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Background. Extended-spectrum β-lactamase (ESBL)–producing Enterobacteriaceae infections are an
emerging problem in children. We sought to identify risk factors and describe outcomes associated with
pediatric ESBL-producing bacterial infections at 2 hospitals in Chicago, IL from 2008 to 2011.
Methods. A case–case–control study of children aged 0–17 years was conducted. Cases of Escherichia coli,
Klebsiella, and Proteus spp. ESBL-producing bacterial infections (n = 30) were compared to uninfected controls
and in parallel, cases of non-ESBL–producing bacterial infections (n = 30) were compared to uninfected
controls (n = 60). We then qualitatively compared these results.
Results. Median age of cases was 1.06 years; 62% of isolates were from urine, and 60%were E. coli. By
multivariable analysis, ESBL cases were 5.7 and 3.3 times more likely to have gastrointestinal (P = .001; 95%
confidence interval [CI] 1.9–17.0) and neurologic (P = .001; 95% CI 1.1–3.7) comorbidities, respectively, than
controls; non-ESBL cases were also more likely to have gastrointestinal comorbidities than controls (P = .014;
odds ratio 3.6; 95% CI 1.2–10.1). Study period prevalence remained stable (1.7%). Most (60%) infections
occurred in the intensive care unit; however, 30% of children presented in the outpatient setting. Seventy-seven
percent of isolates were multidrug resistant (ie, resistant to �3 antibiotic classes). Recurrence of infection
occurred in 17% of ESBL cases. Crude mortality rates (7%) did not differ between cases and controls.
Conclusions. The incidence of pediatric infection due to ESBL-positive Enterobacteriaceaewas stable at 2
large tertiary-care medical centers over a 4-year period. Multidrug resistance in pediatric ESBL isolates is
common. Risk factors for infection due to ESBL-producing bacteria include neurologic medical conditions.

Key words. antibacterial agents; child; drug resistance; enterobacteriaceae infections; epidemiology;
β-lactamases.

Antibiotic resistance among the Enterobacteriaceae
represents an escalating problem in healthcare-associated
and community-acquired infections. Resistance among
Enterobacteriaceae to the broadest-spectrum β-lactam
antibiotics, the mainstay of therapy, has reached epidemic

proportions [1, 2]. A major component of this growing
resistance is due to the production by bacteria of enzymes
known as extended-spectrum β-lactamases (ESBL). ESBLs
confer resistance to all β-lactam antibiotics except carba-
penems and cephamycins, and are best differentiated from
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AmpC-type β-lactamases by their inhibition by β-lactamase
inhibitors such as clavulanic acid [3–5]. β-Lactamase genes
in Enterobacteriaceae such as those that encode ESBLs are
most commonly carried on mobile genetic elements, includ-
ing transposons or plasmids that can harbor additional re-
sistance genes affecting multiple classes of antibiotics [4, 6,
7]. Risk factors for ESBL infection have been best defined in
adult populations and include prior hospitalization, pro-
longed length of stay, prior antibiotic use, and indwelling
devices such as central venous catheters, urinary catheters,
tracheostomy, and endotracheal tubes [8–10].

Infection with ESBL-producing Enterobacteriaceae has
been shown to have a negative impact on patient out-
comes, resulting in prolonged hospital stays, higher hospi-
talization costs, and increased mortality rates [6, 11–13].
Recent data indicate a growing prevalence of ESBLs isolat-
ed from U.S. children (Logan et al. [14]). However, there
are few studies describing their clinical epidemiology in
pediatric populations outside of outbreaks [15–17], and
no published studies are multicenter or focused on
children in the Midwest. In this study, we conducted a
case–case–control analysis of children to assess risk
factors for ESBL infection, and determined the prevalence
and outcomes of ESBL infections at 2 large acute-care hos-
pitals in Chicago, Illinois.

