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OBJECTIVE: To compare clinical and economic outcomes
between patients with urinary tract infection (UTI) due to
extended-spectrum B-lactamase-producing Escherichia
coli and Klebsiella species (ESBL-EK) versus patients with
non-ESBL-EK UTI.

PATIENTS AND METHODS: Eighty-four (3.6%) of 2345
patients admitted between September 1, 2011 and August
31, 2012 with UTIl were positive for ESBL-EK. Fifty-five
ESBL-EK UTI (cases) and matched controls (non-ESBL-EK
UTI) were included in the analysis. Clinical and economic
outcomes were compared between cases and controls for
statistical significance.

RESULTS: Cases were more likely to have diabetes melli-
tus, a history of recurrent UTls, recently received antibiotics,
recently been hospitalized, and had previous isolation of an
ESBL-producing organism compared with controls. Failure
of initial antibiotic regimen (62% vs 6%; P < 0.001) and time

to appropriate antibiotic therapy (51 vs 2.5 hours; P < 0.001)
were greater in cases. The median cost of care was greater
(additional $3658; P =0.02) and the median length of stay
(LOS) prolonged for cases (6 vs 4 days; P =0.02) despite
similar hospital reimbursement (additional $469; P = 0.56).
Although not significant, infection-related mortality (7.2% vs
1.8%) and 30-day UTI readmission (7.2% vs 3.6%) were
higher in ESBL-EK cases.

CONCLUSIONS: UTI caused by ESBL-EK is associated
with significant clinical and economic burden. The cost of
care and LOS of patients with ESBL-EK UTI were 1.5 times
those caused by non-ESBL-EK. Importantly, the additional
cost of care is a liability to the hospital, as this is not offset
by reimbursement. Appropriate and timely initial antibiotics
may minimize the ESBL-EK impact on outcomes of patients
with UTI. Journal of Hospital Medicine 2014;9:232-238.
© 2014 Society of Hospital Medicine

Community-onset urinary tract infection (UTI) is a
common bacterial infection encountered in hospital
medicine, accounting for >350,000 hospital admis-
sions and $3.4 billion in healthcare costs annually.'
High proportions of these infections are caused by
Enterobacteriaceae, primarily Escherichia coli and
Klebsiella species.”> The prevalence of hospitalized
patients with UTI caused by multidrug-resistant E coli
and Klebsiella species has increased.’™ Enterobacter-
iaceae can produce hydrolytic enzymes, specifically
extended-spectrum B-lactamases (ESBL), which result
in high rates of bacterial resistance to frequently used
agents.® Global rates vary widely by region, and
recent surveillance data showed increasing rates of
clinical isolates in North America are ESBL pro-
ducers.”'® More alarming is the emergence of these
resistant organisms in the community.

In addition to B-lactams, ESBL production is associ-
ated with resistance to other antibiotic classes (fluoro-
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quinolones, aminoglycosides, and sulfonamides), and
has become an important cause of failed therapy.'*'?
Consequently, providing adequate and timely antibiot-
ics can become convoluted due to fewer remaining
treatment options. Therefore, carbapenems, which are
less susceptible to hydrolysis by these enzymes, have
become the preferred therapy for infection with ESBL-
producing pathogens.>!3!*

The consequences of ESBL production, mainly in
bloodstream infection (BSI), are well characterized,
including notable delays in receipt of appropriate anti-
biotic therapy, prolonged length of stay (LOS), and
increased cost of care.'>'® Importantly, others have
found higher rates of mortality."”*! However, the
impact on outcomes specifically in UTI remains
unclear. As a result of the prevalence of UTI admis-
sions to the hospital, the increasing incidence of
ESBLs, and the potential impact on the clinical course
of care, additional study is required to support best
practices for this common diagnosis.

PATIENTS AND METHODS

Study Subjects and Design

This was a retrospective, matched-cohort analysis of
patients admitted to the hospital with UTI (Interna-
tional Classification of Diseases, 9th Revision-Clinical
Modification code 599.0) caused by extended-
spectrum b-lactamase-producing Escherichia coli and
Klebsiella species (ESBL-EK). Patients admitted to
Hartford Hospital from September 1, 2011 through
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August 31, 2012 with UTI present on admission (<48
hours) were evaluated. Cases were patients >18 years
of age, with a positive urine culture (>10* CFU/mL)
for an ESBL-producing organism (<48 hours of
admission), who received antibiotic treatment directed
at the positive culture for >48 hours, and beginning
prior to availability of in vitro susceptibility results.
Cases were identified by a detailed search of the
microbiology department database of ESBL-EK cul-
tures. Only the first positive (index) culture for each
patient was included. Bacteremia was defined as isola-
tion of a blood culture organism identical to the one
isolated from the urine culture. Patients were excluded
if they were discharged, died, or placed on palliative
care prior to or on the date of urine collection. Con-
trols (patients admitted with UTI on admission caused
by non-ESBL-EK) were matched to cases in a 1:1
fashion on the basis of isolated urinary pathogen, age
(=5 years), sex, and race. ESBL-producing organisms
were identified and classified according to the Clinical
and Laboratory Standards Institute guidelines.**

Data Collection

Once patients were identified, the following informa-
tion was collected from the patient’s medical record
by 2 investigators using a standardized case report
form: demographic characteristics, comorbid condi-
tions and severity of comorbidities using the Charlson
comorbidity index, recent patient medical history, and
clinical and economic attributes.”?

