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Extended spectrum β-lactamase (ESBL)-producing bacteria are prevalent worldwide and correlated with hospital

infections, but they have been evolving as an increasing cause of community acquired infections. The spread of

ESBL constitutes a major threat for public health, and infections with ESBL-producing organisms have been

associated with poor outcomes. Established therapeutic options for severe infections caused by ESBL-producing

organisms are considered the carbapenems. However, under the pressure of carbapenem overuse and the

emergence of resistance, carbapenem-sparing strategies have been implemented. The administration of

carbapenem-sparing antibiotics for the treatment of ESBL infections has yielded conflicting results. 

ESBLs  piperacillin–tazobactam  carbapenem-sparing treatment  cefepime  fosfomycin

urinary tract infection

1. Introduction

The spread of extended spectrum β-lactamase (ESBL)-producing bacteria has increased the last two decades in

the hospital setting as well as in the community, emerging as a serious threat of public health . In particular,

infections caused by antimicrobial-resistant Escherichia coli  proportionally contributed the most to the burden of

antimicrobial resistance in Europe, both as number of cases and number of attributable deaths . The population-

weighted mean rates of the third-generation cephalosporin resistance in 2018 were 13.1% and 31.7% for  E.

coli and Klebsiella pneumoniae  isolates, respectively, in the EU and the European Economic Area . ESBLs are

enzymes that confer resistance to most beta-lactam antibiotics, including third-generation cephalosporins and

monobactams, and they are often seen in combination with other resistance mechanisms, causing multidrug

resistance . The majority of ESBLs belong to Ambler class A and include the sulfhydryl reagent variable β-

lactamase (SHV), Temoniera β-lactamase (TEM) and cefotaxime-M β-lactamase (CTX-M) types . Infections

caused by ESBL-producing Enterobacterales (ESBL-PE) are associated with increased mortality rates, prolonged

hospital stays and increased costs . Most clinical factors associated with colonization and infection with ESBL-

producing organisms involve healthcare exposure, such as hospitalization, residence in a long-term care facility,

hemodialysis use and presence of an intravascular catheter . Risk factors for community-acquired infections

include recent antibiotic therapy, use of corticosteroids, and the presence of a percutaneous feeding tube as well

as international travel . Carbapenems have been considered the “gold standard” treatment for the treatment of

ESBL-PE and have been associated with improved outcomes, even when in vitro activity to other β-lactams is

exhibited . These findings cannot be extrapolated to all patients, as a considerable amount of literature has been
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published on the use of β-lactams/β-lactamase inhibitor combinations (BLBLI) and specifically piperacillin–

tazobactam . In addition, the implementation of carbapenem-sparing strategies has also been applied in

ESBL infections in order to combat the overuse of carbapenems and to facilitate antibiotic stewardship programs

.

2. Piperacillin–Tazobactam

It is clear that piperacillin–tazobactam (PTZ) among non-carbapenem β-lactams represents the most interesting

alternative to carbapenems in the treatment of infections causes by ESBL-PE, as well as for de-escalating

carbapenems . Despite the fact that a high percent of ESBL isolates demonstrate in vitro susceptibility to PTZ

(current break point according to European Committee on Antimicrobial Susceptibility Testing (EUCAST) ≤8 mg/L,

and to Clinical & Laboratory Standards Institute (CLSI) ≤16 mg/L), the significance of PTZ for treating ESBL-PE

has remained cloudy. Tazobactam by itself is a potent β-lactamase inhibitor. However, Gram-negative bacteria

have the ability to produce concomitantly multiple ESBLs and AmpC β-lactamases, as well as possess other

resistance mechanisms such as porin mutations and efflux activation, diminishing the activity of PTZ. On the other

hand, tazobactam is influenced by the “inoculum effect” .

The clinical studies comparing the efficacy of PTZ versus carbapenems in infections caused by ESBL-PE are

depicted in  Table 1  . Most comparative studies of PTZ versus

carbapenems are retrospective and difficult to be evaluated because of several disagreements 

. Rodríguez-Baño et al.  in 2012 conducted a post hoc analysis of patients with blood stream

infection (BSI) due to ESBL-PE derived from 6 published prospective cohorts in Spain. Patients treated either with

an active in vitro BLBLI (i.e., amoxicillin-clavulanic acid (AMC) and PTZ) or a carbapenem were compared in 2

cohorts: the empirical therapy cohort (ETC) with 103 patients (AMC 37, PTZ 35, carbapenem 31) and the definitive

therapy cohort (DTC) with 174 patients (AMC 36, PTZ 18, carbapenem 120). E. coli was isolated in 100%, the

source of bacteremia being in 70% urinary or biliary. In 13%, ICU admission at infection onset was necessary,

pointing out that most patients were not critically ill. At day 30, mortality rates in the ETC were 9.7% vs. 19.4% and

in the DTC 9.3% vs. 16.7% for those given BLBLI and carbapenems respectively (pNS). No association between

BLBLI empirical therapy or definitive therapy and increased mortality was observed . Despite the equal clinical

validity between the administered antibiotics, the following points seem to compromise the results: (a) only  E.

coli  infections were treated, whereas no  K. pneumoniae  isolates with  bla   production, mostly resistant to

tazobactam inhibition by definition, were included; (b) “low inoculum” infections (urinary and biliary tract) were

mostly treated. It should be pointed out that when the MIC to PTZ was ≤4 mg/L mortality was 4.5%, mounting to

23% in the case of MIC ≥8 mg/L. Based on their results, Rodríguez-Baño et al.  suggested that PTZ should be

given with safety only in “low inoculum” infections and whenever the MIC is ≤4 mg/L at a dosage schedule of 4.5 g

every 6 h.

Table 1.  Clinical studies comparing the efficacy of piperacillin–tazobactam versus carbapenems in infections

caused by ESBL-producing Enterobacterales .
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Study

Country of
Study

(Period of
Study)

Study Design
PTZ (n,

Number of
Participants)

Carbapenems
(n, Number of
Participants)

Organism(s) Site of
Infection

Severity of
Illness at
Infection

Onset

Outcome (PTZ vs
Carbapenems) Comments

Rodríguez-
Baño et
al.   