METHODS

Study Setting
Rush University Medical Center (RUMC) is a tertiary-
care, academic medical center that includes Rush
Children’s Hospital, which comprises 120 pediatric beds
(general pediatric and psychiatric wards, neonatal [level
III], cardiac surgery, and pediatric intensive-care units)
and is located within RUMC. John H. Stroger, Jr.
Hospital of Cook County (CCH) is a public, safety-net,
teaching hospital housing 98 pediatric beds (general, level
III neonatal intensive-care unit [ICU], and pediatric inten-
sive care unit). Together, the 2 institutions serve more than
80,000 children annually (outpatient, inpatient, and emer-
gency department). There is intermixing of adult and pedi-
atric patients within both facilities, primarily through
outpatient laboratories and radiology suites. Units for pe-
diatric patients are located on separate floors.

Study Design
We used a retrospective, case–case–control risk-factor
study design as previously described [18] in order to avoid
limitations of case–control study design and to best assess
risk factors specifically related to infection with the ESBL
phenotype. Two separate analyses were conducted within
the study. The first comparison was between the resistant

bacterial phenotype of interest (ESBL) and control patents
who were not infected with the target organism and who
were representative of the source population. We selected
as controls uninfected children who had sterile cultures
obtained within the same time period as did cases. The
second comparison was between patients with infections
due to susceptible species of the organisms of interest and
the same control patients. Comparison of the two models
allowed identification of specific risk factors for the resis-
tance phenotype of interest (ie, ESBL) [18].

Specifically, the first case group in this study comprised
children infected with ESBL-producing organisms from
any site. The second case group included children with
non-ESBL-producing infections of the same species and
site of organism isolation. Control subjects were children
identified via electronic laboratory records (ELRs) with
sterile cultures during the study time period. Controls were
matched 2:1 (similar to other ESBL studies) [19, 20] to
each of the 2 cases by age, healthcare setting (inpatient,
outpatient, ICU), and specimen source. Control patients
were different patients than those included either case
group.

We used the ELRs of RUMC and CCH to retrospectively
identify all children younger than 18 years with an
Enterobacteriaceae isolate growing in any culture between
January 1, 2008 and December 31, 2011. We then queried
the ELR for ESBL-producing Escherichia coli, Klebsiella
spp., and Proteus spp. within the same population, which
are identified by the laboratory methods described below
and captured in the ELR for surveillance of antibiotic resis-
tant organisms. Only 1 isolate per patient per healthcare en-
counter was included.

Our secondary objectives were to compare outcomes of
subjects with ESBL-producing and non-ESBL-producing
bacterial infections and controls, and to compare our local
demographic, isolate, and prevalence data to a national
laboratory surveillance database (Logan et al. [14]).

Laboratory Methods
The laboratories of RUMC and CCH performed species
identification and susceptibility testing of ESBL bacterial
isolates at the respective institutions using the MicroScan
WalkAway system (Siemens Healthcare Diagnostics,
Tarrytown, NY). During the study period, screening drugs
included any one of cefpodoxime, cefotaxime, ceftazi-
dime, ceftriaxone, or aztreonam [21]. ESBL production
was confirmed by disk diffusion (BBL; Becton, Dickinson
and Company, Sparks, MD) or on the Microscan instru-
ment by comparing minimum inhibitory concentrations
(MICs) of cefotaxime and ceftazidime with and without
the addition of clavulanic acid [21]. An increase of >5 mm
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in zone diameter or a 4-fold reduction in MIC of cefotax-
ime or ceftazidime in combination with clavulanic acid
compared to the MIC of the antibiotic when tested alone
confirmed the ESBL phenotype [21].

