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Background.  Ce�azidime-avibactam (CAZ-AVI) has been approved in Europe for the treatment of complicated intra-abdom-

inal and urinary tract infections, as well as hospital-acquired pneumonia, and for gram-negative infections with limited treatment 

options. CAZ-AVI displays in vitro activity against Klebsiella pneumoniae carbapenemase (KPC) enzyme producers, but clinical trial 

data on its e�cacy in this setting are lacking.

Methods.  We retrospectively reviewed 138 cases of infections caused by KPC-producing K. pneumoniae (KPC-Kp) in adults 

who received CAZ-AVI in compassionate-use programs in Italy. Case features and outcomes were analyzed, and survival was then 

speci�cally explored in the large subcohort whose infections were bacteremic.

Results.  �e 138 patients started CAZ-AVI salvage therapy a�er a �rst-line treatment (median, 7 days) with other antimicro-

bials. CAZ-AVI was administered with at least 1 other active antibiotic in 109 (78.9%) cases. �irty days a�er infection onset, 47 

(34.1%) of the 138 patients had died. �irty-day mortality among the 104 patients with bacteremic KPC-Kp infections was signi�-

cantly lower than that of a matched cohort whose KPC-Kp bacteremia had been treated with drugs other than CAZ-AVI (36.5% vs 

55.8%, P = .005). Multivariate analysis of the 208 cases of KPC-Kp bacteremia identi�ed septic shock, neutropenia, Charlson comor-

bidity index ≥3, and recent mechanical ventilation as independent predictors of mortality, whereas receipt of CAZ-AVI was the sole 

independent predictor of survival.

Conclusions.  CAZ-AVI appears to be a promising drug for treatment of severe KPC-Kp infections, especially those involving 

bacteremia.

Keywords.  ce�azidime-avibactam; carbapenemases; KPC-producing Klebsiella pneumoniae.

The fixed-dose antimicrobial combination ceftazidime-avibac-

tam (CAZ-AVI) consists of a third-generation cephalosporin 

and a novel synthetic β-lactamase inhibitor, approved in 2015 by 

the US Food and Drug Administration for the treatment of com-

plicated intra-abdominal infections and complicated urinary 

infections [1]. In 2016, it received marketing authorization by 

the European Medicines Agency for the same indications, as well 

as for hospital-acquired pneumonia (including ventilator-asso-

ciated infections), and more generally, for aerobic gram-negative 

infections in adults with limited treatment options [2].

Infections falling within the latter category are increasingly being 

attributed to carbapenem-resistant Enterobacteriaceae (CRE), 

which are being reported with growing frequency in Italy and 

many other countries of the world, and the vast majority are caused 

by isolates producing the Klebsiella pneumoniae carbapenemase 
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(KPC) [3–15]. CAZ-AVI represents a potentially powerful tool 

for managing these infections in light of its demonstrated in vitro 

activity against CRE isolates that produce KPC enzymes (as well as 

extended-spectrum β-lactamases, AmpC β-lactamases, and oxacil-

linases) [16]. However, there is a paucity of clinical evidence on the 

e�cacy of CAZ-AVI in humans with CRE infections. In the phase 

2 and 3 clinical trials conducted to support its marketing authoriza-

tion in Europe and the United States [17–21], CAZ-AVI was tested 

against carbapenems, which, prior to 2015, were considered the 

“best available therapy” for infections caused by ce�azidime-resis-

tant Enterobacteriaceae. As a result, individuals whose infections 

were caused by carbapenem-resistant isolates were excluded from 

enrollment in these trials. CAZ-AVI’s performance in this setting 

has, however, been assessed in retrospective studies of patients 

whose CRE infections were treated with the drug, although in 

these studies a relatively limited number of patients was considered 

[22–25]. Size-related limitations are in particular a feature of the 2 

cohort studies in which the e�cacy and safety of CAZ-AVI therapy 

for CRE infections was compared with that of alternative antimi-

crobial regimens [26, 27].

To address this knowledge gap, we conducted a retrospec-

tive multicenter study of 138 Italian patients with documented 

KPC-producing K.  pneumoniae (KPC-Kp) infections, all of 

whom received CAZ-AVI as salvage therapy. Our aims were to 

document the clinical features and outcomes of these cases and 

to speci�cally explore outcomes and predictors of mortality in 

patients with KPC-Kp bacteremia.

METHODS

Study Design

We conducted a retrospective observational study of inpatients 

in 17 Italian hospitals who were treated for KPC-Kp infections 

between 1 April 2016 and 31 December 2017. The study proto-

col was approved by the Research Ethics Committee of the coor-

dinating center (Fondazione Policlinico Universitario – Istituto 

di Ricovero e Cura a Carattere Scientifico (IRCCS) “Agostino 

Gemelli,” Catholic University of the Sacred Heart, Rome), and 

the informed consent requirement was waived because of the 

study’s retrospective, noninterventional nature.

CAZ-AVI was not available for routine clinical use in Italy 

during the study period. �e patients making up the cohort had 

therefore received CAZ-AVI salvage therapy within the bounds 

of compassionate-use programs administered by the drug’s 

manufacturers (AstraZeneca and, later, P�zer). Neither com-

pany had any other type of involvement in the study.

Cases were eligible for inclusion in the cohort if the patient 

(1) was ≥18 years old; (2) had had a culture-con�rmed KPC-Kp 

infection; and (3) had received ≥72 hours of CAZ-AVI salvage 

therapy (with or without other antimicrobials). CAZ-AVI was 

administered intravenously at a dose of at 2.5 g every 8 hours, 

with dosage adjustments for renal impairment, as recom-

mended by the manufacturers.

Descriptive statistics were computed to summarize the charac-

teristics (demographic, clinical, and epidemiological) of the infec-

tions, their treatment, and their outcomes (ie, 30-day mortality). 

Infections were classi�ed as KPC-Kp bacteremia if (1) blood cul-

tures were positive for a KPC-Kp strain (with or without KPC-Kp–

positive cultures from 1 or more other sites), and (2) there were 

clinical signs of the systemic in�ammatory response syndrome. 

Nonbacteremic KPC-Kp infections were de�ned by (1) docu-

mented recovery of a KPC-Kp isolate from cultures of nonblood 

samples (eg, intra-abdominal wounds, urine, sputum, broncho-

alveolar lavage �uid); (2) no blood culture positivity for KPC-Kp 

during the index hospitalization; and (3) clinical signs of infec-

tion. Treatment regimens containing CAZ-AVI were classi�ed as 

combination therapy if they included at least 1 other antimicro-

bial (administered for ≥72 hours) displaying activity against the 

KPC-KP isolate. Relapse was de�ned as the onset, during the index 

hospitalization, of a second microbiologically documented KPC-Kp 

infection in a patient whose original infection had been classi�ed 

as a clinical cure (with or without microbiological con�rmation).

Our secondary aim was to assess the e�cacy of CAZ-AVI 

speci�cally in patients with KPC-Kp bacteremia. To this end, 

we analyzed case characteristics and outcomes in the subcohort 

of patients whose CAZ-AVI–treated KPC-Kp infections were 

bacteremic (cases), as de�ned above. Findings were compared 

with those on a matched cohort of patients whose bacteremic 

KPC-Kp infections had been managed in the participating cen-

ters receiving ≥72 hours of salvage therapy regimens that did not 

include CAZ-AVI (controls). Case-control matching was based 

on (1) the number of days (± 1 day) from bacteremia onset to the 

initiation of salvage therapy and (2) Pitt bacteremia scores (± 1 

point) [28]. We also analyzed data on survivor and nonsurvivor 

subgroups in the combined group of bacteremia patients (cases 

plus controls) to identify predictors of 30-day mortality.

Definitions

The following terms were defined prior to data analysis:

•	 Hospital admission was the date the patient was admitted to 

the study facility. 

