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ARTICLE INFO ABSTRACT
Affidf—’ history: Patients in intensive care units (ICUs) present a high risk of developing an infection caused by multidrug-
Received 23 October 2018 resistant bacteria. Consequently, new antimicrobials and combinations are required. In this study, the ac-

Accepted 6 February 2019 tivity of ceftolozane/tazobactam (C/T) was evaluated against Enterobacterales (n=400) and Pseudomonas

aeruginosa (n=480) clinical isolates collected from patients in Spanish ICUs with complicated urinary
Editor: Professor A. Tsakris tract infections (cUTI) and complicated intra-abdominal infections (cIAl). Overall susceptibility to C/T in
P. aeruginosa isolates by infection type was 95.7% in cUTI (MICsqq9, 1/4 mg/L) and 85.3% in cIAI (MICsg,qp,

Ic(?f,ggg:ﬁe/tazobactam 1/64 mg/L). Activity against P. aeruginosa was maintained regardless of its resistance pattern, confirming
Intensive care unit that C/T is one of the best antipseudomonal agents along with colistin and amikacin. Susceptibility to
Spain C/T in Enterobacterales by infection type was 79.5/81.9% and 89.3/92.3% (EUCAST/CLSI) in cIAl and cUTI
Intra-abdominal infection isolates, respectively. Activity was excellent against wild-type organisms, with 100% susceptible and inhib-
Urinary tract infection ited at MIC <1 mg/L. Nevertheless, C/T susceptibility decreased against extended-spectrum S-lactamase

(ESBL)-producing isolates: Escherichia coli (80.4/84.8% susceptible by EUCAST/CLSI) and Klebsiella pneu-
moniae (59.1/77.3% susceptible by EUCAST/CLSI). No activity of C/T was observed in carbapenemase-
producing isolates. The in vitro activity of C/T observed in this surveillance study suggests that this agent
can be considered as a therapeutic option for cUTI and cIAl due to Enterobacterales and P. aeruginosa in
ICU patients, particularly when carbapenemase-producing isolates are not involved.
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1. Introduction caused by cancer by 2050, with a total estimate of more than
10 million deaths [2]. Percentages of resistant bacteria in inten-

Multidrug-resistant (MDR) bacteria represent not only a world- sive care units (ICUs) vary between countries and hospitals, but
wide problem in terms of increased patient morbidity and mor- surveillance reports from the European Centre for Disease Pre-

tality but also a huge extra cost to healthcare systems [1]. Deaths vention and Control (ECDC) give an idea of the dimension of the
attributed to antimicrobial resistance are expected to surpass those problem in ICUs: oxacillin resistance in 23.1% of Staphylococcus au-
reus; ceftazidime resistance in 23.7% of Pseudomonas aeruginosa;
and carbapenem resistance in 11.3% and 23.7% of Klebsiella spp.
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Patients in ICUs are at increased risk of developing an in-
fection caused by antimicrobial-resistant bacteria owing to pro-
longed hospital stay, use of invasive devices and antibiotic ex-
posure [4]. This supports the use of new drugs or combinations
[5]. Ceftolozane/tazobactam (C/T), a new pB-lactam/B-lactamase
inhibitor combination, combines a cephalosporin (ceftolozane),
which is less affected by AmpC S-lactamases, porin loss or efflux
systems in P. aeruginosa, and a f-lactamase inhibitor (tazobactam)
that improves the activity against extended-spectrum f-lactamase
(ESBL)-producing Enterobacterales. This combination has been ap-
proved for complicated urinary tract infections (cUTI), including
pyelonephritis, and complicated intra-abdominal infections (cIAI),
the latter in combination with metronidazole [6,7].

The aim of the SUPERIOR study was to assess the in vitro activ-
ity of C/T and comparator antimicrobials against P. aeruginosa and
Enterobacterales clinical isolates prospectively collected from ICU
patients with cUTI and cIAI in Spain.

2. Materials and methods
2.1. Study design and hospital participants

A prospective multicentre study was designed to assess the in
vitro activity of C/T and comparator antimicrobials against clinical
isolates of Enterobacterales and P. aeruginosa prospectively recov-
ered in Spanish ICUs between April 2016 and April 2017. Eight hos-
pitals participated in the study, namely Universitario Ramén y Cajal
(co-ordinator laboratory) (Madrid), General Universitario Gregorio
Maraiién (Madrid), Hospital Clinic (Barcelona), Universitario Vir-
gen Macarena (Seville), Universitario Marqués de Valdecilla (San-
tander), Complejo Hospitalario Universitario (A Corufia), General
Universitario (Valencia) and Universitario Son Espases (Palma de
Mallorca).

A total of 480 Enterobacterales and P. aeruginosa isolates
from intra-abdominal and urine specimens of patients admitted
to ICUs with a clinical diagnosis of cIAl or cUTI were sent to
the co-ordinator laboratory to confirm identification by matrix-
assisted laser desorption/ionisation time-of-flight mass spectrom-
etry (MALDI-TOF/MS) (Bruker Daltonik GmbH, Bremen, Germany)
and to perform standard antimicrobial susceptibility testing. The
study was approved by the Ethical Committee of Hospital Univer-
sitario Ramoén y Cajal and the Spanish Medicines Agency.

2.2. Antimicrobial susceptibility testing

Minimum inhibitory concentrations (MICs) of C/T and com-
parators were determined by the standard broth microdilution
method using frozen 96-well plates (Thermo Fisher Scientific,
Cleveland, OH). The antimicrobial concentrations tested were as
follows: amikacin (AMK), 8-32 mg/L; amoxicillin/clavulanic acid,
8/2-16/2 mg/L; aztreonam, 0.12-32 mg/L; cefepime (FEP), 0.12-
64 mg/L; cefotaxime, 0.12-64 mg/L; ceftazidime (CAZ), 0.12-64
mg/L; C/T, 0.12/4-64/4 mg/L; ciprofloxacin, 0.06-2 mg/L; colistin
(COL), 2-4 mg/L; fosfomycin, 32-128 mg/L; gentamicin, 2-8 mg/L;
imipenem (IPM), 0.12-32 mg/L; meropenem (MEM), 0.12-32 mg/L;
piperacillin/tazobactam (TZP), 8/4-64/4 mg/L; tigecycline (TGC), 1-
2 mg/L; and tobramycin, 2-8 mg/L. The results were interpreted
using European Committee on Antimicrobial Susceptibility Testing
(EUCAST) [8] and Clinical and Laboratory standards Institute (CLSI)
breakpoints [9].