Definitions and Data Collection
For cases, only children with infection rather than coloni-
zation were included in the analysis. Colonization was
defined as detection of a pathogen in culture without the
identification of correlating signs or symptoms of infection
[22].We defined infection of the blood, urinary, and respi-
ratory tract using previously published criteria of the
Centers for Disease Control and Prevention’s National
Healthcare Safety Network (NHSN) [23]. Infections at
other sites were determined by the study investigators
(L.L. and L.M.) and included wound infections, defined
by purulent discharge and at least one of either site pain,
tenderness, swelling, redness, or warmth. Patient records
were fully reviewed to determine whether ESBL infection
recorded during the study period was the first infection or
a recurrent infection. Recurrent infection was defined as
an infection occurring in a previously infected patient
during a subsequent encounter. Multidrug resistance was
defined as resistance to three or more drug classes [24].

Covariates
We analyzed several variables as potential risk factors
including (1) demographics (sex, race); (2) length of hos-
pital stay before culture; (3) comorbid conditions (as
defined by ICD-9 codes; a list of ICD-9 codes used to
define comorbid conditions is available in Supplementary
Materials); (4) prematurity, defined as born at less than
37weeks; (5) recent healthcare exposure, defined as hospi-
talization or outpatient procedures within 30 days preced-
ing culture; (6) presence, type, and number of invasive
medical devices or interventions; (7) all recent antibiotic
and extended-spectrum cephalosporin exposures within
40 days before culture (assessed by review of electronic in-
patient and outpatient pharmacy and medical records);
and (8) receipt of immunosuppressive therapy, defined as
any chemotherapy or steroids within the past 30 days.
Outcome measures assessed included mortality within
the 4-year study period and length of hospital stay after
culture.

Statistical Analysis
First, differences between the three groups were assessed
using χ2 tests for categorical, and analysis of variance for
continuous variables. If significant differences were found,
Fisher’s exact test and Wilcoxon rank-sum tests were per-
formed to assess which pairs of groups were different.
P� .05 was considered statistically significant unless oth-
erwise specified. Stepwise multiple logistic regression was

used to examine the multivariate relationships between the
covariates and each pair of groups. Starting with a null
model where each variable was considered univariately,
the variable with the smallest P-value was added to the
model and the remaining variables were again considered
1 at a time. The stepwise selection of variables continued
and the procedure was repeated until there were no more
statistically significant covariates (P� .05). Bonferroni ad-
justments were made to the P-values in multiple compari-
sons. All analyses were performed in SAS 9.3 (SAS
Institute, Cary, NC).

RESULTS

During the study period, we identified 1812 E. coli,
Klebsiella spp., and Proteus spp. isolates in cultures from
children ages 0–17 years (Table 1). Thirty cases of infec-
tions caused by ESBL-producing isolates were identified.
The study period prevalence of ESBL infection was 1.7%
and did not change significantly over time. Medical
records of all 30 ESBL-positive case subjects were reviewed
with those of 30 case subjects with antibiotic-susceptible
gram-negative (non-ESBL-producing) infection of the
same genus and those of 60 culture-negative control sub-
jects. Characteristics of ESBL isolates are shown in
Table 1. The majority of cases [18 (60%)] were due to
E. coli, 10 (33%) were caused by Klebsiella spp., and 2
(7%) by Proteus species. The largest source of isolates was
the urinary tract (63%). Multidrug resistance was found

Table 1. Characteristics of ESBL-Producing Bacterial Isolates

Study Year
ESBL-Producing/Total

Isolates n/N (%)

2008 3/385 (0.8)
2009 8/454 (1.8)
2010 9/480 (1.9)
2011 9/493 (1.8)
Total 30/1812 (1.7)
Species N (%)
Escherichia coli 18 (60)
Klebsiella pneumoniae 8 (27)
Klebsiella oxytoca 2 (7)
Proteus mirabilis 2 (7)
Source
Urine 19 (63)
Respiratory 6 (20)
Blood 2 (7)
Other 3 (10)
Antibiotic resistance
Piperacillin/tazobactam 5 (17)
Carbapenems 0 (0)
Aminoglycosides 14 (47)
Fluoroquinolones 8 (27)
Trimethoprim/sulfamethoxazole 9 (30)
� 3 classes of antibiotics 23 (77)

Abbreviation: ESBL, extended-spectrum β-lactamase–producing
Enterobacteriaceae.
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in 23 (77%) ESBL-positive cases; 47% had concomitant
resistance to aminoglycosides, 30% to trimethoprim/sulfa-
methoxazole, and 27% to fluoroquinolones. All were sus-
ceptible to carbapenems. The rate of recurrent ESBL
infection was 17%. The average number of recurrences
per child was two with �1 recurrence at a different site
than the primary infection in each child.

