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Abstract Background/Purpose: The prevalence of extended-spectrum b-lactamase (ESBL)producing Escherichia coli is increasing worldwide. This study investigated the clinical features
and bacteriology of pediatric patients with ESBL-producing E. coli bacteremia and compared
their characteristics with those of adult patients.
Methods: Clinical and laboratory data from all of the 41 patients aged 18 years diagnosed
with E. coli bacteremia were collected over 5 years. Patients aged >18 years diagnosed with
E. coli bacteremia, matched 1:1 for calendar time, were enrolled as the adult group. All E. coli
isolates were tested for their blaCTX-M group and sequence type 131 (ST131). A novel sevensingle nucleotide polymorphism-based clonotyping test was applied to detect the septatypes
of each isolate.
Results: In the adult group, patients with ESBL-producing E. coli bacteremia had more previous
hospitalizations and antimicrobial agent use than did those with non-ESBL-producing E. coli
bacteremia, but these differences were not found in pediatric group. In the pediatric group,
the proportion of isolates producing CTX-M group 9 was higher than that in the adult group
(85.7% vs. 42.9%; p < 0.05). Among both groups, there were more E. coli ST131 in ESBL isolates
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in than there were non-ESBL isolates. The distribution of septatypes was more homogenous in
ESBL-producing E. coli among the pediatric patients than among the adult patients.
Conclusion: ST131 was the major clone causing E. coli bacteremia in both pediatric and adult
populations. The pediatric population demonstrated a higher number of isolates producing
CTX-M group 9 with more homogenous septatypes compared with the adult population.
Copyright ª 2017, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).

Introduction
Since 2000, multidrug-resistant Escherichia coli that produces CTX-M enzymes has emerged globally as a critical
pathogen. It causes both community- and hospital-onset
infections, and is described as “the CTX-M pandemic.”1
These enzymes are synthesized by the Enterobacteriaceae
family; in particular, extended-spectrum b-lactamase
(ESBL)-producing E. coli that produces CTX-M-15, described
as sero-group O25b-sequence type (ST) 131, was found in
Europe, the Americas, Asia and the Middle East.2 The E. coli
O25b-ST131, which carries a broad range of virulence and
resistance genes on transferable plasmids, has disseminated globally.2e5 In addition, the number of asymptomatic
healthy carriers without prior exposure to antimicrobial
agents has increased.6 Studies have identified the clinical
features, demographic data, risk factors, and microbiology
of variable ESBL-producing E. coli infections in adults.7e10
However, information regarding E. coli bacteremia in children remains limited thus far. Moreover, as per our review
of the relevant literature, no study has compared the
childreneadult disparities in E. coli bacteremia. In
response, this study assessed the clinical features, demographic data, possible risk factors, and bacteriology of
pediatric patients with ESBL-producing E. coli bacteremia
and compared the pediatric and adult patient populations.

Methods
This study was approved by the Institutional Review Board
of Kaohsiung Veterans General Hospital (VGHKS; VGHKS15CT9-12). From 2010 to 2014, all patients who were aged
18 years and diagnosed with either ESBL-producing or
non-ESBL-producing E. coli bacteremia at VGHKS (a referral
center located in southern Taiwan providing primary and
tertiary medical care) were enrolled as the pediatric group.
We also recruited an adult group of >18-year-old patients
with ESBL-producing and non-ESBL-producing E. coli
bacteremia, who were calendar year-month-, and numbermatched with the pediatric group.
All 82 patients were analyzed using a structured
recording form that focused on the clinical course of the
infection according to information offered by primary care
physicians and medical records. The diagnosis of the primary infection focus of bacteremia was based on clinical,
microbiological, and radiological examination findings.
Bacteremia was considered primary bacteremia if no
infection focus could be established.