Escherichia coli ATCC 25922, E. coli ATCC 35218, Klebsiella pneu-
moniae ATCC 700603 and P. aeruginosa ATCC 27853 were used as
quality control strains for antimicrobial susceptibility testing, and
results were according to published EUCAST and CLSI ranges [8,9].

2.3. Phenotypic classification

Enterobacterales isolates were classified into different pheno-
types according to their susceptibility to S-lactam antibiotics. EU-
CAST epidemiological cut-off values (ECOFFs) (http://www.eucast.
org) were used to separate wild-type (WT) from non-WT iso-
lates (those with acquired resistance mechanisms). The follow-
ing phenotypes were defined: (i) ESBL phenotype, MIC > 2 mg/L
for cefotaxime, ceftazidime and/or cefepime in addition to a pos-
itive phenotypic confirmation with the double-disk synergy test;
(ii) carbapenemase phenotype, MICs higher than or equal to car-
bapenem ECOFFs in addition to positive carbapenemase results
using the ROSCO KPC/MBL and OXA-48 Confirm Kit (Rosco Diag-
nostica A/S, Taastrup, Denmark); and (iii) AmpC-like (AmpC hyper-
production or plasmid AmpC) phenotype, reduced susceptibility to
extended-spectrum cephalosporins in isolates not characterised as
ESBL or carbapenemase phenotypes. Cefoxitin resistance was used
to confirm this phenotype [10].

P. aeruginosa isolates were classified as susceptible or non-
susceptible (NS) to antipseudomonal agents according to EUCAST
interpretative criteria. In addition, the following resistance phe-
notypes were defined: TZP/CAZ-NS; TZP/CAZ/MEM-NS; and MDR
(combined resistance to all agents tested, with the exception of
AMK and/or COL).

2.4. Carbapenemase detection

In P. aeruginosa isolates displaying a C/T resistance pattern and
in Enterobacterales isolates with a carbapenemase phenotype, car-
bapenemase genes were investigated using the Cepheid Xpert®
Carba-R Assay (Cepheid, Sunnyvale, CA).

3. Results
3.1. Bacterial isolates

A total of 400 Enterobacterales isolates and 80 P. aeruginosa
were collected from different ICUs in Spain. Regarding the infection
type, 280 isolates (58.3%) were recovered from cUTI (83.6% Enter-
obacterales and 16.4% P. aeruginosa) and 200 (41.7%) were recov-
ered from clIAI (83.0% Enterobacterales and 17.0% P. aeruginosa). The
distribution by source in cIAI isolates was peritoneal fluid (47%),
abdominal abscess (16.5%), bile (14%), wound (10.5%), abdominal
drainage (10%) and liver abscess (2%).

3.2. Pseudomonas aeruginosa isolates

Among the 80 P. aeruginosa isolates, overall C/T susceptibility
was 91.3% (MICsgqp, 1/4 mg/L), with COL (95.0% susceptible) and
AMK (88.8/93.8% susceptible by EUCAST/CLSI) being the most ac-
tive agents tested (Table 1). Moreover, based on MICsqqy values,
C/T was at least four two-fold dilutions more active than TZP, at
least three two-fold dilutions more active than CAZ and FEP, and
at least one two-fold dilution more active than IPM. The activity
of C/T and other comparators by resistance phenotype is shown
in Table 2. Among isolates resistant to different antipseudomonal
agents, between 78.8% and 87.9% were susceptible to C/T, whilst
susceptibility to comparators did not exceed 25%, with the excep-
tion of COL that was active in >91% of the isolates. Against MDR
isolates, C/T displayed a susceptibility rate of 88.2%. C/T was inac-
tive against 7 isolates (8.8%): CAZ/MEM-NS (n=3; MIC > 64 mg/L);
TZP/CAZ/MEM-NS (n=2; MIC > 64 mg/L); and MDR isolates (n=2;
MIC range 16 mg/L to >64 mg/L); 6 of the 7 expressed a VIM
metallo-8-lactamase (MBL) phenotype (MIC range 64 mg/L to >64
mg/L). The only C/T-resistant isolate that was not a MBL-producer
expressed an MIC of 16 mg/L. Resistance rates to C/T were 0.0% in
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Table 1
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Antimicrobial activity of ceftolozane/tazobactam (C/T) and comparator antimicrobials tested against Pseudomonas aeruginosa isolates

(n=80) from patients in Spanish intensive care units.

Antimicrobial agent MIC (mg/L) EUCAST CLSI

MICs MICq Range %S %1 %R %S %1 %R
AMC >16 >16 <8 to >16 -2 - - - - -
TZP 16 >64 <8 to >64 60.0 - 40.0 60.0 175 225
C/T 1 4 0.25 to >64 913 - 8.8 91.3 0.0 8.8
Ceftazidime 8 64 1 to >64 55.0 - 45.0 55.0 13.8 313
Cefotaxime >64 >64 <0.12 to >64 - - - - - -
Cefepime 8 32 <0.12 to >64 58.8 - 413 58.8 225 18.8
Aztreonam 8 32 <0.12 to >32 25 67.5 30.0 55.0 15.0 30.0
Imipenem 2 32 <0.12 to >32 55.0 5.0 40.0 50.0 5.0 45.0
Meropenem 1 32 <0.12 to >32 58.8 175 23.8 58.8 5.0 36.3
Ciprofloxacin 0.5 >2 <0.06 to >2 57.5 7.5 35.0 65.0 13 338
Gentamicin <2 >8 <2to >8 63.8 - 36.3 63.8 3.8 325
Tobramycin <2 >8 <2 to >8 65.0 - 35.0 65.0 13 338
Amikacin <8 16 <8 to >32 88.8 5.0 6.3 93.8 3.8 25
Colistin <2 <2 <2to >4 95.0 - 5.0 95.0 2.5 2.5
Fosfomycin >128 >128 <32 to >128 - - - - - -
Tigecycline >2 >2 <1to>2 - - - - - -

MIC, minimum inhibitory concentration; MICsgg9, MIC that inhibits 50% and 90% of isolates, respectively; EUCAST, European Committee
on Antimicrobial Susceptibility Testing; CLSI, Clinical and Laboratory standards Institute; S, susceptible; I, intermediate; R, resistant;

AMC, amoxicillin/clavulanic acid; TZP, piperacillin/tazobactam.
@ — indicates no published interpretative criteria.

Table 2

Activity of ceftolozane/tazobactam (C/T) and comparator antimicrobials by resistance phenotype in Pseudomonas aeruginosa isolates from patients in Spanish

intensive care units.