The study was approved by the institutional review
board of Hartford Hospital. An informed consent
waiver was granted as all data were currently in exis-
tence and no patient-specific interventions were con-
ducted for the study. The collection of data was in
compliance with the Health Insurance Portability and
Accountability Act of 1996.

Outcomes and Definitions
Onset of UTI was defined as the date/time of the
index culture collection. An initial antibiotic treatment
was a course of therapy initiated empirically (prior to
availability of in vitro susceptibility) and that contin-
ued for >48 hours. An appropriate empiric antibiotic
was defined as an initial antibiotic that ultimately pos-
sessed in vitro activity against the isolated pathogen.
The primary clinical outcomes were initial antibi-
otic response and clinical response. Initial antibiotic
response was defined as “failure” if there was lack of
clinical improvement, as evident by a switch to an
alternative antibiotic (excluding switches to similar/
narrower-spectrum agents and courses begun at dis-
charge) or infection-related mortality while receiving
the initial antibiotic. Patients were deemed “clinical
success” if they were clinically stable at discharge or
end of therapy, whichever occurred first, with resolu-
tion of signs and symptoms of infection. Clinical fail-
ures were patients with (1) infection-related mortality
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or (2) readmission to hospital with UTI within 30
days of discharge. Clinical response was chosen as a
primary outcome because significant mortality attrib-
uted to UTI was not anticipated. Secondary clinical
outcomes included: time to appropriate antibiotic
therapy, mortality (all cause and infection related),
and 30-day readmission (all cause and UTI related).
Patients were considered to have received appropriate
antibiotic therapy when they had received their first
dose of antibiotic with activity against the isolated
pathogen based on the patient-specific in vitro suscep-
tibility results. Time to appropriate antibiotics was
defined as the elapsed time (hours) between the index
culture collection and the initial dose of appropriate
antibiotic therapy. All-cause mortality was defined as
any cause of death at the end of hospitalization,
whereas infection-related mortality was defined as
death occurring while receiving antibiotics for the
index infection, without any other obvious cause of
death.

The primary economic outcomes were hospital
LOS, costs, and reimbursement. Antibiotic costs were
calculated for each patient according to acquisition
costs. Additional economic outcomes evaluated were
net hospital reimbursement and primary payor. Net
hospital reimbursement was calculated as the differ-
ence between hospital reimbursement and hospital
costs for each patient. Hospital costs were calculated
as the direct plus indirect hospitalization costs for
each patient, as determined by our institutional
accounting department. All economic values were
reported in United States dollars.

Statistical Analysis

Statistical comparisons were performed between cases
and controls using a paired ¢ test or Wilcoxon signed
rank test for continuous variables, where appropriate.
Dichotomous variables were compared using the
McNemar test. Multivariate logistic regression was
performed to calculate odds ratios (ORs) and 95%
confidence intervals (Cls) to determine independent
risk factors for ESBL-EK, including all pertinent varia-
bles with a P value <0.1 in univariate analyses. All
data were analyzed using SigmaStat version 2.03
(IBM/SPSS, Armonk, NY). A P value of <0.05 was
considered statistically significant.

RESULTS

Patient Population

Between September 2011 and August 2012, there
were 220 specimens of ESBL-related infection and
2345 patients admitted with a UTI on admission.
Eighty-four were confirmed ESBL-EK cases (3.6%),
and 55 met criteria for inclusion. Twenty-nine of
these cases were excluded because the index culture
was polymicrobial, for which the response to antibiot-
ics for ESBL-EK could not be elicited (n=22); they
had incomplete medical records (n=4); or they did
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TABLE 1. Demographics and Baseline Characteris-
tics of UTI Patients by ESBL Status