Spain
(2001–2006)

Post hoc
analysis of 6
prospective

cohorts

Empiric: n =
35

Definitive: n =
18

Empiric: n =
31

Definitive: n =
120

Escherichia
coli (100%)

BSI
(100%)

-urinary or
biliary
(70%)

ICU: 13%
Severe sepsis
or shock: 23%

30-day
mortality (empiric):
10% vs 19% (ns)

30-day
mortality (definitive):

9% vs 17% (ns)

No
association

between
either

empirical or
definitive

therapy with
PTZ and
increased
mortality

Kang et al. Korea
(2008–2010)

Retrospective n = 36 n = 78
E. coli (68%)

Klebsiella
pneumoniae (32%)

BSI
(100%)

NR
30-day mortality:
22% vs 27% (ns)

No difference
between PTZ

and
carbapenem

treatment

Tamma et
al. 

USA (2007–
2014)

Retrospective n = 103 n = 110

K.
pneumoniae (68%)

E. coli
(31%)

Proteus
mirabilis (1%)

BSI
(100%)
-CRBSI
(46%)

-UTI (21%)
-cIAI (17%)

-Biliary
(9%)

-
pneumonia

(9%)

ICU:34%
Neutropenia:

15%

14-day mortality:
17% vs 8% (p <

0.05)
30-day mortality:

26% vs 11%
(p < 0.01)

PTZ inferior to
carbapenems

for the
treatment of

ESBL
bacteremia.

Risk of death
1.92 times
higher for

patients on
empiric PTZ

therapy

Ofer-
Friedman
et al. 

Multicenter
(USA, Israel)
(2008–2012)

Retrospective n = 10 n = 69

E. coli
(53%)

K.
pneumoniae (28%)
P. mirabilis (19%)

BSI
(100%)

-
pneumonia

(34%)
-SSTI
(28%)
-Biliary
(17%)

-cIAI (9%)

Rapid fatal
condition per

McCabe
score: 39%

30-day mortality:
60% vs 34%

(p = 0.10)
90-day mortality:

80% vs 48%
(p = 0.05)

Therapy with
PTZ was

associated
with

increased 90-
day mortality
(adjusted OR,
7.9. p = 0.03)

Harris et
al. 

Singapore
(2012–2013)

Retrospective n = 24 n = 23

E. coli
(86%)

K.
pneumoniae (14%)

BSI
(100%)

-UTI (47%)
-Biliary
(9%)

ICU: 15%
30-day mortality:
8% vs 17% (ns)

No difference
between PTZ

and
carbapenem

treatment
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In the effort to evaluate the efficacy of BLBLI versus carbapenems in patients with a non-urinary source of ESBL-

PE bacteremia, Ofer-Friedman et al.  performed a multicenter, multinational efficacy analysis from 2008 to 2012

comparing outcomes in patients given a carbapenem (69) versus those treated with PTZ (10). Despite the fact that

PTZ was numerically connected with increased 30-day mortality (60% vs. 34%), results were not statistically

significant (p = 0.1) probably because of the small sample size. However, in terms of 90-day mortality, therapy with

Study

Country of
Study

(Period of
Study)

Study Design
PTZ (n,

Number of
Participants)

Carbapenems
(n, Number of
Participants)

Organism(s) Site of
Infection

Severity of
Illness at
Infection

Onset

Outcome (PTZ vs
Carbapenems) Comments

Gutiérrez-
Gutiérrez
et al.   

INCREMENT
international

project
(2004–2013)

Retrospective

Empiric: n =
123

Definitive: n =
60

Empiric: n =
195

Definitive: n =
509

E. coli (73%)
K.

pneumoniae (19%)

BSI
(100%)

-UTI (45%)
-Biliary
(12%)

ICU: 11%
Severe sepsis
or shock: 32%

30-day
mortality (empiric):
18% vs 20% (ns)

30-day
mortality (definitive):

10% vs 14% (ns)

No
association

between
either

empirical or
definitive

therapy with
PTZ and
increased
mortality

Ng et al. Singapore
(2011–2013)

Retrospective n = 94 n = 57

E. coli
(67%)

K.
pneumoniae (33%)

BSI
(100%)

-UTI (59%)
-Biliary
(9%)

-
Pneumonia

(9%)
-cIAI (5%)
-CRBSI

(4%)

ICU: 9%
30-day mortality:
31% vs 30% (ns)

No difference
between PTZ

and
carbapenem

treatment

Gudiol et
al.  

Multicenter
(2006–2015)

Retrospective

Empiric: n =
44

Definitive: n =
12

Empiric: n =
126

Definitive: n =
234

E. coli (74%)
K.

pneumoniae (23%)
K. oxytoca (1.5%)

Enterobacter
cloacae (1.5%)

BSI
(100%)
-Primary
(53%)

-CRBSI
(18%)

-cIAI (15%)
-UTI (7%)

ICU: 18%
Septic shock:

22%
Hematological
neutropenic

patients:
100%

30-day
mortality (empiric):
21% vs 13% (ns)

30-day
mortality (definitive):

6% vs 16% (ns)

PTZ
appeared to
have similar
efficacy to

carbapenems
in

hematological
neutropenic

patients

Seo et al. Korea
(2013–2015)

Randomized
trial

n = 33 n = 33 E. coli (100%)
UTI

(100%)
BSI (11%)

Septic shock:
30%

28-day mortality:
6.1% vs 6.1% (ns)

PTZ
appeared to
have similar
efficacy to

ertapenem in
UTIs

Yoon et al. Korea
(2011–2013)

Retrospective n = 68 n = 82 E. coli (100%)
UTI

(100%)
BSI (15%)

ICU: 25%
Septic shock:

16%

In-hospital
mortality: 4.4% vs

13% (ns)

PTZ
appeared to
have similar
efficacy to

ertapenem in
UTIs

a [13]
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PTZ was associated with increased mortality. Therefore, authors suggested carbapenems as superior therapy for

ESBL-PE infections.

Subsequently, a retrospective study including 92 BSI caused by cefotaxime non-susceptible  E. coli  and  K.

pneumoniae  (producing ESBL or AmpC β-lactamases) has been reported . Definitive monotherapy with a

carbapenem (23) (mostly meropenem) was compared to a BLBLI (24) (mostly PTZ with MIC of ≤4 mg/L in 70.7%

and 8 mg/L in 29.3%). Comparable outcomes were observed in patients given definitive therapy in terms of all-

cause mortality, resolution of systemic Inflammatory Response Syndrome (SIRS), length of stay or BSI relapse,

without significant differences in reinfections or colonization with multi-drug resistant (MDR) Gram-negatives or

even  Clostridium difficile  infection. Harris et al.  concluded that “despite the fact that directed therapy with a

BLBLI, when susceptibility is proven, may represent an appropriate carbapenem sparing option, larger studies,

adequately powered to detect differences in mortality before such a strategy can be recommended, are required”.

