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Background: Infections caused by resistant extended-spectrum beta-lactamase (ESBL)-producing enteric bacteria
and their risk factors are globally recognized. However, such risk factors have not been explored in emergency
department (ED) where the first choice of empirical antimicrobials is crucial.

Objective: Determine risk factors of ESBL bacteremia in ED, especially in our geographic area.

Methods: A retrospective case-double-control study was conducted at King Chulalongkorn Memorial Hospital.
All adult ED patients with ESBL-producing E. coli and K. pneumoniae in blood cultures between October 2007
and October 2008 were recruited for this study. The potential risk factors were analyzed and compared with non-
ESBL-producing bacteremic patients (control group 1) and matched general ED patients (control group 2). Non-
beta-lactam susceptibility testing among the cohort was also evaluated.

Results: Thirty ESBL (cases), 103 group 1 controls, and 100 group 2 controls were assessed. Based on the
univariate analysis, age, chronic kidney diseases, malignancy, poor functional status, previous hospitalization
within 90 days, and previous antimicrobial exposure especially to cephalosporins, quinolones, and carbapenems
within 30 days were the risk factors for ESBL bacteremia compared with both types of control patients. Age > 60
and previous cephalosporin use were consistently identified as the risk factors by multivariate models using both
control groups. The susceptibility to non-beta-lactam agents in the ESBL group was significantly lower than the
non-ESBL. No carbapenem resistance was found.

Conclusion: Elderly ED patients, especially those who had previous cephalosporin exposure within 30 days, were
at higher risk of ESBL-producing bacteremic infections. ESBLs tended to have less susceptibility to the non-f3-

lactam agents.
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The problem of antimicrobial resistance is now
globally recognized in both gram-negative and gram-
positive infections, especially in inpatient and intensive
care unit (ICU) settings. Emergency Department
(ED) patients and outpatients, contributing most of
the community-acquired infections, are also of
concern. In the ED septic patients, the antimicrobial
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agents are required as soon as possible since delay
response can increase the mortality rate [1, 2]. In such
a time-dependent clinical management of septic
patients in ED, recognition of the antimicrobial
resistance burden can help clinicians make the
decisions to use the antimicrobial properly to control
the infections while minimizing further antimicrobial
resistance by giving “too broad” spectrum agents.
Infections with enterobacteria were prevalent in
community-acquired infections. Yet, community
acquisition of antimicrobial resistance in gram-negative
pathogens is not uncommon throughout the United
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States, Europe [3-6], and certain regions of Asia
[7, 8].

In Thailand, the patterns of antimicrobial
resistance may be different from other regions.
In fact, Apisarnthanarak et al. [9] pointed out this
growing problem. No previous comparable study
focusing solely on ED patients has been published.
Unpublished data of common gram-negative
(Escherichia coli, Klebsiella pneumoniae and
Salmonella spp.) antimicrobial resistance obtained
in our ED showed an increasing trend over the past
five years, implying that modifying factors were being
exposed to our ED patients and making these at risk
of infections by resistant strains.

In this study, we investigated risk factors of
extended spectrum beta-lactamase (ESBL)-producing
bacteremia among the patients with enterobacterial
infection. This may improve the clinical decision of
prompt antimicrobial administration in those who are
infected with enterobacteria in ED because infection
with resistant gram-negative pathogens due to
inadequate antimicrobial therapy has been associated
with poor clinical and survival outcomes [10-13].

Methods

The retrospective case-double-control study was
conducted at King Chulalongkorn Memorial Hospital
(KCMH). The study was approved by Ethics
Committee of KCMH. No written informed consent
was required.

We retrospectively collected data from ED patients
(age: older than 15 years) that attended between
October 2007 and October 2008 and whose blood
culture specimens yielded E. coli and K. pneumoniae
from the hospital laboratory computer database. We
collected demographic data, co-morbidities, baseline
performance status (using Karnofsky performance
status, KPS, scores), sources of infection, previous
antimicrobial use, and other potential risk factors of
the patients. To provide accurate information, all
outpatient medical records were reviewed in the
following three steps, 1) manual working though the
paper records, 2) electronic medical prescription
database, and 3) medical reconciliation data, if any.
None of the specimens was duplicated.