ESBL Positive, ESBL Negative,

n=>55 n=55 P*
Demographics
Age, y, median (IOR) 77 (67-85) 77 (66-85) 0831
Female 36(65.4) 36(65.4) 1.00
White 42(76.4) 42(76.4) 1.00
Black 5(9.1) 5(9.1) 1.00
Hispanic/Latino 6(10.9 6(10.9 1.00
Other 2(3.6) 2(3.6) 1.00
Comorbidities
Diabetes mellitus 25 (45.5) 10(18.1) 0.004
(COPD 15(27.2) 6(10.9) 0.04
Liver disease 2(3.6) 1(1.8) 1.00
Hemodialysis 9(164) 6(109 0.58
Hematological malignancy 3(59) 2(3.6) 1.00
Solid malignancy 13(23.6) 9(164) 045
HIV/AIDS 0 1(1.8) 1.00
Age >65 years 44(80.0) 43(78.2) 1.00
Urinary abnormality 15(27.2) 15(27.2) 1.00
Charlson comorbidity index, median (1QR) 324 2(1-39) 0.19¢
History
Previous hospitalization* 38(69.1) 24 (43.6) 0.01
Previous antibiotics’ 23 (41.8) 12(21.9) 0.04
Recent immunosuppressive therapy® 9(16.4) 3(5.9) 0.1
History of recurrent UTIs** 29(52.7) 12(218) 0.001
History of urinary catheterization' " 18(327) 14(254) 045
Previous genitourinary procedure/surgery 10(18.2) 6(10.9 0.39
Previous ESBL-producing organism* 15(27.9) 0 <0001
Clinical features
Transfer from another healthcare facility 27 (49.1) 17(21.0) 0.06
|CU admission 12(21.9) 7(127) 0.33
Bacteremia 7(12.7) 509.1) 0.75
Infectious Diseases consulted 39(70.1) 16(29.1) <0.001

Empiric B-Jactam (noncarbapenem) 3563.6) 50(90.9) 0.001

NOTE: Data are presented as no. (%) of patients unless specified otherwise

Abbreviations: COPD, chronic obstructive pulmonary disease; ESBL, extended-spectrum B-lactamase;
HIV/AIDS, human immunodeficiency virus/acquired immunodeficiency syndrome; ICU, intensive care unit;
IQR, interquartile range; UTI, urinary tract infection.

*By McNemar test, unless specified otherwise.

"By Wilcoxon signed rank test.

*During the 12 months preceding the index hospitalization.
$During the 3 months preceding index hospitalization.

’[During the 3 months preceding index hospitalization. Defined as chemotherapy, glucocorticoids (equiva-
lent to prednisone >20 mg for at least 2 weeks), or more than 48 hours of any of the following: tacrolimus,
sirolimus, cyclosporine, mycophenolate, or antithymocyte globulin.

**Defined as >2 infections in 6 months or >3 infections in 1 year.
During the 30 days preceding the index hospitalization.
#During the 12 months preceding the index hospitalization.

not have a matched control patient (n = 3). Fifty-five
matched control patients were identified, resulting in
110 patients overall.

Patient demographics and baseline characteristics
are shown in Table 1. Patients with ESBL-EK UTI
were more likely to have diabetes mellitus, chronic
obstructive pulmonary disorder, and a history of
recurrent UTIs. They were more likely to have
recently received antibiotics, been hospitalized, or had
isolation of an ESBL-producing organism. No signifi-
cant differences in Charlson comorbidity index, recent
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FIG. 1. In vitro nonsusceptibility profiles of the 55 Escherichia coli and Kleb-
siella species urinary tract infection isolates (E coli [black bars] and Klebsiella
species [gray bars]). Abbreviations: CIP, ciprofloxacin; CRO, ceftriaxone;
ERT, ertapenem; FEP, cefepime; FOX, cefoxitin; GEN, gentamicin; LVX, levo-
floxacin; MEM, meropenem; NIT, nitrofurantoin; SAM, ampicillin-sulbactam;
SXT, trimethoprim-sulfamethoxazole; TET, tetracycline; TOB, tobramycin.

immunosuppressive therapy, or urinary catheterization
were observed. Compared with controls, patients with
ESBL-EK UTI were more frequently transferred from
another healthcare facility, although the difference
was not statistically significant (P = 0.06). In the mul-
tivariate regression model, diabetes mellitus (OR: 4.4,
95% CI: 1.7-11.5; P =0.002), history of recurrent
UTIs (OR: 4.4, 95% CI: 1.8-10.9; P =0.001), and
transfer from another healthcare facility (OR: 2.38,
95% CI: 1.0-5.7; P =0.05) were independently asso-
ciated with ESBL-EK UTIL Previous isolation of an
ESBL-producing organism (P <0.001) was unable to
be included in the multivariate logistic regression
model because only patients with UTI caused by
ESBL-EK were positive for this variable. However, as
noted in Table 1, 27.2% of cases had isolation of an
ESBL-producing organism in the previous year.

Isolate Characteristics

The distribution of causative pathogens in each cohort
was: 44 (80%) Escherichia coli, 8 (14.5%) Klebsiella
pneumoniae, and 3 (5.5%) Klebsiella oxytoca. In vitro
nonsusceptibility profiles of the 55 ESBL-EK cases are
characterized in Figure 1. The most active agents were
carbapenems, with 98.2% susceptibility to the entire
isolate profile, whereas <10% of isolates were suscep-
tible to the fluoroquinolones. All ESBL-producing iso-
lates were resistant to cefepime.