•	 Infection onset was the collection date of the index culture 

(ie, the first culture that yielded the study isolate).

•	 Septic shock was sepsis associated with organ dysfunction 

and persistent hypotension despite volume replacement [29].

•	 Clinical failure was persistence of signs and symptoms from 

baseline to the end of antibiotic therapy.

•	 Microbiological failure was persistence of positive cultures 

(evaluated only in patients with repeated cultures available).

•	 Salvage therapy was antibiotic therapy administered after 

clinical and/or microbiological failure of a first-line treat-

ment regimen or when it had not been possible to continue 

the previous therapy because of the onset of severe side 

effects (eg, acute renal failure or allergic reactions).
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•	 High-risk bacteremic infections were those with unidentified 

sources or identified sources other than urinary tract or bili-

ary tract infections.

Microbiology

Isolates were identified with the Vitek 2 system (bioMérieux, 

Marcy l’Etoile, France) or matrix-assisted laser desorption/ion-

ization–time-of-flight mass spectrometry (MALDI Biotyper, 

Bruker Daltonics GmbH, Leipzig, Germany, or Vitek-MS, 

bioMérieux). Each hospital conducted antibiotic susceptibility 

testing according to its own protocols, in most cases using the 

Vitek 2 system (bioMérieux) or the Sensititre broth microdi-

lution method (Trek Diagnostic Systems, Cleveland, Ohio). 

CAZ-AVI susceptibility was tested by disk diffusion or broth 

microdilution. Results were interpreted in accordance with 

the European Committee on Antimicrobial Susceptibility 

Testing (EUCAST) clinical breakpoints. Phenotypic detection 

of carbapenemase types was performed according to EUCAST 

guidelines [30]. Genotypic detection of carbapenemases 

was performed for a subset of isolates by using the eazyplex 

SuperBug CRE assay (Amplex Diagnostics GmbH, Germany) 

or the Xpert Carba-R assay (Cepheid, Italy).

Statistical Analysis

Results are expressed as mean ± standard deviation or median 

and interquartile range (IQR) (continuous variables) or as per-

centages of the group from which they were derived (catego-

rical variables). The Student t test and Mann-Whitney U test 

were used to compare normally and nonnormally distributed 

continuous variables, respectively. Categorical variables were 

evaluated with the χ2 or the Fisher exact test. Odds ratios and 

95% confidence intervals were calculated for all associations 

that emerged. Two-tailed tests were used to determine statis-

tical significance; a P value of <.05 was considered significant. 

Multivariate logistic regression analysis was used to identify 

independent risk factors for 30-day mortality. Variables emerg-

ing from univariate analysis with P values of <.1 were included 

in the multivariate model in a backward stepwise manner. 

A  propensity score for receiving therapy with CAZ-AVI was 

added to the model. The propensity score was calculated using 

a nonparsimonious multivariate logistic regression model in 

which the outcome variable was the treatment with CAZ-AVI. 

The Kaplan-Meier method was used for survival analysis. All 

statistical analyses were performed with the Intercooled Stata 

program, version 11.

RESULTS

Characteristics and Outcomes of the Study Cohort

Clinical and Microbiological Characteristics

As shown in Figure 1, during the study period, 154 patients in 

the participating centers received CAZ-AVI salvage therapy for 

an infection caused by carbapenem-resistant gram-negative 

bacteria, and in 97% of the cases (n = 149), the organism was a 

KPC-Kp. Eleven of the 149 KPC-Kp infections were excluded 

from the study because the case failed to meet 1 or more inclu-

sion criteria. The cohort thus consisted of 138 adults with 

KPC-Kp infections who received CAZ-AVI salvage therapy. 

Three-quarters of the KPC-Kp infections (n  =  104 [75.4%]) 

were bacteremic, and most of these (n = 64 [61.5%]) were clas-

sified as high-risk. The 34 nonbacteremic infections involved 

(in order of decreasing frequency) the lower respiratory tract, 

intra-abdominal structures, the urinary tract, or other sites.

Table  1 summarizes the demographic and clinical charac-

teristics of the study cohort and its bacteremic and nonbacte-

remic subgroups. Patients ranged in age from 23 to 88  years, 

and more than two-thirds were male (68.1%). Most infections 

(122/138 [88.4%]) were hospital-acquired. More than 40% 

(60/138 [43.5%]) were diagnosed on a medical ward, and one-

third (46/138 [33.3%]) were identi�ed while the patient was in 

an ICU.

All 138 KPC-Kp isolates were resistant to penicillins, 

extended-spectrum cephalosporins, ertapenem, and cipro�ox-

acin, and most (129/138 [93.5%]) had meropenem minimum 

inhibitory concentrations (MICs) of ≥16 mg/L. At the outset 

of salvage therapy, all isolates displayed in vitro susceptibility 

to CAZ-AVI; some were also susceptible to gentamicin (41%), 

fosfomycin (39%), tigecycline (32%), colistin (27%), or amik-

acin (16%).

Salvage Treatment Regimens and Outcomes

As shown in Table 1, all 138 patients received CAZ-AVI therapy 

for a median duration of 14 days (IQR, 4–41 days); in most cases 

(109/138 [78.9%]), the CAZ-AVI was administered with at least 

1 other active antibacterial agent (gentamicin in 31.2% [34/109], 

tigecycline in 14.7% [16/109], colistin in 20.2% [22/109], fosfo-

mycin in 9.2% [10/109], and other drugs in 5.5% [6/109]). In 

addition, 21 of 109 (19.3%) patients received carbapenems.

�e overall 30-day mortality rate was 34.1% (47/138). �e 

highest rate (36.5% [38/104]) was recorded in the patients 

with bacteremic KPC-Kp infections; the lowest (16.7% [1/6]) 

was observed in those with urinary tract infections (Figure 1). 

�ree of the patients who died (2.2% of the entire cohort) (2 

with bacteremia, 1 with pneumonia) had persistently positive 

cultures a�er starting CAZ-AVI treatment, and their isolates 

eventually developed in vitro resistance to the drug. Two of 

the 3 were treated with CAZ-AVI monotherapy, and 1 of the 2 

received chronic renal replacement therapy. During the index 

hospitalization, 12 of the 138 (8.7%) patients (10 with bactere-

mia, 1 with a urinary tract infection, 1 with pneumonia) expe-

rienced KPC-Kp infection relapses a�er CAZ-AVI treatment 

was discontinued (median interval, 23 days). In all 12 cases, the 

KPC-Kp isolates remained susceptible to CAZ-AVI, and clinical 

and/or microbiological cures were achieved a�er retreatment 

with CAZ-AVI plus gentamicin.
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Outcomes and Predictors of Mortality in Patients With KPC-Kp Bacteremia 

Treated With CAZ-AVI Versus Other Regimens

Table 2 shows the demographic and clinical characteristics of 

the 104 patients with KPC-Kp bacteremia treated with CAZ-

AVI salvage therapy (cases) and those of the matched cohort 

whose KPC-Kp bloodstream infections (BSIs) were man-

aged with second-line regimens containing drugs other than 

CAZ-AVI (controls). Thirty-day survival rates of CAZ-AVI 

treated bacteremic patients according to concomitant drugs 

used as combination therapy or to CAZ-AVI monotherapy 

is reported in Figure 2, whereas antibiotic salvage regimens 

that received control patients are shown in Supplementary 

Table 1.

�e 30-day mortality rate among KPC-Kp bacteremia 

patients who received CAZ-AVI was signi�cantly lower than 

that of controls (36.5% vs 55.8%, P =  .005) (Table 2). Among 

patients managed with single-drug salvage treatment regimens, 

those who received CAZ-AVI displayed signi�cantly lower 

30-day mortality than those treated with alternative single-drug 

regimens (9/22 [40.9%] vs 21/27 [77.8%], P = .008). A similar 

di�erence was observed in patients managed with combination 

regimens (29/82 [35.4%], in those who received CAZ-AVI vs 

37/77 [48.1%], in the control group), although it was not statis-

tically signi�cant (P = .10).