Resistance phenotype C/T TZP CAZ MEM COL
MICsq/90 %S MICsgj90 %S MICsq/90 %S MICsq/90 %S MICsgj90 %S

All P. aeruginosa (n=380) 1/4 91.3 8/64 55.0 8/64 55.0 1/32 58.8 <2[<2 95.0
TZP-NS (n=32) 2/16 879 - - 32/>64 6.3 8/>32 219 <2/<2 96.9
CAZ-NS (n=36) 2/64 80.6 64/>64 16.7 - - 8/>32 25.0 <2/<2 91.7
MEM-NS (n=33) 2/64 78.8 8/>64 121 32/>64 18.2 - - <2[<2 93.9
TZP/CAZ-NS (n=30) 2/16 86.7 - - - - 8/>32 233 <2/<2 96.7
TZP/CAZ/MEM-NS (n=23) 2/>64 82.6 - - - - - - <2/<2 95.7
MDR (n=17) 2/16 88.2 64/>64 0 32/>64 0 8/>32 0 <2[<2 100

TZP, piperacillin/tazobactam; CAZ, ceftazidime; MEM, meropenem; COL, colistin; MICsqj90, minimum inhibitory concentration that inhibits 50% and 90% of
isolates, respectively; %S, percent susceptible; NS, non-susceptible; MDR, multidrug-resistant.

four of eight participant hospitals, and resistance ranged from 5.3%
to 25.0% in the remaining centres (data not shown).

Overall C/T susceptibility in P. aeruginosa isolates by infection
type was 95.7% in cUTI (MICsqiq0, 1/4 mg/L) and 85.3% in clAl
(MICsj90, 1/64 mg/L).

3.3. Enterobacterales isolates

The overall distribution of species was as follows: E. coli
(n=209; 52.3%); Klebsiella spp. group (n=95; 23.8%); Enterobacter
spp. (n=33; 8.3%), Proteus spp. (n=19; 4.8%); Morganella morganii
(n=16; 4.0%); Citrobacter spp. (n=9; 2.3%); Serratia marcescens
(n=9; 2.3%); Hafnia alvei (n=5; 1.3%); Providencia stuartii (n=3;
0.8%); Kluyvera ascorbata (n=1; 0.3%); and Salmonella enterica
(n=1; 0.3%). A summary of MIC data in Enterobacterales broken
down by major species and phenotypes is shown in Table 3. MIC
distributions of C/T against Enterobacterales by resistance pheno-
type are presented in Supplementary Table S1.

In E. coli isolates (n=209), C/T demonstrated good overall activ-
ity (MICsgjq9, 0.25/1 mg/L; 95.2% and 96.2% susceptible by EUCAST
and CLSI, respectively). Based on percentage susceptibility, TGC was
the antimicrobial with the highest activity (MICsqj90, <1/<1 mg/L;
100% susceptible), followed by IPM (MICspq9, <0.12/<0.25 mg/L;
99.5/98.1% susceptible) and MEM (MICsqq9, <0.12/<0.12 mg/L;
98.6/98.6% susceptible). The activity of C/T against isolates display-
ing an ESBL phenotype (n=46) (MICsgq, 0.5/16 mg/L; 80.4/84.8%
susceptible) was higher than TZP (MICsqq9, <8/64 mg/L; 71.7/82.6%

susceptible). Ten E. coli isolates (4.8%) were resistant to C/T by EU-
CAST criteria in which the resistance phenotypes were: ESBL phe-
notype (n=8; MIC range 2 mg/L to >64 mg/L); ESBL+AmpC-like
phenotype (n=1; MIC=32 mg/L); and carbapenemase phenotype
(n=1; MIC=64 mg/L). C/T-resistant isolates ranged from 4.0% to
15.3% in four of eight hospitals, however resistant isolates were not
detected in the four other hospitals (data not shown).

The activity of C/T against Klebsiella spp. (n=95) was moder-
ate (MICsqyq9, 0.5/64 mg/L; 66.3% and 72.9% susceptible by EUCAST
and CLSI, respectively). The antimicrobials with the highest activ-
ity were AMK (MICsq99, <8/<8 mg/L; 95.8/97.9% susceptible), MEM
(MICs0j90, <0.12/2 mg/L; 91.7/87.5% susceptible), IPM (MICsp/q9,
0.25/2 mg/L; 90.6/82.3% susceptible) and TGC (MICsgq9, <1/<1
mg/L; 90.6% susceptible). C/T showed decreased activity against
ESBL phenotype isolates (n=22) (MICsqiq9, 1/16 mg/L; 59.1/77.3%
susceptible) although higher than TZP (MICspq, <8/>64 mg/L;
50.0/68.2% susceptible). C/T was inactive against 32 isolates (33.7%,
EUCAST criteria) with resistance phenotypes as follows: carbapen-
emase phenotype [n=19; NDM+ESBL (n=1), OXA-48 (n=2), OXA-
48+ESBL (n=16); MICspj99, 32/>64 mg/L; 0.0/5.0% susceptible];
ESBL phenotype (n=9; MIC range 2 mg/L to >64 mg/L); AmpC-like
phenotype (n=2; MICs of 4 mg/L and 32 mg/L); and other resis-
tance phenotypes (n=2; MIC=2 mg/L). Klebsiella spp. resistant to
C/T were not found in one hospital. Resistance in the other centres
ranged from 16.7% to 83.3% (data not shown).

In Enterobacter spp. isolates (n=33), C/T showed moderate
activity (MICsqjqp, 0.25/16 mg/L; 66.7% and 72.7% susceptibility
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Antimicrobial activity of ceftolozane/tazobactam (C/T) and comparator antimicrobials tested against Enterobacterales from patients in Spanish intensivexsx care units, accord-

ing to major organisms and phenotypes.

