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Background. The importance of infections due to extended-spectrum b-lactamase–producing Escherichia coli
and Klebsiella species (ESBL-EK) has been increasingly recognized in recent years. ESBL-EK infections are of clinical
concern, because few antimicrobials are available as therapeutic options. Increased reliance on carbapenems has
led to increasing carbapenem resistance. Efforts to maintain current therapeutic options for ESBL-EK infections
are essential.

Methods. We conducted a case-control study to identify risk factors for multidrug resistance (MDR) among
ESBL-EK. All patients at our institution who had an inpatient clinical culture result positive for an ESBL-EK during
the period of 1 June 1997 through 31 December 2002 were eligible for inclusion. An MDR ESBL-EK was defined
as ESBL-EK demonstrating resistance to trimethoprim-sulfamethoxazole, aminoglycosides, and quinolones. All
available ESBL-EK isolates were characterized by pulsed-field gel electrophoresis (PFGE).

Results. Of 361 total ESBL-EK isolates, 68 (18.8%) were MDR. During the study period, the prevalence of
MDR among ESBL-EK isolates increased from 12.5% to 26.9%. The only independent risk factor for MDR ESBL-
EK was the infecting organism (i.e., Klebsiella pneumoniae; adjusted odds ratio, 11.7; 95% confidence interval,
4.77–28.51; ). Prior antibiotic use was not independently associated with MDR ESBL-EK. PFGE patternsP ! .001
from K. pneumoniae isolates indicated close genetic relatedness among a substantial proportion of isolates.

Conclusions. The emergence of MDR among ESBL-EK has important implications for the future ability to
treat these infections. The strong association between the species of infecting organism and MDR suggests that
the epidemiology in K. pneumoniae may be unique. PFGE results suggest that horizontal spread is important in
the emergence of MDR ESBL-EK.

The oxyimino b-lactams were introduced in 1981. By

1983, extended-spectrum b-lactamase (ESBL)–produc-

ing organisms had already been isolated in Germany

[1] and were reported in the United States by 1989 [2,

3], with outbreaks of infections in the United States

noted soon thereafter [4, 5]. In recent years, the im-
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portance of such ESBL-mediated infections has been

increasingly recognized [6–8]. The association of ESBL-

producing infections with both negative clinical out-

comes and increased cost is of great concern [9, 10].

Resistance to additional classes of antibiotics has

been noted among ESBL-producing Escherichia coli and

Klebsiella species (ESBL-EK) [7, 11, 12]. With resistance

to each additional class of antibiotics, ESBL-EK infec-

tions become a greater therapeutic challenge. Reliance

on carbapenems has increased, because they are the

only class of agents to which ESBL-EK remain almost

uniformly susceptible. However, empirical treatment of

suspected ESBL-EK infections with carbapenems has

been associated with significant increases in carbape-

nem resistance in other organisms (e.g., Pseudomonas

aeruginosa and Acinetobacter calcoaceticus) [13–15]. Ad-
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ditionally, recently reported carbapenem-resistant ESBL-EK

isolates are of paramount concern because of the scarcity of

effective therapies for infections with such organisms [16, 17].

Multidrug-resistant (MDR) ESBL-EK isolates (i.e., those re-

sistant to multiple other antibiotics or antibiotic classes in ad-

dition to the oxyimino b-lactams) pose significant therapeutic

challenges, even greater than those of ESBL-EK. Thus, it is

essential to characterize the risk factors associated with MDR

ESBL-EK so that effective strategies can be introduced to curb

their emergence. To our knowledge, this issue has not previ-

ously been investigated. We conducted this study to identify

longitudinal trends in the emergence of MDR among ESBL-

EK at our institution and to characterize the clinical and mo-

lecular epidemiology of such infections.