Local demographic information and outcomes (Table 2)
include median age, 1.06 years (range 0–17 years), with
the youngest a 3-day-old born at 36 weeks’ gestation pre-
senting with poor feeding. The majority were female
(67%) and often Hispanic (47%); 12 (40%) were born
prematurely. There were no significant demographic dif-
ferences between the 2 case groups and controls. While
most patients (60%) with ESBL-producing bacterial infec-
tions were in the ICU at the time of infection, 9 (30%) pre-
sented in the outpatient setting, of whom 4 (13%) had no
history of hospitalization or invasive procedure, but 6
(67%) had recent antibiotic exposure. Length of stay post
culture and crude mortality (7%) did not differ between
case groups and controls.

Table 3 shows results of univariate analysis of risk
factors for ESBL-producing and non-ESBL-producing bac-
terial infections in Chicago children. Children with
ESBL-producing infection were significantly more likely to
have recent healthcare exposure than controls (90% vs.
63%; P = .008) and to have a comorbid gastrointestinal
(60% vs. 18.3%, P < .001) or neurologic (53% vs. 20%
P = .01) illness. The only significant risk factor for
non-ESBL infection was comorbid gastrointestinal illness

(43.3% vs. 18.3%, P = .012). In multivariable analysis
(Table 4), ESBL cases were more likely to have gastrointes-
tinal (P = .001; OR 5.7; 95% CI 1.9–17.0) or neurologic
(P = 0.001; OR 3.3; CI 1.1–3.7) comorbidities than con-
trols were; non-ESBL cases were also more likely to have
gastrointestinal comorbidities than controls (P = .014; OR
3.6; CI 1.2–10.1) (Table 4) suggesting that gastrointestinal
comorbidities may predispose to Enterobacteriaceae infec-
tion in general, rather than to the ESBL phenotype.

A descriptive analysis of patients with neurologic
comorbidities (n = 16) associated with ESBL infection
revealed a diverse group of children. The median age was
8.4 months (range 14 days–16 years), 69% were female,
and 62.5% of infecting isolates were E. coli. Infection
sources were urine (8 [50%]), sputum (5 [31.3%]), blood
(2 [12.5%]), and abscess (1 [6.3%]). Multidrug resistance
was common (10 [62.5%]). Most infections 12 (75%) were
associated with a foreign body; all respiratory infections
were associated with a ventilatory device (eg, tracheostomy,
endotracheal tube), all blood infections with a central line,
and 4 (50%) urinary tract infections were associated with
frequent or prolonged urinary tract catheterization. The as-
sociated ICD-9 comorbid diagnoses included cerebrovascu-
lar disease and/or encephalopathy in 8 (50%), neurogenic
bladder in 4 (25%), and cognitive deficits/developmental
delay in 4 (25%), of which 3 were trach dependent. One
child (6.3%) died: a 3-month-old with severe intraventricu-
lar hemorrhage, diffuse encephalopathy, and seizures who
developed sepsis from ESBL E. coli bloodstream infection
and died 5 days later.