�e results of the univariate and multivariate analyses of risk 

factors for 30-day mortality in the 208 patients with KPC-Kp 

BSIs are shown in Tables 3 and 4, respectively. In the multivari-

ate analysis, septic shock at the start of salvage therapy, neutro-

penia, Charlson comorbidity index ≥3, and recent mechanical 

ventilation emerged as independent predictors of mortality, 

whereas treatment with CAZ-AVI (with or without other active 

drugs) was the only variable independently associated with sur-

vival. A�er adjustment for the propensity score in the logistic 

regression model evaluating risk factors for mortality, all the 

variables remained in the model without signi�cant di�erences 

(Table 4). Survival curve analysis con�rmed the reduced mor-

tality risk associated with CAZ-AVI treatment (P < .001), even 

a�er adjustment for septic shock at the start of salvage therapy 

(Figure 3).

DISCUSSION

The past decade has witnessed a global increase in the prevalence 

of CRE infections, particularly those caused by K. pneumoniae. 

CRE infections (especially those characterized by bacteremia) 

are associated with high morbidity and mortality [3], and the 

options for their treatment are very limited. Clinical trial data 

on the management of these infections are lacking. However, 

Figure  1.  Flowchart of patients’ inclusion process. Abbreviations: CAZ-AVI, ceftazidime-avibactam; CR-GNB, carbapenem-resistant Gram-negative bacteria; KPC-Kp, 

Klebsiella pneumoniae carbapenemase–producing K. pneumoniae.
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Table 1.  Characteristics of Patients With Ceftazidime-Avibactam–treated Klebsiella pneumoniae Carbapenemase–producing K. pneumoniae Infections

Variable All Infections (N = 138) Bacteremic Infections (n = 104) Nonbacteremic Infections (n = 34) P  Value

Patient variables

  Male sex 94 (68.1) 68 (65.4) 26 (76.5) .23

  Age, y, median (IQR) 60 (25–79) 61 (27–79) 57 (25–79) .31

  Comorbidities

    COPD 12 (8.7) 10 (9.6) 2 (5.9) .50

    Cardiovascular disease 51 (36.9) 43 (41.4) 8 (23.5) .06

    Cerebrovascular disease or dementia 15 (10.9) 8 (7.7) 7 (20.6) .03

    Solid tumor 27 (19.6) 19 (18.3) 8 (23.5) .50

    Hematologic malignancy 19 (13.7) 15 (14.4) 4 (11.7) .69

    Liver disease 25 (18.1) 19 (18.3) 6 (17.6) .93

    SOT 35 (25.4) 28 (26.9) 7 (20.6) .46

    Chronic renal failure 35 (25.4) 27 (25.9) 8 (23.5) .77

    Diabetes mellitus 22 (15.9) 20 (19.2) 2 (5.9) .06

    Neutropenia 15 (10.9) 13 (12.5) 2 (5.9) .28

    Charlson comorbidity index ≥3 47 (34.1) 38 (36.5) 9 (26.5) .28

  Ward submitting index culture

    Medical (all) 60 (43.5) 42 (40.4) 18 (52.9) .20

      Hematology 9 (6.5) 6 (5.7) 3 (8.8) .53

    Surgical (all) 32 (23.2) 23 (22.1) 9 (26.5) .60

      Transplantation 7 (5.1) 5 (4.8) 2 (5.9) .80

  ICU 46 (33.3) 39 (37.5) 7 (20.6) .07

  Preinfection healthcare interventions

    Surgerya 60 (43.5) 41 (39.4) 19 (55.9) .09

    Dialysisa 15 (10.9) 14 (13.5) 1 (2.9) .08

    Endoscopyb 21 (15.2) 17 (16.3) 4 (11.7) .52

    Mechanical ventilationb 43 (31.2) 24 (23.1) 9 (26.5) .49

  Indwelling invasive devices

    Central venous catheter 108 (78.3) 79 (75.9) 29 (85.3) .25

    Bladder catheter 100 (72.5) 74 (71.2) 26 (76.5) .55

    Nasogastric tubeb 56 (40.6) 42 (40.4) 14 (41.2) .93

    Surgical drainb 45 (32.6) 35 (33.6) 10 (29.4) .65

Infection variables

  Polymicrobial 12 (8.7%) 2 (1.9) 10 (29.4) <.001

  Healthcare-associated 16 (11.6) 10 (9.6) 6 (17.6) .20

  Hospital-acquired 122 (88.4) 94 (90.4) 28 (82.3) .20

  Septic shockc 43 (31.2) 34 (32.7) 9 (26.5) .49

Treatment variables

  Antibiotic regimens prior to CAZ-AVI salvage therapy

    Colistin plus tigecycline 31 (22.5) 23 (22.1) 8 (23.5) .86

    Colistin plus tigecycline plus meropenem 28 (20.3) 24 (23.1) 4 (11.7) .15

    Double carbapenem 18 (13.1) 15 (14.4) 3 (8.8) .40

    Fosfomycin plus tigecycline 16 (11.6) 11 (10.6) 5 (14.7) .51

    Colistin 12 (8.7) 7 (6.7) 5 (14.7) .15

    Colistin plus meropenem 8 (5.7) 5 (4.8) 3 (8.8) .38

    Gentamicin plus tigecycline 8 (5.7) 4 (3.8) 4 (11.7) .08

    Other 13 (9.4) 15 (14.4) 2 (5.9) .18

  Days before CAZ-AVI treatment, median (IQR) 7 (3–10) 7 (3–9) 7 (4–10) .23

  CAZ-AVI combined with 109 (78.9) 82 (78.8) 27 (79.4) .94

    Noncarbapenem drugsd 88/109 (80.7) 63/82 (76.8) 25/27 (92.6) .07

    Carbapenemsd 21/109 (19.3) 19/82 (23.17) 2/27 (7.4) .07

  Days of CAV-AVI treatment, median (IQR) 14 (4–41) 14 (3–28) 15 (6–55) .18

Outcomes

  30-d mortality 47 (34.1) 38 (36.5) 9 (26.5) .28

  Infection relapsee 12 (8.7) 10 (9.6) 2 (5.9) .50

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: CAZ-AVI, ceftazidime-avibactam; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; IQR, interquartile range; SOT, solid organ transplantation.

aDuring the 30 days preceding infection onset.

bDuring the 72 hours preceding infection onset.

cPresent when CAZ-AVI treatment was started.

dCarbapenem-containing regimens included imipenem OR meropenem with or without ertapenem.

eDiagnosed during the index hospitalization after clinical cure of the original infection.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/c
id

/a
d
v
a
n
c
e
-a

rtic
le

-a
b
s
tra

c
t/d

o
i/1

0
.1

0
9
3
/c

id
/c

iy
4
9
2
/5

0
3
5
2
1
7
 b

y
 P

fiz
e
r In

fo
rm

a
tio

n
 &

 L
ib

ra
ry

 S
c
ie

n
c
e
s
 u

s
e
r o

n
 3

1
 O

c
to

b
e
r 2

0
1
8



6  •  CID  2018:XX  (XX XXXX)  •  Tumbarello et al

findings from observational studies have supported the use of 

combination regimens that include drugs displaying in vitro 

activity against the K. pneumoniae isolates (eg, aminoglycosides, 

colistin, fosfomycin, and/or tigecycline) and/or drugs to which 

K. pneumoniae isolates are in vitro resistant (ie, carbapenems), at 

least in patients with severe infections [12, 31–34]. Furthermore, 

the prevalence of resistance to 1 or more of the few drugs con-

sidered active against carbapenem-resistant K. pneumoniae iso-

lates is increasing. Worrisome rates of colistin resistance have 

recently been reported, especially among KPC-Kp isolates, and 

data from the European Antimicrobial Resistance Surveillance 

System for 2016 revealed resistance to this drug in 10%–25% of 

carbapenem-resistant K. pneumoniae isolates in at least 4 south-

ern European countries, including Italy [15, 35, 36]. Against this 

unsettling backdrop, CAZ-AVI emerges as a potentially power-

ful addition to clinicians’ antibacterial armamentarium, partic-

ularly in hospitals such as those taking part in this study, where 

KPC-Kp infections are endemic.

