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Abstract

A prospective, descriptive observational study of consecutive patients treated with ceftolozane/tazobactam in the reference
hospital of the Balearic Islands (Spain), between May 2016 and September 2017, was performed. Demographic, clinical, and
microbiological variables were recorded. The later included resistance profile, molecular typing, and whole genome sequencing
of isolates showing resistance development. Fifty-eight patients were treated with ceftolozane/tazobactam. Thirty-five (60.3%)
showed respiratory tract infections, 21 (36.2%) received monotherapy, and 37 (63.8%) combined therapy for > 72 h, mainly with
colistin (45.9%). In 46.6% of the patients, a dose of 1/0.5 g/8 h was used, whereas 2/1 g/8 h was used in 41.4%. In 56 of the cases
(96.6%), the initial Pseudomonas aeruginosa isolates recovered showed a multidrug resistant (MDR) phenotype, and 50 of them
(86.2%) additionally met the extensively drug resistant (XDR) criteria and were only susceptible colistin and/or aminoglycosides
(mostly amikacin). The epidemic high-risk clone ST175 was detected in 50% of the patients. Clinical cure was documented in 37
patients (63.8%) and resistance development in 8 (13.8%). Clinical failure was associated with disease severity (SOFA),
ventilator-dependent respiratory failure, XDR profile, high-risk clone ST175, negative control culture, and resistance develop-
ment. In 6 of the 8 cases, resistance development was caused by structural mutations in AmpC, including some mutations
described for the first time in vivo, whereas in the other 2, by mutations in OXA-10 leading to the extended spectrum OXA-
14. Although further clinical experience is still needed, our results suggest that ceftolozane/tazobactam is an attractive option for
the treatment of MDR/XDR P. aeruginosa infections.
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Introduction

Antibiotic resistance is currently considered one of the largest
public health threats. Increasing infections with multidrug re-
sistant (MDR) microorganisms and the shortage of antibiotic
therapeutic arsenal in the last years compromise the selection
of'adequate treatments, leading to an increase in morbidity and
mortality rates [1, 2]. There are many causes that favor the
selection and dissemination of antibiotic resistance, but the
inappropriate and indiscriminate use of antibiotics together
with deficient infection control measures are likely those pro-
viding a wider margin for reducing this global threat. MDR
Enterobacteriaceae, Acinetobacter baumannii, and
Pseudomonas aeruginosa are the pathogens for which the
situation is considered critical by the World Health
Organization (WHO).

Ceftolozane/tazobactam is the combination of a new ceph-
alosporin with the (3-lactamase inhibitor tazobactam, which
shows a high in vitro activity against gram-negative bacteria
including MDR and extensively drug resistant (XDR)
Pseudomonas aeruginosa [3]. Moreover, ceftolozane/
tazobactam has been shown to conserve activity against P.
aeruginosa strains that have developed resistance to all other
available beta-lactams, mainly due to its high stability against
the hydrolysis by the chromosomal cephalosporinase AmpC
[4, 5]. Additionally, ceftolozane/tazobactam also exhibits cer-
tain activity against extended spectrum beta-lactamase
(ESBL)-producing Enterobacteriaceae [3].

Ceftolozane/tazobactam has been approved for the treat-
ment of complicated intra-abdominal infections [6] (cIAI)
and for the treatment of complicated urinary tract infections
including acute pyelonephritis [ 7] (UTI) and is currently under
evaluation for the treatment of nosocomial pneumonia. Due to
the growing prevalence of MDR/XDR P. aeruginosa, show-
ing resistance to all first-line agents, including available (3-
lactams and fluoroquinolones, ceftolozane/tazobactam could
be a promising alternative to existing options that currently
include more toxic and likely less effective antibiotics, such as
aminoglycosides and polymyxins. However, the current expe-
rience is still limited to a few reported cases [8—11] with a 21-
patient cohort from a hospital in Pittsburgh, USA and a 35-
patient cohort from 6 hospitals from Houston being the largest
series published so far [12, 13]. Additionally, we described
some years ago the mechanisms leading to in vitro
ceftolozane/tazobactam resistance development [14], and a
few cases of treatment failure due to resistance development
have been recently reported [12].