Organism/antimicrobial agent MIC (mg/L) EUCAST CLSI
MICsg MICyg Range %S %1 %R %S %l %R
All Escherichia coli (n=209)*
AMC 16 >16 <8 to >16 45.9 -b 541 45.9 12.9 41.2
TZP <8 32 <8 to >64 85.2 3.8 11.0 89.0 43 6.7
C/T 0.25 1 <0.12 to >64 95.2 0.0 4.8 96.2 1.0 2.9
Ceftazidime 0.25 16 <0.12 to >64 73.2 53 215 78.5 4.8 16.7
Cefotaxime <0.12 >64 <0.12 to >64 72.7 1.0 26.3 72.7 1.0 26.3
Cefepime <0.12 64 <0.12 to >64 77.0 19 211 83.7 24 13.9
Aztreonam <0.12 >32 <0.12 to >32 73.2 3.8 23.0 77.0 29 20.1
Imipenem <0.12 0.25 <0.12-32 99.5 0.0 0.5 98.1 14 0.5
Meropenem <0.12 <0.12 <0.12-32 98.6 1.0 0.5 98.6 0.0 14
Ciprofloxacin <0.06 >2 <0.06 to >2 61.7 4.8 335 67.5 0.5 321
Gentamicin <2 >8 <2 to >8 82.3 0.5 17.2 82.8 0.5 16.7
Tobramycin <2 >8 <2 to >8 74.6 6.2 19.1 80.9 33 15.8
Amikacin <8 <8 <8 to >32 971 19 1.0 99.0 0.0 1.0
Colistin <2 <2 <2to >4 97.1 - 29 - - -
Fosfomycin <32 64 <32 to >128 871 - 129 94.7 1.0 43
Tigecycline <1 <1 <1 100 0.0 0.0 - - -
ESBL phenotype E. coli (n=46)
AMC >16 >16 <8 to >16 19.6 - 80.4 19.6 15.2 65.2
TZP <8 64 <8 to >64 71.7 10.9 174 82.6 8.7 8.7
C/T 0.5 16 0.25 to >64 80.4 0.0 19.6 84.8 43 10.9
Ceftazidime 16 >64 2 to >64 0.0 19.6 80.4 19.6 17.4 63.0
Cefotaxime >64 >64 4 to >64 0.0 0.0 100 0.0 0.0 100
Cefepime 64 >64 0.5 to >64 8.7 43 87.0 283 10.9 60.9
Aztreonam >32 >32 2 to >32 0.0 13.0 87.0 13.0 6.5 80.4
Imipenem <0.12 0.5 <0.12-2 100 0.0 0.0 97.8 22 0.0
Meropenem <0.12 0.25 <0.12-4 95.7 43 0.0 95.7 0.0 43
Ciprofloxacin >2 >2 0.12-4 13.0 8.7 78.3 239 22 73.9
Gentamicin <2 >8 <2 to >8 674 0.0 326 674 22 304
Tobramycin 4 >8 <2 to >8 45.7 43 50.0 50.0 6.5 43.5
Amikacin <8 <8 <8 to >32 91.3 6.5 22 97.8 0.0 22
Colistin <2 <2 <2 to >4 93.5 - 6.5 - - -
Fosfomycin <32 64 <32 to >128 84.8 - 15.2 93.5 22 43
Tigecycline <1 <1 <1 100 0.0 0.0 - - -
All Klebsiella spp. group (n=95)¢
AMC >16 >16 <8 to >16 46.9 - 53.1 46.9 21 51.0
TZP <8 >64 <8 to >64 615 52 333 66.7 6.3 271
C/T 0.5 64 <0.12 to >64 66.3 - 33.7 729 73 19.8
Ceftazidime 0.5 64 <0.12 to >64 50.0 52 44.8 55.2 73 375
Cefotaxime 0.25 >64 <0.12 to >64 54.2 31 42.7 54.2 31 42.7
Cefepime 0.5 >64 <0.12 to >64 54.2 5.2 40.6 63.5 52 313
Aztreonam 0.25 >32 <0.12 to >32 521 4.2 43.8 56.3 3.1 40.6
Imipenem 0.25 2 <0.12 to >32 90.6 4.2 5.2 823 12,5 5.2
Meropenem <0.12 2 <0.12 to >32 91.7 31 5.2 875 4.2 83
Ciprofloxacin <0.06 >2 <0.06 to >2 53.1 31 438 57.3 0.0 42.7
Gentamicin <2 >8 <2 to >8 67.7 1.0 313 68.8 1.0 30.2
Tobramycin <2 >8 <2 to >8 58.9 11 40.0 60.0 32 36.8
Amikacin <8 <8 <8 to >32 95.8 21 21 97.9 11 11
Colistin <2 4 <2 to >4 87.5 - 12.5 - - -
Fosfomycin 128 >128 <32 to >128 12.5 - 87.5 - - -
Tigecycline <1 <1 <1to >2 90.6 7.3 21 - - -
ESBL phenotype Klebsiella pneumoniae (n=22)
AMC >16 >16 <8 to >16 4.5 - 95.5 4.5 9.1 86.4
TZP <8 >64 <8 to >64 50.0 18.2 31.8 68.2 13.6 18.2
C/T 1 16 0.25 to >64 59.1 - 40.9 773 9.1 13.6
Ceftazidime 16 64 2 to >64 0.0 13.6 86.4 13.6 273 59.1
Cefotaxime 64 >64 0.25 to >64 9.1 4.5 86.4 9.1 4.5 86.4
Cefepime 32 >64 1to >64 45 9.1 86.4 22.7 18.2 59.1
Aztreonam >32 >32 0.5 to >32 4.5 9.1 86.4 13.6 9.1 773
Imipenem <0.12 0.5 <0.12-1 100 0.0 0.0 100 0.0 0.0
Meropenem <0.12 <0.12 <0.12-1 95.5 4.5 0.0 95.5 0.0 4.5
Ciprofloxacin >2 >2 <0.06 to >2 13.6 0.0 86.4 13.6 0.0 86.4
Gentamicin >8 >8 <2 to >8 45.5 0.0 54.4 45,5 0.0 54.5
Tobramycin >8 >8 <2 to >8 273 0.0 72.7 273 45 68.2
Amikacin <8 <8 <8-16 90.9 9.1 0.0 100 0.0 0.0
Colistin <2 >4 <2to >4 81.8 - 18.2 - - -
Fosfomycin 128 >128 32 to >128 9.1 - 90.9 - - -
Tigecycline <1 2 <1to >2 81.8 13.6 4.5 - - -
Carbapenemase phenotype K. pneumoniae (n=19)¢
AMC >16 >16 >16 0.0 - 100 0.0 0.0 100
TZP >64 >64 64 to >64 0.0 0.0 100 0.0 5.0 95.0
C/T 32 >64 2 to >64 0.0 100 5.0 20.0 75.0
Ceftazidime 64 >64 2 to >64 0.0 5.0 95.0 5.0 0.0 95.0

(continued on next page)
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Table 3 (continued)