According to procedures described by Doumith et al.,11
multiplex polymerase chain reaction (PCR) was used to
define the four sequence types, namely ST131, ST95, ST73,
and ST69, for all E. coli isolates. We added eight primers for
four ST-specific regions into the PCR tubes to amplify four
size patterns: 310, 200, 490, and 104 bp for ST131, ST95,
ST73, and ST69, respectively. In addition, novel sevensingle nucleotide polymorphisms (7-SNPs) for fumC and
fimH were used for 7-SNP-based E. coli clonotyping. The
results of the eight multiplex PCRs for fumC and fimH were
divided into three groups: group 1 (comprising fumC-63,
fumC-248, and fumC-380), group 2 (comprising fimH-108,
fimH-162, and fimH-233), and group 3 (comprising only
fimH-483). Notably, 7-SNP types and their corresponding
clonotypes can help determine gene diversity.12
Phylogenetic groups A, B1, B2, and D were defined by
amplifying the chuA, yjaA, and TspE4C2 gene patterns of
each bacterial strain.13 Multiplex PCR was used to distinguish the blaCTX-M groups 1, 2, and 9.14,15 Specific PCR was
also performed to identify the common group 1 variants
CTX-M-3 and CTX-M-15 and the group 9 variant CTX-M14.16,17
All statistical analyses were performed on Stata/SE 12.1
for Windows (StataCorp., College Station, TX, USA). Clinical
and laboratory data from patients were compared using the
Wilcoxon rank sum test; these are expressed as medians
and interquartile ranges. Categorical variables are presented herein as the percentage of each subgroup of patients, compared using the chi-squared test or Fisher exact
test. All statistical analyses were two-sided, with significance set at p < 0.05.

Results
During the 5-year study period, a total of 41 pediatric patients with E. coli bacteremia were enrolled in the pediatric group: 14 (34.1%) blood samples showed ESBLproducing E. coli, and the remaining 27 (65.9%) showed
non-ESBL-producing E. coli. For comparison, we enrolled 14
ESBL-producing E. coli isolates and 27 non-ESBL-producing
E. coli isolates from adult patients with bacteremia,
matched 1:1 for calendar time with the pediatric group.
The demographic data, clinical features, health-associated
risk factors, and outcomes of the pediatric and adult patients are summarized in Table 1. Urinary tract infection
(UTI), particularly non-Foley catheter-related UTI, was the
most common cause of secondary bacteremia in both the
pediatric and adult groups. The underlying diseases,
healthcare-associated risk factors, laboratory data, and
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Table 1 Clinical characteristics of pediatric and adult patients with ESBL-producing and non-ESBL-producing E. coli
bacteremia.
Characteristics

Median age (days/years) (IQR)
Newborn (<28 day-old)
Prematurity
Males
Fever days (IQR)
Hospitalization days (IQR)
Initial proper antimicrobials
Underlying diseases
Cardiovascular disease
Chronic hepatitis
Malignancy
Vesicoureteral reflux
Diabetes mellitus
ESRD
Healthcare-associated risk
Community onset
Hospitalization in prior
3 months
Antimicrobials exposure in
prior 3 months
ETT þ MV
Nasogastric tube use
Central line use
Foley catheter use
Primary bacteremia
Infection syndrome
UTI, catheter-related
UTI, non-catheter related
Intraabdominal infection
Laboratory data
Bandemia (>10%)
Thrombocytopenia (<10k)
CRP (median, mg/dL) (IQR)
CRP (>5 mg/dL)
Shock
Mortality

No. (%) of pediatric patients

p Value

ESBL-producing
E. coli (n Z 14)

Non-ESBLproducing
E. coli (n Z 27)

9.5 (0e93)
8 (57.1)
5 (35.7)
10 (71.4)
1.5 (1e3)
15.5 (12e60)
9 (64.3)

116 (8e846)
8 (29.6)
4 (14.8)
12 (44.4)
2 (1e3)
12 (6e20)
23 (85.2)

0.046
0.087
0.231
0.100
0.955
0.182
0.231

3
0
0
3

7
1
2
1

1.000
1.000
0.539
0.107

(21.4)
(0.0)
(0.0)
(21.4)

(25.9)
(3.7)
(7.4)
(3.7)

No. (%) of adult patients

p Value

ESBL-producing
E. coli (n Z 14)

Non-ESBLproducing
E. coli (n Z 27)

67.3 (60.1e76.6)

66.2 (53.4e78.0)

0.441

8 (57.1)
2 (0e4)
16.5 (11e25)
5 (35.7)