In May 2016, ceftolozane/tazobactam was approved by the
Pharmacy and Therapeutics Committee of Balearic Public
Health System with the following indications: (i) urinary and
intra-abdominal infections caused by ESBL-producing
Enterobacteriaceae or MDR P. aeruginosa, (ii) other infec-
tions caused by MDR P. aeruginosa in the absence of
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appropriate therapeutic alternatives according to the patient’s
characteristics, and (iii) in P. aeruginosa bacteremia or pneu-
monia in patients colonized or admitted in areas showing high
prevalence of MDR P. aeruginosa. The last two were off-label
indications motivated by the lack of appropriate alternatives.
Moreover, since the approval of ceftolozane/tazobactam, its
use has been monitored under a specific antimicrobial stew-
ardship program. Thus, the main objectives of this study were
to evaluate the use of ceftolozane/tazobactam in a large cohort
(58 patients) from a third-level hospital and to analyze the
efficacy of this new therapeutic option for the treatment of
MDR P. aeruginosa infections, including clinical and micro-
biological endpoints, with a particular focus in the analysis of
resistance development during treatment.

Material and methods
Patients and setting

We conducted a prospective, descriptive observational study
of consecutive patients treated with ceftolozane/tazobactam
for at least 48 h in the Son Espases University Hospital
(HUSE) of Palma de Mallorca, Spain, between May 2016
and September 2017. The study was approved by the research
committee of HUSE. HUSE is the reference tertiary care hos-
pital for the Balearic Islands and is equipped with 1020 beds
of hospitalization, surgery, intensive care unit, and emergency
departments. All the prescriptions in the hospital are made
using a computerized physician order entry (CPOE). HUSE
follows an antimicrobial stewardship program, run by a team
of pharmacists, microbiologists, and infectious diseases clini-
cians, which provides daily monitoring and treatment advice
for infections by MDR pathogens.

Variables and definitions

Demographic, clinical, and microbiological variables studied
included the following: age, sex, underlying diseases, renal
replacement therapy, ventilator-dependent respiratory failure,
Charlson comorbidity score [15], predictive scale of
multiorganic dysfunction (SOFA) [16], type of infection ac-
cording to CDC definitions, sample of MDR P. aeruginosa
isolation, characteristics of ceftolozane/tazobactam treatment
(empiric/targeted, monotherapy/combined, duration and dose,
and whether it was indicated according to recommendation
approved by the Pharmacy and Therapeutics Committee of
Balearic Public Health System), resistance phenotype, clonal
type, and ceftolozane/tazobactam MIC. The primary endpoint
was clinical failure defined as persistent signs or symptoms of
infection and positive culture after 7 days of treatment.
Secondary endpoints included crude 30 days mortality, micro-
biological cure (negative control culture), colonization by the
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infecting strain, and ceftolozane/tazobactam resistance
development.

Susceptibility testing, molecular epidemiology,
and resistance mechanisms

Initial antimicrobial susceptibility was tested by broth
microdilution (Microscan®) for ceftazidime, cefepime, piper-
acillin-tazobactam, aztreonam, imipenem, meropenem, cipro-
floxacin, gentamicin, tobramycin, amikacin, and colistin and
with gradient strips (Liofilchem®) for ceftolozane/tazobac-
tam. EUCAST breakpoints were considered in all cases, and
consensus recommendations [17] were used to define MDR
and XDR phenotypes. Molecular typing of all P. aeruginosa
isolates recovered was performed by pulsed-field gel electro-
phoresis (PFGE) and multilocus sequence typing (MLST) as
described previously [18]. The presence of horizontally-
acquired {3-lactamases was evaluated using phenotypic and
molecular (PCR followed by sequencing) methods [19].
Intestinal colonization by MDR/XDR P. aeruginosa was in-
vestigated in most patients through the culture of rectal swabs
in selective media before, during, and after the treatment as
part of HUSE program for MDR pathogens surveillance.