�e cohort we analyzed is the largest sample of patients with 

CAZ-AVI–treated KPC-Kp infections analyzed to date. As such, 

Table  2.  Characteristics of Patient Groupsa Whose Klebsiella pneumoniae Carbapenemase–producing K.  pneumoniae Bacteremic Infections Were 

Treated with Ceftazidime-Avibactam–containing Salvage Regimens (Cases) or Alternative Salvage Regimens (Controls)

Characteristic Cases (n = 104) Controls (n = 104) P  Value

Patient variables

  Male sex 68 (65.4) 67 (64.4) .88

  Age, y, median (IQR) 60 (27–79) 72 (53–85) <.001

  Comorbidities

    COPD 10 (9.6) 11 (10.6) .82

    Cardiovascular disease 43 (41.3) 59 (56.7) .02

    Cerebrovascular disease or dementia 8 (7.7) 15 (14.4) .12

    Solid tumor 19 (18.3) 15 (14.4) .45

    Hematologic malignancy 15 (14.4) 16 (15.4) .84

    Liver disease 19 (18.3) 10 (9.6) .07

    Solid organ transplant recipient 28 (26.9) 14 (13.5) .01

    Chronic renal failure 27 (25.9) 30 (28.8) .64

    Diabetes 20 (19.2) 28 (26.9) .18

    Neutropenia 13 (12.5) 14 (13.5) .84

    Charlson comorbidity index ≥3 38 (36.5) 28 (26.9) .14

  Ward submitting index culture

    Medical (all) 42 (40.4) 55 (52.8) .07

      Hematology 6 (5.8) 13 (12.5) .09

    Surgical (all) 23 (22.1) 20 (19.2) .61

      Organ transplants 5 (4.8) 2 (1.9) .25

  ICU 39 (37.5) 27 (25.9) .07

Infection variables

  Healthcare-associated 10 (9.6) 11 (10.6) .81

  Hospital-acquired 94 (90.4) 91 (87.5) .51

  High-risk BSIb 64 (61.5) 74 (71.2) .14

  Colistin-resistant KPC-Kp isolate 84 (80.7) 89 (85.6) .85

Clinical statusc

  Septic shock 34 (32.7) 28 (26.9) .36

  Pitt score, median (IQR) 4 (0–7) 4 (0–8) .34

Salvage therapy variables

  Days before salvage therapy, median (IQR) 7 (3–9) 7 (3–8) .36

  Monotherapy 22 (21.2) 27 (25.9) .41

  Combination therapy 82 (78.8) 77 (74.3) .41

Outcomes

  30-d mortality 38 (36.5) 58 (55.8) .005

  Infection relapsed 10 (9.6) 9 (8.6) .81

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: BSI, bloodstream infection; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; IQR, interquartile range; KPC-Kp, Klebsiella pneumoniae carbapenemase–

producing K. pneumoniae.

aCohorts were matched for days before salvage therapy (± 1 day) and Pitt bacteremia scores (± 1 point) at the start of salvage therapy.

bBSI whose source was unidentified or located in structures other than the urinary or biliary tract.

cAs assessed at the start of salvage therapy.

dDiagnosed during the index hospitalization after clinical cure of the original infection.
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even with the well-known limitations of a retrospective study, it 

can provide valuable insights into the clinical role of this drug. 

It is also important to recall, however, that our data re�ect 

CAZ-AVI’s performance within the con�nes of compassion-

ate-use/expanded-access programs, which means that the drug 

was started only a�er other antibacterial treatment regimens 

had failed or could be not continued. In patients with severe 

gram-negative infections, delayed initiation of active treatment 

has been associated with poorer outcomes [12, 37]. �erefore, 

survival in our cohort might reasonably be expected to be 

worse than those recorded in settings where CAZ-AVI could 

be started promptly a�er infection onset. Instead, the 30-day 

mortality rate we observed (34.1%) is identical to that reported 

in patients whose CRE infections were treated with CAZ-AVI 

as the �rst-line antibiotic regimen [23]. It is also in line with the 

all-cause in-hospital mortality rate of 39.5% reported in other 

patients who were managed with CAZ-AVI salvage therapy 

[22], even though the delay in starting CAZ-AVI in that study 

was almost twice as long as that in our cohort (median, 13 vs 

7 days from infection onset).

In the 37 CAZ-AVI–treated CRE infections they analyzed, 

Shields et  al reported a rate of recurrences in 5 of 37 cases 

(13.5%), which is quite similar to our experience in the present 

study, where infection relapses occurred in 12 of the 138 (8.7%) 

[23]. Furthermore, 3 of 37 (8.1%) cases reported by Shields 

et al were associated with acquired in vitro resistance to CAZ-

AVI (MICs >8 μg/mL) [23] whereas, in our cohort, this event 

occurred only in 3 of 138 (2.2%) KPC-Kp isolates. It is import-

ant to acknowledge that these di�erences may re�ect the use of 

CAZ-AVI predominantly in di�erent types of infections (bac-

teremia in our study and pneumonia in that of Shields et al); 

Shields et al did not observe resistance in bacteremia, whereas 

2 cases of resistance in this study occurred in pneumonia; also, 

in our cohort, 1 of 3 cases of resistance to CAZ-AVI occurred 

in a patient with pneumonia, although the total number of 

cases of pneumonia (13/138) was very low compared to cases 

of BSI (104/138) in our study [23]. In addition, pneumonia has 

been recently recognized as risk factor for CAZ-AVI resistance 

among patients with CRE infections [24].

CAZ-AVI also produced encouraging results in the KPC-Kp 

BSIs that made up approximately 75% of the cases in our cohort. 

Comparison of these cases with a matched cohort of KPC-Kp 

BSIs treated with other second-line antimicrobial regimens 

revealed signi�cantly lower 30-day mortality in the CAV-

AZI–treated patients. Two previous studies have compared the 

outcomes of �rst-line CAZ-AVI treatment with those of other 

antimicrobial regimens in patients with CRE bacteremia [26, 27].  

All 109 cases retrospectively analyzed by Shields et al consisted 

of carbapenem-resistant K.  pneumoniae BSIs. Although only 

13 (11.9%) of these infections were treated with regimens that 

included CAZ-AVI, the rate of clinical success at 30 days in this 

small subgroup (85%) signi�cantly exceeded those achieved in 

the other treatment-de�ned subgroups (P = .006) [26]. �is is 

fully consistent with the striking di�erence in 30-day survival 

observed between our BSI cases and controls (Table 2) and with 

the emergence of CAZ-AVI treatment as the sole independent 

predictor of clinical success in our multivariable logistic regres-

sion model. Our �ndings are also in line with those of van Duin 

et  al, who prospectively analyzed 137 CRE infections (almost 

half of which involved bacteremia) treated with colistin-con-

taining vs CAZ-AVI-containing regimens [27]. A�er 30 days of 

treatment, better outcomes were found to be more likely in the 

CAZ-AVI–treated group (adjusted probability, 64%). It should 

be stressed, however, that the latter group was substantially 

smaller than the one managed with colistin (38 vs 99), and it 

included only 15 patients with BSIs.