METHODS

This study was conducted at 2 hospitals in the University of

Pennsylvania Health system: the Hospital of the University of

Pennsylvania (Philadelphia), a 625-bed academic tertiary care

medical center, and Presbyterian Medical Center (Philadelphia),

a 344-bed urban community hospital. Study subjects were iden-

tified through records of the Clinical Microbiological Labora-

tory at the Hospital of the University of Pennsylvania, which

performs cultures for bacteria for all clinical specimens ob-

tained at these institutions. Records from the Department of

Infection Control were also reviewed to ensure that all eligible

subjects were identified. All adult patients who had a positive

result of inpatient clinical culture for an ESBL-EK during the

period of 1 June 1997 through 31 December 2002 were eligible

for inclusion. Patients could be included 11 time if they had

multiple positive results of cultures for ESBL-EK during the

study period. The earliest ESBL-EK isolate identified was re-

viewed and included, with each subsequent episode included

only if it occurred 130 days after the prior isolate.

To assess longitudinal trends in the susceptibility of ESBL-

EK to other antibiotics and antibiotic classes, the resistance

profiles of all eligible ESBL-EK isolates were determined. An

MDR ESBL-EK was defined as an ESBL-EK that demonstrated

resistance to all the following 3 antibiotics or antibiotic classes:

trimethoprim-sulfamethoxazole, aminoglycosides (i.e., amika-

cin, netilmicin, gentamicin, and tobramycin), and fluoroquin-

olones (i.e., ciprofloxacin, ofloxacin, and levofloxacin). The

prevalence of ESBL-EK with resistance to 1 other antibiotic

class (e.g., fluoroquinolones and aminoglycosides) was also cal-

culated for each 1-year time interval. In addition, the annual

prevalence of MDR ESBL-EK was assessed.

To identify risk factors for MDR ESBL-EK, we conducted a

case-control study. The study question we sought to answer

was “In patients who develop ESBL infections, what are the

risk factors for that ESBL infection demonstrating multidrug

resistance?” On the basis of this study question, all patients

with a culture positive for an MDR ESBL-EK were designated

as case patients; control patients were those patients with an

ESBL-EK isolate that did not meet criteria for multidrug re-

sistance [18]. As noted, every ESBL-EK isolate identified by the

Clinical Microbiological Laboratory or Infection Control was

eligible for inclusion, and all eligible case patients and control

patients were included, by use of the eligibility criteria noted

above. Of note, because we focused on an adult population,

the few ESBL-EK isolates ( ) recovered from neonates weren p 6

not eligible.

Potential risk factors for MDR ESBL-EK were ascertained by

review of the inpatient medical record. Data obtained included

age, sex, race, hospital location at the time of infection, duration

of hospital stay and intensive care unit stay (in days) before

infection, and severity of illness, as calculated by the APACHE

II score [19]. The presence of a central venous catheter, urinary

catheter, or mechanical ventilation was documented, as was the

site of infection, the species of infecting organism, and its an-

tibiotic susceptibility profile. Finally, all antimicrobial therapy

administered in the 30 days before the positive culture result

was ascertained.

The presence of the following comorbid conditions was doc-

umented: hepatic dysfunction, malignancy, diabetes mellitus,

renal insufficiency (indicated by a creatinine level of 12.0 mg/

dL or the requirement of dialysis), HIV infection, neutropenia,

corticosteroid use, prior organ transplantation, use of an im-

munosuppressive agent in the 30 days before infection, surgical

procedure or trauma in the 30 days before infection, paralysis,

and the presence of decubitus ulcers.

Nosocomial acquisition of infection was defined as follows:

infection that occurred 148 h after admission to the hospital

or infection that occurred �48 h after admission to the hospital

if that patient had been hospitalized within the 30 days before

admission or if the patient was transferred from an outside

hospital or nursing home. Also noted was whether patients

fulfilled the criteria for infection, as delineated by the Centers

for Disease Control and Prevention [20].