Contrary to the reported studies, Tamma et al.  in a retrospective study evaluated PTZ (103 patients) in

comparison to a carbapenem (110 patients) in the treatment of 213 patients with ESBL BSI caused by E. coli, K.

pneumoniae, Klebsiella oxytoca and Proteus mirabilis. A MIC to PTZ ≤16 mg/L was a prerequisite for inclusion in

the study. The primary outcome was time to death from the first day of BSI. After the first positive blood culture,

there were 17 (17%) deaths in the PTZ group vs. 9 (8%) in the carbapenem group. Covariates independently

associated with a higher risk of death by day 14 were higher Pitt bacteremia score and ICU-level care needed on

day 1 of BSI. The adjusted risk of death was 1.92 times higher for patients treated empirically with PTZ. In the final

conclusion of the study, authors stated that “until more definitive studies are performed, for patients at high risk of

invasive ESBL infections, early carbapenem therapy should be considered”. However, a major issue not

commented was source control of catheter-related infections as a cause of bacteremia in 43.7% of the included

patients .

One year later, Gutiérrez-Gutiérrez et al.  published an international observational study (called INCREMENT

study), investigating the possibility of replacing carbapenems with BLBLI for treating BSI due to ESBL-PE. The

main outcomes were clinical response, as cure/improvement at day 14 and 30-day mortality. Two groups of

patients were included—(a) 365 in an empirical therapy cohort (PTZ in 123 cases and a carbapenem in 195) and

(b) 601 in a targeted therapy cohort (PTZ in 60 and a carbapenem in 509)—therefore comprising, to date, the

largest study cohort. The 14-day cure/improvement rates were, in the first cohort, 78.9% for carbapenems and 80%

for BLBLIs (p = 0.81), with mortality rates of 20% vs. 17.6% (p = 0.3), and in the second cohort 90.2% and 85.5%

(p = 0.22) with mortality rates of 9.8% vs. 13.9% (p = 0.28) respectively. The authors concluded that “active in vitro

BLBLIs are not inferior to carbapenems for the treatment of BSI due to ESBL-PE in different clinical scenarios”,

suggesting that BLBLIs may be useful alternatives to carbapenems if used in appropriate doses . An important

issue raising doubts of PTZ efficacy is the diminished activity of tazobactam in the presence of a high burden of

bacteria with MICs frequently near the breakpoints, whereas the MICs of carbapenems (except ertapenem) are

usually several dilutions below the breakpoints rendering, at least from the pharmacokinetic/pharmacodynamic

(PK/PD) aspect, the carbapenems advantageous . On the other hand, the type of pathogens seemed to be

influential in mortality rates, since  K. pneumoniae  was independently associated with higher death rate than  E.

Study

Country of
Study

(Period of
Study)

Study Design
PTZ (n,

Number of
Participants)

Carbapenems
(n, Number of
Participants)

Organism(s) Site of
Infection

Severity of
Illness at
Infection

Onset

Outcome (PTZ vs
Carbapenems) Comments

Ko et
al.   

Korea
(2010–2014)

Retrospective n = 41 n = 183
E. coli (66%)

K.
pneumoniae (34%)

BSI
(100%)
-Primary
(24%)

-CRBSI
(3%)

-UTI (37%)
-cIAI (28%)

ICU: 33%
30-day mortality:

6.3% vs 11.4% (ns)

No difference
between PTZ

and
carbapenem

treatment

Harris et
al. 

International,
multicenter

(2014–2017)

Randomized
trial

n = 188 n = 191
E. coli (87%)

K.
pneumoniae (13%)

BSI
(100%)
- UTI
(61%)

-cIAI (16%)
-CRBSI

(2%)
-

Pneumonia
(3%)

-Mucositis
(5%)

-SSTI (1%)

ICU: 7%
Neutropenia:

7%

30-day mortality:
12.3% vs 3.7% (p =

0.90)

Definitive
treatment with

PTZ
compared

with
meropenem
did not result

in a non-
inferior 30-

day mortality

Benanti et
al. 

USA (2008–
2015)

Retrospective n = 21 n = 42 E. coli (100%)

BSI
(100%)
- cIAI
(40%)

-UTI (10%)
-CRBSI
(11%)

-
Pneumonia

(11%)
-SSTI
(10%)

ICU: 30%
Neutropenia:

89%

14-day mortality:
0% vs 19% (p =

0.04)

Empiric
treatment with

PTZ not
associated

with
increased
mortality in

patients with
hematologic
malignancy

John et al. USA (2014–
2017)

Retrospective n = 66 n = 51
E. coli (86%)

K.
pneumoniae (14%)

BSI
(100%)

-UTI (73%)
-cIAI (19%)

-
Pneumonia

(1%)

ICU: 38%
Septic

shock:17%

In-hospital
mortality: 3% vs

7.8% (ns)

PTZ
appeared to
have similar
efficacy to

carbapenems

Nasir et
al.   

Pakistan
(2015–2017)

Retrospective n = 89 n = 174 E. coli (100%) BSI
(100%)

-UTI (66%)
-cIAI (23%)

ICU: 38%
Septic

shock:17%

In-hospital
mortality: 13% vs

21% (ns)

PTZ
appeared to
have similar

a [25]
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BSI, blood stream infection; CRBSI, catheter-related blood stream infection; cIAI, complicated intra-abdominal

infection; ESBL, extended spectrum β-lactamases; ICU, intensive care unit; NR, not reported; ns, not significant;

OR, odds ratio; PTZ, piperacillin–tazobactam; SSTI, skin and soft tissue infections; UTI, urinary tract infection; vs,

versus.   Studies including β-lactam/β-lactamase inhibitors.

coli both in the targeted and the global-therapy cohort . Despite the fact that the INCREMENT data were the

best available evidence to support the use of BLBLIs in carbapenem-sparing programs at the time of their

publication, prospective randomized control trials to evaluate high-inoculum infections, severe infections as well as

Enterobacterales infections with elevated MICs were requested .

In a multicenter retrospective cohort study conducted in Singapore, empiric PTZ (94 patients) vs. carbapenems (57

patients) was compared in patients with either ESBL E. coli (=101) or ESBLK. pneumoniae (=50) BSI . Thirty-

day mortality did not differ between the two groups (30.9% vs. 29.8%, p = 0.89), whereas PTZ was connected with

fewer multidrug-resistant organisms (MDRO) and fungal superinfections compared to carbapenems (7.4% vs.

