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Abstract
Extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae are a common

cause of bacteraemia in endemic countries and may be associated with high mortality; car-

bapenems are considered the drug of choice. Limited data suggest piperacillin-tazobactam

could be equally effective. We aimed to compare 30-day mortality of patients treated empiri-

cally with piperacillin-tazobactam versus a carbapenem in a multi-centre retrospective

cohort study in Singapore. Only patients with active empiric monotherapy with piperacillin-

tazobactam or a carbapenem were included. A propensity score for empiric carbapenem

therapy was derived and an adjusted multivariate analysis of mortality was conducted. A

total of 394 patients had ESBL-Escherichia.coli and ESBL-Klebsiella pneumoniae bacterae-

mia of which 23.1% were community acquired cases. One hundred and fifty-one received

initial active monotherapy comprising piperacillin-tazobactam (n = 94) or a carbapenem (n =

57). Patients who received carbapenems were less likely to have health-care associated

risk factors and have an unknown source of bacteraemia, but were more likely to have a uri-

nary source. Thirty-day mortality was comparable between those who received empiric

piperacillin-tazobactam and a carbapenem (29 [30.9%] vs. 17 [29.8%]), P = 0.89). Those

who received empiric piperacillin-tazobactam had a lower 30-day acquisition of multi-drug

resistant and fungal infections (7 [7.4%] vs. 14 [24.6%]), P<0.01). After adjusting for con-

founders, use of empiric piperacillin-tazobactam was not associated with increased 30-day

mortality (OR 1.00, 95% CI; 0.45–2.17). Empiric piperacillin-tazobactam was not associated
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with increased 30-day mortality and may result in fewer multi-drug resistant and fungal

infections when compared with a carbapenem.

Introduction
Extended-spectrum beta-lactamases (ESBL) are a subset of beta-lactamases that hydrolyse
penicillins, cephalosporins and monobactams while cephamycins and carbapenems remain
stable. Beta-lactam/beta-lactamase inhibitors have been shown to have variable activity
against ESBL-producers [1]. TEM, SHV and CTX-M are the 3 main families of ESBLs with
CTX-M becoming increasingly prevalent, particularly in Escherichia coli and Klebsiella pneu-
moniae [2]. Multiple genetic mechanisms were purported in the dissemination of CTX-M
genetic determinants, providing the allotypic diversity allowing its rapid spread [3]. These
mobile genetic elements frequently transmit resistance to classes of antimicrobial agents not
hydrolysed by ESBL such as fluoroquinolones, aminoglycosides and trimethoprim/sulfa-
methoxazole [4].

There is an increasing prevalence of ESBL-producing Enterobacteriaceae in the United
States, Europe and Asia-Pacific region [5–7]. ESBL-producing Enterobacteriaceae are most
commonly detected in healthcare settings but their prevalence has also been increasing in the
community [8]. At our institution in Singapore, 12.4% of patients admitted via the emergency
department were found to be colonised [9] across all public institutions in Singapore, 17.5% of
E.coli and 35.9% of K. pneumoniae were ESBL-positive [10]. These organisms were associated
with high mortality [1, 11, 12]. Based on observational data, carbapenems have been the drug
of choice for treating severe infections caused by ESBL producers [12]. However, there is
emerging evidence that piperacillin-tazobactam or cefepime may be an effective alternative
antibiotic and may reduce the selection pressure for carbapenem resistance [13–16].

Carbapenem-resistant Enterobacteriaceae have spread globally since first reported in 2010
[17–19]. Therapeutic options are limited, increasing the complexity of managing these infec-
tions [20]. Loss of outer-membrane porins leading to carbapenem resistance in CTX-M pro-
ducing strains was also reported [18]. This type of resistance may be reduced in the absence of
selection pressure; it is possible that carbapenem-resistant mutants can be selected during car-
bapenem therapy [3, 21]. Antimicrobial stewardship plays an important part in controlling
multidrug-resistant organisms and reducing carbapenem usage may help contain the spread of
carbapenem resistance. Therefore, it is important to identify effective alternative antibiotics
that can be used empirically in an environment with high ESBL Enterobacteriaceae
endemicity.

In this study, we aimed to compare 30-day mortality of patients with ESBL-producing E.
coli and K. pneumoniae bacteraemia treated empirically with piperacillin-tazobactam versus a
carbapenem in a multi-centre study in Singapore.

Methods

Study design and patients
A retrospective cohort study was conducted at 2 university teaching hospitals in Singapore.
Tan Tock Seng Hospital (TTSH) has a capacity of 1500 beds while the National University
Hospital (NUH) has 1000 beds. Ethics approval was obtained from National Healthcare Group
domain specific review boards (Approval number 2013/00083). Patient information was anon-
ymized and de-identified prior to data collection and analysis. Patients with ESBL-producing
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E. coli and K. pneumoniae bacteraemia from August 2011 to May 2013 at TTSH and May 2012
to May 2013 at NUH were identified from their respective electronic microbiology databases.
For patients with multiple episodes of ESBL-producing E. coli or K. pneumoniae bacteraemia,
only the first episode was included. Patients were excluded if they had polymicrobial bacterae-
mia, or did not receive at least 48 hours of empirical or definitive antimicrobial therapy. Sub-
jects were followed up until discharge or death, whichever was earlier. Data were collected
from the electronic medical records. Data collected included patient demographics, microbiol-
ogy data, empiric and definitive antibiotic therapy, source of bacteraemia, Charlson’s co-mor-
bidity index, Pitt bacteraemia score, and clinical outcomes. Source of bacteraemia was defined
using published criteria [22].