Organism/antimicrobial agent MIC (mg/L) EUCAST CLSI
MICsq MICyg Range %S %1 %R %S %1 %R
Cefotaxime >64 >64 16 to >64 0.0 0.0 100 0.0 0.0 100
Cefepime 64 >64 8 to >64 0.0 0.0 100 10.0 5.0 85.0
Aztreonam >32 >32 4 to >32 0.0 5.0 95.0 5.0 0.0 95.0
Imipenem 2 >32 1to >32 55.0 20.0 25.0 15.0 60.0 25.0
Meropenem 2 >32 0.25 to >32 65.0 10.0 25.0 45.0 20.0 35.0
Ciprofloxacin >2 >2 0.5 to >2 0.0 10.0 90.0 10.0 0.0 90.0
Gentamicin >8 >8 <2 to >8 15.0 5.0 80.0 20.0 0.0 80.0
Tobramycin >8 >8 <2 to >8 53 53 89.5 10.5 0.0 89.5
Amikacin <8 <8 <8 to >32 94.7 0.0 53 94.7 53 0.0
Colistin <2 >4 <2to >4 80.0 - 20.0 - - -
Fosfomycin >128 >128 32 to >128 10.0 - 90.0 - - -
Tigecycline <1 2 <1to >2 80.0 15.0 5.0 - - -
All Enterobacter spp. (n=33)°
AMC >16 >16 <8 to >16 6.1 - 93.9 6.1 0.0 93.9
TZP <8 32 <8 to >64 75.8 3.0 21.2 78.8 12.1 9.1
C/T 0.25 16 <0.12 to >64 66.7 - 333 72.7 15.2 121
Ceftazidime 0.5 64 <0.12 to >64 63.6 6.1 303 69.7 3.0 273
Cefotaxime 0.5 >64 <0.12 to >64 63.6 6.1 303 63.6 6.1 303
Cefepime <0.12 64 <0.12 to >64 81.8 3.0 15.2 84.8 0.0 15.2
Aztreonam <0.12 >32 <0.12 to >32 69.7 3.0 273 72.7 0.0 273
Imipenem 0.5 2 <0.12 to >32 97.0 0.0 3.0 78.8 18.2 3.0
Meropenem <0.12 0.5 <0.12 to >32 93.9 3.0 3.0 93.9 0.0 6.1
Ciprofloxacin <0.06 0.5 <0.06 to >2 78.8 0.0 212 81.8 3.0 15.2
Gentamicin <2 >8 <2 to >8 84.8 3.0 121 879 0.0 12.1
Tobramycin <2 >8 <2 to >8 81.8 6.1 121 87.9 0.0 121
Amikacin <8 <8 <8 to >32 93.9 0.0 6.1 93.9 0.0 6.1
Colistin <2 >4 <2to >4 60.6 - 394 - - -
Fosfomycin 128 >128 32 to >128 18.2 - 81.8 - - -
Tigecycline <1 <1 <1-2 97.0 3.0 0.0 - - -
Proteus spp. (n=19)f
AMC <8 >16 <8 to >16 63.2 - 36.8 63.2 10.5 26.3
TZP <8 <8 <8 100 0.0 0.0 100 0.0 0.0
C/T 0.5 1 0.5-1 100 0.0 0.0 100 0.0 0.0
Ceftazidime <0.12 <0.12 <0.12-2 94.7 53 0.0 100 0.0 0.0
Cefotaxime <0.12 1 <0.12-4 94.7 0.0 53 94.7 0.0 53
Cefepime <0.12 1 <0.12-4 94.7 53 0.0 100 0.0 0.0
Aztreonam <0.12 <0.12 <0.12 100 0.0 0.0 100 0.0 0.0
Imipenem 2 4 0.25-4 63.2 36.8 0.0 211 78.9 0.0
Meropenem <0.12 1 <0.12-1 94.7 53 0.0 94.7 0.0 53
Ciprofloxacin <0.06 >2 <0.06 to >2 68.4 0.0 31.6 68.4 10.5 211
Gentamicin <2 8 <2-8 78.9 53 15.8 84.2 0.0 15.8
Tobramycin <2 >8 <2 to >8 84.2 53 10.5 89.5 0.0 10.5
Amikacin <8 16 <8-16 84.2 15.8 0.0 100 0.0 0.0
Colistin >4 >4 >4 0.0 - 100 - - -
Fosfomycin 32 >128 32 to >128 474 - 52.6 - - -
Tigecycline >2 >2 <1to >2 10.5 10.5 78.9 - - -
Morganella morganii (n=16)
AMC >16 >16 >16 0.0 - 100 0.0 0.0 100
TZP <8 <8 <8-16 93.8 6.3 0.0 100 0.0 0.0
C/T 0.25 0.5 <0.12-4 93.8 - 6.3 93.8 6.3 0.0
Ceftazidime 0.5 4 <0.12-32 68.8 25.0 6.3 93.8 0.0 6.3
Cefotaxime 1 8 <0.12-32 62.5 25.0 12.5 62.5 25.0 12.5
Cefepime <0.12 1 <0.12-1 100 0.0 0.0 100 0.0 0.0
Aztreonam <0.12 2 <0.12-4 875 12.5 0.0 100 0.0 0.0
Imipenem 4 4 1-4 313 68.8 0.0 6.3 93.8 0.0
Meropenem 0.25 0.25 <0.12-0.5 100 0.0 0.0 100 0.0 0.0
Ciprofloxacin <0.06 >2 <0.06 to >2 75.0 0.0 25.0 875 0.0 12.5
Gentamicin <2 8 <2 to >8 81.3 6.3 12.5 875 6.3 6.3
Tobramycin <2 8 <2 to >8 875 0.0 12.5 875 6.3 6.3
Amikacin <8 16 <8-32 87.5 6.3 6.3 93.8 0.0 6.3
Colistin >4 >4 >4 0.0 - 100 - - -
Fosfomycin >128 >128 >128 0.0 - 100 - - -
Tigecycline <1 >2 <1to >2 75.0 12.5 12.5 - - -

MIC, minimum inhibitory concentration; MICsqg0, MIC that inhibits 50% and 90% of isolates, respectively; S, susceptible; I, intermediate; R, resistant; WT, wild-type; ESBL,
extended-spectrum S-lactamase; AMC, amoxicillin/clavulanic acid; TZP, piperacillin/tazobactam.

2 Includes WT isolates (n=382), ESBL phenotype (n1=46), carbapenemase phenotype (n=2; 0XA-48), AmpC phenotype (n=4) and other resistant phenotypes (n=75).

b _ indicates no published interpretative criteria.

