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Background. Extended-spectrum b-lactamase (ESBL)–producing members of the Enterobacteriaceae family
are important nosocomial pathogens. Escherichia coli producing a specific family of ESBL (the CTX-M enzymes)
are emerging worldwide. The epidemiology of these organisms as causes of nosocomial infection is poorly un-
derstood. The aims of this study were to investigate the clinical and molecular epidemiology of nosocomial infection
or colonization due to ESBL-producing E. coli in hospitalized patients, consider the specific types of ESBLs produced,
and identify the risk factors for infection and colonization with these organisms.

Methods. All patients with nosocomial colonization and/or infection due to ESBL-producing E. coli in 2 centers
(a tertiary care hospital and a geriatric care center) identified between January 2001 and May 2002 were included.
A double case-control study was performed. The clonal relatedness of the isolates was studied by repetitive extragenic
palindromic–polymerase chain reaction and pulsed-field gel electrophoresis. ESBLs were characterized by isoelectric
focusing, polymerase chain reaction, and sequencing.

Results. Forty-seven case patients were included. CTX-M–producing E. coli were clonally unrelated and more
frequently susceptible to nonoxyimino–b-lactams. Alternately, isolates producing SHV- and TEM-type ESBL were
epidemic and multidrug resistant. Urinary catheterization was a risk factor for both CTX-M–producing and SHV-
TEM–producing isolates. Previous oxyimino–b-lactam use, diabetes, and ultimately fatal or nonfatal underlying
diseases were independent risk factors for infection or colonization with CTX-M–producing isolates, whereas
previous fluoroquinolone use was associated with infection or colonization with SHV-TEM–producing isolates.

Conclusions. The epidemiology of ESBL-producing E. coli as a cause of nosocomial infection is complex.
Sporadic CTX-M–producing isolates coexisted with epidemic multidrug-resistant SHV-TEM–producing isolates.
These data should be taken into account for the design of control measures.

Extended-spectrum b-lactamases (ESBLs) are plasmid-

encoded b-lactamases that confer significant resistance

to penicillins, narrow- and extended-spectrum cepha-

losporins, and aztreonam. Organisms harboring ESBLs

are also frequently resistant to aminoglycosides, tri-

methoprim-sulfamethoxazole, and quinolones. ESBL-

producing members of the Enterobacteriaceae family
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have played a leading role among nosocomially ac-

quired multidrug-resistant organisms during the past

decade [1, 2]. Many outbreaks of infection caused by

ESBL-producing Klebsiella pneumoniae have been re-

ported all over the world [1, 2]. The risk factors for

infection caused by this organism are similar to those

described for other nosocomial multidrug-resistant

pathogens [3].

ESBLs have been classified into different types. Ini-

tially, the 2 most frequent types of ESBL were TEM

types and SHV types. More recently, enzymes belonging

to a different type of ESBL, such as the CTX-M type

(so called because they are mainly cefotaximases), are

being detected with increasing frequency, particularly

in ESBL-producing Escherichia coli, which now repre-
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sents an emerging cause of infection in many areas of the world

[4–10]. Some data suggest that the epidemiology of these

emerging ESBL-producing E. coli is substantially different from

that of ESBL-producing K. pneumoniae [4, 5, 9, 11]. The aims

of this study were to investigate the clinical and molecular

epidemiology of nosocomial infection due to ESBL-producing

E. coli in hospitalized patients, consider the specific types of

ESBLs produced, and identify the risk factors for infection and

colonization with these organisms.

METHODS

Study Site, Subjects, and Design

The study was performed in the 2 hospitals of the administra-

tive Health Area of North Seville, Spain (the Hospital Univ-

ersitario Virgen Macarena, a 950-bed teaching hospital, and the

Hospital San Lázaro, a 150-bed hospital that mainly provides

care for elderly patients). Intensive care is only provided in the

acute care hospital. Transfer of patients between the 2 hospitals

is frequent.

During the study period (January 2001–May 2002, inclusive),

all patients from whom ESBL-producing E. coli had been iso-

lated from any clinical sample were identified through daily

review of microbiologic reports and were prospectively inves-

tigated. Patients were included as cases if their samples were

obtained after 48 h of hospitalization and provided that, at the

time of admission to the hospital, there had been no signs or

symptoms of infection potentially attributable to ESBL-pro-

ducing E. coli. Patients colonized by ESBL-producing E. coli

detected only by means of surveillance samples were excluded.

