 to 14.3% in 2011 (Fig. 1).
Of the 160 ESBL-producing isolates, 103 non-duplicated isolates
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were collected for further microbiologic analysis, and a total of
97 patients with community-onset ESBL-EC bacteremia were
included in the clinical analysis. Of these 97 cases, 32 (33.0%)
were further classified as healthcare-associated infections, and
the remaining 65 (67.0%) as community-associated infections.
The mean patient age was 59.2 yr (standard deviation [SD], 16.7
yr), and 55 (56.7%) of the patients were males. The most com-
mon underlying diseases were solid tumors (n = 49, 50.5%), fol-
lowed by diabetes mellitus (DM, n = 29, 29.9%) and liver dis-
eases (n = 19, 19.6%). The most common sites of infection were
the urinary tract (n = 35, 36.1%), followed by the biliary tract
(n =29, 29.9%). The clinical characteristics and predisposing
factors of community-onset bacteremia caused by ESBL-EC are
shown in Table 1. The majority of patients (n = 59, 60.8%) re-
ceived prior antimicrobial therapy, primarily cephalosporins
(n =47, 48.5%). The overall 30-day mortality was 12.6% (12/95).

Bacterial isolates and microbiologic characteristics

Of the 103 ESBL-EC isolates that caused community-onset bac-
teremia, 43 (41.7%) produced CTX-M-14, 36 (35.0%) produced
CTX-M-15, and 24 (23.3%) produced other types of ESBL (CTX-
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Fig. 1. Annual incidence and proportion of ESBL-producing E. coli isolates causing
community-onset bacteremia (Gray bar, number; black line, prevalence).
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Fig. 2. Change in the ESBL prevalence (%) and the types of CTX-M genes during six
years of E. coli-related community-onset bacteremia cases. *Others: CTX-M-3, CTX-
M-24, CTX-M-27, and CTX-M-57.
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M-24, 9isolates; CTX-M-27, 8 isolates; CTX-M-3, 4 isolates; CTX-
M-57, 3 isolates). Fifty-seven isolates (55.3%) also produced
TEM-1 in addition to CTX-M-type ESBL, and 2 isolates produced
TEM-15 or SHV-11 in addition to CTX-M-14. The distribution of
CTX-M-type ESBL genes over the six-year period is shown in
Fig. 2. The most common ESBL types were CTX-M-14 and CTX-
M-15 for each year.

Resistance rates to various antimicrobial agents are shown
in Table 2. Of the 103 isolates included in this study, 72 (69.9%)
were non-susceptible to ciprofloxacin, 50 (48.5%) were non-sus-
ceptible to piperacillin-tazobactam, and 81 (78.6%) were non-
susceptible to cefepime. While no resistance to meropenem or
imipenem was detected using the 2011 CLSI breakpoints, 11
(10.7%) were non-susceptible to ertapenem. The MICs, and
MICy values of antimicrobial agents were higher in CTX-M-15
producers than in CTX-M-14 producers (Table 2). The change
in the antimicrobial resistance rates of the ESBL-EC isolates
over the six-year period was shown in Fig. 3.

In the MLST analysis, 23 different STs were identified among
76 isolates with CTX-M-14 or -15 type ESBLs. The most prevalent
ST was ST131 (n = 15, 19.7%), followed by ST405 (n = 12, 15.8%)
and ST648 (n = 8, 10.5%). The distribution of STs among the
CTX-M-14 or -15-type ESBL-EC isolates was shown in Table 3.

Table 1. Clinical characteristics and predisposing factors of community-onset bacte-
remia caused by ESBL-producing E. coli bacteremia

Parameters No. (%) of patients (n = 97)
Male 55 (56.7)
0ld age (= 65 yr) 41 (42.3)
Healthcare-associated infection 32 (33.0)
Underlying disease
Solid tumor 49 (50.5)
Diabetes mellitus 29 (29.9)
Liver disease 19 (19.6)
Renal disease 4(4.1)
Cardiovascular disease 6 (6.2)
Comorbid condition
Recent operation 14 (14.4)
Corticosteroid use 1(1.0)
Immunosuppressant use 7(7.2)
Prior receipt of antibiotics 59 (60.8)
Prior receipt of cephalosporins 47 (48.5)
Prior receipt of penicillin derivatives 16 (16.5)
Prior receipt of fluoroquinolones 21 (21.6)
Central venous catheterization 19 (19.6)
Indwelling urinary catheter 26 (26.8)
Nasogastric tube 3(3.1)
Percutaneous tube 17 (17.5)
Invasive procedure within 72 hr 17 (17.5)
Site of infection
Urinary tract infection 35(36.1)
Biliary tract infection 29 (29.9)
Intra-abdominal infection 11 (11.3)
Primary bacteremia 18 (18.6)
Presentation with severe sepsis or septic shock 21(21.6)