15 (55.6)
2 (1e2)
13 (8e17)
26 (96.3)

0.923
0.466
0.265
<0.001

7 (50.0)
2 (14.3)
3 (21.4)

12 (44.4)
5 (18.5)
9 (33.3)

0.735
1.000
0.494

6 (42.9)
5 (35.7)

13 (48.2)
1 (3.7)

0.747
0.013

7 (50.0)
1 (7.1)

16 (59.3)
4 (14.8)

0.571
0.645

8 (57.1)
8 (57.1)

20 (74.1)
8 (29.6)

0.307
0.087

1 (7.1)

3 (11.1)

1.000

7 (50.0)

3 (11.1)

0.017

3 (21.4)
5 (35.7)
6 (42.9)
1 (7.1)
0 (0.0)
14 (100.0)
0 (0.0)
6 (42.9)
2 (14.3)

5 (18.5)
6 (22.2)
7 (25.9)
0 (0.0)
6 (22.2)
21 (77.8)
1 (3.7)
11 (40.7)
1 (3.7)

1.000
0.463
0.307
0.341
0.079
0.079
1.000
0.896
0.265

6 (42.9)
1 (7.1)
4 (28.6)
3 (21.4)
11 (78.6)
4 (28.6)
5 (35.7)
2 (14.3)

1 (3.7)
1 (3.7)
2 (7.4)
5 (18.5)
22 (81.5)
2 (7.4)
14 (51.9)
5 (18.5)

0.004
1.000
0.157
1.000
1.000
0.157
0.326
1.000

4 (28.6)
2 (14.3)
5.6 (1.8e8.5)
8 (57.1)
2 (14.3)
3 (21.4)

5 (18.5)
3 (11.1)
4.2 (1.8e9.7)
12 (44.4)
3 (11.1)
4 (14.8)

0.692
1.000
0.826
0.440
1.000
0.673

2 (14.3)
6 (42.9)
7.9 (6.1e17.2)
11 (91.7)
5 (35.7)
3 (21.4)

5 (18.5)
5 (18.5)
7.5 (3.1e23.0)
16 (66.7)
2 (7.4)
1 (3.7)

1.000
0.140
0.687
0.219
0.035
0.107

ESBL, extended-spectrum b-lactamase; IQR, interquartile range; ESRD, end-stage renal disease; ETT, endotracheal tube; MV, mechanical ventilation; UTI, urinary tract infection; CRP, C-reactive protein. For median age variables, the pediatric and adult patients are
recorded as days and years, respectively. For CRP variable, the ESBL and non-ESBL adult groups have 2 and 3 missing values,
respectively.

outcomes were similar between patients with ESBLproducing and non-ESBL-producing E. coli bacteremia in
the pediatric group. However, the tendency toward ESBLproducing E. coli bacteremia was higher in adult patients
with end-stage renal disease (35.7% vs. 3.7%, p Z 0.013) or
with other health-associated risk factors, including antimicrobial agent use in the previous 3 months (50.0% vs.
11.1%, p Z 0.017) and nasogastric tube use (42.9% vs. 3.7%,
p Z 0.004) than adults patients with non-ESBL-producing E.
coli bacteremia.
More adult patients with non-ESBL-producing E. coli
bacteremia received proper initial antimicrobial treatment

after hospitalization than did adult patients with ESBLproducing E. coli bacteremia (35.7% vs. 96.3%, p < 0.001).
Moreover, adult patients with ESBL-producing E. coli
bacteremia had a higher chance of developing shock than
did adult patients with non-ESBL-producing E. coli bacteremia (35.7% vs. 7.4%, p Z 0.035). Mortality rate between
the patients with ESBL-producing E. coli and non-ESBLproducing E. coli bacteremia was not statistically significant in both pediatric and adult populations. Only one pediatric patient with non-ESBL-producing E. coli bacteremia
in this study had E. coli bacteremia-attributed death. Adult
patients with ESBL-producing E. coli bacteremia also
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showed higher tendencies of cardiovascular diseases
(p Z 0.022), end-stage renal disease (p Z 0.041), diabetes
mellitus (p Z 0.016), previous hospitalization (p Z 0.013),
and 3-month-prior antimicrobial agent use (p Z 0.033) than
did pediatric patients with ESBL-producing E. coli bacteremia (Table 2).