When bacteremic patients were identified, we
categorized those with ESBL-producing organisms in
their blood cultures and those with non-ESBL-
producing strains into cases and susceptible-form
controls (control group 1), respectively.

Matched population-based controls were used in
comparison between the cases. In this group, control
patients were recruited from patients admitted to the
wards from the same ED according to other conditions
on the same day when the eligible specimens of the
case patients were collected. They were not of
E. coli and K. pneumoniae bloodstream infection at
the time of admission. These matched controls were
randomly selected proportionate to a case by 3: 1 ratio
and termed as control group 2.

Determining the sites of infection
Concomitant sites of infection were determined
as follows [14-17].

e Urinary tract infections: fever, flank pain, lower
urinary tract symptoms (e.g., frequency, urgency, and
dysuria) with pyuria (at least, 10 leukocytes/mm?),
or >10° bacteria/mL in uncentrifuged urine
(corresponding with the blood culture)

e Respiratory tract infections: pneumonias (fever,
cough, dyspnea, and new infiltration on chest
radiograph) and their complications

e Hepatobiliary tract infections: acute
cholecystitis (fever, right upper quadrant pain, and
ultrasonographic findings of inflamed gall bladder) or
acute cholangitis (fever, right upper quadrant pain with
or without jaundice, biochemical and radiographic
evidences of obstructed bile duct or presence of
structural abnormalities, or foreign materials e.g. post-
sphincterotomy or stents)

¢ Skin and soft tissue infections: fever with skin
and subcutaneous tissue inflammation (cellulitis),
including deeper fascial infection (necrotizing fasciitis)
and other gangrenous cellulitis

e Primary bacteremia: the presence of bacteria in
the blood without a definite or clinically evident
concurrent source of infection

Microbiological methods and antimicrobial
sensitivity testing

In vitro antimicrobial susceptibility testing, minimal
inhibitory concentration (MIC), and the cutoff points
for susceptible (S), intermediately resistant (I), or
resistant (R) organisms were done and determined by
disc diffusion method (Becton Dickinson®, NJ, USA
and Oxo0id®, Cambridge, UK) and E-test (AB biodisk®,
Solna, Sweden). For enterobacteria (e.g. E.coli and
K.pneumoniae) that were growing in blood cultures,
susceptibility testing was performed using the following
lists of antimicrobials: ampicillin, cefazolin,
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trimetroprim/sulfamethoxazole, amoxicillin/clavulonic,
gentamicin, amikacin, ciprofloxacin, cefoperazone/
sulbactam, piperacillin/tazobactam, cefoxitin,
cefotaxime, ceftriaxone, ceftazidime, imipenem,
meropenem, and ertapenem.

We routinely did ESBL testing in K. pneumoniae,
K. oxytoca, E. coli, and bacteremic P. mirabilis,
according to the Clinical and Laboratory Standards
Institute (CLSI) manual [18]. The ESBL-producing
organisms were phenotypically identified by the double
disk or combined disk diffusion methods (Becton
Dickinson®, NJ, USA), and E-test (AB biodisk®, Solna,
Sweden).

All protocols, inhibition zone diameters and MIC
breakpoints were followed in accordance with the
CLSI manual [18].

Statistical analysis

Descriptive statistical analyses were used for
demographic data in terms of percentages between
the two groups of patients. Univariate chi-square (%)
and multivariate logistic regression analyses were
performed to explore the potential risk factors for
ESBL bacteremia. Odds ratio (OR) and 95%
confidence intervals (95%CI) were demonstrated.
Exploratory backward method was used in our
multivariate analysis. The factors in the univariate
models were chosen for entering the multivariate
analysis if the setting of p-value was 0.15, and
backward elimination method with p-value = 0.05 to
remove the variables from the model [19]. Normally-
distributed continuous variable was analyzed using
student’s t-test where appropriate.

The resistance rate was calculated as the number
of resistant or intermediately-resistant strains divided
by the total number of strains. The difference was
considered statistically significant if p-values were
<0.05. All statistical analyses were performed by
Statistical Package for the Social Sciences (SPSS Inc.
Chicago, USA) version 16.0.