Data are presented as the number of patients (%), unless otherwise indicated.
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Table 2. Antimicrobial resistance of extended-spectrum B-lactamase-producing E. coli isolates

Total (n = 103) CTX-M-14-producers (n = 43) CTX-M-15-producers (n = 35)
Agents MICso MICoo MICso MICso MICso MICso
lorR (% lorR (% lorR (%
O pgmy gy B pgm) gy B pymy) g
Cefotaxime 103 (100) >128 >128 43 (100) >128 >128 35 (100) >128 >128
Ceftazidime 60 (58.3) 8 128 7(16.3) 2 8 34 (97.1) 64 > 128
Cefepime 81(78.6) 64 >128 28 (65.1) 16 >128 32(91.4) >128 >128
P/T 50 (48.5) 16/4 > 512/4 17 (39.5) 8/4 256/4 25 (71.4) 64/4 > 512/4
Ciprofloxacin 72 (69.9) 32 >128 23 (53.5) 8 128 31(88.6) 128 >128
Imipenem 0 0.12 0.12 0 0.12 0.12 0 0.12 0.25
Meropenem 0 <0.03 0.12 0 <0.03 0.06 0 <0.03 0.12
Ertapenem 11(10.7) <0.03 0.5 2 (4.7) <0.03 0.25 8 (22.9) 0.06 0.5
P/T, piperacillin-tazobactam; |, intermediate; R, resistant; MICso, minimum inhibitory concentration 50%; MICgo, minimum inhibitory concentration 90%.
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Fig. 3. Antimicrobial resistance rates (%) of ESBL-producing E. coliisolates.

Clinical characteristics of community-onset bacteremia
due to CTX-M-15-type ESBL-producing E. coli isolates or
ST131

The clinical characteristics of community-onset bacteremia due
to CTX-M-15 type ESBL-EC isolates were compared with those
of others. Old age was more common in the CTX-M-15 group
than in the other group (57.6% vs 33.9%; P = 0.028). Biliary tract
infection was the most common site of infection in the CTX-
M-15 group, while UTI was the most common site of infection
in the other group (Table 4). No significant differences in un-
derlying diseases or comorbid conditions were found between
the two groups (Table 4). The clinical characteristics of commu-
nity-onset bacteremia due to ST131 ESBL-EC isolates were also
compared with those of others. UTI was the most common site
of infection among ST131 isolates. No significant differences in
clinical features were found among the two groups (Table 5).

DISCUSSION
This study investigated the clinical and microbiological charac-
teristics of ESBL-EC isolates responsible for causing community-

onset bacteremia over a six-year period (2006-2011) in Korea,
and showed that these isolates have increased significantly dur-
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PIP-TAZ Ciprofloxacin Ertapenem

ing the study period. Several worldwide reports have reported
the emergence of CTX-M-producing E. coli as a significant patho-
gen since the turn of the 21st century (1, 18, 19). MLST is an ex-
cellent tool for evolutionary studies, which can show common
ancestry lineages among bacteria, and it has led to the defini-
tion of major sequence types and the recognition of clones that
have successfully spread internationally, such as ST131 (18-20).
We have identified several major MLST STs, ST38, ST69, ST95,
ST131, ST405, and ST648. ST131 is a major drug-resistant patho-
gen among the ESBL-EC strains, similarly found in different parts
of the world, including Korea, and poses an important new pub-
lic health threat within our region (5, 17, 18). As expected, CTX-
M-14 and -15 were the predominant types of ESBL identified,
and ST131 was the most common among those isolates. To our
knowledge, this is the first large study of community-onset ESBL-
EC bacteremia to describe detailed clinical and microbiological
characteristics. Similar to the global spread, ST131 has emerged
as the most predominant isolate in our cohort of community-
onset ESBL-EC bacteremia cases.