Case patients were included only once.

Two control groups were studied. Patients in control group

1 were randomly selected among patients who were admitted

to the same hospital unit during the same quarter and had a

hospital stay previous to the isolation of ESBL-producing E.

coli that was at least as long as that of the corresponding case

patient. Patients in control group 2 were randomly selected

among patients admitted to the same type of hospital service

unit (medical or surgical unit or intensive care unit) during

the same quarter and from whom a non–ESBL-producing iso-

late of E. coli had been recovered from any clinical sample.

Control group 1 included 2 controls per case patient and con-

trol group 2 included 2 controls per case patient, except for 9

case patients for whom only 1 control was found.

Definitions and Variables

The type of infection was defined in accordance with Centers

for Disease Control and Prevention (CDC) criteria [12]. Pa-

tients who did not meet criteria for infection were considered

to be colonized. The following data were collected: age; sex;

underlying diseases; severity of the underlying diseases, ac-

cording to the McCabe classification [13]; previous hospitali-

zations; residence in a nursing home; receipt of long-term he-

modialysis; receipt of antimicrobial agents; invasive procedures;

and hospitalization in an intensive care unit. The time at risk

was defined as the time from admission to the hospital until

the date on which E. coli was isolated for case patients and

control group 2, and as the time from admission until the date

of discharge or death for patients in control group 1.

Antimicrobial therapy was considered to be appropriate if at

least 1 antimicrobial with in vitro activity against the isolated

microorganism had been administered at the usual dose for at

least 24 h. All case patients were observed until hospital dis-

charge or death. The study protocol was approved by the local

ethics committee.

Microbiological Studies

Bacterial isolates and susceptibility assays. The first isolate

from each patient was studied. Identification was determined

using the Vitek 2 system (bioMérieux) and API 20E strips

(bioMérieux). ESBL production was screened and confirmed

in accordance with guidelines of the NCCLS [14, 15]. The in

vitro activity of antimicrobial agents was determined using a

microdilution assay, in accordance with NCCLS guidelines [15].

Molecular typing. Clonal relationships between the isolates

were determined by repetitive extragenic palindromic (REP)–

PCR, as described elsewhere [16]. Isolates were considered to

be clonally related when band patterns differed by !3 bands.

Isolates determined by REP–PCR to be clonally related were

also studied by PFGE, as described elsewhere [17], using XbaI

endonuclease (Roche Applied Sciences). Interpretation of the

clonal relatedness of PFGE patterns was performed as described

by Tenover et al. [18].

b-Lactamase characterization. Isoelectric focusing [19,

20] and PCR were used for the preliminary characterization of

b-lactamases and b-lactamase genes, respectively. The isoelec-

tric focusing ranges were correlated to TEM-, SHV-, or CTX-

M–type b-lactamases [21]. The presence of blaTEM, blaSHV, and

blaCTX-M in each organism was studied by PCR, as described

elsewhere [22, 23]. Oligonucleotide primers designed to amplify

the genes encoding the most common subgroups within the

ESBL families were used [23–25]. E. coli J53 Rif-R was used as

a negative control.

Amplicons were sequenced at an external center (DNA Au-

tomatic Sequencing Service, Consejo Superior de Investiga-

ciones Cientifı́cas, Madrid, Spain) equipped with an ABI Prism

377 sequencer (Applied Biosystems). Sequences were analyzed

using the Chromas application, the Basic Local Alignment

Search Tool [26], and the Traduction Multiple program [27].

Statistical Analysis

Continuous variables were compared using the Mann-Whitney

U test. Qualitative variables were compared using the x2 test
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Table 1. Characteristics of hospitalized patients colonized or
infected with extended-spectrum b-lactamase–producing Esch-
erichia coli.

Characteristic

Acute care
hospital
(n p 29)

Geriatric care
hospital
(n p 18) P

Male sex 16 (55) 9 (50) .7
Age, median years (range) 70 (32–82) 81 (56–90) .002
Hospital ward

Medical service 14 (48) 18 (100) .001
Surgical service 9 (31) … …
Intensive care unit 6 (21) … …

Rapidly fatal underlying disease 5 (17) 5 (28) .4
Diabetes mellitus 13 (45) 7 (39) .6
Chronic pulmonary disease 6 (21) 2 (11) .6
Malignancy 7 (24) 3 (17) .7
Venous catheter 27 (93) 16 (89) .6
Urinary catheter 20 (69) 13 (72) 1
Surgery 8 (28) 0 .01
History of antimicrobial use 28 (97) 16 (89) .5

NOTE. Data are no. (%) of case patients, unless otherwise indicated.