Among the 14 pediatric patients with ESBL-producing E.
coli bacteremia, CTX-M group 9 genes were found in 12
(85.7%) isolates, of which 10 (83.3%) were confirmed to be
CTX-M-14; 1 (7.1%) had CTX-M group 1 genes, which encoded CTX-M-3 and CTX-M-15 simultaneously; and one (7.1%)
had no CTX-M gene. By contrast, of the 14 adult patients

Table 2 Clinical characteristics and resistance mechanisms of pediatric and adult patients with ESBL-producing E. coli
bacteremia.
No. (%) of patients

Median age (years) (IQR)
Males
Fever days (IQR)
Initial proper antimicrobials
Underlying diseases
Cardiovascular disease
COPD
Chronic hepatitis
Vesicoureteral reflux
ESRD
Diabetes mellitus
Dementia
Malignancy
Health care-associated risk
Community onset
Hospitalization to general ward in prior 3 months
Antimicrobials exposure in prior 3 months
Previous operation in prior 3 months
ETT þ MV
Nasogastric tube use
Central line use
Foley catheter use
Primary bacteremia
Infection syndrome
UTI, non-catheter related
UTI, catheter related
Intraabdominal infection
Laboratory data
WBC (median, mg/dL) (IQR)
Bandemia (>10%)
Thrombocytopenia (<10k)
CRP (median, mg/dL) (IQR)
CRP (>5 mg/dL)
Shock
Mortality
ESBL-resistance mechanism
CTX-M group 9
CTX-M-14
CTX-M group 1
CTX-M-3
CTX-M-15
CTX-M group 1 þ CTX-M group 9
CTX-M group 2 þ CTX-M group 9
Unidentified

p Value

Children (n Z 14)

Adults (n Z 14)

0.026 (0e0.255)
10 (71.4)
1.5 (1e3)
9 (64.3)

67.3 (60.1e76.6)
8 (57.1)
2 (0e4)
5 (35.7)

<0.001
0.695
0.605
0.131

3
0
0
3
0
0
0
0

(21.4)
(0.0)
(0.0)
(21.4)
(0.0)
(0.0)
(0.0)
(0.0)

9
1
2
0
5
6
2
3

(64.3)
(7.1)
(14.3)
(0.0)
(35.7)
(42.9)
(14.3)
(21.4)

0.022
1.000
0.481
0.222
0.041
0.016
0.481
0.222

7
1
1
1
3
5
6
1
0

(50.0)
(7.1)
(7.1)
(7.1)
(21.4)
(35.7)
(42.9)
(7.1)
(0.0)

8
8
7
1
0
6
1
4
3

(57.1)
(57.1)
(50.0)
(7.1)
(0.0)
(42.9)
(7.1)
(28.6)
(21.4)

0.705
0.013
0.033
1.000
0.222
0.699
0.077
0.326
0.222

6 (42.9)
0 (0.0)
2 (14.3)

5 (35.7)
4 (28.6)
2 (14.3)

0.699
0.098
1.000

10,780 (3060e13,780)
4 (28.6)
2 (14.3)
5.6 (1.8e8.5)
8 (57.1)
2 (14.3)
3 (21.4)

10,555 (4460e13060)
2 (14.3)
6 (42.9)
7.9 (6.1e17.2)
11 (91.7)
5 (35.7)
3 (21.4)

0.927
0.648
0.209
0.090
0.081
0.385
1.000

12 (85.7)
10 (71.4)
1 (7.1)
1 (7.1)
1 (7.1)
0 (0.0)
0 (0.0)
1 (7.1)

6
6
4
4
4
1
1
2

0.018
0.127
0.326
0.326
0.326
1.000
1.000
1.000

(42.9)
(42.9)
(28.6)
(28.6)
(28.6)
(7.1)
(7.1)
(14.3)

For CRP variable, the adult group has 2 missing values. ESBL, extended-spectrum b-lactamase; IQR, interquartile range; COPD, chronic
obstructive pulmonary disease; ESRD, end-stage renal disease; ETT, endotracheal tube; MV, mechanical ventilation; UTI, urinary tract
infection; WBC, white blood cell; CRP, C-reactive protein.