Microbiological methods. Susceptibilities to all antimicro-

bial agents were determined and interpreted according to cri-

teria of the NCCLS by means of either a semiautomated system

(MicroScan WalkAway System, NC16 panel, Dade Behring; bio-

Mérieux) or disk diffusion susceptibility testing. During each

time period, we used the time period–relevant NCCLS guideline

for detecting and confirming E. coli, Klebsiella pneumoniae, or

Klebsiella oxytoca isolates producing an ESBL [21–23].

Available isolates, mostly from 1999 and 2000, were evaluated

for genetic relatedness by PFGE, which was done according to

Gautom [24] with XbaI digestion of genomic DNA (New Eng-

land Biolabs) with slight modifications, as described elsewhere

[12]. A CHEF Mapper apparatus (Bio-Rad) was used for elec-

trophoresis with an initial switch time of 3 s and final switch
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Figure 1. Antimicrobial susceptibilities of extended-spectrum b-lacta-
mase–producing Escherichia coli and Klebsiella species isolates (1997–2002).
MDR, multidrug resistance; TMP-SMX, trimethoprim-sulfamethoxazole.

Figure 2. Longitudinal trends in resistance among extended-spectrum
b-lactamase–producing Escherichia coli and Klebsiella species (1997–
2002). Top, Antibiotics and antibiotic classes that defined multidrug re-
sistance (MDR). Bottom, Other antibiotics for which resistance was as-
sessed. TMP-SMX, trimethoprim-sulfamethoxazole.

time of 40 s, with a total run time of 21 h. Each gel contained

2 standard lanes of l Ladder PFGE Marker (New England

Biolabs). Band patterns were compared with Fingerprinting II

Software, version 3.0 (Bio-Rad). Dendrograms were generated

by the unweighted pair group method with arithmetic averages.

Position tolerances were set at 1.0%; Dice coefficient was used

for band similarity measurements. Fingerprinting data were

interpreted in accordance with established guidelines [25].

Statistical methods. To determine longitudinal trends in sus-

ceptibilities of ESBL-EK to various antimicrobials, we calculated

the prevalence of ESBL-EK isolates that were resistant to other

classes of antibiotics for each year of the study period. We assessed

resistance to aminoglycosides, cefepime, imipenem, nitrofuran-

toin, piperacillin-tazobactam, quinolones, tetracycline, and tri-

methoprim-sulfamethoxazole. We also calculated the annual pro-

portion of ESBL-EK isolates that were MDR. To evaluate the

trend in the proportion of positive tests over time, the Cochran-

Armitage trend test (x2 test for trend) was done [26].

Bivariable analysis was conducted to determine the associ-

ation between potential risk factors and MDR ESBL-EK. Cat-

egorical variables were compared by Fisher’s exact test. An OR

and 95% CI were calculated to evaluate the strength of any

association. Continuous variables were compared by Student’s

t test or the Wilcoxon rank sum test, depending on the validity

of the normality assumption [27].

Multivariable analysis was done by multiple logistic regres-

sion [28]. Building of the multivariable model began with in-

clusion of key variables based on a priori hypotheses (i.e., prior

antibiotic use). All variables with on bivariable analysisP ! .20

were also considered for inclusion in a multivariable explan-

atory model [29]. Finally, variables were considered for inclu-

sion in the model if they were noted to be involved in con-

founding or interaction on stratified analysis. The interaction

between risk factor variables was also investigated. A 2-tailed

P value of !.05 was considered to be statistically significant.

All statistical calculations were done with standard programs

in STATA, version 8.0 (Stata).

RESULTS

During the study period, 547 inpatient ESBL-EK isolates were

identified, of which 361 fulfilled all inclusion criteria and were

included in the study. Of these 361 included isolates, 345

(95.6%) had the full medical record available for review, and

the remainder were assessed via review of partial medical re-

cords and other data sources (e.g., the clinical microbiology

laboratory report and infection-control records).