¢ Klebsiella spp. group includes Klebsiella pneumoniae (n=86), Klebsiella oxytoca (n=8) and Raoultella ornithinolytica (n=1). By resistant phenotypes: WT isolates (n=42),
ESBL phenotype (n=22), carbapenemase phenotype (n=19), AmpC phenotype (n=2) and other resistant phenotypes (n=10).

d Carbapenemase phenotype K. pneumoniae includes NDM+ESBL (n=1), OXA-48 (n=2) and OXA-48+ESBL (n=16).

¢ Enterobacter spp. group includes Enterobacter cloacae (n=26), Enterobacter aerogenes (n=>5), Enterobacter kobei (n=1) and E. asburiae (n=1). By resistant phenotypes: WT
isolates (n=9), AmpC-hyperproducers (n=7), ESBL phenotype E. cloacae (n=4), carbapenemase phenotype E. cloacae (n=1; VIM) and other resistant phenotypes (n=12).

f Proteus spp. includes Proteus mirabilis (n=18) and Proteus vulgaris (n=1). By resistant phenotypes: WT isolates (n=9) and other resistant phenotypes (n=10).

& Includes WT isolates (n=6), AmpC-hyperproducers (n=6) and other resistant phenotypes (n=4).
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by EUCAST and CLSI, respectively). The most active agents were
TGC (MICsqj90, <1/<1 mg/L; 97.0% susceptible), MEM (MICsq;q9q,
<0.12/0.5 mg/L; 93.9% susceptible), AMK (MICsgjq9, <8/<8 mg/L;
93.9% susceptible) and IPM (MICsq99, 0.5/2 mg/L; 97.0/78.7% sus-
ceptible). Eleven Enterobacter spp. isolates were resistant to C/T.
Resistance phenotypes in these isolates were: AmpC hyperproduc-
ers (n=5; MIC range 2-8 mg/L); ESBL phenotype (n=4; MIC range
8-64 mg/L); carbapenemase phenotype [n=1 (VIM); MIC > 64
mg/L]; and another resistance phenotype (n=1; MIC=2 mg/L).

C/T demonstrated excellent overall activity against Proteus spp.
(n=19) (MICs¢9p, 0.5/1 mg/L; 100% susceptible by EUCAST and
CLSI) and was the most potent agent together with aztreonam
(MICs0j99, <0.12/<0.12 mg/L; 100% susceptible) and TZP (MICsgqq,
<8/<8 mg/L; 100% susceptible). Proteus spp. isolates resistant to
C/T were not found. The activity of C/T against M. morganii (n=16)
was adequate (MICsqp99, 0.25/0.5 mg/L; 93.8% susceptible by EU-
CAST and CLSI). Only one isolate of M. morganii was resistant to
C/T, an AmpC hyperproducer (MIC of 4/4 mg/L). In Citrobacter spp.
isolates (n=9), C/T showed 77.8% and 88.9% susceptible by EU-
CAST and CLSI, respectively, and was inactive against 2 Citrobac-
ter freundii AmpC-hyperproducers (MICs of 4/4 and 8/4 mg/L). In
S. marcescens (n=9), C/T showed 88.9% susceptibility, and 1 iso-
late was resistant (MIC=4/4 mg/L). C/T was active in 3/5 H. alvei
isolates, in 3/3 P. stuartii isolates and in the single isolates of K.
ascorbata and S. enterica.

4. Discussion

The recent list of antibiotic-resistant bacteria published by the
World Health Organization (WHO) alerts about the necessity of de-
velopment of new antibiotics against these pathogens [11]. In this
list, P. aeruginosa and Enterobacterales represent the highest level
of risk. Overall data from the 2016 European Antimicrobial Re-
sistance Surveillance Network (EARS-Net) report show worrisome
mean levels of resistance for common treatment options against P.
aeruginosa: TZP, 16.3%; fluoroquinolones, 15.0%; ceftazidime, 13.0%;
and carbapenems, 15.0%. If resistance is combined to three or more
antimicrobial groups, 10.3% of isolates match these criteria. This re-
sistance is higher in Spain (14.5%) [12], reflecting that the research
and development of new therapeutic options remains a matter
of concern. This is also particularly highlighted in the ECDC an-
nual epidemiological report of healthcare-associated infections ac-
quired in ICUs in the European Union. In this report, 23.0% and
26.4% of P. aeruginosa isolates were resistant to third-generation
cephalosporins and carbapenems, respectively [3]. This is also not
a minor matter in Enterobacterales. In E. coli and K. pneumo-
niae isolates, fluoroquinolone resistance reaches levels of 21.0% and
24.6%, respectively. Regarding third-generation cephalosporins, E.
coli shows 12.4% resistance, whilst in K. pneumoniae 25.7% of iso-
lates are resistant. With carbapenems, overall EARS-Net data re-
flect mean resistance rates in Europe of <0.1% and 6.1% in E. coli
and K. pneumoniae, respectively [12]. However, resistance to third-
generation cephalosporins and carbapenems is higher in ICUs, with
figures reaching 42.9% and 11.3%, respectively, in Klebsiella spp. [3].

Results of previous studies show susceptibility levels to C/T in
P. aeruginosa isolates up to 95% [13]. Moreover, slight variations are
obtained when isolates are categorised as resistant with regard to
different antipseudomonal agents [7]. Activity in Enterobacterales
depends on resistant patterns; susceptibility is high (>95%) if iso-
lates are pooled [14] but might decrease if ESBL-producers are
analysed separately [14,15]. Resistance of P. aeruginosa and Enter-
obacterales isolates to C/T has been particularly associated with
carbapenemase-producers [7]. Moreover, in vivo resistance devel-
opment has also recently been described [16].

The results obtained in this study in P. aeruginosa isolates
from ICUs confirm that C/T is one of the best antipseudomonal

agents with the highest susceptibility rates, along with COL and
AMK. Comparing the activity of C/T (91.3% susceptible) with other
B-lactams, the activity of C/T was higher (TZP, 60.0%; FEP, 58.8%;
and CAZ, 55.0%), as previously described in isolates recovered from
different locations in hospitalised patients in US hospitals [17]. This
in vitro activity of C/T against P. aeruginosa is maintained regardless
of its resistance pattern (TZP-NS, 87.9% susceptible; CAZ-NS, 80.6%;
and MEM-NS, 78.8%), and C/T maintains good activity even when
the micro-organism is resistant to more than one antipseudomonal
agent (TZP/CAZ-NS, 86.7%; TZP/CAZ/MEM-NS, 82.6%) or in isolates
classified as MDR (88.2%). However, C/T was inactive in seven P.
aeruginosa isolates, six of which exhibited a MBL phenotype. Car-
bapenemase production together with overexpression of AmpC or
mutations in OprD represent limitations of this agent against P.
aeruginosa [16,18].