Definitions
Active empiric antibiotic therapy referred to the use of antibiotics before susceptibility was
known, started within 24 hours of blood culture collection with subsequent matching in vitro
susceptibility and continued for at least 48 hours. Oxyimino-beta-lactams such as cefuroxime,
ceftriaxone, ceftazidime, and aztreonam were considered inactive even if they demonstrated in
vitro susceptibility. Definitive antibiotic therapy referred to the use of antibiotic after in vitro
susceptibility was known. Nosocomial bacteraemia was defined by a positive blood culture
obtained after 48 hours of admission [22]. Healthcare-associated bacteraemia was defined as a
positive blood culture obtained within 48 hours of hospital admission and if the patient fulfilled
any healthcare associated risk factors [23]. Patients with no nosocomial or healthcare-associ-
ated risk factors were defined as community-acquired bacteraemia. Doses of antibiotics used
are according to the respective hospital guidelines and usual doses are as follows: piperacillin-
tazobactam 4.5 g every infused over 30 min every 6 hours or 4.5g every infused over 3 hours
every 8 hours, ertapenem 1 g every 24h hours, imipenem 500 mg every 6 hours and merope-
nem 1 g every 8 hours. All doses were adjusted for renal function accordingly.

Laboratory methods
The study included patients with E. coli or K. pneumoniae isolated from at least one positive
blood culture, with resistance to third-generation cephalosporins and demonstrated suscepti-
bility to both piperacillin-tazobactam and carbapenems. There were minor differences in the
methods used in each hospital laboratory. In the TTSH laboratory, blood cultures were incu-
bated using the Bactec 9240 system (Becton Dickinson, Maryland, USA) with susceptibility
testing performed using disk diffusion and Clinical and Laboratory Standards Institute (CLSI)
criteria (Performance Standards for Antimicrobial Disk Susceptibility Tests; Approved stan-
dard- Eleventh Edition 2012, CLSI). The NUH laboratory used the BacT/Alert blood culture
system (BioMerieux, France) and automated microbroth dilution (Vitek 2, BioMerieux) for
susceptibility testing, according to EUCAST interpretative standards (www.eucast.org).

Outcomes assessment
Thirty-day mortality was defined as death within 30 days of an ESBL-producing E. coli or K.
pneumoniae bacteraemia. Multi-drug resistant organisms were defined as positive clinical cul-
tures of methicillin-resistant S. aureus, vancomycin-resistant enterococci, carbapenem and/or
piperacillin-tazobactam resistant gram-negative bacteria, other organisms resistant to more
than 3 classes of antibiotics and fungal infections within 30 days of index bacteraemia were
noted. Relapsed bacteraemia was defined as return of the same organism as the index bacterae-
mia in positive blood cultures more than 72 hours after but within 30 days of the index
episode.
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Statistical analysis
Categorical variables were compared using the Chi-square or Fisher’s exact tests where applica-
ble while continuous variables were compared using the Mann–Whitney U-test. A P-value of
<0.05 was considered significant. We constructed a multivariable logistic regression model to
estimate a propensity score for each patient’s probability of receiving an empiric carbapenem
[24]. Covariates were identified by comparing the group receiving empiric piperacillin-tazo-
bactam with an empiric carbapenem. Covariates that were significantly different between both
groups on univariate analysis were entered into the multivariate model. The Hosmer and
Lemenshow test was used to assess the fit of the model. Univariate analysis was used to identify
variables associated with 30-day mortality. The propensity score of receiving carbapenem, Pitt
bacteraemia score, Charlson’s co-morbidity index, empiric piperacillin-tazobactam, and vari-
ables with P<0.1 from univariate analysis were included in a multivariable logistic model for
risk factors for 30-day mortality. Confounders of other clinical outcomes where relevant were
analysed and adjusted in a similar fashion, and included in the propensity score of receiving a
carbapenem, the Pitt bacteraemia score, Charlson’s co-morbidity index and variables with
P<0.1 from univariate analysis. All analyses were performed using SPSS version 20 (IBM
Corp, Armonk, NY, USA).

Results
A total of 394 patients had ESBL-E. coli and ESBL-K. pneumoniae bacteraemia at the two hos-
pitals during the respective study periods. Twenty-three percent were community acquired.
One hundred and fifty-one patients received active empiric monotherapy comprised of either
piperacillin-tazobactam (n = 94) or a carbapenem (n = 57). Patients who received a carbape-
nem were less likely to have health-care associated risk factors (22 [38.6%] vs. 56 [59.6%]) and
have an unknown source of bacteremia (1 [1.8%] vs. 14 [14.9%]). They were more likely to
have a urinary source (40 [70.2%] vs. 49 [52.1%]) (Table 1). These significant factors were used
to construct an individual patient propensity score of receiving an empiric carbapenem. The
Hosmer and Lemenshow statistics of the multivariable logistic regression model was P = 0.99.