Figure 1. Distribution of the 47 infecting or colonizing extended-spectrum b-lactamase–producing Escherichia coli isolates in hospitalized patients
during the study period, according to genotype.

or the Fisher’s exact test, as appropriate; ORs and 95% CIs

were calculated. Multivariate logistic regression analysis was

performed to determine variables that were independently as-

sociated with the risk of colonization or infection with ESBL-

producing E. coli. Potential interactions between variables were

considered. Variables were selected in a backward stepwise pro-

cess. Data were analyzed using the SPSS statistical software

package (SPSS).

RESULTS

During the study period, ESBL-producing E. coli was isolated

from 96 patients; 47 patients met the inclusion criteria and

were included in this study. The other 49 patients were non-

hospitalized and have been analyzed elsewhere [5]. During the

study period, 4.1% of all E. coli isolated from hospitalized pa-

tients were ESBL producers, and only 15 ESBL-producing En-

terobacteriaceae isolates were isolated from hospitalized

patients.

Twenty-nine case patients (62%) were in the acute care hos-

pital, and 18 (38%) were in the geriatric care hospital. The rate

of colonization or infection was significantly higher in the ge-

riatric care hospital (0.6 cases per 1000 patient-days vs. 0.06

cases per 1000 patient-days; ).P ! .001

The characteristics of the case patients are shown in table 1;

32% of cases occurred during the first week of hospitalization.

Thirty-six patients (77%) were considered to be infected. The

types of infection included the following: 15 urinary tract in-

fections (42%), 13 soft-tissue infections (36%; 4 pressure ulcers

and 5 surgical site infections), 4 respiratory tract infections

(11%), 3 cases of primary bacteremia (8%), and 1 intra-ab-

dominal infection (3%). Three patients had secondary bacter-

emia. Overall, 6 patients (16%) were bacteremic. Only 13 pa-

tients (36%) received appropriate empirical antimicrobial

therapy. Fourteen patients died (crude mortality rate, 30%).

Five patients died of infection (infection-related mortality rate,

14%).

With respect to the type of ESBL, 29 isolates (62%) produced

an SHV type (28 were identified by sequencing as SHV-12, and

1 was identified as SHV-2a), 27 (57%) produced a CTX-M type

(26 were CTX-M-14, and 1 was CTX-M-9), and 18 (38%)

produced an as yet unidentified ESBL with an isoelectric point

of 6.5, which is probably a TEM type, according to the results

of other experiments (data not shown), here referred to as

“TEM-Q” for easier understanding of data. Twenty-four isolates

(51%) produced 11 ESBL, the most frequent combination be-

ing SHV-12 plus TEM-Q (14 isolates). Of the 23 isolates that

produced only 1 ESBL, 16 produced CTX-M-14. Isolates pro-

ducing TEM-Q clustered from January through July 2001 (14
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Figure 2. Duration of hospital stay for 22 patients colonized or infected with extended-spectrum b-lactamase–producing Escherichia coli isolates
belonging to clonally-related groups A (grey bars) and B (white bars). The black point represents the date when the microorganism was isolated, and
the asterisk indicates stay in the geriatric care hospital.

isolates) and from December 2001 through March 2002 (4

isolates).

Twenty-five different genotypes were identified by REP-PCR,

including those of 4 clonally related groups (“epidemic iso-

lates”; 55%) and those of 21 clonally unrelated isolates (“spo-

radic isolates”; 45%). Isolates considered to be clonally related

by REP-PCR were also studied by PFGE, with identical results.