Table 2. Demographic Information and Outcomes of Children With ESBL and Non-ESBL–Producing Bacterial Infections
Compared to Controls

Variable ESBL (n = 30)a Non-ESBL (n = 30)a Control (n = 60)b

Age, median (y) (range) 1.06 (0.008–17.99) 1.33 (0.04–17.83) 0.94 (0.019–17.61)
Male, n (%) 10 (33) 11 (37) 23 (38)
Race
Black 10 (33) 17 (57) 30 (50)
Hispanic 14 (47) 10 (33) 21 (35)

Prematurityc 12 (40) 10 (33) 25 (42)
Hospital setting
NICU 11 (37) 11 (37) 23 (38)
PICU 7 (23) 7 (23) 12 (20)
Pediatric Ward 3 (10) 3 (10) 7 (12)
Emergency Department 8 (27) 7 (23) 18 (30)
Clinic 1 (3) 2 (7) 0 (0)

LOS, median, after cx, d (range) 8 (0–182) 10 (0–154) 12.5 (0–125)
Died 2 (7) 3 (10) 7 (12)

Abbreviations: Clinic, ambulatory healthcare setting; cx, culture; d, days; ESBL, extended-spectrum β -lactamase–producing Enterobacteriaceae; LOS, length of stay;
NICU, neonatal intensive care unit; PICU, pediatric intensive care unit; y, years.
Continuous variables reported as median days (range), categorical variables reported as n (%).
aCases and controls were matched by age, healthcare setting, bacterial species, and time period; there were no significant differences in demographics or outcomes
(P =NS).
bControls were patients who had cultures taken that were negative during the same time period.
cPrematurity defined as less than 37 weeks gestation.
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DISCUSSION

In this study, we used a case–case–control study design to
identify risk factors and describe outcomes of children with
ESBL infections at 2 medical centers in Chicago, Illinois. We
found that the main risk factor for ESBL infection in chil-
dren was having a neurologic comorbidity and that the ma-
jority of infections were multidrug resistant. Most infections
occurred in children located in the ICU; however, 30% of
children presented in the outpatient setting.
Antibiotic resistance in Enterobacteriaceae has reached

epidemic proportions. The NHSN report of healthcare-
associated infections (HAI) found that 4% of antimicrobial-
resistant pathogens from all HAIs were extended-spectrum

cephalosporin-resistant E. coli or Klebsiella spp. [2]. ESBL
infections are increasing dramatically across the globe.
Genes encoding ESBLs are often carried on mobile genetic
elements such as plasmids, which are capable of rapid
spread and dissemination [3, 4, 6].

Several studies have defined risk factors for ESBL infec-
tion in adults, and these include prior hospitalization,
prolonged length of stay, prior antibiotic use (including
extended-spectrum cephalosporins in some studies), and
indwelling devices such as central venous catheters,
urinary catheters, tracheostomy, and endotracheal tubes
[6, 25–27]. Risk factors for infection in the few case–
control studies of U.S. children include chronic medical

Table 4. Multivariate Analysis of Risk Factors for ESBL-Producing Bacterial Infection and Non-ESBL-Producing Bacterial
Infection Versus Uninfected Controls

Risk Factor ESBL vs. Control Non-ESBL vs. Control

OR 95%CI P-Value OR 95% CI P-Value

Gastrointestinal comorbidity 5.7 1.9–17.0 0.001 3.6 1.2–10.1 0.014
Neurologic comorbidity 3.3 1.1–3.7 0.001

Abbreviations: CI, confidence interval; ESBL, extended-spectrum β-lactamase–producing Enterobacteriaceae;OR, odds ratio.

Table 3. Univariate Analysis of Risk Factors for ESBL-Producing and Non-ESBL-Producing Bacterial Infection Versus Uninfected
Controls

Variable

ESBL
N = 30
n (%)

Non-ESBL
N = 30
n (%)

Control
N = 60
n (%)