24.6%, p < 0.01). The authors pointed out that for a PTZ MIC of ≤16 mg/L, PTZ is reasonable to be administered at

a dose of 3.375 g/8 h with 4 h infusion. Therefore, the mode of administration is important to evaluate when

considering the efficacy of PTZ in the comparable arms of therapy .

In a prospective randomized open-label comparison trial with a limited number of 64 patients with febrile

healthcare-associated complicated urinary tract infections (cUTIs) with ESBL-producing E. coli, the efficacy of PTZ

was compared to ertapenem . Regarding clinical and microbiological success of PTZ versus ertapenem, the

former reached 93.9% vs. 97.0% and 97.0% vs. 97.0% respectively, with a 28-day mortality of 6.1% equal in the

two groups. The authors concluded that “PTZ is effective in the treatment of UTIs caused by ESBL-producing E.

coli whenever the MIC is ≤1 mg/L”.

Similarly, a retrospective observational targeted study of PTZ (68 patients) vs. ertapenem (82 patients) for acute

pyelonephritis caused by ESBL-PE (possessing MIC to PTZ of ≤8μg/mL) was performed . No significant

difference between PTZ and ertapenem regarding the primary end-points of the study, that is, microbiological

eradication failure (4.4% vs. 4.9%), in-hospital mortality (4.4% vs. 13.4%) and change of initial antibiotic regimen

(14.7% vs. 22.0%), were observed. In the multivariate analysis, predictors of treatment failure included septic

shock and recent administration of immunosuppressive agents; however, the type of the administered antibiotic

was not associated with treatment outcome.

The results of two metanalyses referring to carbapenems versus alternative antibiotics for treating ESBL-PE BSI,

both published in 2018, are quite interesting . In the first metanalysis, 35 publications (until 2016) fulfilled the

inclusion criteria . Whenever antibiotics were given empirically, no significant differences related to overall

mortality were observed between carbapenems and non-carbapenems. As it concerns definitive therapy, overall

mortality was lower for patients given carbapenems compared to cephalosporins and non-BLBLIs, whereas no

differences between carbapenems and BLBLIs, as well as quinolones and aminoglycosides, were observed.

Despite the absence of differences when BLBLIs were compared to carbapenems, the authors pointed out the lack

of robust data derived from randomized controlled trials, as well as the heterogeneity of the study population.

In the second metanalysis, 25 observational studies (until 2017) including 3847 patients were analyzed . Thirty-

day mortality of BLBLIs or PTZ was not statistically different from carbapenems either as empirical or definitive

therapy. Moreover, the authors suggested that PTZ may be considered as an alternative treatment for ESBL-PE

Study

Country of
Study

(Period of
Study)

Study Design
PTZ (n,

Number of
Participants)

Carbapenems
(n, Number of
Participants)

Organism(s) Site of
Infection

Severity of
Illness at
Infection

Onset

Outcome (PTZ vs
Carbapenems) Comments

-CRBSI
(3%)

efficacy to
carbapenems

Sharara et
al. 

USA (2014–
2016)

Retrospective n = 45 n = 141

E. coli (56%)
K.

pneumoniae (30%)
P. mirabilis (10%)
K. oxytoca (4%)

UTI
(100%)

ICU: 26%
30-day mortality:

4% vs 7% (ns)

PTZ
appeared to
have similar
efficacy to

carbapenems.
Patients

treated with
carbapenem
had higher
incident of

carbapenem-
resistant
organism

isolated in 60
d (p = 0.09)

[30]

a

[13]

[13]

[21]

[21]

[23]

[24]

[32][33]

[32]

[33]
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BSI, particularly when the MIC is low (≤4 mg/L) and/or the source of the infection is abdominal or genito-urinary.

Sfeir et al.  also pointed out the limitations encountered in their review, such as the observational character and

the heterogeneity of the studied population, as well as the lack of information on the mode of administration of PTZ

(i.e., high dose and continuous 4 h infusion for achieving adequate PK/PDs therapeutic targets ). However, the

reported limitations should not be an obstacle for suggesting PTZ at high dose and continuous infusion as a non-

inferior carbapenem-sparing agent against ESBL-PE. It is of great importance to mention that PTZ is not suitable

for deep-seated infections associated with high inoculum (where carbapenems should be preferred), since PTZ

possesses a strong inoculum effect leading to ≥8-fold increase in the MIC .

The results regarding the efficacy of PTZ in infections caused by ESBL-PE are based mainly on retrospective

studies and are controversial (Table 1). The so-called MERINO trial  was conducted to answer the key

question “Can PTZ be used as carbapenem sparing therapy in patients with bloodstream infections caused by

ceftriaxone-resistant E. coli or K. pneumoniae that test susceptible to PTZ and meropenem?”. The MERINO study

was an international, multicenter, noninferiority, open-label, parallel group, randomized clinical trial comparing 30-

day mortality of PTZ (4.5 g q6h) vs. meropenem (1 h q8h) both infused over 30 min, as definitive therapy in adult

patients with ceftriaxone-resistant E. coli or K. pneumoniae BSI. Randomization was performed within 72 h of blood

culture collection, and patients received study drugs for a minimum of 4 d and a maximum of 14 d after

randomization with an arbitrary length of treatment arranged by the treating physician. A 5% noninferiority margin

was used. Patients were screened for enrollment in 26 hospitals in 9 countries (Australia, New Zealand, Singapore,

Italy, Turkey, Lebanon, South Africa, South Arabia and Canada) starting February 2014 until July 2017.