The distribution of cases throughout the study period according

to genotypes is shown in figure 1. Clonal group A comprised

11 isolates; all of them produced SHV-12, 9 isolates also pro-

duced TEM-Q, and 5 isolates also produced CTX-M-14. Four

of these patients were in the geriatric care hospital, and 7 were

in the acute care hospital (3 patients were in the intensive care

unit, 3 were in an internal medicine ward, and 1 was in a

surgical ward). Clonal group B also consisted of 11 isolates: 9

produced SHV-12, 8 produced TEM-Q, 1 produced CTX-M-

14, and 1 produced CTX-M-9. Eight patients were in the ge-

riatric care hospital, and 3 were in the acute care hospital (2

patients were in the intensive care unit, and 1 patient was in

a general surgery ward). Among the 6 patients in the intensive

care unit included in the study, 5 had an epidemic isolate. The

duration of hospitalization of patients colonized or infected

with these 2 clonal groups is represented in figure 2. The other

2 clonal groups were constituted by 2 isolates each. Among the

21 sporadic isolates, 17 produced a CTX-M enzyme. Compared

with nonepidemic isolates, epidemic isolates were more fre-

quently producers of TEM- and SHV-type ESBLs (62% vs. 10%

[ ] and 85% vs. 33% [ ], respectively) and lessP ! .001 P ! .001

frequently producers of CTX-M types (39% vs. 81%; P p

). Susceptibility data for the isolates are shown in table 2..003

To investigate the epidemiology of the different types of

ESBLs, 2 homogeneous groups were compared: 16 patients with

isolates producing only CTX-M-14 (the “CTX-M group”) and

14 patients with isolates producing both SHV-12 and TEM-Q

but not CTX-M-14 (the “SHV-TEM group”). All isolates but

1 from the CTX-M group were sporadic, whereas all isolates

from the SHV-TEM group belonged to epidemic clones. Pa-

tients with isolates from the CTX-M group were admitted more

frequently to surgical units (37.5% vs. 0%, ), less fre-P p .01

quently to the geriatric care hospital (25% vs. 78.5%; P p

), and had diabetes more often (56.3% vs. 21.4%;.009 P p

), than did patients with isolates from the SHV-TEM group;.05

previous use of fluoroquinolones was less frequent among pa-

tients in the CTX-M group (25% vs. 64.3%; ), whereasP p .03

previous use of cefotaxime was somehow more frequent, a

difference that was not statistically significant (37.5% vs. 21.4%;

). The median duration of previous hospital stay wasP p .4

shorter among patients in the CTX-M group (14 days vs. 21
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Table 2. Susceptibility data of extended-spectrum b-lactamase–producing
Escherichia coli isolated from hospitalized patients.

Drug(s)
MIC50,
mg/L

MIC90,
mg/L

No. (%) of susceptible isolates

Total
(n p 47)

Producing
SHV-12

and TEM-Qa

(n p 14)

Producing
CTX-M-14

only
(n p 16)

Ceftazidime 16 �64 20 (43)b 0b 15 (94)b

Cefotaxime 8 �64 24 (51)b 9 (64)b 6 (36)b

Cefoxitin 16 �64 23 (49) 5 (36) 10 (63)
Cefepime 2 8 46 (98) 14 (100) 15 (94)
Amox-CA 8 and 4 �32 and 16 26 (55) 7 (50) 13 (81)
Pip-Taz 4 and 1 8 and 2 44 (94) 13 (93) 16 (100)
Meropenem 0.25 0.25 48 (100) 14 (100) 16 (100)
Gentamicin 1 �16 35 (75) 6 (43) 14 (88)
Tobramycin 4 �16 25 (53) 1 (7) 14 (88)
Ciprofloxacin �4 �4 7 (15) 0 4 (25)
TMP-SMZ �1 and 19 �3 and 20 32 (68) 12 (86) 6 (38)

NOTE. Amox-CA, amoxicillin–clavulanic acid; Pip-Taz, piperacillin-tazobactam; TMP-SMZ, tri-
methoprim-sulfamethoxazole.

a Undetermined TEM-type ESBL with an isoelectric point of 6.5.
b Isolates with an MIC of �8 mg/L.

days), but the difference was not statistically significant, because

of the wide ranges (3 to 199 days in both groups). Isolates in

the CTX-M group were more frequently susceptible to amox-

icillin-clavulanic acid (81.3% vs. 50%; ), ciprofloxacinP p .07

(25% vs. 0; ), gentamicin (87.5% vs. 42.9%; ),P p .04 P p .01

and tobramycin (87.5% vs. 7.1%; ) than were isolatesP ! .001

in the SHV-TEM group.

Results of univariate analysis of risk factors for colonization

or infection due to ESBL-producing E. coli is shown in table

3. Multivariate analysis was performed for all case patients, for

those with isolates in the CTX-M group, and for those with

isolates in the SHV-TEM group (table 4).

DISCUSSION

ESBL-producing members of the Enterobacteriaceae family

have been important causes of nosocomial infections for the

past 2 decades [1, 2]. Most attention has been focused on K.

pneumoniae, because traditionally it has been the most fre-

quently encountered nosocomial organism that produces ESBL.