Several worldwide reports have shown that CTX-M-produc-
ing E. coli isolates are important causes of bloodstream infec-
tions, with the urinary tract as the most frequent infection site
(4,9, 18). Our study provides a comprehensive analysis of com-
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Table 3. Distribution of STs among CTX-M-14- and -15-producing E. coli isolates
over the period of 2006 to 2011

Table 5. Clinical characteristics of patients with bacteremia due to ST131 ESBL-pro-
ducing E. coli versus other ST ESBL-producing E. coli

No. (%) of isolates

Uleiie el in 2006-2011 (0 = 76)

ST (allelic profile*)

0C131 131 (53-40-47-13-36-28-29) 15(19.7)
CC10 0 (10-11-4-8-8-8-2) 2(2.6)
44 (10-11-4-8-8-8-7) 2(2.6)

167 (10-11-4-8-8-13-2) 1(1.3)

617 (10-11-4-8-8-13-73) 2(2.6)

1638 (10-11-4-12-8-45-2) 1(1.3)

0023 410 (6-4-12-1-20-18-7) 2(2.6)
0393 393 (18-106-17-6-5-5-4) 2(2.6)
038 38 (4-26-2-25-5-5-19) 6(7.9
046 46 (8-7-1-8-8-8-6) 1(1.3)
069 69 (21-35-27-6-5-5-4) 5 (6.6)
0073 73 (36-24-9-13-17-11-25) 1(1.3)
0086 453 (99-6-33-33-24-8-7) 1(1.3)
095 95 (37-38-19-37-17-11-26) 709.2)
00354 354 (85-88-78-29-59-58-62) 2(2.6)
00469 405 (35-37-29-25-4-5-73) 12 (15.8)
00448 448 (6-6-5-16-11-8-7) 1(1.3)
Singletons 648 (92-4-87-96-70-58-2) 8(10.5)
773 (6-165-4-10-7-8-6) 1(1.3)

1284 (10-4-4-8-8-13-73) 1(1.3)

1642 (6-4-5-18-11-8-6) 1(1.3)

1844 (6-29-33-16-11-7-2) 1(1.3)

2732 (46-26-208-6-5-16-4) 1(1.3)

*Allelic profile, adk-fumC-gyrB-icd-mdh-purA-recA.

Table 4. Clinical characteristics of patients with bacteremia due to CTX-M-15 ESBL-
producing E. coli versus other types of ESBL-producing E. coli

No. (%) of patients by

Characteristics CTX-M-15 Others Pvalues
(n=33) (n=59)
Male 21(63.6) 31(52.5) 0.303
Old age (> 65 yr) 19 (57.6) 20 (33.9) 0.028
Healthcare-associated infection 13(39.4) 17 (28.8) 0.299
Underlying disease
Diabetes Mellitus 9(27.3) 17 (28.8) 0.875
Liver disease 8 (24.2) 11(18.6) 0.525
Renal disease 2(6.1) 2 (3.4) 0.616
Solid tumor 18 (54.5) 27 (45.8) 0.419
Comorbid conditions
Recent operation 6(18.2) 8(13.6) 0.554
Corticosteroid use 13.0 0(0) 0.359
Immunosuppressant use 3(9.1) 4(6.8) 0.698
Prior use of antibiotics 20 (60.6) 36 (61.0) 0.969
Central venous catheter 4(12.1) 15 (25.4) 0.131
Indwelling urinary catheter 10(30.3) 15 (25.4) 0.614
Nasogastric tube 0(0) 3(6.1) 0.550
Percutaneous tube 6(18.2) 10 (16.9) 0.881
Invasive procedure within 72 hr 8(24.2) 9(15.3) 0.287
Site of infection
Primary bacteremia 3(9.1) 15 (25.4) 0.058
Urinary tract infection 10 (30.3) 23 (39.0) 0.405
Biliary tract infection 13(39.4) 13(22.0) 0.076
Intra-abdominal infection 5(15.2) 6(10.2) 0.515

munity-onset bacteremia caused by ESBL-EC, and the distribu-
tion by type of infection was as expected for E. coli, in that UTIs