Failure on Initial Antibiotic Regimen

Initial antibiotic therapy is shown in Table 2. A
majority of patients (87.2%) were initially treated
with a B-lactam. Empiric carbapenem use was greater
in ESBL-EK cases (18.1% vs 0%; P<0.001), and
there were no other significant differences in the dis-
tribution of initial antibiotic therapy between cohorts.
Less than one-quarter of ESBL-EK patients (23.6%)
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TABLE 2. Initial Antibiotics Received by Patients
With Urinary Tract Infection According to ESBL
Status

ESBL Positive, ESBL Negative,

Initial Antibiotic n=>55 n=>55 P*

Ceftriaxone 21(38.1) 32(58.1) 0.06
Cefepime 10(18.2) 12(21.8) 0.81
Ertapenem 7(12.7) 0 0.02
Levofloxacin 6(10.9 4(73) 0.74
Cefazolin 0 4(73) 013
Piperacillin-tazobactam 3(55) 0 0.24
Ciprofloxacin 2(3.6) 1(1.9) 1.00
Doripenem 2(3.6) 0 048
Trimethoprim-sulfamethoxazole 2(3.6) 0 048
Meropenem 1(1.9) 0 1.00
Cephalexin 1(1.9) 1.00
Aztreonam 0 2(3.6) 048

NOTE: Data are presented as no. (%) of patients. Abbreviations: ESBL, extended-spectrum @-lactamase.
*By McNemar test.

received appropriate initial therapy, whereas 98.2%
of controls were initially treated appropriately
(P <0.001).

Compared with controls, failure of initial antibiotic
therapy was more common in patients with ESBL-EK
UTI, resulting in a significantly longer time to appro-
priate antibiotics (Table 3). Among ESBL-EK UTI
cases, failure of initial antibiotic therapy was greater
for patients who received noncarbapenem B-lactams
(85.7%) as compared to those who empirically
received a carbapenem (0%) (P < 0.001). Antibiotic
failure (>2 patients treated) in ESBL-EK was highest
with the following antibiotics: cefepime (100% [10/
10]), piperacillin-tazobactam (100% [3/3]), and cef-
triaxone (76.2% [16/21]).

Clinical Outcomes

There were no significant differences in clinical suc-
cess, mortality, or 30-day readmission between
cohorts (Table 3). Among ESBL-EK patients, those
who received appropriate antibiotics within 48 hours
were significantly more likely to achieve treatment
success (100% vs 77.1%; P =0.04). All 8 ESBL-EK
treatment failures (4 infection-related mortality and 4
UTI readmitted with the same ESBL pathogen) failed
to receive appropriate antibiotics within 48 hours of
culture collection.

More ESBL-EK patients required a switch in their
antibiotics. Within the subgroup of ESBL-EK patients
with an escalation in antibiotics, ertapenem was
added to 19 of 33 (57.6%) cases.

Economic Outcomes

ESBL-EK patients who received inappropriate initial
therapy received longer antibiotic treatment courses
than those empirically treated with a carbapenem
(mean * standard deviation, 8.9 £3.7 vs 6.2+ 3.2

Outcomes of ESBL-EK UTI | MacVane et al

TABLE 3. Clinical and Economic Outcomes of
Patients With UTI by ESBL Status

ESBL Positive, ESBL Negative,
n=>55 n=>55 P
Clinical parameter
Initial antibiotic failure 34(61.8) 3(.5) <0.001
Escalation to an afternative 33(60.0) 3(6.9) <0.001
antibiotic
Time to appropriate antibiotics, 51 (32.5-60.8) 25(1.0-7.2) <0.001
h, median (1QR)
Appropriate empiric antibiotics 13(23.6) 54(98.2) <0.001
Clinical success 47(85.5) 52 (94.5) 023
All-cause mortality 509.1) 1(1.9) 0.21
Infection-related mortality 4(72) 1(1.9) 037
All-cause 30-day readmission 12(21.8) 15(27.2) 063
UTl-related 30-day readmission 4(72) 2(3.6) 0.68
Economic parameter"
Length of stay, d, median (IOR) 6(4-8) 4(3-6) 0.02

Total hospitl cost, median (QR)® 10,741 (6846-15,819) 7,083 (5667-11652  0.02
Bed cost, % tota cost 5T5(16-660)  638(519-735 021

median (1QR)
Antibiotic cost, % total cost, 05(0.1-20) 0.1(0.03-0.2 <0.001
median (QR)
Primary payor, n (%)
Medicare 44(80) 44.(80) 1.00
Medicaid 7(127) 3(5.4) 0.32
Private insurance 2(36) 2(36) 0.61
Managed care 2(3.6) 6(10.9 027

NOTE: Data are presented as no. (%) of patients unless specified otherwise.

Abbreviations: ESBL, extended-spectrum B-lactamase; IQR, interquartile range; UTI, urinary tract
infection.