Characterization of the mechanisms leading
to ceftolozane/tazobactam resistance development

An additional extended broth microdilution panel
(Thermofisher) including a whole range of concentrations of
all above-tested antipseudomonal agents and ceftazidime/
avibactam was used to further analyze the pairs of
ceftolozane/tazobactam susceptible/resistant isolates when re-
sistance development was documented. Moreover, DNA se-
quence variation between susceptible and resistant pairs of
isolates was analyzed through whole genome sequencing as
previously described [19]. Briefly, indexed paired-end librar-
ies were generated from genomic DNA using a commercial
library preparation kit (Nextera XT DNA Library Preparation
Kit; Illumina) and sequenced on an Illumina MiSeq benchtop
sequencer with a MiSeq Reagent Kit (version 3; [llumina Inc.,
USA). Obtained paired-ended reads were aligned to P.
aeruginosa PAOI reference genome, and sequence variation
was further analyzed for the 146 chromosomal genes related
to antimicrobial resistance. Additionally, the presence of hor-
izontally acquired resistance determinants was further ex-
plored using online databases (https://cge.cbs.dtu.dk//
services/ResFinder/). A total of 8 cases of resistance
development were documented. Resistance mechanisms for
the first 5 have already been published [20], and therefore
this work adds the characterization of the 3 remaining cases.

Statistical analysis

Quantitative variables were compared using the Mann-
Whitney U test. Chi-square (%) was used to determine the
association between factors and clinical cure or resistance de-
velopment. In all cases, a p value < 0.05 was considered sta-
tistically significant. Multivariate logistic regression of inde-
pendent risk factors associated to clinical cure was performed.
Multivariate analysis was performed using a stepwise back-
ward method. Crude and adjusted odds ratio (OR) are shown.
Comparison of the expected and observed frequencies by the
Hosmer-Lemeshow goodness-of-fit test (p value =0.117) and
by ROC curve (AUC =0.903; p <0.001) indicated a good fit
for the model. All statistical analyses were performed using
GraphPad Prism 5 or IMB SPSS® Statistics v22 software.

Results

Up to 58 patients were treated with ceftolozane/tazobactam at
HUSE from May 2016 to December 2017. The demographic,
clinical, and microbiological variables studied are shown in
Table 1. Sixteen of the patients (27.6%) were admitted to the
ICU when treatment was initiated, 35 (60.3%) showed respi-
ratory tract infections, and 10 (17.2%) showed urinary tract
infections. Twenty-one (36.2%) received ceftolozane/
tazobactam monotherapy and 37 (63.8%) combined therapy
for > 72 h, mainly with colistin (45.9%), amikacin (21.6%), or
tobramycin (18.9%).

In 46.6% of the patients, a ceftolozane/tazobactam dose of
1/0.5 g/8 h was used, whereas the 2/1 g/8 h dose was used in
41.4%. Of the 25 patients with respiratory infections, without
renal insufficiency (CrCl> 60 mL/min), 3 received the doses
approved by the FDA of 1/0.5 g/8 h, whereas 22 received
doses of 2/1 g/8 h. On the other hand, of 9 patients with
respiratory infection who received continuous renal replace-
ment therapy (CRRT), 7 were treated with doses of 1/0.5 g/8 h
and 2 with doses of 0.5/0.25 g/8 h. The rest of patients with
CRRT received doses 0of 0.5/0.25 g/8 h except for two patients
(urinary, skin, and soft tissue infection) who received 1/0.5 g/
8 h. Two patients with moderate renal insufficiency (CrCl 30—
50 mL/min) and urinary infection were treated with doses of
0.5/0.25 g/8 h and those with respiratory infection with a dose
of 1/0.5 g/8 h. The two patients with oteoarticular infection
received doses of 2/1 g/8 h.

Treatment was considered indicated according to recom-
mendations approved by the Balearic Island Pharmacy
Committee in 91.4% of the patients. In 56 of the cases
(96.6%), the recovered P. aeruginosa isolates showed an
MDR phenotype, and 50 of them (86.2%) additionally met
the XDR criteria and were only susceptible colistin and/or
aminoglycosides (mostly amikacin). The median
ceftolozane/tazobactam MIC was 2 mg/L, and the widespread
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Table 1 Demographic, clinical, and microbiological characteristics Table 1 (continued)
Variable Number or value Variable Number or value

Age in years (mean = SD)
Sex male, [1 (%)]
Underlying diseases
Immunosuppressed
Stem cell transplant
Chemotherapy
AIDS
Organ transplant
Neutropenic (< 1000)
Cardiovascular disease
Cystic fibrosis
Chronic obstructive
Pulmonary disease
Malignancy
Charlson index [median (R)]
Ventilator-dependent respiratory failure
SOFA [median (R)]
Hospital ward [n (%)]
Pneumology
Intensive Care Unit
Internal Medicine
Oncohematological
Surgical
Reanimation
Others
Source of infection [1 (%))
Respiratory
Urinary
Intra-abdominal
Bacteriemia
Osteoarticular
Other
Origin [n (%)]
Nosocomial
Community
Type of treatment [ (%)]
Targeted
Semiempirical
Empirical
Treatment
Combined
Colistin
Amikacin
Tobramycin
Monotheraphy
Indicated treatment [n (%)]
Duration of treatment (days, mean + SD)