ESBL-producing E. coli bacteremia in children and adults
with ESBL-producing E. coli bacteremia, six (42.9%) isolates
were producers of CTX-M group 9, with all of them encoding
CTX-M-14 (p Z 0.018; Table 2). Among the 14 ESBLproducing E. coli isolates in the pediatric and adult
groups, nine (64.3%) and 10 (71.4%) belonged to the ST131
clonal group, respectively. By contrast, among the 27 nonESBL-producing E. coli isolates in the pediatric and
adult groups, three (11.1%) and two (7.4%) belonged to the
ST131 clonal group, respectively. In the pediatric group,
all ESBL-producing E. coli belonging to the ST131 clonal
group produced CTX-M-14. By contrast, in the adult group,
b-lactamases produced by the ST131 clonal group were
more diverse than that in the pediatric group: CTX-M-14
was the most prevalent, followed by CTX-M-15 and then
CTX-M-3.
As shown in Table 3, all ESBL-producing E. coli isolates
from the pediatric and adult patients were susceptible to
amikacin, imipenem, and tigecycline. Other susceptible
antimicrobial agents were cefoxitin (85.7% and 78.6% in the
pediatric group and adult groups, respectively) and minocycline (85.7% and 78.6% in the pediatric and adult groups,
respectively). In addition to cephalosporins, non-ESBLproducing E. coli isolates were more susceptible to gentamicin, piperacillin, and ampicillin/sulbactam than were
ESBL-producing E. coli isolates in both the pediatric and
adult groups. Notably, ESBL-producing E. coli isolates in the
pediatric group were more susceptible to ciprofloxacin than
were those in the adult group (50% and 14.3% in the pediatric and adult groups, respectively), although the p value
did not reach statistical significance.

Table 3
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No significant differences in the antimicrobial susceptibility were noted between ESBL-producing E. coli ST131 and
non-ST131 colonies in the pediatric and adult isolates.
There was no yearly change of the prevalence of the
multidrug-resistant E. coli colony, ST-131, in both pediatric
and adult isolates during the study period. A majority of the
ESBL-producing E. coli isolates were derived from the
phylogenetic group B2 in both groups [pediatric, 85.7%
(n Z 12); adult, 64.3% (n Z 9)]. The remaining two ESBLproducing E. coli isolates in the pediatric group belonged
to groups A and B1. In the adult group, the second most
common phylogenetic group of ESBL-producing E. coli was
group D [28.6% (n Z 4)]; for the remaining isolate, no
definitive group was identified (Fig. 1).
The 7-SNP-based clonotyping revealed that SNP761 was
the most dominant septatype in all patients with ESBLproducing E. coli bacteremia, comprising 78.6% and 42.9%
of all isolates in the pediatric and adult patients, respectively. The distribution of the septatypes was more homogenous in ESBL-producing E. coli than in non-ESBLproducing E. coli (Fig. 2).

Discussion
This study compared the demographic data, clinical features, outcomes, antimicrobial susceptibility, and microbiology of ESBL-producing E. coli between pediatric and adult
patients. Most of the patients in both groups had
community-onset ESBL-producing E. coli bacteremia and no

Nonsusceptibility rates and E. coli sequence type in pediatric and adult patients with E. coli bacteremia.

Antimicrobial
agents

Amikacin
Ceftazidime
Ciprofloxacin
Ceftriaxone
Cefazolin
Cefepime
Cefoxitin
Gentamicin
Imipenem
Minocycline
Piperacillin
Ampicillin/
Sulbactam
TMP/SMZ
Tigecylcine
Sequence type
ST131
ST95
ST73
ST69

No. (%) of patients
Children

Adults

ESBLa
(n Z 14)

NonESBL
(n Z 27)

p Value

EBSLa
(n Z 14)

NonESBL
(n Z 27)

p Value

0 (0.0)
14 (100.0)
7 (50.0)
14 (100.0)
14 (100.0)
14 (100.0)
2 (14.3)
10 (71.4)
0 (0.0)
2 (14.3)
14 (100.0)
14 (100.0)