“By McNemar test, unless specified otherwise.
*By Wilcoxon signed rank test.
*Data are in US dollars.

days, respectively; P =0.04). When compared to non-
ESBL infection, ESBL-EK patients required more days
of antibiotic therapy (median 8 vs 5 days; P =0.03).
The median LOS was significantly longer and total
hospital costs were significantly greater for ESBL
cases. Antibiotic costs contributed minimally to the
overall cost, accounting for <1% (0.5% for cases vs
0.1% for controls), regardless of ESBL status. A com-
parison of economic outcomes is presented in Table 3.
LOS among ESBL cases was not different between
those discharged with and without continued antimi-
crobial therapy. Moreover, for those discharged on
antimicrobial therapy, the utilization of either the oral
or intravenous route did not delay discharge (data not
shown).

The payor mix was similar between cases and con-
trols. Given the predominately elderly population,
Medicare was the primary payor for a majority of
patients. Median differences in cost and reimburse-
ment between cohorts (ESBL-EK vs non-ESBL-EK)
were $3658 (P =0.02) and $469 (P =0.56), respec-
tively. As a result, median loss per patient with ESBL-
EK infection was $3189 when compared with
controls.
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Bacteremia

All cases of bacteremia were present on admission.
Bacteremic UTI due to ESBL-EK was associated with
initial antibiotic failure (85.7% [6/7] vs 0% [0/5];
P =0.015), delayed appropriate therapy (median, 56
vs 2 hours; P =0.003), longer median hospital stays
(11 vs 5 days; P=0.05), and higher median cost
($27,671 vs $5898; P=0.03) as compared with bac-
teremic UTI due to non-ESBL-EK. Infection-related
mortality occurred in 2 ESBL-EK bacteremic patients,
but no mortality was observed among the non-ESBL-
EK bacteremic UTI cohort (28.6% [2/7] vs 0% [0/5];
P =0.47].

DISCUSSION
This matched cohort analysis revealed that ESBL-EK
has detrimental effects on the outcomes of patients
admitted to the hospital with UTI. While matching
for demographics and infecting pathogen, patients
with ESBL-EK UTI had diminished initial antibiotic
response and considerably longer time to appropriate
antibiotic therapy (~48 hours longer) than their non-
ESBL comparator. Despite significant delays in appro-
priate therapy, we saw no attributable difference in
clinical outcome and mortality; however, numerical
trends toward increased risk were observed in ESBL-
EK patients. Although clinical response was largely
unchanged, prolonged hospitals stays and increased
cost of care were endured by ESBL-EK patients.
Antimicrobial resistance, a primary factor in the
postponement of appropriate antibiotic therapy, is a
worrisome occurrence with meaningful clinical impli-
cations.'®~*** In BSI, delayed appropriate therapy
due to ESBLs has been associated with prolonged
LOS, increased costs, and increased mortality.?%*
However, the clinical significance of ESBL production
on patient outcomes in UTI remains equivocal. To the
best of our knowledge, this is the first matched con-
trol analysis evaluating the clinical and economic
impact of ESBL specifically in UTL. We saw a 50%
increase in the median LOS (from 4 to 6 days) and
cost of care (additional $3658 per patient) in the
ESBL-EK UTI cohort. Albeit as small subpopulation,
patients with bacteremic UTI due to ESBL-EK had sig-
nificantly longer hospital stays and increased cost of
care as compared with non-ESBL-EK bacteremic UTI.
These economic findings are consistent with data from
other investigations. For example, a matched case-
control study of infection (51.5% UTI) due to ESBL-
producing E coli and K pneumoniae by Lautenbach
and colleagues found an additional 60-hour (72 vs
11.5 hours, P<0.001) delay in time to appropriate
antibiotics for case patients, resulting in significantly
longer LOS (1.8 times) and increased hospital charges
(2.9 times).!” With respect to costs, a matched case-
control analysis of ESBL-EK in non-UTI saw a 70%
increase in cost ($41,353 vs $24,902).>° Moreover,
the increased cost in that study, like this one, was

driven primarily by LOS (additional 9.7 days) and not
drug utilization, with antibiotic costs representing
<2% of the total hospitalization cost. Tumbarello
and colleagues observed an approximate 50% increase
in LOS and hospital costs in patients with BSI caused
by ESBL-producing E coli.*°

Distinctive from those studies, we investigated the
significance of ESBL production on hospital reim-
bursement. Despite the additional healthcare resource
utilization (~50% greater), we saw no appreciable
increase (<5%) in median hospital reimbursement.
Given that the primary payors between cohorts were
comparable, infection with ESBL-producing bacteria
may result in a potential loss of income if optimal
treatment is not initiated on admission.