Thirty-day mortality was comparable between those who received empiric piperacillin-tazo-
bactam and carbapenem (29 [30.9%] vs. 17 [29.8%]), P = 0.89). After adjusting for confound-
ers, use of empiric piperacillin-tazobactam was not associated with increased 30-day mortality
(OR 1.00, 95% CI; 0.45–2.17) (Table 2). Those who received empiric piperacillin-tazobactam
had a lower 30-day acquisition of multi-drug resistant bacterial and fungal infections (7 [7.4%]
vs. 14 [24.6%]), P<0.01) (Fig 1). Multivariable analysis showed that an empiric carbapenem
was the only significant risk factor for acquisition of multi-drug resistant bacterial and fungal
infections (OR 3.32, 95% CI; 1.12–9.87) (Table 3).

Among those patients with repeat blood cultures within 30 days, there were more patients
in the empiric carbapenem group who experienced relapsed bacteraemia compared with those
that received empiric piperacillin-tazobactam (6/38 [15.8%] vs. 2/63 [3.2%]), P = 0.05). All
patients who relapsed were those who had ESBL-E. coli initially. However, a multivariable anal-
ysis taking into account other confounding variables showed that empiric carbapenem was not
associated with relapsed bacteraemia (OR 6.84, 95% CI; 0.81–58.3, P = 0.08) (Table 4).

A total of 149 of 151 (98.5%) patients received active definitive therapy. One patient died
before blood cultures results were available and one received in-active ciprofloxacin. Among
those who received definitive active therapy, 10 (6.7%) patients received combination definitive
therapy. Among the 56 patients who received an empiric carbapenem, 5 patients received com-
bination definitive therapy of piperacillin-tazobactam and a carbapenem (n = 1), a carbapenem
and co-tromixazole (n = 2), piperacillin-tazobactam and amikacin (n = 1) and a carbapenem
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Table 1. Characteristics of patients with ESBL-producing E. coli andK. pneumoniae bacteremia, according to treatment type.

Characteristic Empiric active piperacillin-tazobactam
(N = 94)

Empiric carbapenem
(N = 57)

P
value

Age, median (IQR) 79 (70–85) 78 (69–84) 0.67

Male sex 45 (47.9) 31 (54.4) 0.44

Nosocomial onset 33 (35.1) 27 (47.4) 0.14

Healthcare-associated onset 56 (59.6) 22 (38.6) 0.01

Community acquired 5 (5.3) 8 (14.0) 0.08

E.coli bacteraemia 62 (66.0) 39 (68.4) 0.76

ICU admission 5 (5.3) 8 (14.0) 0.08

Charlson’s comorbidity index, median (IQR) 6 (5–7) 6 (4–8) 0.44

Pitt bacteraemia score (IQR) 1 (0–3) 1 (0–3) 0.91

Source of bacteremia

Urinary 49 (52.1) 40 (70.2) 0.03

Unknown 14 (14.9) 1 (1.8) 0.01

Hepatobiliary 11 (11.7) 3 (5.3) 0.19

Respiratory 9 (9.6) 4 (7.0) 0.77

Intra-abdominal 4 (4.3) 4 (7.0) 0.48

Intravascular catheter 3 (3.2) 3 (5.3) 0.67

Others 2 (3.2) 1 (2.6) 1.00

30-day mortality 29 (30.9) 17 (29.8) 0.89

Length of stay after bacteraemia onset, median (IQR) 18 (10–30) 16 (8–24) 0.15

30-day CDAD acquisition 2 (2.1) 0 (0.0) 0.54

30-day acquisition of multidrug resistant bacterial and fungal
infections

7 (7.4) 14 (24.6) <0.01

30-day relapsed bacteraemiaa 2/63 (3.2) 6/38 (15.8) 0.05

Data are no. of patients (%), unless otherwise indicated
aDenominator represents the number of patients with repeated blood cultures within 30 days and the numerator are the numbers with relapsed

bacteraemia.

CDAD: Clostridium difficile associated diarrhoea

doi:10.1371/journal.pone.0153696.t001

Table 2. A propensity score for receiving carbapenem adjusted, multivariable analysis of 30-daymor-
tality for 151 patients with ESBL-producing E. coli andK. pneumoniae bacteraemia, receiving either
empiric piperacllin-tazobactam or carbapenem.

Variable Univariate analysis Multivariable analysis

OR, (95% CI) p AOR, (95% CI) p

Pitt bacteraemia score 1.11 (0.90–1.36) 0.32 1.20 (0.98–1.48) 0.08

Charlson’s comorbidity index 0.97 (0.84–1.11) 0.61 0.94 (0.81–1.09) 0.40

Respiratory source 2.96 (0.94–9.37) 0.07 2.81 (0.87–9.05) 0.08

Hepatobiliary source 0.16 (0.02–1.24) 0.08 0.18 (0.02–1.48) 0.11

Unknown source 2.95 (1.00–8.69) 0.05 1.51 (0.33–6.92) 0.60

Empiric piperacillin-tazobactam 1.05 (0.51–2.15) 0.89 0.99 (0.45–2.17) 0.99

Abbreviations: OR, Odds ratio; AOR, propensity score adjusted odds ratio; CI, confidence interval; Model