Stratification included infecting species, presumed source of infection (UTI or elsewhere) and infection severity (Pitt

bacteremia score ≤4 or >4). Primary outcome was all-cause mortality at 30 d post randomization, with secondary

outcomes including (a) time to clinical and microbiological resolution of infection; (b) clinical and microbiological

success at day 4 post randomization; (c) microbiologic resolution of infection; (d) bloodstream infection relapse; (e)

superinfection with meropenem or PTZ-resistant microorganisms or Clostridium difficile  infections. Finally, out of

1646 screened patients, 378 were randomized (191 in meropenem and 188 in PTZ group). Although balanced with

respect to baseline characteristics, more patients in the meropenem group had diabetes, a urinary source of

bacteremia and higher APACHE II scores (41.4% vs. 31.4%, 67.0% vs. 54.8% and 21.0% vs. 17.9% respectively),

whereas in the PTZ group more patients were immunocompromised (27.1% vs. 20.9% accordingly). A total of 23

patients (12.3%) receiving PTZ vs. 7 (3.7%) in the meropenem group met the primary outcome of 30-day mortality

(p = 0.90 for noninferiority). In microbiological analysis, a total of 306 isolates were available (266 E. coli and 40 K.

pneumoniae) with median MIC to PTZ of 2 mg/L (IQR 1.5–4 mg/L) and median MIC to meropenem of 0.023 mg/L

(IQR 0.016–0.032 mg/L). ESBL genes were confirmed in 85.3% isolates with 10.2% possessing acquired AmpC

genes and 2% both. Narrow-spectrum oxacillinases (bla ), which may compromise β-lactamase inhibition by

tazobactam, were identified in 67.6% of the strains. The authors stated that “PTZ should no longer be considered

an alternative to meropenem for definitive treatment of bloodstream infections due to ceftriaxone-resistant  E.

coli and K. pneumoniae” . However, certain limitations should be taken into consideration: (a) the inherent delay

in blood cultures processing and susceptibility results, indicating that empiric therapy was not throughout under

control; (b) the fact that “step down therapy” occurred only in 20.1% of carbapenem-treated patients; (c) crossover
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of patients from one group to the other was allowed; (d) the lack of information regarding adequate source control;

(e) the presence of acquired AmpC in 10.2% of the strains could have an impact on PTZ efficacy, since such

enzymes reduce β-lactamase inhibition by tazobactam at least in vitro ; (f) due to unblind study design,

investigators were aware of the treatment allocation, prompting therefore early cessation of PTZ; (g) the acuity of

infection was lower than expected; (h) the high percentage of patients (40.7%) with resolved signs of infection at

the randomization day, providing strong evidence against the noninferiority of PTZ .

Finally, certain questions were left unanswered in the MERINO trial . Questions that need to be answered,

however, are whether PTZ given in extended or constant infusion is efficacious, as well as the effectiveness of PTZ

in cases of empirical therapy of bacteremia or in the treatment of non-bacteremic ESBL-PE infections. Probably, a

European plus a USA blinded trial (similar to MERINO), taking into account the reported limitations analyzed, could

give answers to the existing questions. In the meantime, it seems preferable, whenever a carbapenem-sparing

decision is pending, to seriously consider the Tamma and Rodríguez-Baño et al.  positions.

3. Ceftolozane–Tazobactam

Ceftolozane–tazobactam is a novel combination of a cephalosporin with a β-lactamase inhibitor that exhibits

excellent in vitro activity against a broad spectrum of Enterobacterales and Pseudomonas aeruginosa, including

ESBL strains, and has been recently approved for the treatment of complicated intra-abdominal infections (cIAI)

and cUTI . The in vitro activity of ceftolozane–tazobactam against ESBL-PE from U.S. hospitals revealed an

overall susceptibility of 83.9% (CLSI/EUCAST breakpoints) to ceftolozane–tazobactam. Ceftolozane–tazobactam

inhibited 95.5% of the E. coli isolates, but only 83% of K. pneumoniae producing ESBL. Regarding ESBL-encoding

genes, ceftolozane–tazobactam inhibited 92.9% of the isolates harboring bla   and exhibited limited activity

against isolates carrying bla   (61.1% susceptible) . In phase III randomized clinical trials, ceftolozane–

tazobactam (in combination with metronidazole) demonstrated similar efficacy to meropenem for the treatment of

cIAIs  and superior efficacy to levofloxacin for the treatment of cUTIs, including pyelonephritis . Also, in a

phase 3 trial with nosocomial infections, ceftolozane–tazobactam was compared to meropenem and in patients

with ESBL-PE, and clinical cure rates were 57.1% (48/84) and 61.6% (45/73) respectively . In a pooled analysis

of phase III clinical trials, a total of 159 ESBL-PE isolates from the microbiologically evaluable population, mostly E.

coli (68.6%), were identified. Overall, 72.3% of ESBL isolates were susceptible to ceftolozane–tazobactam versus

98.3% to meropenem, whereas only 24.1% were susceptible to levofloxacin at EUCAST breakpoints. Clinical cure

rates against ESBL isolates in cUTIs treated with ceftolozane–tazobactam and levofloxacin were 95.8% and 82.6%

respectively, whereas in cIAIs, clinical cure rates depicted were 98.1% for the ceftolozane–tazobactam group and

88.5% for the meropenem group . It is of great significance to point out that, in a cost effectiveness analysis

comparing carbapenem-sparing agents versus meropenem, patients with cUTIs due to ESBL receiving

ceftolozane–tazobactam were found cost-effective compared to meropenem . Although the limited data

available for ESBL pathogens are extrapolated from clinical trials to preclude robust analysis, ceftolozane–

tazobactam seems as an attractive option for a carbapenem-sparing strategy depending on local antibiotic
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stewardship decisions. However, more evidence is needed to confirm the exact place of ceftolozane–tazobactam

for ESBL infections.

4. Ceftazidime–Avibactam

Avibactam, a novel non-b-lactam, b-lactamase inhibitor, restores the activity of ceftazidime against the majority of

β-lactamases (ESBLs and carbapenemases, including Klebsiella pneumoniae carbapenemase (KPCs) and OXA-

48), resulting in activity of ceftazidime–avibactam combination against a wide range of MDR Gram-negative

bacteria . In vitro activity of ceftazidime–avibactam against Enterobacterales from 18 European countries as

part of the International Network for Optimal Resistance Monitoring (INFORM) global surveillance program from

2012 to 2015 revealed ceftazidime–avibactam was the most active agent, compared with all other tested

comparator agents, against non-susceptible ceftazidime isolates (97.7% susceptible) . A post hoc analysis of

phase 2 trials summarizing the results of ESBL-PE isolates recovered at baseline revealed a favorable outcome in

the ceftazidime–avibactam and meropenem arms in 85.7% and 80.0% of patients, respectively . Similarly,

clinical cure rates from patients enrolled in phase 3 clinical trial regarding cUTIs revealed efficacies of 90.3% and

89.1% for the ceftazidime–avibactam and doripenem groups accordingly , highlighting a potential role for ESBL

infections. However, it should be taken into consideration that ceftazidime–avibactam is one of the limited options

for carbapenemase-producing Enterobacterales . Therefore, it should be preserved for the treatment of KPC

and OXA-48 producers and should not be recommended as a carbapenem-sparing strategy.