Of the 361 ESBL-EK isolates, 151 (41.8%) were E. coli, 183

(50.7%) were K. pneumoniae, and 21 (5.8%) were K. oxytoca.

Additionally, 1 isolate was polymicrobial and had both species
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Table 1. Characteristics of patients who were infected with multidrug-resistant extended-spectrum b-
lactamase–producing Escherichia coli and Klebsiella species (ESBL-EK; case patients) and of patients in-
fected with ESBL-EK isolates were not multidrug-resistant (control patients).

Variable Case patients Control patients OR (95% CI) Pa

Age, mean years (range) 62 (19–88) 64 (17–98) … .53
Male sex 30/68 (44.1) 137/293 (46.8) 0.90 (0.53–1.52) .69
African American race 26/47 (55.3) 121/220 (55.0) 1.01 (0.54–1.90) .97
Hospitalized at HUP 55/68 (80.9) 215/293 (73.4) 1.53 (0.80–2.94) .20
Nursing home residence 16/63 (25.4) 82/275 (29.8) 0.80 (0.43–1.49) .49
Hospitalized in past 30 days 38/65 (58.5) 142/272 (52.2) 1.29 (0.75–2.22) .36
Transferred from outside hospital 18/63 (28.6) 70/277 (25.3) 1.18 (0.65–2.17) .59
APACHE II score, mean (range) 9.5 (0–25) 10 (0–29) … .90
Duration of hospitalization, mean days (range)b 10 (0–105) 5 (0–288) … .20
Infectionc 52/58 (89.7) 242/258 (93.8) 0.57 (0.22–1.49) .26
Nosocomial infection 63/65 (96.9) 252/283 (89.0) 3.88 (0.94–34.19) .06
Diarrhea 6/60 (10) 19/273 (7.0) 1.49 (0.58–3.79) .42
Catheter present

Central venous catheter 40/61 (65.6) 120/273 (44.0) 2.43 (1.37–4.31) .003
Urinary 48/62 (77.4) 191/276 (69.2) 1.53 (0.80–2.89) .22

Mechanical ventilation 21/63 (33.3) 60/276 (21.7) 1.8 (0.99–3.25) .07

NOTE. Data are n/N (%), unless otherwise indicated. HUP, Hospital of the University of Pennsylvania (Philadelphia).
a By Fisher’s exact test for categorical variables and Wilcoxon rank sum test for continuous variables.
b No. of days from hospital admission until infection with ESBL-EK.
c As opposed to colonization.

Figure 3. Sites of infection with extended-spectrum b-lactamase–
producing Escherichia coli and Klebsiella species (MDR ESBL-EK).

of Klebsiella present. Five (1.4%) isolates did not have the spe-

cies of infecting organism documented in the records available.

These 361 ESBL-EK isolates demonstrated variable resistance

to other antibiotics and antibiotic classes (figure 1). Although

68 of the ESBL-EK (18.8%) fulfilled criteria for MDR, no ESBL

isolates were resistant to imipenem. Although not included in

our definition of MDR ESBL-EK, there was a high prevalence

of resistance to cefepime and piperacillin-tazobactam. Fur-

thermore, there was a 91.6% concordance between suscep-

tibility results for these 2 agents. The prevalence of resistance

to other agents, including the MDR phenotype, was similar for

isolates that were resistant or susceptible to cefepime and

piperacillin-tazobactam.

A significant increase in the prevalence of fluoroquinolone

resistance ( ) was evident among the ESBL-EK over theP ! .001

5.5-year study period (figure 2). In addition, a borderline sig-

nificant increase in the prevalence of trimethoprim-sulfameth-

oxazole resistance was also observed ( ). Finally, a sig-P p .07

nificant decrease in the prevalence of aminoglycoside resistance

among ESBL-EK occurred ( ). Although yearly preva-P p .04

lence of MDR ESBL-EK increased from 12.5% to as high as

26.9%, this trend was not statistically significant.