1 (3.7)
2 (7.4)
7 (25.9)
2 (7.4)
5 (18.5)
1 (3.7)
3 (11.1)
5 (18.5)
1 (3.7)
8 (29.6)
16 (59.3)
13 (48.2)

1.000
<0.001
0.170
<0.001
<0.001
<0.001
1.000
0.001
1.000
0.447
0.007
0.001

0 (0.0)
14 (100.0)
12 (85.7)
14 (100.0)
14 (100.0)
14 (100.0)
3 (21.4)
10 (71.4)
0 (0.0)
3 (21.4)
14 (100.0)
14 (100.0)

0 (0.0)
1 (3.7)
4 (14.8)
0 (0.0)
5 (18.5)
0 (0.0)
5 (18.5)
8 (29.6)
0 (0.0)
3 (11.1)
16 (59.3)
9 (33.3)

NA
<0.001
<0.001
<0.001
<0.001
<0.001
1.000
0.011
NA
0.393
0.007
<0.001

6 (42.9)
0 (0.0)

11 (40.7)
0 (0.0)

0.896
NA

7 (50.0)
0 (0.0)

11 (40.7)
0 (0.0)

0.571
NA

9
0
0
0

3
3
1
1

0.001
0.539
1.000
1.000

10 (71.4)
0 (0.0)
0 (0.0)
0 (0.0)

2
0
1
0

<0.001
NA
1.000
NA

(64.3)
(0.0)
(0.0)
(0.0)

(11.1)
(11.1)
(3.7)
(3.7)

(7.4)
(0.0)
(3.7)
(0.0)

NA, nonapplicable; TMP/SMZ, trimethoprim/sulfamethoxazole; ST, sequence type.
a
No significant differences in the antimicrobial susceptibility between ESBL-producing E. coli in the pediatric and adult groups.
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Figure 1. Phylogenetic groups of E. coli isolates in pediatric and adult patients with E. coli bacteremia. ESBL, extendedspectrum b-lactamase.

ESBL-producing E. coli outbreak was reported during the
study period. Previous studies focusing on UTIs have
revealed that children aged <1 year are more likely to have
ESBL-producing E. coli infections than are older children.18
By contrast, old age is a significant risk factor in adult populations that age 60 years was found to be an independent
risk factor for ESBL-producing bacterial infection.19
Several studies conducted on children and adults have
reported that having underlying renal or nonrenal diseases,
previous UTI episodes, UTI prophylaxis, previous hospitalization, or antimicrobial agent use within the previous 3
months are risk factors for ESBL-producing E. coli
infection.8,20e24 In the present study, a majority of the
pediatric patients were healthy and lacked apparent
health-associated risk factors. However, underlying diseases, previous hospitalization, and antimicrobial agent use
within the previous 3 months were risk factors for ESBLproducing E. coli bacteremia in the adult patients.

E. coli ST131 has been identified as a global pathogen
causing various infection syndromes. In this study, most of
the pediatric and adult patients were infected with ESBLproducing E. coli ST131. The risk factors for E. coli ST131
infection differ from the conventional ones for ESBLproducing E. coli infections9; E. coli ST131 has been
recognized as a major pathogen causing community- and
hospital-acquired infections worldwide.2e5,25e28 Contact
with either companion29 or noncompanion30 animals,
contamination of food31 or water sources, colonization of
the human gut,32 transmission through healthcare facilities,33 and travel from countries with high prevalence of E.
coli ST13134,35 may explain the emergence of multidrugresistant isolates.
In the present study, we detected E. coli ST131 colonies
by using multiplex PCR and performing a novel 7-SNP-based
clonotyping to obtain a total of 82 isolates. Among the
pediatric patients, 64.3% (n Z 9) and 11.1% (n Z 3) had
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Figure 2. Comparison of diversity detected using 7-SNP typing of ESBL-producing and non-ESBL-producing E. coli isolates from
pediatric and adult patients. ESBL, extended-spectrum b-lactamase; 7-SNP, seven-single nucleotide polymorphism.