References

1. Doi, Y.; Iovleva, A.; Bonomo, R.A. The ecology of extended-spectrum β-lactamases (ESBLs) in
the developed world. J. Travel Med. 2017, 2017, S44–S51.

2. European Center for Disease Prevention and Control (ECDC). Surveillance of Antimicrobial
Resistance in Europe 2018; Annual Report of the European Antimicrobial Resistance Surveillance
Network (EARS-Net); ECDC: Stockholm, Sweden, 2019; Available online:
https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-resistance-europe-
2018 (accessed on 29 December 2019).

3. Peirano, G.; Pitout, J.D.D. Extended-Spectrum β-Lactamase-Producing Enterobacteriaceae:
Update on Molecular Epidemiology and Treatment Options. Drugs 2019, 2019, 1529–1541.

4. Maslikowska, J.A.; Walker, S.A.; Elligsen, M.; Mittmann, N.; Palmay, L.; Daneman, N.; Simor, A.
Impact of infection with extended-spectrum β-lactamase-producing Escherichia coli or Klebsiella
species on outcome and hospitalization costs. J. Hosp. Infect. 2016, 2016, 33–41.

5. Rodríguez-Baño, J.; Picón, E.; Gijón, P.; Hernández, J.R.; Ruíz, M.; Peña, C.; Almela, M.;
Almirante, B.; Grill, F.; Colomina, J.; et al. Spanish Network for Research in Infectious Diseases

[43][44]

[45]

[46]

[47]

[44]



Carbapenem-Sparing Strategies for ESBL Producers | Encyclopedia.pub

https://encyclopedia.pub/entry/17277 10/14

(REIPI). Community-onset bacteremia due to extended-spectrum beta-lactamase-producing
Escherichia coli: Risk factors and prognosis. Clin. Infect. Dis. 2010, 2010, 40–48.

6. Kang, C.I.; Wi, Y.M.; Lee, M.Y.; Ko, K.S.; Chung, D.R.; Peck, K.R.; Lee, N.Y.; Song, J.H.
Epidemiology and risk factors of community onset infections caused by extended-spectrum β-
lactamase-producing Escherichia coli strains. J. Clin. Microbiol. 2012, 2012, 312–317.

7. Lee, J.A.; Kang, C.I.; Joo, E.J.; Ha, Y.E.; Kang, S.J.; Park, S.Y.; Chung, D.R.; Peck, K.R.; Ko,
K.S.; Lee, N.Y.; et al. Epidemiology and clinical features of community-onset bacteremia caused
by extended-spectrum β-lactamase-producing Klebsiella pneumoniae. Microb. Drug Resist. 2011,
2011, 267–273.

8. Chong, Y.; Shimoda, S.; Shimono, N. Current epidemiology, genetic evolution and clinical impact
of extended-spectrum β-lactamase-producing Escherichia coli and Klebsiella pneumoniae. Infect.
Genet. Evol. 2018, 2018, 185–188.

9. Vardakas, K.Z.; Tansarli, G.S.; Rafailidis, P.I.; Falagas, M.E. Carbapenems versus alternative
antibiotics for the treatment of bacteraemia due to Enterobacteriaceae producing extended-
spectrum β-lactamases: A systematic review and meta-analysis. J. Antimicrob. Chemother. 2012,
67, 2793–2803.

10. Rodríguez-Baño, J.; Navarro, M.D.; Retamar, P.; Picón, E.; Pascual, Á. Extended-Spectrum Beta-
Lactamases–Red Española de Investigación en Patología Infecciosa/Grupo de Estudio de
Infección Hospitalaria Group. β-Lactam/β-lactam inhibitor combinations for the treatment of
bacteremia due to extended-spectrum β-lactamase-producing Escherichia coli: A post hoc
analysis of prospective cohorts. Clin. Infect. Dis. 2012, 2012, 167–174.

11. Ofer-Friedman, H.; Shefler, C.; Sharma, S.; Tirosh, A.; Tal-Jasper, R.; Kandipalli, D.; Sharma, S.;
Bathina, P.; Kaplansky, T.; Maskit, M.; et al. Carbapenems Versus Piperacillin-Tazobactam for
Bloodstream Infections of Nonurinary Source Caused by Extended-Spectrum Beta-Lactamase-
Producing Enterobacteriaceae. Infect. Control Hosp. Epidemiol. 2015, 2015, 981–985.

12. Harris, P.N.; Yin, M.; Jureen, R.; Chew, J.; Ali, J.; Paynter, S.; Paterson, D.L.; Tambyah, P.A.
Comparable outcomes for β-lactam/β-lactamase inhibitor combinations and carbapenems in
definitive treatment of bloodstream infections caused by cefotaxime-resistant Escherichia coli or
Klebsiella pneumoniae. Antimicrob. Resist. Infect. Control 2015, 2015, 14.

13. Gutiérrez-Gutiérrez, B.; Pérez-Galera, S.; Salamanca, E.; de Cueto, M.; Calbo, E.; Almirante, B.;
Viale, P.; Oliver, A.; Pintado, V.; Gasch, O.; et al. A Multinational, Preregistered Cohort Study of β-
Lactam/β-Lactamase Inhibitor Combinations for Treatment of Bloodstream Infections Due to
Extended-Spectrum-β-Lactamase-Producing Enterobacteriaceae. Antimicrob. Agents Chemother.
2016, 2016, 4159–4169.

14. Viale, P.; Giannella, M.; Bartoletti, M.; Tedeschi, S.; Lewis, R. Considerations About Antimicrobial
Stewardship in Settings with Epidemic Extended-Spectrum β-Lactamase-Producing or



Carbapenem-Sparing Strategies for ESBL Producers | Encyclopedia.pub

https://encyclopedia.pub/entry/17277 11/14

Carbapenem-Resistant Enterobacteriaceae. Infect. Dis. Ther. 2015, 4, 65–83.

15. Gutiérrez-Gutiérrez, B.; Rodríguez-Baño, J. Current options for the treatment of infections due to
extended-spectrum beta-lactamase-producing Enterobacteriaceae in different groups of patients.
Clin. Microbiol. Infect. 2019, 2019, 932–942.

16. Rodríguez-Baño, J.; Gutiérrez-Gutiérrez, B.; Machuca, I.; Pascual, A. Treatment of Infections
Caused by Extended-Spectrum-Beta-Lactamase-, AmpC-, and Carbapenemase-Producing
Enterobacteriaceae. Clin. Microbiol. Rev. 2018, 31, e00079-17.