In conclusion, data on this relatively large multicenter cohort 

indicate that CAZ-AVI is likely to be an important option for 

Figure 2.  Thirty-day survival rates of ceftazidime-avibactam (CAZ-AVI)–treated bacteremic patients according to concomitant drugs used as combination therapy or to 

CAZ-AVI monotherapy.
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Table 3.  Univariate Analysis of Factors Associated With 30-Day Mortality in the 208 Patients With Klebsiella pneumoniae Carbapenemase–producing 

K. pneumoniae Bacteremia (Cases and Controls)

Variable

No. (%) of Patients

P  Value OR (95% CI)Nonsurvivors (n = 96 [46.2%]) Survivors (n = 112 [53.8%])

Patient variables

  Male sex 56 (58.3) 79 (70.5) .06 0.58 (.32–1.08)

  Age, y, median (IQR) 67 (30–86) 65 (29–81) .19 …

  Comorbidities

    COPD 11 (11.5) 10 (8.9) .54 1.32 (.48–3.64)

    Cardiovascular disease 47 (48.9) 55 (49.1) .98 0.99 (.56–1.78)

    Cerebrovascular disease or dementia 14 (14.6) 9 (8.1) .13 1.95 (.74–5.37)

    Solid tumor 15 (15.6) 19 (16.9) .79 0.90 (.40–2.02)

    Hematologic malignancy 17 (17.7) 14 (12.5) .29 1.51 (.65–3.51)

    Liver disease 14 (14.6) 15 (13.4) .80 1.10 (.46–2.61)

    Solid organ transplant recipient 18 (18.7) 24 (21.4) .63 0.85 (.40–1.76)

    Chronic renal failure 26 (27.1) 31 (27.6) .92 0.97 (.50–1.87)

    Diabetes 18 (18.7) 30 (26.8) .17 0.63 (.30–1.28)

    Neutropenia 18 (18.7) 9 (8.1) .02 2.64 (1.05–7.02)

    Charlson comorbidity index ≥3 41 (42.7) 25 (22.3) .001 2.59 (1.36–4.96)

  Ward submitting index culture

    Medical (all) 39 (40.6) 58 (51.8) .10 0.64 (.35–1.14)

      Hematology 11 (11.5) 8 (7.1) .20 1.68 (.58–5.04)

    Surgical (all) 14 (14.6) 29 (25.9) .04 0.48 (.22–1.03)

      Transplants 2 (2.1) 5 (4.5) .34 0.45 (.04–2.87)

  ICU 42 (43.7) 24 (21.4) <.001 2.85 (1.49–5.48)

  Pre-BSI healthcare interventions

    Surgerya 6 (6.3) 11 (9.8) .34 0.61 (.18–1.89)

    Dialysisa 17 (17.7) 9 (8.1) .001 2.72 (1.07–7.32)

    Endoscopyb 13 (13.5) 12 (10.7) .53 1.30 (.51–3.31)

    Mechanical ventilationb 36 (37.5) 20 (17.8) .001 2.76 (1.39–5.51)

  Indwelling invasive devices

    Central venous catheter 71 (73.9) 68 (60.7) .04 1.87 (.97–3.48)

    Bladder catheter 62 (64.6) 70 (62.5) .75 1.09 (.59–2.01)

    Nasogastric tubeb 37 (38.5) 30 (26.8) .07 1.71 (.91–3.21)

    Surgical drainb 21 (21.9) 27 (24.1) .70 0.88 (.43–1.77)

  Treatments administereda

    Corticosteroids 34 (35.4) 25 (22.3) .04 1.90 (.99–3.68)

    Chemotherapy or radiotherapy 16 (16.7) 10 (8.9) .09 2.04 (.81–5.30)

Infection variables

  Healthcare-associated 10 (10.4) 11 (9.8) .88 1.06 (.28–2.91)

  Hospital-acquired 86 (89.6) 99 (88.4) .78 1.12 (.43–3.03)

  Clinical statusc

    Septic shock 42 (43.7) 20 (17.8) <.001 3.58 (1.83–7.09)

    Pitt score 4.5 (1–9) 2 (0–8) <.001 …

  Colistin-resistant KPC-Kp isolate 86 (89.6) 87 (77.6) .02 2.47 (1.06–6.10)

Salvage therapy variables

  CAZ-AVI–including therapy 38 (39.6) 66 (58.9) .005 0.45 (.25–0.83)

  Monotherapy 30 (31.3) 19 (16.9) .01 2.22 (1.10–4.55)

    CAZ-AVI 9 (9.4) 13 (11.6) .60 0.78 (.28–2.10)

    Another agent 21 (21.9) 6 (5.4) <.001 4.94 (1.80–15.59)

  Combination therapy 66 (68.7) 93 (83.1) .01 0.44 (.21–.91)

    Combinations that included CAZ-AVI 29 (30.2) 53 (47.3) .01 0.48 (.26–.88)

    Combinations that did not include CAZ-AVI 37 (38.5) 40 (35.7) .67 1.12 (.62–2.06)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: BSI, bloodstream infection; CAZ-AVI, ceftazidime-avibactam; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; IQR, interquartile 

range; KPC-Kp, Klebsiella pneumoniae carbapenemase–producing K. pneumoniae; OR, odds ratio.

aDuring the 30 days preceding infection onset.

bDuring the 72 hours preceding infection onset.

cAs assessed when salvage treatment was started.

dDouble-carbapenem regimens included meropenem and ertapenem.
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treating serious KPC-Kp infections, particularly those involv-

ing bacteremia. Although the drug was administered in a com-

passionate-use setting—that is, only a�er other antimicrobial 

regimens had failed—its use was associated with clear survival 

bene�ts relative to other commonly used regimens. Further 

work is needed to devise strategies for the optimal use of this 

important new drug in the treatment of CRE infections.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online. 

Consisting of data provided by the authors to bene�t the reader, the posted 

materials are not copyedited and are the sole responsibility of the authors, 

so questions or comments should be addressed to the corresponding author.
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Table 4.  Multivariate Analysis of Factors Associated With 30-Day Mortality in the 208 Patients With Klebsiella pneumoniae Carbapenemase–producing 

K. pneumoniae Bacteremia

Variable

Without Propensity Score Adjustment

Adjusted for the Propensity Score for 

Therapy With CAZ-AVI

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

Mechanical ventilation <.001 4.25 (1.99–9.09) <.001 4.31 (1.99–9.33)

Charlson comorbidity index ≥3 .001 3.31 (1.61–6.77) .001 3.30 (1.61–6.77)

Neutropenia .01 3.22 (1.25–8.29) .03 3.36 (1.25–8.75)

Septic shock .002 2.95 (1.46–5.94) .003 2.94 (1.46–5.92)

Any regimen that included CAZ-AVI <.001 0.25 (.13–.51) .001 0.27 (.13–.57)

Abbreviations: CAZ-AVI, ceftazidime-avibactam; CI, confidence interval; OR, odds ratio.

Figure 3.  Kaplan-Meier survival analyses in the cohorts with Klebsiella pneumo-

niae carbapenemase–producing K. pneumoniae bloodstream infections (BSIs). A, 

Survival in patients whose definitive treatment regimens included ceftazidime-avi-

bactam (CAZ-AVI; black curve) was significantly better than that of patients treated 

with other antimicrobial drug regimens (gray curve) (P  <  .001). B, The difference 

remained significant after adjustment for the presence of septic shock at the start 

of salvage treatment (P < .001).

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/c
id

/a
d
v
a
n
c
e
-a

rtic
le

-a
b
s
tra

c
t/d

o
i/1

0
.1

0
9
3
/c

id
/c

iy
4
9
2
/5

0
3
5
2
1
7
 b

y
 P

fiz
e
r In

fo
rm

a
tio

n
 &

 L
ib

ra
ry

 S
c
ie

n
c
e
s
 u

s
e
r o

n
 3

1
 O

c
to

b
e
r 2

0
1
8



10  •  CID  2018:XX  (XX XXXX)  • Tumbarello et al

Disclosure of Potential Con�icts of Interest. Con�icts that the editors con-

sider relevant to the content of the manuscript have been disclosed.