bacteremia caused by ESBL-producing and non-ESBLproducing E. coli ST131, respectively (p Z 0.001). Similarly, among the adult patients, E. coli ST131 colonies were
isolated from 71.4% (n Z 10) of the patients with ESBLproducing E. coli bacteremia, but only 7.4% (n Z 2) of
the patients with non-ESBL-producing E. coli bacteremia
(p < 0.001). Furthermore, 88.9% (n Z 8) of E. coli ST131
isolates were identified in the pediatric group, with ESBLproducing E. coli bacteremia observed in patients age <1
years; this corroborates a previous study that E. coli ST131
is a major pathogen in infants in pediatric UTI.28 Moreover,
E. coli ST131 was predominantly derived from the phylogenetic group B2, which often carries more virulence determinants than do other non-B2 phylogenetic groups, in
both pediatric and adult populations; these results are
similar to those of a study from the United States.3
Two previous longitudinal nationwide surveillance data
showed that the prevalence of ESBL-producing E. coli
increased from 4% in 2002e2004 increased to 10.7% in

2010e201236 and 19.5% of E. coli isolates from patients in
intensive care units at 10 major teaching hospitals were
ESBL-producing in 2007,37 respectively. The two major blactamases, CTX-M-14 and CTX-M-15, are mainly synthesized by ESBL-producing E. coli in Taiwan, Canada,38
Spain,39 and New Zealand.40 In the present study, a majority of the isolates from both the pediatric and adult
groups produced CTX-M-14. As reported in previous
studies in Taiwan,9,28 the distribution of CTX-M-14 is
higher in the pediatric group than in the adult group.
Moreover, here, we observed that the b-lactamases produced by the E. coli ST131 clonal group in the adult
population were more diverse than those in the pediatric
group. Among Northeast Asian countries, a regional study
in Japan revealed that the prevalence of CTX-M-14producing E. coli ST131 increased from 2002 to 2010,41
and a study in South Korea reported that CTX-M-14producing E. coli ST131 is the second most prevalent
ESBL-producing E. coli.42
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In this study, all ESBL-producing E. coli isolates were
susceptible to amikacin, imipenem, and tigecycline; they
also had a high susceptibility rate for cefoxitin and minocycline. CTX-M-14-producing E. coli from the pediatric patients accounted for a higher proportion of ESBL-producing
E. coli than those from the adult patients. Ciprofloxacin is
not commonly used in the pediatric population. Moreover,
CTX-M-14-producing E. coli are likely to be more susceptible to ciprofloxacin than are CTX-M-15-producing E. coli,40
which may partially account for the higher nonsusceptibility of ESBL-producing E. coli to ciprofloxacin in
the adult group than of that in the pediatric group, though
the p value did not reach statistical significance.
This study has some limitations. First, this was a singlecenter study in southern Taiwan comprising a small sample
size; thus, the results of this study may not be applicable
worldwide. In addition, adults generally tend to have more
underlying diseases and exposure to multiple health-careassociated risk factors than do children. In this study, the
largest clonal group, ST131, corresponds to different septatypes from those in a study in the United States12; this
may result from the geographic diversity of ESBLproducing E. coli strains with variable virulence and
resistance mechanisms. Unlike those in Canada,38 New
Zealand,40 and South Korea,42 ESBL-producing E. coli
strains in Taiwan express CTX-M-14 more dominantly than
they do CTX-M-15.
In conclusion, adults with ESBL-producing E. coli
bacteremia were associated with more underlying diseases
and health-care-associated risk factors than were pediatric
patients with ESBL-producing E. coli bacteremia. ST131 was
the major clone in both the adult and pediatric ESBL
bacteremia patients. Moreover, CTX-M-14 was the most
prevalent b-lactamase produced by E. coli in Taiwan,
regardless of patient age, and accounted for a higher proportion of the ESBL-producing E. coli strains in the pediatric
patients than in the adult patients. The prevalence of
multidrug-resistant E. coli infections has increased in the
recent years; in our series, most patients with ESBLproducing E. coli bacteremia were previously healthy with
no apparent risk factors, particularly in the pediatric group.
Future national surveillance studies focusing on environmental exposure, human carriage, household spread, and
animal contact are warranted.
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