Results

Ninety-seven and 38 blood culture specimens
grew E. coli and K. pneumoniae, respectively. One
hundred thirty five samples were analyzed, of which
two were missing ESBL phenotype. Thus, 133 patients
were identified and considered eligible. These included
103 in the non-ESBL group (control group 1) and 30
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in the ESBL group (cases). The rate of ESBL-
producing E. coli and K. pneumoniae bacteremia
among the bacteremic strains were 21.6% (21/97)
and 23.7% (9/38), respectively.

Concerning the control group 2, one hundred
matched controls were randomly chosen to identify
the potential factors of the ESBL-producing bacteremic
cases since 30 cases were discovered during the study
period.

The demographic data and patient characteristics
of the cases and both control groups are summarized
in Table 1.

Comparing between the cases and control group
1, 52.6% of the patients (70/133) had a history of some
hospitalization within 90 days or antimicrobial exposure
within 30 days. Based on univariate analysis, mean
age, chronic kidney diseases, malignancy, KPS scores
<40, previous hospitalization within 90 days, and
previous antimicrobial use especially cephalosporins,
quinolones, and carbapenems within 30 days were
the risk factors for ESBL bacteremia. As shown in
Table 1, the mean ages of the ESBL group were
significantly older than that of the non-ESBL group,
but there were marginally insignificant when
categorized into age > 60. Multivariable analysis
showed two significant independent factors of ESBL
bacteremia, age > 60 and previous cephalosporin use.
Comparing with matched control population (control
group 2), age, chronic kidney diseases, malignancy,
KPS score < 40, previous hospitalization within 90
days, and the use of cephalosporins, quinolones, and
carbapenems within 30 days were the risk factors in
univariate analysis. This is similar to the conditions in
control group 1. Multivariate analysis demonstrated
four independent risk factors, age > 60, chronic kidney
diseases or malignancy, previous use of cephalosporins,
and carbapenems within 30 days.

Susceptibility test to various antimicrobials

Susceptibility against other anti-gram-negative
agents was analyzed in all eligible isolates. Table 2
shows a comparison between the ESBL- with
the non-ESBL-producers. Interestingly, in addition
to a resistance to P-lactams (penicillins and
cephalosporins), the ESBL producers tended to be less
susceptible to non-B-lactam antimicrobials than the
non-ESBLs. No carbapenem resistance was found
in either group.
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Table 2. Invitro susceptibility to various antimicrobials of non-ESBL and ESBL-producing E. coli and

K. pneumoniae.

Antimicrobial agents No. (%) of susceptibleisolates ~ Odds ratio (95%CI) p-value
Non-ESBL ESBL

N=103 (100%) N=30 (100%)
Cefazolin 92(90.2) 0(0.0) 4.0(2.3-6.8) 0.000*
Ceftriaxone/cefotaxime 100 (97.1) 1(3.3) . .
Ceftazidime 101 (98.1) 21(70.0) 21.6(4.3-107.5) 0.000*
Cefepime 103 (100.0) 20 (66.7) .
Ampicillin 17 (16.7) 0(0.0) . .
Amoxicillin-clavulanicacid 88(86.3) 12 (40.0) 9.4(3.7-23.7) 0.000*
Ciprofloxacin 76 (73.8) 12 (40.0) 42(1.8-9.9) 0.001*
Gentamicin 86(83.5) 18 (60.0) 3.3(1.4-8.3) 0.006*
Amikacin 103 (100.0) 24(82.8) .
Carbapenems ** 103 (100.0) 30(100.0)

135

* p-value < 0.05, ** Carbapenems = imipenem, meropenem and ertapenem.

Discussion

The trend towards community-acquired
antimicrobial resistance of enterobacteria, including
ESBL, is well described worldwide. Yet, the rates are
increasing drastically. The rates of ESBL-producing
E. coli and K. pneumoniae among bacteremic
patients in ED were approximately 20% according to
our report. An article from another institute in our
country reported that the overall prevalence of ESBL,
of which most of them were hospital-acquired
and included that of non-enterobacteria, was 30.1%
[20].This convinced us that the rates of ESBL-
producing enterobacteria in Thailand were
problematic.