References

1.	 US Food and Drug Administration (FDA). FDA approves new antibacterial drug 

Avycaz. FDA news release. Silver Spring, MD: FDA, 2015. Available at: https://

www.accessdata.fda.gov/drugsatfda_docs/appletter/2015/206494Orig1s000ltr.

pdf. Accessed 19 March 2018.

2.	 European Medicines Agency (EMA). European public assessment report 

(EPAR) for Zavicefta. 2016. Available at: http://www.ema.europa.eu/docs/

en_GB/document_library/EPAR_-_Summary_for_the_public/human/004027/

WC500210237.pdf. Accessed 19 March 2018.

3.	 Trecarichi EM, Tumbarello M. Therapeutic options for carbapenem-resistant 

Enterobacteriaceae infections. Virulence 2017; 8:470–84.

4.	 Viale P, Giannella M, Lewis R, Trecarichi EM, Petrosillo N, Tumbarello M. 

Predictors of mortality in multidrug-resistant Klebsiella pneumoniae bloodstream 

infections. Expert Rev Anti Infect Ther 2013; 11:1053–63.

5.	 Rodríguez-Baño J, Gutiérrez-Gutiérrez B, Machuca I, Pascual A. Treatment of 

infections caused by extended-spectrum-beta-lactamase-, AmpC-, and carbap-

enemase-producing Enterobacteriaceae. Clin Microbiol Rev 2018; 31:2.

6.	 Bassetti M, Giacobbe DR, Giamarellou H, et  al; Critically Ill Patients Study 

Group of the European Society of Clinical Microbiology and Infectious Disease 

(ESCMID); Hellenic Society of Chemotherapy (HSC) and Società Italiana di 

Terapia Antinfettiva (SITA). Management of KPC-producing Klebsiella pneumo-

niae infections. Clin Microbiol Infect 2018; 24:133–44.

7.	 Tzouvelekis LS, Markogiannakis A, Piperaki E, Souli M, Daikos GL. Treating 

infections caused by carbapenemase-producing Enterobacteriaceae. Clin 

Microbiol Infect 2014; 20:862–72.

8.	 Bonomo RA, Burd EM, Conly J, et al. Carbapenemase-producing organisms: a 

global scourge. Clin Infect Dis 2018; 66:1290–7.

9.	 Guh AY, Bulens SN, Mu Y, et  al. Epidemiology of carbapenem-resistant 

Enterobacteriaceae in 7 US communities, 2012–2013. JAMA 2015; 314:1479–87.

10.	 Albiger B, Glasner C, Struelens MJ, Grundmann H, Monnet DL; European Survey 

of Carbapenemase-Producing Enterobacteriaceae (EuSCAPE) Working Group. 

Carbapenemase-producing Enterobacteriaceae in Europe: assessment by national 

experts from 38 countries, May 2015. Euro Surveill 2015; 20:45.

11.	 van Duin D, Doi Y. The global epidemiology of carbapenemase-producing 

Enterobacteriaceae. Virulence 2017; 8:460–9.

12.	 Tumbarello M, Viale P, Viscoli C, et  al. Predictors of mortality in bloodstream 

infections caused by Klebsiella pneumoniae carbapenemase-producing K. pneu-

moniae: importance of combination therapy. Clin Infect Dis 2012; 55:943–50.

13.	 Tumbarello M, Trecarichi EM, Tumietto F, et al. Predictive models for identifi-

cation of hospitalized patients harboring KPC-producing Klebsiella pneumoniae. 

Antimicrob Agents Chemother 2014; 58:3514–20.

14.	 Giannella M, Trecarichi EM, De Rosa FG, et al. Risk factors for carbapenem-re-

sistant Klebsiella pneumoniae bloodstream infection among rectal carriers: a pro-

spective observational multicentre study. Clin Microbiol Infect 2014; 20:1357–62.

15.	 Giacobbe DR, Del Bono V, Trecarichi EM, et  al; ISGRI-SITA (Italian Study 

Group on Resistant Infections of the Società Italiana Terapia Antinfettiva). Risk 

factors for bloodstream infections due to colistin-resistant KPC-producing 

Klebsiella pneumoniae: results from a multicenter case-control-control study. Clin 

Microbiol Infect 2015; 21:1106.e1–8.

16.	 van Duin D, Bonomo RA. Ceftazidime/avibactam and ceftolozane/tazobactam: 

second-generation β-lactam/β-lactamase inhibitor combinations. Clin Infect Dis 

2016; 63:234–41.

17.	 Torres A, Zhong N, Pachl J, et al. Ceftazidime-avibactam versus meropenem in 

nosocomial pneumonia, including ventilator-associated pneumonia (REPROVE): 

a randomised, double-blind, phase 3 non-inferiority trial. Lancet Infect Dis 2018; 

18:285–95.

18.	 Vazquez JA, González Patzán LD, Stricklin D, et  al. Efficacy and safety of cef-

tazidime-avibactam versus imipenem-cilastatin in the treatment of complicated 

urinary tract infections, including acute pyelonephritis, in hospitalized adults: 

results of a prospective, investigator-blinded, randomized study. Curr Med Res 

Opin 2012; 28:1921–31.

19.	 Lucasti C, Popescu I, Ramesh MK, Lipka J, Sable C. Comparative study of the effi-

cacy and safety of ceftazidime/avibactam plus metronidazole versus meropenem 

in the treatment of complicated intra-abdominal infections in hospitalized adults: 

results of a randomized, double-blind, phase II trial. J Antimicrob Chemother 

2013; 68:1183–92.

20.	 Mazuski JE, Gasink LB, Armstrong J, et al. Efficacy and safety of ceftazidime-avi-

bactam plus metronidazole versus meropenem in the treatment of complicated 

intra-abdominal infection: results from a randomized, controlled, double-blind, 

phase 3 program. Clin Infect Dis 2016; 62:1380–9.

21.	 Wagenlehner FM, Sobel JD, Newell P, et al. Ceftazidime-avibactam versus doripe-

nem for the treatment of complicated urinary tract infections, including acute 

pyelonephritis: RECAPTURE, a phase 3 randomized trial program. Clin Infect 

Dis 2016; 63:754–62.

22.	 Temkin E, Torre-Cisneros J, Beovic B, et  al. Ceftazidime-avibactam as salvage 

therapy for infections caused by carbapenem-resistant organisms. Antimicrob 

Agents Chemother 2017; 61:2.

23.	 Shields RK, Potoski BA, Haidar G, et  al. Clinical outcomes, drug toxicity, and 

emergence of ceftazidime-avibactam resistance among patients treated for 

carbapenem-resistant Enterobacteriaceae infections. Clin Infect Dis 2016; 

63:1615–8.

24.	 Shields RK, Nguyen MH, Chen L, Press EG, Kreiswirth BN, Clancy CJ. 

Pneumonia and renal replacement therapy are risk factors for ceftazidime-avibac-

tam treatment failures and resistance among patients with carbapenem-resistant 

Enterobacteriaceae infections. Antimicrob Agents Chemother 2018. In press.

25.	 King M, Heil E, Kuriakose S, et al. Multicenter study of outcomes with ceftazi-

dime-avibactam in patients with carbapenem-resistant Enterobacteriaceae infec-

tions. Antimicrob Agents Chemother 2017; 61:e00449–17.

26.	 Shields RK, Nguyen MH, Chen L, et  al. Ceftazidime-avibactam is superior to 

other treatment regimens against carbapenem-resistant Klebsiella pneumoniae 

bacteremia. Antimicrob Agents Chemother 2017; 61:8.

27.	 van Duin D, Lok JJ, Earley M, et al; Antibacterial Resistance Leadership Group. 

Colistin versus ceftazidime-avibactam in the treatment of infections due to car-

bapenem-resistant Enterobacteriaceae. Clin Infect Dis 2018; 66:163–71.