1002  http://jkms.org

No. (%) of patients by

Characteristics ST 131 Others Pvalues
(n=14) (n="52)
Male 4(28.6) 24 (46.2) 0.237
Old age (> 65 yr) 6 (42.9) 24 (46.2) 0.826
Healthcare-associated infection 7 (50.0) 18 (34.6) 0.292
Underlying disease
Diabetes Mellitus 2(14.3) 15 (28.8) 0.327
Liver disease 5(35.7) 10 (19.2) 0.279
Renal disease 1(7.1) 2 (3.8) 0.517
Solid tumor 5(35.7) 28 (53.9) 0.228
Site of infection
Primary bacteremia 0(0) 9(17.3) 0.186
Urinary tract infection 5(35.7) 15 (28.8) 0.745
Biliary tract infection 4 (28.6) 19 (36.5) 0.755
Intra-abdominal infection 3(21.4) 8 (15.4) 0.688

accounted for the majority of cases (36.1%). However, it is note-
worthy that 41.2% of the cases had biliary tract infections or in-
tra-abdominal infections. The frequency of intra-abdominal in-
fections, in which ESBL-EC are involved, is probably underesti-
mated, since samples from patients with community-acquired
secondary peritonitis are not routinely sent for culturing (8, 21).
Our data suggest that the notion that community-acquired ESBL-
EC infections are more likely to involve infections of the urinary
tract may not be applicable to E. coli bacteremia, which is one
of the most serious types of infection. Notably, our previous stud-
ies demonstrated that the most common sites of infection in
community-onset ESBL-EC bacteremia are intra-abdominal
infections, including biliary tract infection as well as UTIs (22,
23). CTX-M-15-type ESBL-EC isolates and ST131 isolates had a
broad spectrum of infection syndromes, including UTI, biliary
tract infection, and intra-abdominal infections.

We have previously reported that two major clones of cipro-
floxacin-resistant E. coli isolates responsible for causing UTIs in
our community were ST131 and ST393 (17). This current study
focusing on community-onset bacteremia caused by ESBL-EC,
not just UTIs, suggests that ST131- or CTX-M-15-type ESBL-EC
isolates may have disseminated in the Korean community and
have become a significant threat to public health. CTX-M-15
type ESBL-EC isolates had a significant association with resis-
tance to key first-line antimicrobial therapies, notably 3-lactams
and fluoroquinolones. A previous study showed that, when com-
pared with patients with non-ST131 infections, those with clone
ST131 were more likely to have secondary bacteremia and non-
catheterized UTIs (4). Although more virulence factors and an-
timicrobial resistance were observed with the ST131 isolate, pa-
tients with the ST131 isolate did not experience worse outcomes
than patients with non-ST 131 isolates (4). No significant differ-
ences in clinical features were found among the two groups in
our study.

Our study has several limitations. First, clinical data were ret-

http://dx.doi.org/10.3346/jkms.2013.28.7.998



Kang C-1, et al. = Epidemiology for ESBL-Producing E. coli Bacteremia

JKMS

rospectively collected through electronic medical records and
chart review, although cases and bacterial isolates were enrolled
prospectively. The present study was observational, and thus,
the possibility of limitations that preclude accurate compari-
sons should be kept in mind, given the observational nature of
this study. Second, the clinical data on ST131 were limited to
patients with CTX-14- or -15-type ESBL-EC, and we do not know
whether ST131 would exhibit similar risk factors and clinical
features in other type of ESBL-EC or non-ESBL-EC infections.
Study limitations included a lack of information regarding the
identity of the non-CTX-M-14 or -15 ESBLs. Finally, data were
obtained from a single center in Korea. Strengths included the
large sample size relative to other studies of community-onset
ESBL-EC bacteremia, long study interval, analysis of clinical
characteristics, and extensive molecular characterization of the
isolates.

In conclusion, this study confirms that ESBL-EC isolates are
anotable cause of community-onset bacteremia in predisposed
patients. The widespread and rapid dissemination of ESBL-EC
seems to be an emerging issue worldwide, and ESBL-EC is a
pathogen that is increasingly found in the community, and that
may drive significant changes in the empirical use of antibiotics
for certain infections. Our data suggest that epidemic ESBL-EC
clones, such as CTX-M-14- or -15-type ESBLs and ST131, have
become disseminated in community-onset infections includ-
ing in bloodstream infections. Further clinical and epidemio-
logic studies are needed to guide clinicians in the management
of community-onset infections caused by E. coli.
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