17. Aslan, A.T.; Akova, M. Extended spectrum β-lactamase producing enterobacteriaceae:
Carbapenem sparing options. Expert Rev. Anti Infect. Ther. 2019, 2019, 969–981.

18. Tamma, P.D.; Rodriguez-Bano, J. The Use of Noncarbapenem β-Lactams for the Treatment of
Extended-Spectrum β-Lactamase Infections. Clin. Infect. Dis. 2017, 2017, 972–980.

19. Kang, C.I.; Park, S.Y.; Chung, D.R.; Peck, K.R.; Song, J.H. Piperacillin-tazobactam as an initial
empirical therapy of bacteremia caused by extended-spectrum β-lactamase-producing
Escherichia coli and Klebsiella pneumoniae. J. Infect. 2012, 2012, 533–534.

20. Tamma, P.D.; Han, J.H.; Rock, C.; Harris, A.D.; Lautenbach, E.; Hsu, A.J.; Avdic, E.; Cosgrove,
S.E.; Antibacterial Resistance Leadership Group. Carbapenem therapy is associated with
improved survival compared with piperacillin-tazobactam for patients with extended-spectrum β-
lactamase bacteremia. Clin. Infect. Dis. 2015, 2015, 1319–1325.

21. Ng, T.M.; Khong, W.X.; Harris, P.N.; De, P.P.; Chow, A.; Tambyah, P.A.; Lye, D.C. Empiric
Piperacillin-Tazobactam versus Carbapenems in the Treatment of Bacteraemia Due to Extended-
Spectrum Beta-Lactamase-Producing Enterobacteriaceae. PLoS ONE 2016, 2016, e0153696.

22. Gudiol, C.; Royo-Cebrecos, C.; Abdala, E.; Akova, M.; Álvarez, R.; Maestro-de la Calle, G.; Cano,
A.; Cervera, C.; Clemente, W.T.; Martín-Dávila, P.; et al. BICAR Study Group. Efficacy of β-
Lactam/β-Lactamase Inhibitor Combinations for the Treatment of Bloodstream Infection Due to
Extended-Spectrum-β-Lactamase-Producing Enterobacteriaceae in Hematological Patients with
Neutropenia. Antimicrob. Agents Chemother. 2017, 61, e00164-17.

23. Seo, Y.B.; Lee, J.; Kim, Y.K.; Lee, S.S.; Lee, J.A.; Kim, H.Y.; Uh, Y.; Kim, H.S.; Song, W.
Randomized controlled trial of piperacillin-tazobactam, cefepime and ertapenem for the treatment
of urinary tract infection caused by extended-spectrum beta-lactamase-producing Escherichia
coli. BMC Infect. Dis. 2017, 2017, 404.

24. Yoon, Y.K.; Kim, J.H.; Sohn, J.W.; Yang, K.S.; Kim, M.J. Role of piperacillin/tazobactam as a
carbapenem-sparing antibiotic for treatment of acute pyelonephritis due to extended-spectrum β-
lactamase-producing Escherichia coli. Int. J. Antimicrob. Agents 2017, 2017, 410–415.

25. Ko, J.H.; Lee, N.R.; Joo, E.J.; Moon, S.Y.; Choi, J.K.; Park, D.A.; Peck, K. Appropriate non-
carbapenems are not inferior to carbapenems as initial empirical therapy for bacteremia caused



Carbapenem-Sparing Strategies for ESBL Producers | Encyclopedia.pub

https://encyclopedia.pub/entry/17277 12/14

by extended-spectrum beta-lactamase-producing Enterobacteriaceae: A propensity score
weighted multicenter cohort study. Eur. J. Clin. Microbiol. Infect. Dis. 2018, 37, 305–311.

26. Harris, P.N.A.; Tambyah, P.A.; Lye, D.C.; Mo, Y.; Lee, T.H.; Yilmaz, M.; Alenazi, T.H.; Arabi, Y.;
Falcone, M.; Bassetti, M.; et al. MERINO Trial Investigators and the Australasian Society for
Infectious Disease Clinical Research Network (ASID-CRN). JAMA 2018, 320, 984–994.

27. Benanti, G.E.; Brown, A.R.T.; Shigle, T.L.; Tarrand, J.J.; Bhatti, M.M.; McDaneld, P.M.; Shelburne,
S.A.; Aitken, S.L. Carbapenem versus Cefepime or Piperacillin-Tazobactam for Empiric Treatment
of Bacteremia Due to Extended-Spectrum-β-Lactamase-Producing Escherichia coli in Patients
with Hematologic Malignancy. Antimicrob. Agents Chemother. 2019, 63, e01813-18.

28. John, R.; Colley, P.; Nguyen, H.L.; Berhe, M. Outcomes analysis in patients with extended-
spectrum beta-lactamase bacteremia empirically treated with piperacillin/tazobactam versus
carbapenems. Bayl. Univ. Med. Center Proc. 2019, 2019, 187–191.

29. Nasir, N.; Ahmed, S.; Razi, S.; Awan, S.; Mahmood, S.F. Risk factors for mortality of patients with
ceftriaxone resistant E. coli bacteremia receiving carbapenem versus beta lactam/beta lactamase
inhibitor therapy. BMC Res. Notes 2019, 2019, 611.

30. Sharara, S.L.; Amoah, J.; Pana, Z.D.; Simner, P.J.; Cosgrove, S.E.; Tamma, P.D. Is Piperacillin-
Tazobactam Effective for the Treatment of Pyelonephritis Caused by ESBL-producing
Organisms? Clin. Infect. Dis. 2019.

31. López-Cerero, L.; Picón, E.; Morillo, C.; Hernández, J.R.; Docobo, F.; Pachón, J.; Rodríguez-
Baño, J.; Pascual, A. Comparative assessment of inoculum effects on the antimicrobial activity of
amoxycillin-clavulanate and piperacillin-tazobactam with extended-spectrum beta-lactamase-
producing and extended-spectrum beta-lactamase-non-producing Escherichia coli isolates. Clin.
Microbiol. Infect. 2010, 2010, 132–136.

32. Son, S.K.; Lee, N.R.; Ko, J.H.; Choi, J.K.; Moon, S.Y.; Joo, E.J.; Peck, K.R.; Park, D.A. Clinical
effectiveness of carbapenems versus alternative antibiotics for treating ESBL-producing
Enterobacteriaceae bacteraemia: A systematic review and meta-analysis. J. Antimicrob.
Chemother. 2018, 73, 2631–2642.