Renal failure replacement therapy at the time of
initiation of C-T
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60.84 14.5
35 (60.3%)

7 (12.06%)
2 (3.44%)
2 (3.44%)
2 (3.44%)
1 (1.72%)
2 (3.44%)
19 (32.75%)
2 (3.44%)

17 (29.31)
19 (32.75%)
4(0-11)
19 (32.75%)
3(0-18)

15 (25.9%)
16 (27.6%)
8 (13.8%)
5 (8.62%)
5 (8.62%)
4 (6.89%)
5 (8.62%)

35 (60.3%)
10 (17.2%)
4 (6.9%)
3 (52%)
2 (3.4%)
4 (6.9%)

54 (93.1%)
4 (6.9%)

53 (91.4%)
4 (6.9%)
1 (1.7%)

37 (63.8%)
17 (45.9%)
8 (21.6%)
7 (18.9%)
21 (36.2%)
53 (91.4%)
114462
15 (25.8%)

Posology [n (%)]

1-0.5 g/8 h 27 (46.6%)
2-1g/8 h 24 (41.4%)

0.5-0.25 g/8 h 7 (12.1%)
Type of sample [ (%)]

Bronchial aspirate 20 (34.5%)

Sputum 12 (20.7%)

Urine 9 (15.5%)

Blood 7 (12.1%)
Others 10 (17.2%)
Ceftolozane/tazobactam MIC [median (R)] 2 (0.75-6)
Resistance profile [1 (%)]

XDR 50 (86.2%)
MDR 6 (10.3%)
Pretreatment colonization [n (%)] 29 (50%)/ND (18)
Negativized colonization (29) [n (%)] 4 (13.79%)
Molecular typing ST175 [n (%)] 29 (50%)
Resistance development [# (%)) 8 (13.8%)
Negative control culture [1 (%)] 21 (70%)

(unknown 28)

Clinical cure [n (%)] 37 (63.8%)
Death at 30 days [1 (%)] 16 (27.6%)

epidemic high-risk clone ST175 was detected in 50% of the
patients. Clinical cure was documented in 37 patients (63.8%)
and resistance development in 8 (13.8%).

Analysis of factors associated with clinical failure

A comparative univariate analysis using clinical failure as
dependent variable was performed (Table 2). Significant dif-
ferences were documented for disease severity (SOFA),
ventilator-dependent respiratory failure, XDR profile, high-
risk clone ST175, negative control culture, and resistance de-
velopment. Additionally, a multivariate analysis of factors as-
sociated with ceftolozane/tazobactam clinical failure was per-
formed (Table 3). While patients infected by ST175 or docu-
mented resistance development showed a 3.8 and 6.6 times
higher risk of clinical failure, respectively, the multivariate
analysis only identified ventilator-dependent respiratory fail-
ure as independent risk factor.