The risk factors for development of UTI due to
ESBL-EK are well defined.?’~* Two scoring systems,
an Italian and a Duke model, have identified patients
at increased risk of harboring ESBL-producing organ-
isms on hospital admission.?*?* The features of each
model center on established risk factors for ESBL-EK
UTL. In our study population, these scoring model fea-
tures were more common in ESBL-EK patients, sup-
porting their potential application in UTI. However,
because of our study design (infected controls) and
matching criteria, only 2 features (recent antibiotics
and previous hospitalization) achieved statistical sig-
nificance as detectable risk factors in our population.
Regardless, these data, coupled with increasing preva-
lence of UTI with ESBL-producing bacteria, provide
justification and advocacy for the empiric use of ESBL
active antibiotics (ie, carbapenems) in certain high-risk
individuals, particularly those patients with a previous
history of ESBL or those with multiple risk factors
identified in our study as well as others (previous hos-
pitalization, recent antibiotic exposure). Importantly,
an aggressive de-escalation strategy should be used to
temper collateral damage for patients with non-ESBL
infections. Moreover, the utilization of oral therapies
beyond the fluoroquinolones and trimethoprim-
sulfamethoxazole, such as fosfomycin and nitrofuran-
toin, coupled with coordinated transitions of care,
may alleviate the demand for intravenous access in
patients prepared for discharge.®>-*

This study is not without limitations. As only a dis-
tinct period in time was studied, we are unable to
determine the implications of previous episodes of
UTI on the current admission. Although the Charlson
comorbidity score was not significantly different
between the 2 patient cohorts, ESBL-EK patients were
more likely to have several demographic features (ie,
diabetes mellitus, recurrent UTIs, previous hospitaliza-
tion, and recent antibiotic exposure), which are to be
expected in the ESBL population.>”*® Although these
differences have been observed as expected, we believe
the driver of prolonged LOS and increased costs of
care stem from inappropriate initial antibiotic therapy
as evident by the initial clinical failure observed in
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ESBL-EK patients. It should also be noted that we
defined antibiotics as appropriate based on the labora-
tory criteria for susceptibility, as such agents that
have high concentration in the urinary tract (ie, fluo-
roquinolones) may be effective despite these labora-
tory definitions.!” For instance, 10 of our ESBL-EK
patients never received appropriate antibiotics (3 fluo-
roquinolones, 7 noncarbapenem B-lactams) as defined
by laboratory-based susceptibility testing, 8 of whom
experienced clinical success. Previous studies have
shown discordance between phenotypic ESBL-related
resistance profiles and outcomes,!”7>1:2%:3%:40

In summary, recent increases in antimicrobial resist-
ance present ongoing challenges in the treatment of
hospitalized patients, as appropriate treatment options
are extremely limited. Our findings strengthen the
consortium of data stating that antimicrobial resist-
ance unfavorably impacts patient outcomes.*"**
ESBL-EK in UTI is associated with high rates of fail-
ure of initial antibiotic therapy, prolonged LOS, and
increased cost of care. Furthermore, the added cost
associated with UTT due to ESBL-EK is not recognized
in hospital reimbursement, as evident by a $3200 net
loss relative to reimbursement. This loss appears to be
solely due to the increased LOS, as antibiotic costs
were <1% of cost of care. Moreover, these negative
consequences could be even more pronounced at insti-
tutions with a higher prevalence of ESBL infection. A
multidisciplinary approach (infection control, microbi-
ology) using these data as a benchmark, may enhance
the detection, treatment, and prevention of these
ESBL-producing organisms. With high levels of core-
sistance to noncarbapenem B-lactams and fluoroqui-
nolones, providers should be cognizant of organisms
capable of producing ESBL when selecting initial anti-
biotic therapy in high-risk populations. Early recogni-
tion and timely initiation of appropriate antibiotic
therapy appear paramount to minimizing the burden
of ESBL-EK in patients admitted to the hospital with
a UTL

Acknowledgements
The authors thank Gilbert Fotunato for his assistance with administra-
tive data retrieval.

Disclosures: This work is supported by a grant from Merck & Co., Inc.
D.P.N. reports having received grant support and honorarium from
Merck & Co., Inc. S.H.M and L.O.T report no conflicts of interest rele-
vant to this article.

References
1. Litwin MS, Saigal CS, Yano EM, et al. Urologic diseases in America

project: analytical methods and principal findings. | Urol. 2005;
173(3):933-937.

2. Nicolle LE. Urinary tract pathogens in complicated infection and in
elderly individuals. | Infect Dis. 2001;183(suppl 1):S5-S8.

3. Hoban DJ, Nicolle LE, Hawser S, Bouchillon S, Badal R. Antimicro-
bial susceptibility of global inpatient urinary tract isolates of Esche-
richia coli: results from the Study for Monitoring Antimicrobial
Resistance Trends (SMART) program: 2009-2010. Diagn Microbiol
Infect Dis. 2011;70(4):507-511.

4. Paterson DL, Bonomo RA. Extended-spectrum B-lactamases: a clini-
cal update. Clin Microbiol Rev. 2005;18(4):657-686.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Outcomes of ESBL-EK UTI | MacVane et al

Oteo ], Perez-Vazquez M, Campos J. Extended-spectrum B-lactamase
producing Escherichia coli: changing epidemiology and clinical
impact. Curr Opin Infect Dis. 2010;23(4):320-326.

Livermore DM. Defining an extended-spectrum beta-lactamase. Clin
Microbiol Infect. 2008;14(suppl 5):3-10.