To identify risk factors for MDR ESBL-EK, we compared the

68 case patients with MDR ESBL-EK infection with the 293

control patients with ESBL-EK infection (table 1). With regard

to baseline demographic characteristics, there were no signif-

icant differences between case patients and control patients.

The presence of a central venous catheter was significantly more

common in case patients. Case patients were more likely than

control patients to have been located in an intensive care unit

at the time of infection (50.8% vs. 34.4%) (OR, 1.97; 95% CI,

1.14–3.38; ). When comorbidities were compared be-P p .02

tween case patients and control patients, no significant differ-

ences existed. With regard to the anatomic site of infection,
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Table 2. Prior antimicrobial exposure of patients infected with multidrug-resistant extended-spec-
trum b-lactamase–producing Escherichia coli and Klebsiella species (ESBL-EK; case patients) and
patients infected with ESBL-EK isolates were not multidrug-resistant (control patients).

Variable
Case patients

(n p 68)
Control patients

(n p 293) OR (95% CI) Pa

General
Prior use of any antibiotic 50 (73.5) 199 (67.9) 1.31 (0.73–2.36) .37
Total prior antibiotics, median no. (range) 3 (0–8) 2 (0–9) … .13
Total antibiotic-days,b median (range) 10.5 (0–77) 8 (0–98) … .15

Specific
Fluoroquinolone 27 (39.7) 77 (26.3) 1.85 (1.07–3.19) .03
Trimethoprim-sulfamethoxazole 9 (13.2) 57 (19.5) 0.63 (0.30–1.33) .30
Aminoglycoside 22 (32.4) 74 (25.3) 1.42 (0.80–2.50) .29
Third-generation cephalosporin 5 (7.4) 17 (5.8) 1.28 (0.48–3.50) .58
b-Lactam/b-lactamase inhibitorc 13 (19.1) 49 (16.7) 1.18 (0.60–2.30) .60
Antianaerobic agentd 33 (48.5) 127 (43.3) 1.66 (0.98–2.81) .07

NOTE. Data are no. (%) of subject, unless otherwise indicated.
a By Fisher’s exact test for categorical variables and Wilcoxon rank sum test for continuous variables.
b Twenty-six patients who received antibiotic therapy for an unknown duration were excluded.
c Amoxicillin/clavulanate, ampicillin/sulbactam, and piperacillin-tazobactam.
d Amoxicillin/clavulanate, ampicillin/sulbactam, piperacillin-tazobactam, imipenem, meropenem, metronidazole, clinda-

mycin, chloramphenicol, and trovafloxacin.

Table 3. Multivariable analysis of factors potentially associated with multidrug-
resistant extended-spectrum b-lactamase–producing Escherichia coli and Klebsiella
species (ESBL-EK).

Variable Unadjusted OR Adjusted OR (95% CI) P

Total no. of antibiotic-days … 1.01 (0.99–1.02)a .39
Klebsiella pneumoniae as organism 11.69 11.67 (4.77–28.51) !.001
Central venous catheter 2.43 1.98 (0.99–3.94) .05
Duration of hospitalizationb … 0.99 (0.98–1.00)c .15

a OR reflects the odds associated with each increase in 1 antibiotic-day.
b No. of days from hospital admission until infection with ESBL-EK.
c OR reflects the odds associated with each increase in 1 day of hospitalization.

case patients were significantly less likely to have a urinary in-

fection (figure 3).

Ninety percent of case patients were infected with K. pneu-

moniae, compared with only 42.7% of control patients (OR,

11.69; 95% CI, 5.26–25.92; ). Case patients and controlP ! .001

patients did not differ with regard to whether the infection was

polymicrobial (30.9% vs. 32.0%) (OR, 0.95; 95% CI, 0.54–1.67;

).P p .89

Case patients and control patients did not differ significantly

in overall antibiotic use prior to infection regardless of whether

antibiotic use was expressed as “total antibiotic days” or “total

number of antibiotics” (table 2). In terms of specific antibiotics

taken, case-patients were significantly more likely to have re-

ceived fluoroquinolone therapy in the 30 days before infection.