fit: Hosmer and Lemenshow P = 0.99

The propensity score for receiving empiric carbapenems were included in the multivariable logistic

regression model; OR 1.20, 95% CI; 0.06–24.44)

doi:10.1371/journal.pone.0153696.t002
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plus ciprofloxacin (n = 1) respectively. The remaining 51 patients received definitive mono-
therapy consisting of a carbapenem (n = 49), amikacin (n = 1) and ciprofloxacin (n = 1).
Among the 93 patients who received empiric piperacillin-tazobactam, 5 patients received
definitive combination therapy of piperacillin-tazobactam and a carbapenem (n = 2), piperacil-
lin-tazobactam and ciprofloxacin (n = 1), piperacillin-tazaobctam and a carbapenem with ami-
noglycoside (n = 2) respectively. The remaining 88 patients received definitive monotherapy
consisting of a carbapenem (n = 79) and piperacillin-tazobactam (n = 9).

One hundred and one (66.9%) patients had ESBL-E. coli and 50 (33.1%) had ESBL-K. pneu-
moniae bacteraemia. There were more community acquired bacteraemia (13 [12.9%] vs. 0

Fig 1. Types of multi-drug resistant bacterial and fungal infections acquired by patients who received empiric piperacillin-tazobactam and
carbapenemsa. aPatients with multiple multi-drug resistant organisms and fungal infections are only counted once. (a): Types of multi-drug resistant
bacterial and fungal infections in patients who received empiric piperacillin-tazobactam. No. of patients 7/94, (7.4%). (b): Type of multi-drug resistant
bacterial and fungal infections in patients who received empiric carbapenem. No. of patients 14/57, (24.6%).

doi:10.1371/journal.pone.0153696.g001

Table 3. A propensity score for receiving carbapenem adjusted, multivariable analysis of 30-day
acquisition of multi-drug resistant bacterial and fungal infections for 151 patients with ESBL-produc-
ing E. coli and K. pneumoniae bacteraemia, receiving either empiric piperacllin-tazobactam or
carbapenem.

Variable Univariate analysis Multivariable analysis

OR, (95% CI) p AOR, (95% CI) p

Pitt bacteraemia score 1.28 (1.00–1.64) 0.05 1.39 (0.98–1.97) 0.06

Charlson’s comorbidity index 0.93 (0.77–1.12) 0.42 0.89 (0.72–1.09) 0.26

ICU admission 3.16 (0.88–11.41) 0.08 0.97 (0.12–7.77) 0.97

Nosocomial acquired bacteraemia 3.65 (1.38–9.69) <0.01 2.15 (0.38–12.01) 0.38

Healthcare-associated bacteraemia 0.24 (0.08–0.71) <0.01 0.70 (0.08–5.96) 0.75

Intra-abdominal source 4.17 (0.92–18.94) 0.07 3.74 (0.65–21.52) 0.14

Empiric carbapenem 4.05 (1.52–10.76) <0.01 3.32 (1.12–9.87) 0.03

Abbreviations: OR, Odds ratio; AOR, propensity score adjusted odds ratio; CI, confidence interval; ICU,

Intensive Care Unit

Model fit: Hosmer and Lemenshow P = 0.89

doi:10.1371/journal.pone.0153696.t003
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[0.0%]), P<0.01) and healthcare-associated onset of bacteraemia (60 [59.4%] vs. 18 [36.0%],
P<0.01) among patients with ESBL-E. coli bacteraemia. ESBL-K. pneumoniae bacteraemia
were more often nosocomial acquired (32 [64.0%] vs. 28 [27.7%], P<0.01). Other baseline
characteristics were comparable. Out of those patients with repeat blood cultures within 30
days, 8 (12.3%) patients with ESBL-E. coli bacteraemia experienced a relapse while there was
no relapse in those with ESBL-K. pneumoniae bacteraemia.

Discussion
Our study showed that there was a significant burden of community-acquired ESBL-producing
E. coli and K. pneumoniae bacteraemia in Singapore. However, even in this setting of high
endemicity, this multi-centre study found no difference in 30-day mortality and length of hos-
pitalisation between patients treated with piperacillin-tazobactam and a carbapenem. However,
patients who received empiric carbapenems had an increased risk of multi-drug resistant bacte-
rial and fungal infections. There was a non-significant trend towards increased relapse bacter-
aemia in those who received empiric carbapenems.

Patients who received piperacillin-tazobactam more often had bacteraemia that were
healthcare-associated compared to those who received a carbapenem. Majority of the bacterae-
mia were from TTSH (86.1%). In TTSH, antibiotic guidelines recommend piperacillin-tazo-
bactam for healthcare-associated pneumonia and it is often used empirically for infections that
are healthcare-associated. Healthcare-associated risk factors considered were prior hospital
admissions in the last 90 days, nursing home residence, haemodialysis and intravenous chemo-
therapy. However, this practice of recommending empiric piperacillin-tazobcatam for health-
care-associated infections was not routinely practised in NUH.