28.	 Paterson DL, Ko WC, Von Gottberg A, et al. International prospective study of 

Klebsiella pneumoniae bacteremia: implications of extended-spectrum beta-lact-

amase production in nosocomial infections. Ann Intern Med 2004; 140:26–32.

29.	 Rhodes A, Evans LE, Alhazzani W, et al. Surviving sepsis campaign: international 

guidelines for management of sepsis and septic shock: 2016. Intensive Care Med 

2017; 43:304–77.

30.	 European Committee on Antimicrobial Susceptibility Testing (EUCAST). 

EUCAST guidelines for detection of resistance mechanisms and specific resis-

tances of clinical and/or epidemiological importance. Version 2.0, July 2017.

Available at: http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/ 

Resistance_mechanisms/EUCAST_detection_of_resistance_mecha-

nisms_170711.pdf. Accessed 25 June 2018.

31.	 Giannella M, Trecarichi EM, Giacobbe DR, et al; Italian Study Group on Resistant 

Infections of the Società Italiana Terapia Antinfettiva (ISGRI-SITA). Effect of 

combination therapy containing a high-dose carbapenem on mortality in patients 

with carbapenem-resistant Klebsiella pneumoniae bloodstream infection. Int J 

Antimicrob Agents 2018; 51:244–8.

32.	 Gutiérrez-Gutiérrez B, Salamanca E, de Cueto M, et  al; REIPI/ESGBIS/

INCREMENT Investigators. Effect of appropriate combination therapy on mor-

tality of patients with bloodstream infections due to carbapenemase-producing 

Enterobacteriaceae (INCREMENT): a retrospective cohort study. Lancet Infect 

Dis 2017; 17:726–34.

33.	 Daikos GL, Tsaousi S, Tzouvelekis LS, et al. Carbapenemase-producing Klebsiella 

pneumoniae bloodstream infections: lowering mortality by antibiotic combina-

tion schemes and the role of carbapenems. Antimicrob Agents Chemother 2014; 

58:2322–8.

34.	 Tumbarello M, Trecarichi EM, De Rosa FG, et  al; ISGRI-SITA (Italian Study 

Group on Resistant Infections of the Società Italiana Terapia Antinfettiva). 

Infections caused by KPC-producing Klebsiella pneumoniae: differences in 

therapy and mortality in a multicentre study. J Antimicrob Chemother 2015; 

70:2133–43.

35.	 European Centre for Disease Prevention and Control (ECDC). Summary of the 

latest data on antibiotic resistance in EU: 2016. Available at: https://ecdc.europa.

eu/en/publications-data/summary-latest-data-antibiotic-resistance-eu-2016. 

Accessed 19 March 2018.

36.	 Rojas LJ, Salim M, Cober E, et  al; Antibacterial Resistance Leadership Group. 

Colistin resistance in carbapenem-resistant Klebsiella pneumoniae: laboratory 

detection and impact on mortality. Clin Infect Dis 2017; 64:711–8.

37.	 Schwaber MJ, Carmeli Y. Mortality and delay in effective therapy associated with 

extended-spectrum beta-lactamase production in Enterobacteriaceae bacter-

aemia: a systematic review and meta-analysis. J Antimicrob Chemother 2007; 

60:913–20.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/c
id

/a
d
v
a
n
c
e
-a

rtic
le

-a
b
s
tra

c
t/d

o
i/1

0
.1

0
9
3
/c

id
/c

iy
4
9
2
/5

0
3
5
2
1
7
 b

y
 P

fiz
e
r In

fo
rm

a
tio

n
 &

 L
ib

ra
ry

 S
c
ie

n
c
e
s
 u

s
e
r o

n
 3

1
 O

c
to

b
e
r 2

0
1
8

https://www.accessdata.fda.gov/drugsatfda_docs/appletter/2015/206494Orig1s000ltr.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/appletter/2015/206494Orig1s000ltr.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/appletter/2015/206494Orig1s000ltr.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/004027/WC500210237.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/004027/WC500210237.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/004027/WC500210237.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Resistance_mechanisms/EUCAST_detection_of_resistance_mechanisms_170711.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Resistance_mechanisms/EUCAST_detection_of_resistance_mechanisms_170711.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Resistance_mechanisms/EUCAST_detection_of_resistance_mechanisms_170711.pdf
https://ecdc.europa.eu/en/publications-data/summary-latest-data-antibiotic-resistance-eu-2016
https://ecdc.europa.eu/en/publications-data/summary-latest-data-antibiotic-resistance-eu-2016


From: pfizer@copyright.com

To: Fandino, Cecil

Subj ect : [EXTERNAL] Requested copyright permission granted on order 10442612 - Clinical Infectious Diseases, 2018

Date: martes, 30 de octubre de 2018 20:03:29

 

Dear Cecil,

Your copyright  perm ission request  has been approved;  you m ay now proceed with your selected usage
scenario for this order:  1  cop y  m ay  b e u sed  f o r  t h e f o l low in g  p u r p ose:  " EXTERNAL:  React iv e ly
d ist r ib u t e a  sin g le d ig i t a l  cop y  t o  an  ex t er n a l  cu st om er  o r  Heal t h  Car e Pr o f ession al  ( HCP) ,
p r osp ect  o r  cl ien t  in  r esp on se t o  an  in f o r m at ion al  in q u i r y " .

I f you need to purchase addit ional perm issions;  please visit  "My Request  History,"  select  the order, and click
the "Re-Order"  but ton.

Ci t a t ion  I n f o r m at ion :

Ti t le :  
Pu b l icat ion  Nam e:  Clinical I nfect ious Diseases
I SSN/ I SBN:  10584838
Year :  2018
Vo l  ( I ss)  Pg s:  ( )  p.
Su p p lem en t :  
Au t h o r ( s) :  

Ad d i t ion a l  I n f o :

Or d er  I n f o  Lin k :
ht tps: / / www.RightFind.com / vlib/ Order/ OrderI nfo.aspx?
I d= e7251c1f- ffe5-4012-9a9c-435f291e5524&lang= en-us
Cost  Cen t er :  0002621310
Com p an y :  PFI ZER
PO:  null
PI  Or d er  n u m b er ( op t ion al ) :  null

Or d er  Det a i l s:

Or d er  I D:  10442612
Cl ien t  I D:  65
Ur g en cy :  Norm al
Ty p e:  CR Perm  (Journal Art icle)  
Nu m b er  o f  Cop ies:  1
Or d er ed  Fo r :
Cecil.Fandino@pfizer.com
Usag e:  1 copy m ay be used for the
following purpose:  "EXTERNAL:
React ively dist r ibute a single digital
copy to an external custom er or Health
Care Professional (HCP) , prospect  or
client  in response to an inform at ional
inquiry"

The contents of the at tached docum ent  are copyrighted works. You have secured perm ission to use this
docum ent  for the following purpose:  1  cop y  m ay  b e u sed  f o r  t h e f o l low in g  p u r p ose:  " EXTERNAL:
React iv e ly  d ist r ib u t e a  sin g le d ig i t a l  cop y  t o  an  ex t er n a l  cu st om er  o r  Heal t h  Car e Pr o f ession al
( HCP) , p r osp ect  o r  cl ien t  in  r esp on se t o  an  in f o r m at ion al  in q u i r y " .  You have not  secured perm ission
through Copyright  Clearance Center for any other purpose but  m ay have other r ights pursuant  to other
arrangem ents you m ay have with the copyright  owner or an authorized licensing body. To the extent  that  a
publisher or other appropriate r ights-holder has placed addit ional term s and condit ions on your use of this
docum ent , such term s and condit ions are specified herein under “Copyright  Term s” . I f  y ou  n eed  t o  secu r e
ad d i t ion a l  p er m ission  w i t h  r esp ect  t o  t h is con t en t , p lease p u r ch ase t h e ap p r op r ia t e p er m ission
v ia  Rig h t Fin d ™.