Reinert RR, Low DE, Rossi F, Zhang X, Wattal C, Dowzicky MJ.
Antimicrobial susceptibility among organisms from the Asia/Pacific
Rim, Europe and Latin and North America collected as part of TEST
and the in vitro activity of tigecycline. | Antimicrob Chemother. 2007,
60(5):1018-1029.

Winokur PL, Canton R, Casellas JM, Legakis N. Variations in the
prevalence of strains expressing an extended-spectrum B-lactamase
phenotype and characterization of isolates from Europe, the Americas,
and the Western Pacific region. Clin Infect Dis. 2001;32(suppl 2):594—
$103.

National Nosocomial Infections Surveillance (NNIS) System Report,
data summary from January 1992 through June 2004. Am | Infect
Control. 2004;32(8):470-485.

Goossens H, Grabein B. Prevalence and antimicrobial susceptibility
data for extended-spectrum B-lactamase- and AmpC-producing Enter-
obacteriaceae from the MYSTIC Program in Europe and the United
States (1997-2004). Diagn Microbiol Infect Dis. 2005;53(4):257-
264.

Pitout JDD, Nordmann P, Laupland KB, Poirel L. Emergence of
Enterobacteriaceae  producing extended-spectrum  b-lactamases
(ESBLs) in the community. | Antimicrob Chemother. 2005;56(1):52—
59.

Paterson DL, Mulazimoglu L, Casellas JM, et al. Epidemiology of
ciprofloxacin resistance and its relationship to extended-spectrum B-
lactamase production in Klebsiella pneumoniae isolates causing bac-
teremia. Clin Infect Dis. 2000;30(4):473-478.

Lautenbach E, Strom BL, Bilker WB, Patel JB, Edelstein PH, Fishman
NO. Epidemiological investigation of fluoroquinolone resistance in
infections due to extended-spectrum-f-lactamase-producing Esche-
richia coli and Klebsiella pneumoniae. Clin Infect Dis. 2001;33(8):
1288-1294.

Schwaber M]J, Navon-Venezia S, Schwartz D, Carmeli Y. High levels
of antimicrobial coresistance among extended-spectrum-B-lactamase-
producing Enterobacteriaceae. Antimicrob Agents Chemother. 2005;
49(5):2137-2139.

Kollef MH. Inadequate antimicrobial treatment: an important deter-
minant of outcome for hospitalized patients. Clin Infect Dis. 2000;
31(suppl 4):S131-5138.

Cosgrove SE. The relationship between antimicrobial resistance and
patient outcomes: mortality, length of hospital stay, and health care
costs. Clin Infect Dis. 2006542 (suppl 2):582-S89.

Lautenbach E, Strom BL, Bilker WB, Patel JB, Edelstein PH, Fishman
NO. Extended-spectrum beta-lactamase-producing Escherichia coli
and Klebsiella pneumoniae: risk factors for infection and impact of
resistance on outcomes. Clin Infect Dis. 2001:32(8):1162-1171.
Tumbarello M, Sanguinetti M, Montuori E, et al. Predictors of mor-
tality in patients with bloodstream infections caused by extended-
spectrum-B-lactamase-producing Enterobacteriaceae: importance of
inadequate initial antimicrobial treatment. Antimicrob Agents Che-
mother. 2007;51(6):1987-1994.

Schwaber M, Carmeli Y. Mortality and delay in effective therapy
associated with extended-spectrum @ lactamase production in Entero-
bacteriaceae bacteraemia: a systematic review and meta-analysis. |
Antimicrob Chemother. 2007;60(5):913-920.

Tumbarello M, Spanu T, Di Bidino R, et al. Costs of bloodstream
infections caused by Escherichia coli and influence of extended-
spectrum-B-lactamase production and inadequate initial antibiotic
therapy. Antimicrob Agents Chemother. 2010;54(10):4085-4091.
Rottier WC, Ammerlann HSM, Bonten MJM. Effects of confounders
and intermediates on the association of bacteraemia caused by
extended-spectrum B-lactamase-producing Enterobacteriaceae and
patient outcome: a meta-analysis. | Antimicrob Chemother. 2012;
67(6):1311-1320.

Clinical and Laboratory Standards Institute. Performance standards
for antimicrobial susceptibility testing: 21st informational supple-
ment. M100-S20. Wayne, PA: Clinical and Laboratory Standards
Institute; 2010.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: develop-
ment and validation. | Chronic Dis. 1987;40(5):373-383.

Kang C, Kim S, Park W, et al. Bloodstream infections caused by
antibiotic-resistant gram-negative bacilli: risk factors for mortality
and impact of inappropriate initial antimicrobial therapy on outcome.
Antimicrob Agents Chemother. 2005;49(2):760-766.

Kim BN, Woo JH, Kim MN, Ruy J, Kim YS. Clinical implications of
extended-spectrum beta-lactamase-producing Klebsiella pneumoniae
bacteraemia. | Hosp Infect. 2002;52(2):99-106.