The activity of C/T in Enterobacterales is more variable. It de-
pends both on the species level and the resistance mechanism.
As we previously described [19], the activity of C/T is excel-
lent against WT organisms (MICsgqp ranges, 0.25-0.5 mg/L and
0.25-1 mg/L, respectively) and 100% inhibited at MIC <1 mg/L
(Supplementary Table S1). However, the activity decreased against
ESBL-producing K. pneumoniae, as noted in other studies [15]. In
the isolates in the current study, susceptibilities of 80.4/84.8% and
59.1/77.3% were obtained in E. coli and Klebsiella spp. with an
ESBL phenotype when using EUCAST and CLSI criteria, respec-
tively. These figures were higher for IPM (100%), MEM (95.7%),
AMK (91.3%) and COL (93.5%) in ESBL-producing E. coli as well
as in ESBL-producing Klebsiella spp. [IPM (100%), MEM (95.5%),
AMK (90.9%) and COL (81.8%)]. No activity of C/T was expected in
carbapenemase-producers, as previously reported [7]. In fact, the
moderate activity against K. pneumoniae in the current study is due
to the high prevalence of carbapenemases in our environment [20].

Different resistance rates to C/T between hospitals were found.
Interestingly, in four of eight hospitals neither P. aeruginosa nor E.
coli C[T-resistant isolates were found. However, Klebsiella spp. iso-
lates resistant to C/T are more concerning, with resistance rates
up to 83.0%. Unfortunately, the clonal relatedness between isolates
was beyond the scope of this study, therefore the presence of out-
breaks cannot be ruled out.

Of note, great activity of C/T was obtained when P. aeruginosa
isolates were pooled by infection type: 95.7% and 85.3% suscepti-
bility in cUTI and cIAl, respectively. In Enterobacterales, 79.5/81.9%
(EUCAST/CLSI) of cIAI and 89.3/92.3% of cUTI were susceptible, rep-
resenting a therapeutic alternative in ICU patients.

A limitation of this study is that only the presence of car-
bapenemase genes in isolates displaying a C/T resistance pattern
was investigated, but different resistance mechanisms affecting C/T
might remain unidentified. In summary, the in vitro activity of
C/T observed in this multicentre study suggests that this agent
should be considered as a therapeutic option in cUTI and cIAl due
to Enterobacterales and P. aeruginosa in ICU patients, excluding
carbapenemase-producers.

Funding

This study was funded by MSD Spain and was supported
by Plan Nacional de I+D+i 2013-2016 and Instituto de Salud
Carlos III, Subdireccion General de Redes y Centros de In-
vestigacion Cooperativa, Ministerio de Economia, Industria y
Competitividad, Spanish Network for Research in Infectious
Diseases [RD16/0016/0001, RD16/0016/0004, RD16/0016/0006,
RD16/0016/0007, RD16/0016/0010 and REIPI RD16/0016/0011],
co-financed by the European Development Regional Fund ‘A way
to achieve Europe’ (ERDF), Operative program Intelligent Growth
2014-2020. SG-F is supported by a research contract from Instituto
de Salud Carlos III, Spain [Rio Hortega program, ref. CM17/00033].



688 S. Garcia-Ferndndez, M. Garcia-Castillo and G. Bou et al./ International Journal of Antimicrobial Agents 53 (2019) 682-688

Competing interests

RC and GB have participated in educational programmes organ-
ised by MSD and Pfizer. All other authors declare no competing
interests.

Ethical approval

This study was approved by the Ethical Committee of Hospital
Universitario Ramén y Cajal (Madrid, Spain) [Ref. 087-16] and the
Spanish Medicines Agency [Ref. MSD-CEF-2016-01].

Acknowledgments

The SUPERIOR Study Group includes the following members:
Antonio Oliver and Xavier Mulet (Hospital Universitario Son Es-
pases, Palma de Mallorca, Spain); Emilia Cercenado (Hospital
General Universitario Gregorio Marafién, Madrid, Spain); German
Bou (Complejo Universitario de la Coruiia, A Corufia, Spain); Al-
varo Pascual and Mercedes Delgado (Hospital Universitario Virgen
Macarena, Seville, Spain); Concepcién Gimeno and Nuria Tormo
(Consorcio Hospital General Universitario de Valencia, Valencia,
Spain); Jorge Calvo, Jesiis Rodriguez-Lozano and Ana Avila Alonso
(Hospital Universitario Marqués de Valdecilla, Santander, Spain);
Jordi Vila, Francesc Marco and Cristina Pitart (Hospital Clinic,
Barcelona, Spain); and Maria Garcia del Castillo, Sergio Garcia
Ferndndez, Marta Tato and Rafael Cantén (Hospital Universitario
Ramoén y Cajal, Madrid, Spain).

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.jjantimicag.2019.02.
004.

References

[1] Falagas ME, Tansarli GS, Karageorgopoulos DE, Vardakas KZ. Deaths at-
tributable to carbapenem-resistant Enterobacteriaceae infections. Emerg Infect
Dis 2014;20:1170-5. doi:10.3201/eid2007.121004.

Review on Antimicrobial Resistance. Antimicrobial resistance: tackling a crisis for
the health and wealth of nations. 2014.

European Centre for Disease Prevention and Control (ECDC). Healthcare-asso-
ciated infections acquired in intensive care units. ECDC annual epidemiological
report for 2015. Stockholm, Sweden: ECDC; 2017.

De Waele ]]J, Akova M, Antonelli M, Canton R, Carlet ], De Backer D, et al.
Antimicrobial resistance and antibiotic stewardship programs in the ICU: in-
sistence and persistence in the fight against resistance. A position statement
from ESICM/ESCMID/WAAAR round table on multi-drug resistance. Intensive
Care Med 2018;44:189-96. doi:10.1007/s00134-017-5036-1.

Hawkey PM, Warren RE, Livermore DM, McNulty CAM, Enoch DA, Otter JA,
et al. Treatment of infections caused by multidrug-resistant Gram-negative
bacteria: report of the British Society for Antimicrobial Chemotherapy/

2

3

[4

(5

Healthcare Infection Society/British Infection Association Joint Working Party. ]
Antimicrob Chemother 2018;73(Suppl 3) iii2-78. doi:10.1093/jac/dky027.
Moya B, Zamorano L, Juan C, Pérez JL, Ge Y, Oliver A. Activity of a new
cephalosporin, CXA-101 (FR264205), against S-lactam-resistant Pseudomonas
aeruginosa mutants selected in vitro and after antipseudomonal treatment of
intensive care unit patients. Antimicrob Agents Chemother 2010;54:1213-17.
doi:10.1128/AAC.01104-09.