Presentation of infections with enterobacteria had
led the patients to the ED and the risk factors of ESBL
infections among these were our main interest. Many
studies have shown that ESBL bacteremia was one
of the predictors associated with longer hospital
stay [12] and higher mortality in the community [21],
and hospital-acquired infections [22]. Age, poor
functional status, certain co-morbidities such as chronic
kidney diseases or malignancy, previous hospital
hospitalization within 90 days, and previous
antimicrobial exposure within 30 days were
considered to be risk factors of ESBL enterobacterial
bacteremia in both studies. In our multivariate analysis,
older age group (> 60) and previous cephalosporin
exposure within 30 days were independent risk factors,
while the latter was the strongest predictor in both
studies using different type of controls. Furthermore,

has been constantly demonstrated in previous
publications though the intervals between the exposure
and time of specimen collection varied among these
(one to three months) [3, 11, 23, 24]. Certain co-
morbidities such as chronic kidney diseases and
malignancy were the independent predictors of ESBL
bacteremia compared with general ED patients.
Previous carbapenem exposure within 30 days
could be a factor resembling that of Martinez et al.
[25], which mainly concerned in hospital-acquired
infected patients. This demonstrated significance
in our multivariate model only in general ED
population-based study. The interaction between the
cephalosporins and carbapenem exposure could be
explained by the sequential use of carbapenems when
clinically unresponsive to cephalosporins during
the prior admission. Therefore, the influence of
carbapenems was masked by the cephalosporins.
About half of both control groups had a history of some
hospitalization within 90 days or antimicrobial exposure
within 30 days. As the patients were septic, they were
defined as community-onset, healthcare-associated
infections proposed by Friedman et al.[26]. It was also
a factor according to the univariate models using both
control groups. These findings could imply that
healthcare-associated septic elderly patients in our ED,
especially those who had certain co-morbidities and
previous antimicrobial exposure, particularly
cephalosporin or carbapenem, were at high risk of being
infected with ESBL-producing pathogens when they
were having enterobacterial infections. Such risk
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factors (age >60, health-care associated infection, and
recent antimicrobial use) were comparable to the
recent result by Rodr(Iguez-Ballo et al. [27] that
referred to community-onset ESBL-producing E.coli
bacteremia at a multicenter level. However, previous
cephalosporin and carbapenem exposure were
considered the influential factors in our study.

Factors such as the use of antimicrobials may
have some protective effect against yielding
susceptible organisms that enter the “susceptible-
form” control group [28]. Therefore, those could
overestimate the OR of the risk factor [29, 30]. This
might explain the exaggeration of the adjusted OR of
previous cephalosporin exposure when comparing the
cases with susceptible-form controls, thus, the
reduction of the OR was observed in matched
population-base control study. Our results confirmed
that such risk factors were persistently germane to
every sequence of the patient care, consistent with
earlier publications. However, even if the adjusted
predictors were obviously denoted, other clinically
important variables, such as performance status,
previous colonization with resistant strains, or overall
clinical profiles should not be disregarded when being
applied in clinical practice.

Quinolones, aminoglycosides or cephalosporins,
frequently used against enterobacteria, were widely
recommended in the past decade [31, 32]. Our study
revealed the ESBLs were also likely to have quinolone
co-resistance since some of the patients had exposure
to both cephalosporins and quinolones [33] or both
resistances could be simultaneously adopted by
plasmid-mediated mechanisms [34, 35]. These agents
can be insufficient for initial treatment if infections
are ESBLs.

Antimicrobials must be promptly given to ED
patients likely infected with ESBLs, especially those
in a “cannot-wait” sepsis or septic shock state.
Therefore, carbapenems may be considered early
since no carbapenem resistance against either non-
ESBL-producing enterobacteria or the ESBL
producers was found in our antimicrobial susceptibility
report. Moreover, a publication has shown a better
outcome if used in ESBL bacteremic cases [22].

Conclusion

ESBL-producing E. coli and K. pneumoniae
were prevalent among the enterobacterial infection
in our ED, similar to those in the hospitalized patients
and other geographic areas. The risk factors of ESBL

bacteremia were age, poor functional status, certain
co-morbidities such chronic kidney diseases or
malignancy, previous discharge from hospital, and
previous antimicrobial exposure (cephalosporins,
quinolones, and carbapenems). Old age and previous
cephalosporin exposure were considered the most
influential factors. ESBLs tended to have co-resistance
to non-B-lactam antimicrobials. Emergency physicians
should be aware of the high prevalence and the risks
of ESBL infection when dealing with suspicious
enterobacterial infections.
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