After multivariable analysis, the only independent risk factor

for MDR-ESBL infection was the infecting pathogen (i.e., K.

pneumoniae). There was also a borderline significant association

between the presence of a central venous catheter and MDR

ESBL-EK infection (table 3). No association was seen between

prior antibiotic exposure (in days of antibiotic therapy) and

the presence of MDR infection. Similarly, when including the

variables for use of specific agents (e.g., fluoroquinolones and

aminoglycosides) rather than the variable for overall antibiotic

use (i.e., total duration of antibiotic use in days), no association

existed between MDR ESBL-EK and the use of any specific

antibiotics.

We performed a secondary analysis in which each subject

was included only once (i.e., for the first occurrence of an ESBL-

EK). Of the 306 patients included by use of these criteria, 57

(18.6%) had isolates that were MDR ESBL-EK. Multivariable

analysis similarly showed that the only independent risk factor

for MDR ESBL-EK was infection with K. pneumoniae (adjusted

OR, 12.23; 95% CI, 4.59–32.59; ).P ! .001

Twenty K. pneumoniae isolates and 14 E. coli isolates were
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Figure 4. Pulsed-field gel electrophoresis patterns of extended-spectrum b-lactamase-producing Klebsiella pneumoniae (top) and Escherichia coli
(bottom) isolates.

available for molecular analysis. PFGE patterns from the K.

pneumoniae isolates revealed close genetic relatedness among 8

of the isolates tested. In contrast, there was little evidence of

clonality among the 14 E. coli isolates tested (figure 4).

DISCUSSION

Of 361 ESBL-EK isolates obtained in the 5.5-year study period,

18.8% were MDR. During the study period, the annual prev-

alence of MDR among ESBL-EK isolates increased from 12.5%

to as high as 26.9%. The only significant independent risk factor

for isolation of an MDR ESBL-EK was the species of infecting

organism (i.e., K. pneumoniae). No association was seen be-

tween prior antibiotic use and the MDR ESBL-EK. Molecular

analysis indicated close genetic relatedness of K. pneumoniae

isolates.

As ESBL-EK isolates have increased in prevalence, so have

concerns regarding expanded resistance to additional antibiotic

classes and thus increased limitation of effective treatments. We

calculated a high prevalence of ESBL-EK isolates that also dem-

onstrated resistance to trimethoprim-sulfamethoxazole or fluo-

roquinolones (77.6% and 57.6%, respectively). Of great con-

cern is the fact that ∼1 in 5 ESBL-EK isolates is MDR. Reliance

on carbapenems will thus continue to increase because other

effective treatment options are increasingly limited. Our results

emphasize the importance of identifying risk factors for MDR

ESBL-EK to design and implement strategies that will prevent

further increases in MDR ESBL-EK.

Infection with K. pneumoniae was the only significant in-

dependent risk factor for MDR ESBL-EK. There are several

possible explanations for this finding. First, K. pneumoniae

commonly displays higher rates of resistance in general than

does E. coli. Indeed, data from the institutions participating in

this study note that Klebsiella species in general display sig-

nificantly higher rates of resistance to fluoroquinolones and

trimethoprim-sulfamethoxazole than do E. coli (data not

shown). Second, as suggested by our molecular analysis, our

results may reflect the spread of �1 MDR-ESBL K. pneumoniae

clone throughout the hospitals. If this is true, greater emphasis

should be placed on early identification of such isolates through

active infection-control surveillance. Indeed, in their analysis

of bacteremia due to ESBL-producing K. pneumoniae, Paterson

et al. [10] showed that such infections were less prevalent at

institutions that implemented contact isolation for ESBL in-

fections. Our results provide evidence that horizontal trans-



Risk Factors for MDR ESBL-EK • CID 2005:40 (1 May) • 1323

mission may also be a major contributing factor to the emer-

gence of MDR ESBL-EK and suggest that more aggressive

infection-control interventions may prevent further dissemi-

nation of MDR ESBL-EK.