Specific information about the clinical epidemiology and rel-

evance of nosocomial infection with ESBL-producing E. coli is

scarce, because these organisms have usually been investigated

together with other ESBL-producing Enterobacteriaceae isolates

[28–32] or in studies limited to investigation of their micro-

biological aspects [33, 34].

The emergence of infections caused by ESBL-producing E.

coli (and, particularly, isolates producing CTX-M–type ESBL)

has been recently reported throughout the world [4–10]; in our

region, the first CTX-M–producing E. coli were detected in 1999

[35]. Some data suggest that the epidemiologic characteristics

of these emerging ESBL-producing E. coli are different from

those of ESBL-producing K. pneumoniae: the proportion of

patients with community-acquired infections due to E. coli is

much higher [5, 9, 11], whereas clonally related outbreaks are

far less frequent. Our data confirm that, beyond its importance

as a pathogen in nonhospitalized patients [5, 9], ESBL-pro-

ducing E. coli is also an emerging cause of nosocomial infec-

tions. Our findings also show that the epidemiologic charac-

teristics of these organisms are complex and somehow different,

depending on the type of ESBLs produced.

In acute care hospitals, most previously reported nosocomial

infections caused by ESBL-producing E. coli were caused by

clonally unrelated isolates. However, some small clonal out-

breaks have been described [6, 29, 31, 33, 34, 36–38]. Sur-

prisingly, 45% of the cases in our study were caused by clonally

related isolates, which predominantly produced both SHV-12

and an as yet undetermined TEM-type ESBL. An epidemiologic

relationship was found for many of these case patients, sup-

porting the horizontal transmission of the organism. The lapses

of time without cases may be indicative of an unnoticed res-

ervoir, colonized patients being the most probable. Interinsti-

tutional spread was probably caused by the transfer of patients

between the hospitals.

The 2 major clonal outbreaks of nosocomial infection seem

to have been self-limited. Contact precautions for patients col-

onized with ESBL-producing E. coli were not established be-

cause transmission of these isolates had not been previously

noticed in our hospitals. Our study was performed in the con-
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Table 3. Univariate analysis of risk factors for colonization or infection with extended-spectrum b-lactamase–producing Escherichia
coli in hospitalized patients.

Factor

Case
patients
(n p 47)

Control group 1
(n p 94)

Control group 2
(n p 85)

Value OR (95% CI) P Value OR (95% CI) P

Age, years 68.6 � 16 62.6 � 22 … .1 67.2 � 19 … .6
Male sex 53.2 54.1 0.9 (045–1.9) .9 41.2 1.6 (0.7–3.3) .1
Underlying disease

Any
Nonfatal 42.6 24.5 225 (1.0–4.8) .02 35.3 1.2 (0.5–2.5) .5
Ultimately fatal 36.2 52.1 0.5 (0.2–1.0) .07 30.6 1.4 (0.6–2.9) .3
Rapidly fatal 21.3 23.4 0.8 (0.3–2.0) .7 34.1 0.5 (0.2–1.1) .1

Diabetes mellitus 42.6 30.9 1.6 (0.8–3.4) .1 42.9 0.9 (0.4–2.0) .9
Pulmonary disease 17.0 17 1.0 (0.3–2.5) 1.0 16.7 1.0 (0.3–2.6) .9
Renal disease 12.8 3.2 4.4 (1.0–18.6) .06 10.7 1.2 (0.4–3.6) .7
Recurrent urinary tract infection 17 4.3 4.6 (1.3–16.2) .02 13.1 1.3 (0.5–3.6) .5
Malignancy 21.3 22.3 0.9 (0.4–2.1) .8 19 1.1 (0.4–2.7) .7

Duration of previous hospitalization, days 27.8 � 27 29.4 � 23 … .7 20.6 � 19 … .08
Intensive care unit stay (present or past) 21.3 14.9 1.5 (0.6–3.7) .3 9.5 2.5 (0.9–7.0) .06
Catheter use

Venous 91.5 69.1 4.7 (1.5–14.6) .003 81.2 2.4 (0.7–7.9) .1
Urinary 70.2 25.5 6.8 (3.1–14.9) !.001 41.2 3.3 (1.5–7.1) .01