ESBL vs. Control
P-Value

Non-ESBL vs. Control
P-Value

Black 10 (33.3) 17 (56.7) 30 (50) 0.14 0.55
Hispanic 14 (46.7) 10 (33.3) 21 (35) 0.28 0.88
Prematuritya 12 (40) 10 (33.3) 25 (41.7) 0.88 0.45
Recent healthcareb 27 (90) 20 (66.7) 38 (63.3) 0.008 0.73
Recent antibiotics 24 (80) 15 (50) 36 (60) 0.058 0.37
Recent 3GCeph 8 (26.7) 8 (26.7) 25 (41.7) 0.16 0.16
Recent FQ 2 (6.7) 0 (0) 0 (0) 0.11 —

Recent steroids 4 (13.3) 6 (20) 15 (25) 0.20 0.60
FB present 22 (73.3) 17 (56.7) 33 (55) 0.09 0.88
FB CVL 14 (46.7) 13 (43.3) 29 (48.3) 0.88 0.65
FB Resp 14 (46.7) 6 (20) 23 (38.3) 0.45 0.08
FB GI 11 (36.7) 11 (36.7) 14 (23.3) 0.18 0.18
FB GU 5 (16.7) 2 (6.7) 5 (8.3) 0.29 1.0
Comorb CV 10 (33.3) 8 (26.7) 14 (23.3) 0.32 0.73
Comorb GIb 18 (60) 13 (43.3) 11 (18.3) <0.001 0.012
Comorb Pulm 18 (60) 12 (40) 32 (53.3) 0.55 0.23
Comorb Neurob 16 (53.3) 8 (26.7) 12 (20) 0.001 0.47
Comorb HO 8 (26.7) 5 (16.7) 9 (15) 0.34 0.77
Comorb Renal 5 (16.7) 5 (16.7) 9 (15) 0.84 0.84
Survived 28 (93.3) 27 (90) 53 (88.3) 0.71 1.0
LOS before cx, mean (SD) 34.2 (48.7) 25.6 (37.6) 26.8 (42.3) 0.83 0.97
LOS post cx, mean (SD) 38.7 (52.9) 27.5 (41.0) 29.1 (34.5) 0.72 0.73

Abbreviations: Comorb, cormorbidity; CV, cardiovascular; CVL, central venous line; cx, culture; ESBL, extended-spectrum β-lactamase–producing
Enterobacteriaceae; FB, foreign body; FQ, fluoroquinolones; 3GCeph, 3rd-generation cephalosporins; GI, gastrointestinal; GU, genitourinary;
HO, hematology–oncology; LOS, length of stay; Pulm, pulmonary; Neuro, neurologic; Resp, respiratory.
Bonferroni adjusted significant P-values (P<0.001).
aPrematurity defined as <37 weeks’ gestation.
bCorresponds to risk factors with significant P-values (P� 0.05).
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conditions, prior immunosuppressive therapy, and similar
to adults, prolonged hospital stays and prior antibiotic use
(extended-spectrum cephalosporins) [14–16]. ESBL infec-
tions also have been found to have a negative impact on
patient outcomes such as increasing hospital costs, length
of stay, and mortality rates [6, 13, 28].

To our knowledge, our study is among the few to use a
case–case–control design in the assessment of risk factors
for antibiotic resistance, and the first to do so with regard
to ESBL-producing bacteria and infection outcomes in
children. This study design is used to differentiate between
risk factors specific to the resistant phenotype of interest,
risk factors specific to the organism (both the resistant and
susceptible phenotype), and risk factors specific to the an-
tibiotic susceptible phenotype [18]. Use of this design
allowed us to best identify risk factors specific to ESBL
infection.

The number of subjects in our analysis was comparable
to those in other pediatric studies [15–17], and we were
able to show that children at highest risk for ESBL infec-
tion include those with neurologic comorbidities, indepen-
dent of invasive devices, immunosuppressive therapy, and
prior length of hospital stay. Of note, gastrointestinal co-
morbidity was a risk factor for infection in both the ESBL
and the non-ESBL infection group. Interestingly, we did
not find that ESBL infection was significantly associated
with recent antibiotic (or extended-spectrum cephalospo-
rin) exposure as found in previous studies when ESBL
cases were compared to controls (80% vs. 50%, P = .058).
This may, however, be due to the small sample size. While
our study is underpowered for a formal risk assessment
specific to the high-risk group of children with neurologic
comorbidities, a descriptive analysis of this cohort revealed
that ESBL infection was often associated with a foreign
body (75%) and that 50% of children had a history of ce-
rebrovascular disease and/or diffuse encephalopathy.