33. Sfeir, M.; Askin, G.; Christos, P. Beta-lactam/beta-lactamase inhibitors versus carbapenem for
bloodstream infections due to extended-spectrum beta-lactamase-producing Enterobacteriaceae:
Systematic review and meta-analysis. Int. J. Antimicrob. Agents 2018, 2018, 554–570.

34. Thomson, K.S.; Moland, E.S. Cefepime, piperacillin-tazobactam, and the inoculum effect in tests
with extended-spectrum beta-lactamase-producing Enterobacteriaceae. Antimicrob. Agents
Chemother. 2001, 2001, 3548–3554.

35. Hayden, M.K.; Won, S.Y. Carbapenem-Sparing Therapy for Extended-Spectrum β-Lactamase-
Producing E coli and Klebsiella pneumoniae Bloodstream Infection: The Search Continues. JAMA



Carbapenem-Sparing Strategies for ESBL Producers | Encyclopedia.pub

https://encyclopedia.pub/entry/17277 13/14

2018, 2018, 979–981.

36. Giacobbe, D.R.; Bassetti, M.; De Rosa, F.G.; Del Bono, V.; Grossi, P.A.; Menichetti, F.; Pea, F.;
Rossolini, G.M.; Tumbarello, M.; Viale, P.; et al. ISGRI-SITA (Italian Study Group on Resistant
Infections of the Società Italiana Terapia Antinfettiva). Ceftolozane/tazobactam: Place in therapy.
Expert Rev. Anti Infect. Ther. 2018, 2018, 307–320.

37. Castanheira, M.; Doyle, T.B.; Mendes, R.E.; Sader, H.S. Comparative Activities of Ceftazidime-
Avibactam and Ceftolozane-Tazobactam against Enterobacteriaceae Isolates Producing
Extended-Spectrum β-Lactamases from U.S. Hospitals. Antimicrob. Agents Chemother. 2019, 63,
e00160-19.

38. Solomkin, J.; Hershberger, E.; Miller, B.; Popejoy, M.; Friedland, I.; Steenbergen, J.; Yoon, M.;
Collins, S.; Yuan, G.; Bare, P.S.; et al. Ceftolozane/Tazobactam Plus Metronidazole for
Complicated Intra-abdominal Infections in an Era of Multidrug Resistance: Results From a
Randomized, Double-Blind, Phase 3 Trial (ASPECT-cIAI). Clin. Infect. Dis. 2015, 60, 1462–1471.

39. Wagenlehner, F.M.; Umeh, O.; Steenbergen, J.; Yuan, G.; Darouiche, R.O. Ceftolozane-
tazobactam compared with levofloxacin in the treatment of complicated urinary-tract infections,
including pyelonephritis: A randomised, double-blind, phase 3 trial (ASPECT-cUTI). Lancet 2015,
385, 1949–1956.

40. Kollef, M.H.; Nováček, M.; Kivistik, Ü.; Réa-Neto, Á.; Shime, N.; Martin-Loeches, I.; Timsit, J.F.;
Wunderink, R.G.; Bruno, C.J.; Huntington, J.A.; et al. Ceftolozane-tazobactam versus meropenem
for treatment of nosocomial pneumonia (ASPECT-NP): A randomised, controlled, double-blind,
phase 3, non-inferiority trial. Lancet Infect. Dis. 2019, 19, 1299–1311.

41. Popejoy, M.W.; Paterson, D.L.; Cloutier, D.; Huntington, J.A.; Miller, B.; Bliss, C.A.; Steenbergen,
J.N.; Hershberger, E.; Umeh, O.; Kaye, K.S. Efficacy of ceftolozane/tazobactam against urinary
tract andintra-abdominal infections caused by ESBL-producing Escherichia coli and Klebsiella
pneumoniae: A pooled analysis of Phase 3 clinical trials. J. Antimicrob. Chemother. 2017, 72,
268–272.

42. Nguyen, C.P.; Dan Do, T.N.; Bruggemann, R.; Ten Oever, J.; Kolwijck, E.; Adang, E.M.M.;
Wertheim, H.F.L. Clinical cure rate and cost-effectiveness of carbapenem-sparing beta-lactams
vs. meropenem for Gram-negative infections: A systematic review, meta-analysis, and cost-
effectiveness analysis. Int. J. Antimicrob. Agents 2019, 2019, 790–797.

43. Karaiskos, I.; Lagou, S.; Pontikis, K.; Rapti, V.; Poulakou, G. The “Old” and the “New” Antibiotics
for MDR Gram-Negative Pathogens: For Whom, When, and How. Front. Public Health 2019,
2019, 151.

44. Karaiskos, I.; Galani, I.; Souli, M.; Giamarellou, H. Novel β-lactam-β-lactamase inhibitor
combinations: Expectations for the treatment of carbapenem-resistant Gram-negative pathogens.
Expert Opin. Drug Metab. Toxicol. 2019, 2019, 133–149.



Carbapenem-Sparing Strategies for ESBL Producers | Encyclopedia.pub

https://encyclopedia.pub/entry/17277 14/14

45. Kazmierczak, K.M.; de Jonge, B.L.M.; Stone, G.G.; Sahm, D.F. In vitro activity of
ceftazidime/avibactam against isolates of Pseudomonas aeruginosa collected in European
countries: INFORM global surveillance 2012–2015. J. Antimicrob. Chemother. 2018, 2018, 2777–
2781.

46. Mendes, R.; Castanheira, M.; Gasink, L.; Stone, G.G.; Nichols, W.W.; Flamm, R.K.; Jones, R.N.
β-Lactamase Characterization of Gram-Negative Pathogens Recovered from Patients Enrolled in
the Phase 2 Trials for Ceftazidime-Avibactam: Clinical Efficacies Analyzed against Subsets of
Molecularly Characterized Isolates. Antimicrob. Agents Chemother. 2015, 2015, 1328–1335.

47. Mendes, R.E.; Castanheira, M.; Woosley, L.N.; Stone, G.G.; Bradford, P.A.; Flamm, R.K.
Molecular β-lactamase characterization of Gram-negative pathogens recovered from patients
enrolled in the ceftazidime-avibactam phase 3 trials (RECAPTURE 1 and 2) for complicated
urinary tract infections: Efficacies analysed against susceptible and resistant subsets. Int. J.
Antimicrob. Agents 2018, 2018, 287–292.

Retrieved from https://encyclopedia.pub/entry/history/show/41038