Carbapenems were suggested as the drug of choice for treating severe infections. In a previ-
ous prospective study of 85 episodes of ESBL-producing K. pneumoniae bacteraemia, carbape-
nem monotherapy was associated with lower 14-day mortality [12]. These early cohort studies
which identified that carbapenems were associated with lower mortality had few subjects
treated with beta-lactam/beta-lactamase inhibitors [12, 25]. In a cohort of 79 patients with E.
coli and K. pneumoniae bacteraemia mainly from urinary source, patients treated empirically
with a beta-lactam/beta-lactamase inhibitor had a higher but not statistically significant mor-
tality compared to those who received other types of antibiotics (6 [38%] vs. 10 [18%],
P = 0.06). The reverse was observed when comparing between patients who received carbape-
nems compared to those who did not (0 [0%] vs. 16 [30%], P = 0.09) [26]. A similar cohort of

Table 4. A propensity score for receiving carbapenem adjusted, multivariable analysis of 30-day relapse bacteraemia for 101 patients with ESBL-
producing E. coli and K. pneumoniae bacteraemia, receiving either empiric piperacllin-tazobactam or carbapenem.

Variable Univariate analysis Multivariable analysis

OR, (95% CI) p AOR, (95% CI) p

Male 6.29 (0.74–53.13) 0.09 5.25 (0.53–51.31) 0.15

Charlson’s comorbidity index 0.80 (0.59–1.07) 0.13 0.89 (0.63–1.25) 0.49

Pitt bacteraemia 0.78 (0.44–1.38) 0.40 1.09 (0.54–2.21) 0.82

Community acquired bacteraemia 4.83 (0.80–29.28) 0.09 5.51 (0.59–51.55) 0.14

Empiric carbapenem 5.72 (1.09–29.97) 0.04 6.84 (0.80–58.33) 0.08

Neutropenic sepsis 13.14 (0.74–233.28) 0.08 10.76 (0.27–426.50) 0.21

Abbreviations: OR, Odds ratio; AOR, propensity score adjusted odds ratio; CI, confidence interval

Model fit: Hosmer and Lemenshow P = 0.97

doi:10.1371/journal.pone.0153696.t004
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79 patients with non-urinary source E. coli and K. pneumoniae bacteraemia who received either
carbapenem or piperacillin-tazobactam had increased 90-day mortality in patients who
received piperacillin-tazobactam (OR 7.9, 95% CI; 1.2–53). However, there was no significant
difference when the more widely reported 30-day mortality was compared between both
groups [27]. In a cohort of 331 ESBL bacteraemias who received definitive carbapenem ther-
apy, after adjusting for confounders, there was a 1.92 times increased risk of death by day 14
for patients receiving empiric piperacillin-tazobactam compared with patients receiving
empiric carbapenems [28]. The majority of the bacteraemias were of intra-abdominal origin
and associated with central lines. It is possible that piperacillin-tazobactam may not be compa-
rable to carbapenems for bacteraemia from non-urinary sources. However, only 39% received
the 4.5g every 6 hourly dose, while 61% received doses of 3.375 g every 6 hours and no patient
received extended infusions. We were not able to track the exact dosing regimens used in our
retrospective cohort. It has been suggested that it is reasonable to treat ESBL Enterobactericeae
with MIC� 16 mg/l and with at least 3.375g 8 hour with 4 hour extended infusion [15]. Higher
piperacillin-tazobactam minimum inhibitory concentration (MIC) (8–16 mg/L) was associated
with poorer outcomes and extended infusions were suggested to overcome these issues [14,15].
More data are needed to elucidate the optimal dosing of piperacillin-tazobactam against ESBL
organisms. In addition, it is important to recognise the “inoculum effect” which can diminish
the effect of piperacillin-tazobactam [29]. However, there are limited data to describe the clini-
cal impact of this phenomenon.

Our study results support the hypothesis that piperacillin-tazobactam can be comparable to
carbapenems in ESBL bacteremia. A post-hoc analysis of patients with ESBL-producing E. coli
bacteraemia, mainly from biliary and urinary sources, did not show a significant difference in
30-day mortality between patients treated with a carbapenem and beta-lactam/beta-lactamase
inhibitors both empirically and definitively [14]. Further investigations by Kang et al. support
these findings [30].

Early appropriate empiric therapy is believed to be critical in reducing mortality from bac-
teraemia [31]. As the majority of our cohort received definitive carbapenem therapy, any
observed outcome differences could be attributed to the effects of empiric carbapenem and
piperacillin-tazobactam. Our results suggested that piperacillin-tazobactam can be as effective
as a carbapenem in the empiric treatment of sepsis with likely ESBL bacteraemia. In addition,
empiric carbapenem was associated with a higher risk of acquisition of multi-drug resistant
bacterial and fungal infections. With the emergence of carbapenemase-producing Enterobac-
teriaceae and the consequent need for an alternative to carbapenem antibiotics, our results sup-
port results from other studies [14,25] in reducing carbapenem usage as a safe and practical
approach in antimicrobial stewardship [21].