Our results did not suggest worse outcomes in children
with ESBL infections, as mortality and length of stay after
infection were not different between cases and controls.
Reported outcomes in other studies have varied, perhaps
due to differences in patient populations [16, 17].

To help assess the generalizability of our 2-center study,
we also compared our data to regional and national sus-
ceptibility trends, demographic, and isolate characteristics
from The Surveillance Network Database-USA (TSN,
Eurofins-Medinet, Herndon, VA). The database has ap-
proximately 300 participating laboratories and represents
the largest ESBL pediatric cohort study to date (Logan
et al., [14]). We found that our local population demo-
graphics were very similar to the national data. The
median age of our children was 1.06 years, which was

younger than that found in prior pediatric studies, but
consistent with the TSN national data, where the largest
increases in ESBLs occurred in the 1–5-year age group
between the years of 1999 and 2011. Our local prevalence
of ESBL-producing bacterial isolates was stable over time,
consistent with the lower prevalence of ESBL phenotypes
in children from the East North Central (Midwest) region
in TSN data (Logan et al., [14]).

Data from adults suggest that the predominant ESBL
genotype in E. coli is now the rapidly expanding group of
CTX-M enzymes, often referred to as the community-
acquired ESBL [2, 6, 29, 30]. Clonal strains such as se-
quence type (ST) 131 in ESBL E. coli are responsible for a
significant proportion of the national and global spread of
β-lactam-resistant Enterobacteriaceae. In Chicago, a
recent study of ESBLs found that ST131 composed 53% of
all CTX-M ESBL-producing E. coli [31]. Very little is
known about predominant genotypes in U.S. children;
however, 1 recent single-center study suggests that CTX-M
may also predominate in this group [32]. In our study, 30%
of children presented as outpatients and 13% were consid-
ered to have community-onset infection based on previous
definitions [12].We found our study numbers to be compa-
rable to those of other pediatric studies [15–17]; however,
they were lower than findings in our national cohort study,
where 51.3% of children presented in the outpatient setting
(Logan et al., [14]).

The high rates of multidrug resistance (77%) was
another concerning finding in our study. This drastically
limits therapeutic options, particularly for oral drugs, and
most antibiotic clinical trials for ESBL-producing infec-
tions are in adult populations.

Our study has limitations. We used a retrospective study
design with a relatively small sample size, which might
have allowed for selection bias; however, the pooling of
data from 2 centers serving diverse populations may have
lessened this bias. We also used a case–case–control design
in an attempt to overcome known limitations of case–
control study design when evaluating risk factors associat-
ed with resistant organisms. Additionally, we may not
have captured all outpatient antibiotic records, as some
were based on patient report. Finally, our study environ-
ment represents centers caring for adults and children, and
results may not reflect findings of hospitals caring solely
for children.

ESBL infections in children are increasing nationally,
though our local 2-center prevalence remained stable over a
4-year period. The majority of isolates in our study were
multidrug resistant. Children at highest risk of infection in-
cluded those with neurologic comorbidities. Further studies
in children of potential means of acquisition, the molecular
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epidemiology of ESBL-producing bacteria, and surveillance,
including in outpatient settings, are warranted.

Supplementary Data

Supplementary materials are available at the Journal
of the Pediatric Infectious Diseases Society online
(http://jpids.oxfordjournals.org). Supplementary materials
consist of data provided by the author that are published
to benefit the reader. The posted materials are not copyed-
ited. The contents of all supplementary data are the sole
responsibility of the authors. Questions or messages re-
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