Mechanical ventilation 10.6 1.1 11.1 (1.2–97.7) .01 7.1 1.5 (0.4–5.4) .6
Surgery 17.0 10.6 1.7 (0.6–4.7) .2 17.6 0.9 (0.3–2.4) .9
Antimicrobial history

Any 93.6 25.5 42.7 (12.1–150.5) !.001 50.6 14.3 (4.1–49.7) !.001
Amoxicillin–clavulanic acid 23.4 8.5 3.2 (1.2–8.8) .01 14.1 1.8 (0.7–4.6) .1
Piperacillin-tazobactam 8.5 1.1 8.6 (0.9–79.7) .04 0 … .01
Oxyimino–b-lactamsa 40.4b 10.6 5.7 (2.3–13.7) !.001 9.4 7.1 (2.8–18.0) !.001
Carbapenems 2.1 1.1 2.0 (0.1–33.0) 1.0 3.5 0.5 (0.0–5.8) 1
Fluoroquinolones 40.4 8.5 7.2 (2.8–18.4) !.001 5.9 10.8 (3.7–31.8) !.001
Aminoglycosides 8.5 2.1 4.2 (0.7–24.2) .09 3.5 2.5 (0.5–11.8) .2

NOTE. Data are % of patients or mean , unless otherwise indicated.value � SD
a Cefuroxime, cefotaxime, ceftriaxone, cefepime, and aztreonam.
b In 68% of instances, the oxyimino–b-lactam was cefotaxime.

text of a very low incidence of nosocomial infection with other

ESBL-producing organisms [35]; a very active nosocomial in-

fection–control program, particularly for multiresistant bacteria

[39], has been in place at our hospitals since 1997, and use of

alcoholic hand rubs have been available in all rooms since 2000.

Thus, these measures might have had some impact on the

unfolding of the outbreaks.

Several data suggest that the epidemiologic characteristics of

CTX-M–producing isolates are different from those of isolates

producing SHV-TEM enzymes, something that had not been

previously noticed. All isolates in the SHV-TEM group be-

longed to the main epidemic clonal groups, whereas CTX-M

isolates were clonally unrelated. Five of the 6 case-patients in

the intensive care unit were infected with isolates from the SHV-

TEM group; most of the nosocomial outbreaks of ESBL-pro-

ducing K. pneumoniae have been caused by TEM-producing or

SHV-producing isolates and predominantly occur in high-risk

areas, such as intensive care units [2]. In addition, in our area,

the proportion of cases caused by TEM- or SHV-producing

isolates among hospitalized patients (38% and 62%, respec-

tively) was much higher than that among nonhospitalized pa-

tients during the same period (18% and 18%) [5]. Isolates from

the SHV-TEM group were more resistant to antimicrobials (al-

though this should be interpreted with caution because these

isolates are clonally related). Finally, nonfatal underlying con-

ditions were associated only with CTX-M-14–producing iso-

lates. All these data are indicative of the fact that, although

ESBL-producing E. coli from the SHV-TEM group behaved as

typical epidemic nosocomial pathogens [3], those from the

CTX-M group did not. We hypothesize that many of the pa-

tients with CTX-M-14–producing isolates had acquired the or-

ganism in the community. This is supported by the fact that

many CTX-M cases occurred early during hospitalization and

that, in our area, most of the ESBL-producing E. coli in non-
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Table 4. Multivariate model of risk factors for colonizationor infection due to extended-spectrum b-
lactamase–producing Escherichia coli in hospitalized patients.

Risk factor, by patient group

Control group 1 Control group 2

OR (95% CI) P OR (95% CI) P

All case patients (n p 47)
Rapidly fatal disease 0.1 (0.0–0.6) .01 0.3 (0.1–1.0) .06
Recurrent urinary tract infection 4.9 (1.0–22.7) .04 …
Urinary catheterization 7.5 (2.7–20.3) .0001 3.6 (1.4–9.2) .006
Receipt of oxyimino–b-lactams 5.1 (1.7–14.8) .002 5.3 (1.8–15.4) .002
Receipt of fluoroquinolones 8.1 (2.6–25.1) .0003 10.0 (3.0–33.5) .0002

Case patients with SHV-TEM–type isolates (n p 14)
Urinary catheterization 6.0 (1.0–35.4) .04 …
Receipt of fluoroquinolones 18.7 (2.9–119.0) .001 21.4 (3.1–147.2) .001