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

second-generation S-lactam/S-lactamase inhibitor combinations. Clin Infect

Dis 2016;63:234-41. doi:10.1093/cid/ciw243.

[8] European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables
for interpretation of MICs and zone diameters. Version 7.1, 2017. http://www.
eucast.org [Accessed 23 March 2019].

[9] Clinical and Laboratory Standards Institute. Performance standards for antimi-
crobial susceptibility testing. 27th ed. Wayne, PA: CLSI; 2017. CLSI supplement
M100.

[10] Livermore DM. B-Lactamases in laboratory and clinical resistance. Clin Micro-
biol Rev 1995;8:557-84.

[11] World Health Organization (WHO). Global priority list of antibiotic-resistant
bacteria to guide research, discovery, and development of new antibiotics,
Geneva. Switzerland: WHO; 2017 http://www.who.int/medicines/publications/
WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf .

[12] European Centre for Disease Prevention and Control (ECDC). Surveillance of
antimicrobial resistance in Europe 2016. Annual report of the European An-
timicrobial Resistance Surveillance Network (EARS-Net). Stockholm, Sweden:
ECDC; 2017.

[13] Walkty A, Adam H, Baxter M, Lagacé-Wiens P, Karlowsky JA, Hoban D], et al. In
vitro activity of ceftolozane/tazobactam versus antimicrobial non-susceptible
Pseudomonas aeruginosa clinical isolates including MDR and XDR isolates ob-
tained from across Canada as part of the CANWARD study, 2008-16. ] Antimi-
crob Chemother 2018;73:703-8. doi:10.1093/jac/dkx468.

[14] Seifert H, Korber-Irrgang B, Kresken M. In-vitro activity of
ceftolozane/tazobactam against Pseudomonas aeruginosa and Enterobac-
teriaceae isolates recovered from hospitalized patients in Germany. Int ]
Antimicrob Agents 2018;51:227-34. doi:10.1016/j.jjantimicag.2017.06.024.

[15] Farrell DJ, Sader HS, Flamm RK, Jones RN. Ceftolozane/tazobactam activity
tested against Gram-negative bacterial isolates from hospitalised patients with
pneumonia in US and European medical centres (2012). Int ] Antimicrob
Agents 2014;43:533-9. doi:10.1016/j.ijantimicag.2014.01.032.

[16] Fraile-Ribot PA, Cabot G, Mulet X, Periafiez L, Martin-Pena ML, Juan C, et al.
Mechanisms leading to in vivo ceftolozane/tazobactam resistance development
during the treatment of infections caused by MDR Pseudomonas aeruginosa. |
Antimicrob Chemother 2018;73:658-63. doi:10.1093/jac/dkx424.

[17] Castanheira M, Duncan LR, Mendes RE, Sader HS, Shortridge D. Activity of
ceftolozane-tazobactam against Pseudomonas aeruginosa and Enterobacteri-
aceae isolates collected from respiratory tract specimens of hospitalized pa-
tients in the United States during 2013 to 2015. Antimicrob Agents Chemother
2017;62 e02125-17. doi:10.1128/AAC.02125-17.

[18] Cabot G, Bruchmann S, Mulet X, Zamorano L, Moya B, Juan C, et al. Pseu-
domonas aeruginosa ceftolozane-tazobactam resistance development requires
multiple mutations leading to overexpression and structural modification
of AmpC. Antimicrob Agents Chemother 2014;58:3091-9. doi:10.1128/AAC.
02462-13.

[19] Tato M, Garcia-Castillo M, Bofarull AM, Cantén R. In vitro activity of
ceftolozane/tazobactam against clinical isolates of Pseudomonas aeruginosa and
Enterobacteriaceae recovered in Spanish medical centres: results of the CENIT
study. Int ] Antimicrob Agents 2015;46:502-10. doi:10.1016/j.ijjantimicag.2015.
07.004.

[20] Grundmann H, Glasner C, Albiger B, Aanensen DM, Tomlinson CT, Andra-
seviC AT, et al. Occurrence of carbapenemase-producing Klebsiella pneumoniae
and Escherichia coli in the European survey of carbapenemase-producing Enter-
obacteriaceae (EuSCAPE): a prospective, multinational study. Lancet Infect Dis
2017;17:153-63. doi:10.1016/S1473-3099(16)30257-2.

(6

(7


https://doi.org/10.1016/j.ijantimicag.2019.02.004
https://doi.org/10.3201/eid2007.121004
http://refhub.elsevier.com/S0924-8579(19)30027-5/sbref0002
https://doi.org/10.1007/s00134-017-5036-1
https://doi.org/10.1093/jac/dky027
https://doi.org/10.1128/AAC.01104-09
https://doi.org/10.1093/cid/ciw243
http://www.eucast.org
http://refhub.elsevier.com/S0924-8579(19)30027-5/sbref0007
http://refhub.elsevier.com/S0924-8579(19)30027-5/sbref0008
http://refhub.elsevier.com/S0924-8579(19)30027-5/sbref0008
http://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf
http://refhub.elsevier.com/S0924-8579(19)30027-5/sbref0010
https://doi.org/10.1093/jac/dkx468
https://doi.org/10.1016/j.ijantimicag.2017.06.024
https://doi.org/10.1016/j.ijantimicag.2014.01.032
https://doi.org/10.1093/jac/dkx424
https://doi.org/10.1128/AAC.02125-17
https://doi.org/10.1128/AAC.02462-13
https://doi.org/10.1016/j.ijantimicag.2015.07.004
https://doi.org/10.1016/S1473-3099(16)30257-2

	Activity of ceftolozane/tazobactam against Pseudomonas aeruginosa and Enterobacterales isolates recovered from intensive care unit patients in Spain: The SUPERIOR multicentre study
	1 Introduction
	2 Materials and methods
	2.1 Study design and hospital participants
	2.2 Antimicrobial susceptibility testing
	2.3 Phenotypic classification
	2.4 Carbapenemase detection

	3 Results
	3.1 Bacterial isolates
	3.2 Pseudomonas aeruginosa isolates
	3.3 Enterobacterales isolates

	4 Discussion
	Funding
	Competing interests
	Ethical approval
	Acknowledgments
	Supplementary materials
	References