Our study has several limitations. First of all, this study was a retrospective analysis and we
could only control for confounders that we collected. We were unable to ascertain if all patients
received extended infusions. We attempted to address differences in baseline characteristics of
patients who received active empiric piperacillin-tazobactam and carbapenem by modelling
the propensity for empiric carbapenem and adjusting for it in the multivariate analysis. Since
the majority of bacteraemias were mainly from a urinary source, results from our study may
not be generalizable to patients with other sources of bacteraemia. We did not analyse the
impact of definitive therapy as most patients eventually received carbapenems. Lastly, routine
testing of MIC of all antibiotics for treatment of ESBL infections was not performed in all
cases.
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Conclusions
In conclusion, the use of empiric piperacillin-tazobactam in the treatment of ESBL-producing
E. coli or K. pneumoniae bacteraemia in a cohort with mainly urinary tract infections was not
associated with higher 30-day mortality compared with empiric carbapenems. Randomised
controlled trials comparing carbapenems and “optimally dosed” piperacillin-tazobactam are
needed and are underway [32].

Acknowledgments
We will like to acknowledge Dr. Mo Yin, Ms. Jaminah Ali, Dr. Jonathan Chew for their efforts
in data collection and Dr Roland Jureen who provided the microbiology data.

Author Contributions
Conceived and designed the experiments: TMNWXK AC DL PAH PAT PPD. Performed the
experiments: WXK PAH. Analyzed the data: TMN PAHWXK. Contributed reagents/materi-
als/analysis tools: AC PPD. Wrote the paper: TMNWXK PAT PAH DL.

References
1. Paterson DL, Bonomo RA. Extended-spectrum beta-lactamases: a clinical update. Clin Microbiol Rev.

2005; 18: 657–686. PMID: 16223952

2. Falagas ME, Karageorgopoulos DE. Extended-spectrum beta-lactamase-producing organisms. J
Hosp Infect. 2009; 73: 345–354. doi: 10.1016/j.jhin.2009.02.021 PMID: 19596491

3. Rossolini GM, D'Andrea MM, Mugnaioli C. The spread of CTX-M-type extended-spectrum beta-lacta-
mases. Clin Microbiol Infect. 2008; 14 Suppl 1: S33–41.

4. Yang K, Guglielmo BJ. Diagnosis and treatment of extended-spectrum and AmpC beta-lactamase-pro-
ducing organisms. Ann Pharmacother. 2007; 41: 1427–1435. PMID: 17666573

5. National Nosocomial Infections Surveillance (NNIS) system report, data summary from January 1992
through June 2004, issued October 2004. Am J Infect Control. 2004; 32: 470–485. PMID: 15573054

6. Canton R, Novais A, Valverde A, Machado E, Peixe L, Baquero F, et al. Prevalence and spread of
extended-spectrum beta-lactamase-producing Enterobacteriaceae in Europe. Clin Microbiol Infect.
2008; 14 Suppl 1: S144–153.

7. ShengWH, Badal RE, Hsueh PR. Distribution of extended-spectrum beta-lactamases, AmpC beta-lac-
tamases, and carbapenemases among Enterobacteriaceae isolates causing intra-abdominal infections
in the Asia-pacific region: results of the Study for Monitoring Antimicrobial Resistance Trends
(SMART). Antimicrob Agents Chemother. 2013; 57: 2981–2988. doi: 10.1128/AAC.00971-12 PMID:
23587958

8. Pitout JD, Nordmann P, Laupland KB, Poirel L. Emergence of Enterobacteriaceae producing
extended-spectrum beta-lactamases (ESBLs) in the community. J Antimicrob Chemother. 2005; 56:
52–59. PMID: 15917288

9. Young BE, Lye DC, Krishnan P, Chan SP, Leo YS. A prospective observational study of the prevalence
and risk factors for colonization by antibiotic resistant bacteria in patients at admission to hospital in Sin-
gapore. BMC Infect Dis. 2014; 14: 298. doi: 10.1186/1471-2334-14-298 PMID: 24889720

10. Hsu LY, Tan TY, Jureen R, Koh TH, Krishnan P, Tzer-Pin Lin R, et al. Antimicrobial drug resistance in
Singapore hospitals. Emerg Infect Dis. 2007; 13: 1944–1947. doi: 10.3201/eid1312.070299 PMID:
18258055

11. Melzer M, Petersen I. Mortality following bacteraemic infection caused by extended spectrum beta-lac-
tamase (ESBL) producing E. coli compared to non-ESBL producing E. coli. J Infect. 2007; 55: 254–
259. PMID: 17574678

12. Paterson DL, KoWC, Von Gottberg A, Mohapatra S, Casellas JM, Goossens H, et al. Antibiotic therapy
for Klebsiella pneumoniae bacteraemia: implications of production of extended-spectrum beta-lacta-
mases. Clin Infect Dis. 2004; 39: 31–37. PMID: 15206050

13. Kanj SS, Kanafani ZA. Current concepts in antimicrobial therapy against resistant gram-negative
organisms: extended-spectrum beta-lactamase-producing Enterobacteriaceae, carbapenem-resistant
Enterobacteriaceae, and multidrug-resistant Pseudomonas aeruginosa. Mayo Clin Proc. 2011; 86:
250–259. doi: 10.4065/mcp.2010.0674 PMID: 21364117