Lee SY, Kotapati S, Kuti JL, Nightingale CH, Nicolau DP. Impact of
extended-spectrum B-lactamase-producing Escherichia coli and Kleb-
siella species on clinical outcomes and hospital costs: a matched

An Official Publication of the Society of Hospital Medicine

Journal of Hospital Medicine Vol 9 | No 4 | April 2014 237



MacVane etal |

27.

28.

29.

30.

31.

32.

33.

34.

Outcomes of ESBL-EK UTI

cohort study. Infect Control Hosp Epidemiol. 2006;27(11):1226—
1232.

Calbo E, Romani V, Xercavins M, et al. Risk factors for community-
onset urinary tract infections due to Escherichia coli harbouring
extended-spectrum-B-lactamases. | Antimicrob Chemother. 2006:
57(4):780-783.

Rodriguez-Bano J, Alcala JC, Cisneros JM, et al. Community infec-
tions caused extended-spectrum-B-lactamase-producing Escherichia
coli. Arch Intern Med. 2008;168(17):1897-1902.

Lee DS, Lee CB, Lee SJ. Prevalence and risk factors for extended
spectrum-3-lactamase-producing uropathogens in urinary tract infec-
tion. Korean | Urol. 2010;51(7):492-497.

Meier S, Weber R, Zbinden R, Ruef C, Hasse B. Extended-spectrum
B-lactamase-producing gram-negative pathogens in community-
acquired urinary tract infections: an increasing challenge for antimi-
crobial therapy. Infection. 2011;39(4):333-340.

Tinelli M, Cataldo MA, Mantengoli E, et al. Epidemiology and
genetic characteristics of extended-spectrum-B-lactamase-producing
gram-negative bacteria causing urinary tract infections in long-term
care facilities. | Antimicrob Chemother. 2012;67(12):2982-2987.
Briongos-Figuero LS, Gomez-Traveso T, Bachiller-Luque P, et al. Epi-
demiology, risk factors and comorbidity for urinary tract infections
caused by extended-spectrum beta-lactamase (ESBL)-producing enter-
obacteria. Int | Clin Pract. 2012;66(9):891-896.

Tumbarello M, Trecarichi EM, Bassetti M, et al. Identifying patients
harboring extended-spectrum-B-lactamase-producing Enterobacteria-
ceae on hospital admission: derivation and validation of a scoring sys-
tem. Antimicrob Agents Chemother. 2011;55(7):3485-3490.

Johnson SW, Anderson DJ, May DB, Drew RH. Utility of a clinical
risk factor scoring model in predicting infection with extended-

35.

36.

37.

38.

39.

40.

41.

42.

spectrum-B-lactamase-producing Enterobacteriaceae on hospital
admission. Infect Control Hosp Epidemiol. 2013;34(4):385-392.
Pullukcu H, Tasbakan M, Siphai OR, Yamazhan T, Aydemir S,
Ulusoy S. Fosfomycin in the treatment of extended spectrum beta-
lactamase-producing Escherichia coli-related lower urinary tract infec-
tions. Int | Amtimicrob Agents. 2007;29(1):62-635.

Tasbakan MI, Pullukcu H, Sipahi OR, Yamazhan T, Ulusoy. Nitro-
furantoin in the treatment of extended-spectrum beta-lactamase-pro-
ducing Escherichia coli-related lower urinary tract infection. Int |
Antimicrob Agents. 2012;40:554-556.

Rodriguez-Bano J, Navarro MD, Romero L, et al. Epidemiology and
clinical features of infections caused by extended-spectrum beta-lacta-
mase-producing Escherichia coli in nonhospitalized patients. | Clin
Microb. 2004;42(3):1089-1094.

Rodriguez-Bano J, Alcala JC, Cisneros JM, et al. Community infec-
tions caused by extended-spectrum B-lactamase-producing Esche-
richia coli. Arch Intern Med. 2008:168(17):1897-1902.

Du B, Long Y, Liu H, et al. Extended-spectrum beta-lactamase-
producing Escherichia coli and Klebsiella pneumoniae bloodstream
infection: risk factors and clinical outcome. Intensive Care Med.
2002;28(12):1718-1723.

Schiappa DA, Hayden MK, Matushek MG, et al. Ceftazidime-resist-
ant Klebsiella pneumoniae and Escherichia coli bloodstream infection:
a case-control and molecular epidemiologic investigation. | Infect Dis.
1996;174(3):529-536.

Cosgrove SE, Carmel Y. The impact of antimicrobial resistance on
health and economic outcomes. Clin Infect Dis. 2003;36(11):1433—
1437.

MacGowan AP. Clinical implications of antimicrobial resistance for
therapy. | Antimicrob Chemother. 2008;62(suppl 2):1i105-ii114.

238

An Official Publication of the Society of Hospital Medicine

Journal of Hospital Medicine Vol 9 | No 4 | April 2014