Copyright  Term s:    

Qu est ion s?

Please contact  pfizer@copyright .com .

Please in clu d e y ou r  Or d er  I D in  a l l  co r r esp on d en ce.

mailto:pfizer@copyright.com
mailto:Cecil.Fandino@pfizer.com
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.RightFind.com_vlib_Order_OrderInfo.aspx-3FId-3De7251c1f-2Dffe5-2D4012-2D9a9c-2D435f291e5524-26lang-3Den-2Dus&d=DwMFAg&c=UE1eNsedaKncO0Yl_u8bfw&r=wcl3s6ZdbQVxibJ-LlXrP5_n-KymjQ53TZF4XG9nNf0&m=f7dU356cQAk8im9wqJvv2QaVeWBlIl6eS4QHa5-umxo&s=3E0rRhJG5uVu0QLPbl0T-_wqOnfEQONnBh3HDYAF2cU&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.RightFind.com_vlib_Order_OrderInfo.aspx-3FId-3De7251c1f-2Dffe5-2D4012-2D9a9c-2D435f291e5524-26lang-3Den-2Dus&d=DwMFAg&c=UE1eNsedaKncO0Yl_u8bfw&r=wcl3s6ZdbQVxibJ-LlXrP5_n-KymjQ53TZF4XG9nNf0&m=f7dU356cQAk8im9wqJvv2QaVeWBlIl6eS4QHa5-umxo&s=3E0rRhJG5uVu0QLPbl0T-_wqOnfEQONnBh3HDYAF2cU&e=
mailto:pfizer@copyright.com


Copyright  2015 Copyright  Clearance Center

This message (including attachments) is confidential, unless marked otherwise. It is intended for the
addressee(s) only. If you are not an intended recipient, please delete it without further distribution and
reply to the sender that you have received the message in error.



From: pfizer@copyright.com

To: Fandino, Cecil

Subj ect : [EXTERNAL] Requested copyright permission granted on order 12139302 - Clinical Infectious Diseases, 2019

Date: martes, 8 de octubre de 2019 19:35:38

 

Dear Cecil,

Your copyright  perm ission request  has been approved;  you m ay now proceed with your selected usage
scenario for this order:  Or d er in g  1  cop y  f o r  t h e f o l low in g  st a t ed  p u r p ose:  " EXTERNAL:  React iv e ly
d ist r ib u t e a  sin g le d ig i t a l  cop y  t o  an  ex t er n a l  cu st om er  o r  Heal t h  Car e Pr o f ession al  ( HCP) ,
p r osp ect  o r  cl ien t  in  r esp on se t o  an  in f o r m at ion al  in q u i r y " .

I f you need to purchase addit ional perm issions;  please visit  "My Request  History,"  select  the order, and click
the "Re-Order"  but ton.

Ci t a t ion  I n f o r m at ion :

Ti t le :  
Pu b l icat ion  Nam e:  Clinical I nfect ious Diseases
I SSN/ I SBN:  10584838
Year :  2019
Vo l  ( I ss)  Pg s:  ( )  p.
Su p p lem en t :  
Au t h o r ( s) :  

Ad d i t ion a l  I n f o :

Or d er  I n f o  Lin k :
ht tps: / / www.r ight find.com / vlib/ order/ orderinfo.aspx?
Client I d= 65&I d= 375ff7c5-9066-4cd6-9f83-
a2b569d96435&lang= en-us
Cost  Cen t er :  0003035023
Com p an y :  PFI ZER
PO:  
PI  Or d er  n u m b er ( op t ion al ) :

Or d er  Det a i l s:

Or d er  I D:  12139302
Cl ien t  I D:  65
Ur g en cy :  Norm al
Ty p e:  CR Perm  (Journal Art icle)  
Nu m b er  o f  Cop ies:  1
Or d er ed  Fo r :
Cecil.Fandino@pfizer.com
Usag e:  Ordering 1 copy for the
following stated purpose:  "EXTERNAL:
React ively dist r ibute a single digital
copy to an external custom er or Health
Care Professional (HCP) , prospect  or
client  in response to an inform at ional
inquiry"

The contents of the at tached docum ent  are copyrighted works. You have secured perm ission to use this
docum ent  for the following purpose:  Or d er in g  1  cop y  f o r  t h e f o l low in g  st a t ed  p u r p ose:  " EXTERNAL:
React iv e ly  d ist r ib u t e a  sin g le d ig i t a l  cop y  t o  an  ex t er n a l  cu st om er  o r  Heal t h  Car e Pr o f ession al
( HCP) , p r osp ect  o r  cl ien t  in  r esp on se t o  an  in f o r m at ion al  in q u i r y " .  You have not  secured perm ission
through Copyright  Clearance Center for any other purpose but  m ay have other r ights pursuant  to other
arrangem ents you m ay have with the copyright  owner or an authorized licensing body. To the extent  that  a
publisher or other appropriate r ights-holder has placed addit ional term s and condit ions on your use of this
docum ent , such term s and condit ions are specified herein under “Copyright  Term s” . I f  y ou  n eed  t o  secu r e
ad d i t ion a l  p er m ission  w i t h  r esp ect  t o  t h is con t en t , p lease p u r ch ase t h e ap p r op r ia t e p er m ission
v ia  Rig h t Fin d ™.

Copyright  Term s:    

Qu est ion s?

Please contact  pfizer@copyright .com .

Please in clu d e y ou r  Or d er  I D in  a l l  co r r esp on d en ce.

mailto:pfizer@copyright.com
mailto:Cecil.Fandino@pfizer.com
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.rightfind.com_vlib_order_orderinfo.aspx-3FClientId-3D65-26Id-3D375ff7c5-2D9066-2D4cd6-2D9f83-2Da2b569d96435-26lang-3Den-2Dus&d=DwMFAg&c=UE1eNsedaKncO0Yl_u8bfw&r=wcl3s6ZdbQVxibJ-LlXrP5_n-KymjQ53TZF4XG9nNf0&m=lmOWixFDZWRkotUA7mAkiIopGXfUVroiOLaX1HgXx-I&s=yxegwzA66ATNWOtmyDnZo4AHc5c1g1CjsKeOJdUzP1c&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.rightfind.com_vlib_order_orderinfo.aspx-3FClientId-3D65-26Id-3D375ff7c5-2D9066-2D4cd6-2D9f83-2Da2b569d96435-26lang-3Den-2Dus&d=DwMFAg&c=UE1eNsedaKncO0Yl_u8bfw&r=wcl3s6ZdbQVxibJ-LlXrP5_n-KymjQ53TZF4XG9nNf0&m=lmOWixFDZWRkotUA7mAkiIopGXfUVroiOLaX1HgXx-I&s=yxegwzA66ATNWOtmyDnZo4AHc5c1g1CjsKeOJdUzP1c&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.rightfind.com_vlib_order_orderinfo.aspx-3FClientId-3D65-26Id-3D375ff7c5-2D9066-2D4cd6-2D9f83-2Da2b569d96435-26lang-3Den-2Dus&d=DwMFAg&c=UE1eNsedaKncO0Yl_u8bfw&r=wcl3s6ZdbQVxibJ-LlXrP5_n-KymjQ53TZF4XG9nNf0&m=lmOWixFDZWRkotUA7mAkiIopGXfUVroiOLaX1HgXx-I&s=yxegwzA66ATNWOtmyDnZo4AHc5c1g1CjsKeOJdUzP1c&e=
mailto:pfizer@copyright.com


Copyright  2015 Copyright  Clearance Center

This message (including attachments) is confidential, unless marked otherwise. It is intended for the
addressee(s) only. If you are not an intended recipient, please delete it without further distribution and
reply to the sender that you have received the message in error.