Empiric Piperacillin-Tazobactam versusCarbapenems in ESBL Enterobacteriaceae

PLOS ONE | DOI:10.1371/journal.pone.0153696 April 22, 2016 9 / 11

http://www.ncbi.nlm.nih.gov/pubmed/16223952
http://dx.doi.org/10.1016/j.jhin.2009.02.021
http://www.ncbi.nlm.nih.gov/pubmed/19596491
http://www.ncbi.nlm.nih.gov/pubmed/17666573
http://www.ncbi.nlm.nih.gov/pubmed/15573054
http://dx.doi.org/10.1128/AAC.00971-12
http://www.ncbi.nlm.nih.gov/pubmed/23587958
http://www.ncbi.nlm.nih.gov/pubmed/15917288
http://dx.doi.org/10.1186/1471-2334-14-298
http://www.ncbi.nlm.nih.gov/pubmed/24889720
http://dx.doi.org/10.3201/eid1312.070299
http://www.ncbi.nlm.nih.gov/pubmed/18258055
http://www.ncbi.nlm.nih.gov/pubmed/17574678
http://www.ncbi.nlm.nih.gov/pubmed/15206050
http://dx.doi.org/10.4065/mcp.2010.0674
http://www.ncbi.nlm.nih.gov/pubmed/21364117


14. Rodriguez-Bano J, Navarro MD, Retamar P, Picon E, Pascual A. Beta-Lactam/beta-lactam inhibitor
combinations for the treatment of bacteraemia due to extended-spectrum beta-lactamase-producing
Escherichia coli: a post hoc analysis of prospective cohorts. Clin Infect Dis. 2012; 54: 167–174. doi: 10.
1093/cid/cir790 PMID: 22057701

15. Nguyen HM, Shier KL, Graber CJ. Determining a clinical framework for use of cefepime and beta-lac-
tam/beta-lactamase inhibitors in the treatment of infections caused by extended-spectrum-beta-lacta-
mase-producing Enterobacteriaceae. J Antimicrob Chemother. 2014; 69: 871–880. doi: 10.1093/jac/
dkt450 PMID: 24265230

16. Vardakas KZ, Tansarli GS, Rafailidis PI, Falagas ME. Carbapenems versus alternative antibiotics for
the treatment of bacteraemia due to Enterobacteriaceae producing extended-spectrum beta-lacta-
mases: a systematic review and meta-analysis. J Antimicrob Chemother. 2012; 67: 2793–2803. doi:
10.1093/jac/dks301 PMID: 22915465

17. Nordmann P, Naas T, Poirel L. Global spread of carbapenemase-producing Enterobacteriaceae.
Emerg Infect Dis. 2011; 17: 1791–1798. doi: 10.3201/eid1710.110655 PMID: 22000347

18. Kumarasamy KK, TolemanMA, Walsh TR, Bagaria J, Butt F, Balakrishnan R, et al. Emergence of a
new antibiotic resistance mechanism in India, Pakistan, and the UK: a molecular, biological, and epide-
miological study. Lancet Infect Dis. 2010; 10: 597–602. doi: 10.1016/S1473-3099(10)70143-2 PMID:
20705517

19. Rogers BA, Aminzadeh Z, Hayashi Y, Paterson DL. Country-to-country transfer of patients and the risk
of multi-resistant bacterial infection. Clin Infect Dis. 2011; 53: 49–56. doi: 10.1093/cid/cir273 PMID:
21653302

20. Cornaglia G, Giamarellou H, Rossolini GM. Metallo-beta-lactamases: a last frontier for beta-lactams?
Lancet Infect Dis. 2011; 11: 381–393. doi: 10.1016/S1473-3099(11)70056-1 PMID: 21530894

21. Gupta N, Limbago BM, Patel JB, Kallen AJ. Carbapenem-resistant Enterobacteriaceae: epidemiology
and prevention. Clin Infect Dis. 2011; 53: 60–67. doi: 10.1093/cid/cir202 PMID: 21653305

22. Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM. CDC definitions for nosocomial infections,
1988. Am J Infect Control. 1988; 16: 128–140. PMID: 2841893

23. Friedman ND, Kaye KS, Stout JE, McGarry SA, Trivette SL, Briggs JP, et al. Health care—associated
bloodstream infections in adults: a reason to change the accepted definition of community-acquired
infections. Ann Intern Med. 2002; 137: 791–797. PMID: 12435215

24. Brookhart MA, Schneeweiss S, Rothman KJ, Glynn RJ, Avorn J, Sturmer T. Variable selection for pro-
pensity score models. Am J Epidemiol. 2006; 163: 1149–1156. PMID: 16624967

25. Kang CI, Kim SH, Park WB, Lee KD, Kim HB, Kim EC, et al. Bloodstream infections due to extended-
spectrum beta-lactamase-producing Escherichia coli and Klebsiella pneumoniae: risk factors for mortal-
ity and treatment outcome, with special emphasis on antimicrobial therapy. Antimicrob Agents Che-
mother. 2004; 48: 4574–4581. PMID: 15561828

26. Chaubey VP, Pitout JD, Dalton B, Ross T, Church DL, Gregson DB, et al. Clinical outcome of empiric
antimicrobial therapy of bacteremia due to extended-spectrum beta-lactamase producing Escherichia
coli and Klebsiella pneumoniae. BMC Res Notes. 2010; 3: 116. doi: 10.1186/1756-0500-3-116 PMID:
20423493