In addition to the agents included in our definition of MDR,

we also noted a high prevalence of resistance to cefepime and

piperacillin-tazobactam among our ESBL-EK isolates (93% and

76%, respectively). These resistance rates are somewhat higher

than those previously reported among ESBL-producing isolates

[30, 31]. Although the use of these agents to treat ESBL-EK

infections (when an ESBL-EK is susceptible in vitro) is con-

troversial [32, 33], our data suggest that the opportunities to

even consider use of these agents are limited.

Past antibiotic use, as measured in total antibiotic days, was

not associated with the development of an MDR-ESBL infec-

tion. This finding was unexpected, because ESBL infections

have been found to be associated with prior antibiotic use in

past studies, including those conducted at our institution [9,

12, 34, 35]. Interventions to limit emergence of ESBL-EK have

traditionally focused on restricting certain antimicrobial agents

(e.g., third-generation cephalosporins) associated with ESBL

infections. Although such interventions are certainly an im-

portant component in efforts to control the emergence of ESBL-

EK, our results demonstrating clonal strain transmission em-

phasize that infection-control measures are also likely to be

critical in interrupting the spread of such organisms.

Our study had several potential limitations. Although selec-

tion bias is of concern in case-control studies, we included all

eligible case patients and control patients. Selection bias can

also be introduced because of missing charts; however, com-

plete medical records were available for review for 95.6% of

the eligible subjects. Selection bias may also have been intro-

duced by allowing subjects to be included 11 time (i.e., if they

had ESBL-EK isolates recovered 130 days apart). However, we

found no substantive difference in our results when a secondary

analysis was conducted in which subjects were included only

once. Finally, appropriate debate has surrounded the question

of which group represents the optimal control group in case-

control studies of antimicrobial resistance (i.e., the general hos-

pital population at risk vs. those patients with the susceptible

form of the infection). As suggested by Harris et al. [18], we

believe that this depends on the question being asked. Because

our primary question was “In patients who develop ESBL in-

fections, what are the risk factors for that ESBL infection dem-

onstrating multidrug resistance?,” we selected patients infected

with ESBL-EK that did not exhibit MDR as our control patients.

A primary concern about selecting as control patients those pa-

tients with the susceptible form of the infection is that use of

this control group may cause overestimation of the true associ-

ation between prior antimicrobial use and subsequent resistant

infection. In our study, however, we found no such association

between antibiotic use and MDR ESBL-EK.

Another potential limitation was that not all ESBL-EK iso-

lates were available for molecular analysis. If the available iso-

lates on which typing was done were different from those iso-

lates that were not available, typing results may not be

representative of all ESBL-EK isolates. However, there was no

systematic process by which isolates were or were not available.

Furthermore, plasmid analysis was not done. Thus, the pos-

sibility of dissemination of MDR ESBL-EK through spread of

such extrachromosomal genetic elements (even in the presence

of unrelated PFGE patterns) cannot be excluded.

Finally, our study was conducted in a large tertiary care

medical center and a smaller urban community hospital. Thus,

the results may not be generalizable to other institutions.

In conclusion, we determined that 18.8% of ESBL-EK isolates

at our institution were MDR. The only independent risk factor

for MDR ESBL-EK was infection with K. pneumoniae. A large

proportion of K. pneumoniae isolates were closely genetically

related. No association between MDR ESBL-EK and prior an-

tibiotic exposure was found. Our results demonstrate that treat-

ment of ESBL-producing infections will continue to become

more complex in coming years because of further limitation

of available agents. Enhancement of surveillance for infection

control in addition to interventions regarding antimicrobial use

is likely to be most successful in curbing the further emergence

of MDR ESBL-EK.
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