Case patients with CTX-M–type isolates (n p 16)
Rapidly fatal disease 0.01 (0.00–0.4) .01 …
Diabetes mellitus 7.6 (0.8–66.1) .06 …
Urinary catheterization 10.7 (1.3–85.9) .02 …
Receipt of oxyimino–b-lactams 27.4 (2.8–261.8) .003 38.3 (3.6–400.2) .002
Receipt of fluoroquinolones … 18.6 (1.5–226.3) .02

NOTE. Duration of previous hospital stay was included in all models.

hospitalized patients are clonally unrelated and produce an

ESBL from the CTX-M-9 group (a group comprising CTX-M-

14, among others ESBLs) [5]; in fact, we have recently used

sequencing techniques to characterized them as CTX-M-14 iso-

lates (Velasco C, Romer L, Rodriguez-Bańo J, et al., unpublished

data).

The information provided by the double case-control study

is complementary; comparison with control group 2 overes-

timated the risk associated with previous antimicrobial use [40],

but avoided common risk factors for infection caused by E.

coli found in the analysis performed with control group 1.

Urinary catheterization and previous administration of oxyi-

mino–b-lactams or fluoroquinolones were independent risk

factors for infection with ESBL-producing E. coli. The results

of the multivariate models for specific types of ESBLs provide

additional data that suggest differences in the epidemiologic

characteristics of epidemic SHV-TEM and sporadic CTX-M

isolates. Oxyimino–b-lactams, of which cefotaxime was the

most frequently used, were related to CTX-M–producing iso-

lates, traducing the cefotaximase activity of these enzymes,

whereas fluoroquinolones use was associated with the cipro-

floxacin-resistant SHV-TEM–producing isolates.

Our results provided further evidence of the importance of

combining clinical and molecular epidemiologic data in the

investigation of resistant pathogens and may have implications

for the design of control programs for these organisms [41,

42]. Contact precautions, active surveillance in high-risk areas,

and decrease of oxyimino–b-lactam consumption, as recom-

mended by Paterson and Yu [1], should be performed when

epidemic TEM-SHV–producing E. coli are detected; reduction

in fluoroquinolone use should also be considered. Some phe-

notypic features of these isolates (e.g., a ceftazidime MIC greater

than the cefotaxime MIC and resistance to other antimicro-

bials) might be used as a preliminary epidemiologic marker,

although some types of CTX-M ESBLs have been described to

efficiently hydrolyze ceftazidime [43]. Alternately, sporadic

CTX-M-producing E. coli represent a new challenge for infec-

tion control, because some small clonal nosocomial outbreaks

have been described and because the spread of genetic elements

carrying the blaCTX-M genes is a threat. If most of these cases

are imported from the community, the implementation of con-

tact precautions for the cases detected by analysis of clinical

samples might be useless, because many other colonized pa-

tients will remain undetected. Active surveillance of coloniza-

tion involving all patients admitted to the hospital is imprac-

tical; targeted surveillance involving high-risk patients could be

an option, but risk factors for colonization at admission have

not been investigated. Also, more studies focused on the epi-

demiologic behavior of these organisms and the mobile genetic

elements harboring the CTX-M enzymes within hospitals are

needed. Thus, the control measures that should be imple-

mented for these organisms remain unclear. Meanwhile, strict

application of hand hygiene, adequate use of gloves, and ju-

dicious use of oxyimino–b-lactams (particularly cefotaxime)

are mandatory, and because molecular epidemiologic analyses

or techniques for ESBL characterization are not widely avail-

able, continuous surveillance based on clinical epidemiology

data and susceptibility patterns of the isolates is necessary to

promptly recognize possible outbreaks.

Our study has some limitations. We did not perform active
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surveillance to detect colonized patients. This approach is de-

sirable, but it proved to be impractical in our situation, because

the case patients were from many different wards. Also, trans-

mission of plasmids containing the ESBLs between isolates

should also be studied. Characterization of the plasmids con-

taining the ESBLs is in progress.

In conclusion, our data indicate that the epidemiology of

nosocomial infection with ESBL-producing E. coli in hospital-

ized patients is complex; outbreaks of infection caused by iso-

lates producing TEM and SHV types of ESBL similar to those

caused by ESBL-producing K. pneumoniae and clonally unre-

lated isolates producing CTX-M enzymes may coexist. These

data should be considered for control purposes. Also, ESBL-

producing E. coli should be considered in the etiology of nos-

ocomial infections in patients with risk factors.
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