27. Ofer-Friedman H, Shefler C, Sharma S, Tirosh A, Tal-Jasper R, Kandipalli D, et al. Carbapenems ver-
sus piperacillin-tazobactam for bloodstream infections of nonurinary source caused by extended-spec-
trum beta-lactamase-producing Enterobacteriaceae. Infect Control Hosp Epidemiol. 2015; 36: 981–
985. doi: 10.1017/ice.2015.101 PMID: 25990361

28. Tamma PD, Han JH, Rock C, Harris AD, Lautenbach E, Hsu AJ, et al. Carbapenem therapy is associ-
ated with improved survival compared with piperacillin-tazobactam for patients with extended-spectrum
beta-lactamase bacteraemia. Clin Infect Dis. 2015; 60: 1319–1325. doi: 10.1093/cid/civ003 PMID:
25586681

29. Lopez-Cerero L, Picon E, Morillo C, Hernandez JR, Docobo F, Pachon J, et al. Comparative assess-
ment of inoculum effects on the antimicrobial activity of amoxycillin-clavulanate and piperacillin-tazo-
bactam with extended-spectrum beta-lactamase-producing and extended-spectrum beta-lactamase-
non-producing Escherichia coli isolates. Clin Microbiol Infect. 2010; 16: 132–136. doi: 10.1111/j.1469-
0691.2009.02893.x PMID: 19614715

30. Kang CI, Park SY, Chung DR, Peck KR, Song JH. Piperacillin-tazobactam as an initial empirical ther-
apy of bacteraemia caused by extended-spectrum beta-lactamase-producing Escherichia coli and
Klebsiella pneumoniae. J Infect. 2012; 64: 533–534. doi: 10.1016/j.jinf.2012.01.008 PMID: 22274414

31. Leibovici L, Shraga I, Drucker M, Konigsberger H, Samra Z, Pitlik SD, et al. The benefit of appropriate
empirical antibiotic treatment in patients with bloodstream infection. J Intern Med. 1998; 244: 379–386.
PMID: 9845853

Empiric Piperacillin-Tazobactam versusCarbapenems in ESBL Enterobacteriaceae

PLOS ONE | DOI:10.1371/journal.pone.0153696 April 22, 2016 10 / 11

http://dx.doi.org/10.1093/cid/cir790
http://dx.doi.org/10.1093/cid/cir790
http://www.ncbi.nlm.nih.gov/pubmed/22057701
http://dx.doi.org/10.1093/jac/dkt450
http://dx.doi.org/10.1093/jac/dkt450
http://www.ncbi.nlm.nih.gov/pubmed/24265230
http://dx.doi.org/10.1093/jac/dks301
http://www.ncbi.nlm.nih.gov/pubmed/22915465
http://dx.doi.org/10.3201/eid1710.110655
http://www.ncbi.nlm.nih.gov/pubmed/22000347
http://dx.doi.org/10.1016/S1473-3099(10)70143-2
http://www.ncbi.nlm.nih.gov/pubmed/20705517
http://dx.doi.org/10.1093/cid/cir273
http://www.ncbi.nlm.nih.gov/pubmed/21653302
http://dx.doi.org/10.1016/S1473-3099(11)70056-1
http://www.ncbi.nlm.nih.gov/pubmed/21530894
http://dx.doi.org/10.1093/cid/cir202
http://www.ncbi.nlm.nih.gov/pubmed/21653305
http://www.ncbi.nlm.nih.gov/pubmed/2841893
http://www.ncbi.nlm.nih.gov/pubmed/12435215
http://www.ncbi.nlm.nih.gov/pubmed/16624967
http://www.ncbi.nlm.nih.gov/pubmed/15561828
http://dx.doi.org/10.1186/1756-0500-3-116
http://www.ncbi.nlm.nih.gov/pubmed/20423493
http://dx.doi.org/10.1017/ice.2015.101
http://www.ncbi.nlm.nih.gov/pubmed/25990361
http://dx.doi.org/10.1093/cid/civ003
http://www.ncbi.nlm.nih.gov/pubmed/25586681
http://dx.doi.org/10.1111/j.1469-0691.2009.02893.x
http://dx.doi.org/10.1111/j.1469-0691.2009.02893.x
http://www.ncbi.nlm.nih.gov/pubmed/19614715
http://dx.doi.org/10.1016/j.jinf.2012.01.008
http://www.ncbi.nlm.nih.gov/pubmed/22274414
http://www.ncbi.nlm.nih.gov/pubmed/9845853


32. Harris PN, Peleg AY, Iredell J, Ingram PR, Miyakis S, Stewardson AJ, et al. Meropenem versus pipera-
cillin-tazobactam for definitive treatment of bloodstream infections due to ceftriaxone non-susceptible
Escherichia coli and Klebsiella spp. (the MERINO trial): study protocol for a randomised controlled trial.
Trials. 2015; 16: 24. doi: 10.1186/s13063-014-0541-9 PMID: 25623485

Empiric Piperacillin-Tazobactam versusCarbapenems in ESBL Enterobacteriaceae

PLOS ONE | DOI:10.1371/journal.pone.0153696 April 22, 2016 11 / 11

http://dx.doi.org/10.1186/s13063-014-0541-9
http://www.ncbi.nlm.nih.gov/pubmed/25623485