Analysis of factors associated with resistance
development

A comparative univariate analysis using resistance develop-
ment as dependent variable was also performed (Table 1S),
and only clinical cure and negative control culture yielded
significant differences. Nevertheless, although statistical
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Table 2 Univariate analysis of
factors associated with clinical Variable Clinical Clinical cure p
failure failure (N=35) value
(N=21)
Age in years (mean £ SD) 65.4+11.7 62+16.0 0.219
Sex male, [ (%)] 13 (61.9%) 21 (60%) 0.888
Charlson index [median (R)] 5(0-11) 4 (0-11) 0.177
Ventilator-dependent respiratory failure 15 (71.42%) 4(11.42) 0.000
SOFA [median (R)] 5(1-18) 2 (0-18) 0.000
Hospital ward [n (%)] 0.007
Pneumology 3 (14.3%) 11 (31.4%)
Intensive Care Unit 11 (52.4%) 4 (11.4%)
Internal Medicine 1 (4.8%) 7 (20%)
Other 6 (28.6%) 13 (37.2%)
Source of infection [n (%)] 0217
Respiratory 15 (71.4%) 18 (51.4%)
Urinary 2 (9.5%) 8 (22.9%)
Intra-abdominal 1 (4.8%) 3 (8.6%)
Bacteriemia 2 (9.5%) 1(2.9%)
Osteoarticular 0 (0%) 2 (5.8%)
Other 1 (4.8%) 3(8.6%)
Origin [n (%)] 0.168
Nosocomial 21 (100%) 32 (91.4%)
Community 0 (0.0%) 3 (8.6%)
Type of treatment [1 (%)] 0.127
Targeted 20 (95.2%) 31 (88.6%)
Semiempirical 0 (0.0%) 4 (11.4%)
Empirical 1 (4.8%) 0 (0%)
Treatment 0.618
Combined 14 (66.6%) 21 (60%)
Monotherapy 7 (33.3%) 14 (40%)
Posology [n (%)] 0.620
1-0.5 g/8 h 7 (33-33%) 16 (45.71%)
2-1g/8h 11(52.38%) 15 (42.85%)
0.5-0.25 g/8 h 3 (14.28%) 4 (11.42%)
Renal failure replacement therapy at the time of initiation of 8 (38.09%) 6 (17.14%) 0.080
C-T
Duration of treatment (days, mean + SD) 9.95+£5.38 13.21+6.42 0.177
Ceftolozane/tazobactam MIC [median (R)] 2.00 (1-6) 2.00 (0.75-4) 0.138
Resistance profile [n (%)] 0.045
XDR 21 (100%) 29 (82.82%)
MDR 0 (0.0%) 6 (17.14%)
Pretreatment colonization [n (%)] 14 (66.6%) 14 (47.1%) 0.142
Negativized colonization (29) [n (%)] 1 (4.8%) 3 (8.6%) 0.310
Molecular typing ST175 [n (%)] 15 (75%) 14 (47.1) 0.022
Resistance development [1 (%)] 6 (28.6%) 2 (5.7%) 0.018
Negative control culture [n (%)] 4 (30.7%) 17 (100%) 0.000
Death at 30 days [n (%)] 16 (76.19%) 0 (0.0%) 0.000

significance was not reached, it is worthy to mention that in
most of the cases of resistance development (6/8, 75%), a
respiratory infection was involved and was colonized before
the start of treatment (7/8 87.5%) (Table 1S). Likewise, there

was a tendency for a higher initial ceftolozane/tazobactam
MIC (median 3 vs 2 mg/L). On the other hand, no association
was found for the use of ceftolozane/tazobactam in monother-
apy or in combination. In fact, 7 of the 8 patients in which
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Table 3 Risks factors for clinical
failure

Variable Crude OR p value
(Lower-Upper)
Ventilator-dependent respiratory failure* 19.4 (4.743-79.149) <0.001
SOFA 6.6 (2.5-17.6) <0.001
Ceftolozane/tazobactam resistance development 6.6 (1.2-36.6) 0.031
Clone involved ST175 3.8 (1.2-12.0) 0.026
Respiratory tract infection 2.6 (0.8-8.4) 0.099
Duration of treatment 0.9 (1.0-0.8) 0.073
Ceftolozane/tazobactam MIC 1.9 (1.0-3.6) 0.067
Renal failure replacement therapy 3.0 (0.86-10.3) 0.086

*Multivariate analysis only identified ventilator-dependent respiratory failure as independent risk factor

resistance development was documented received combined
therapy, mainly with colistin (4 cases) or amikacin (2 cases).

Characterization of mechanisms leading
to ceftolozane/tazobactam resistance development

Resistance development was documented in 8 (13.8%) of the
cases. Table 4 shows the antimicrobial susceptibility profiles
and main resistance mechanisms documented for the 8 pairs of
ceftolozane/tazobactam susceptible/resistant P. aeruginosa
clinical isolates studied, of which the first 5 (as indicated in
the table) have been already published [20]. Both isolates in
each pair were confirmed to belong to the same clonal type
through PFGE (not shown). In 6 of the 8 cases, ceftolozane/
tazobactam resistance development involved mutations lead-
ing to the structural modification of AmpC; in 5 of them, the
infecting strain belonged to ST175 and the remaining one to
ST235. In addition to the previously characterized T96],
E247K, and €2 loop deletions [20], two new AmpC mutations
are reported in vivo for the first time in this work: a new amino
acid replacement in the key residue E247 (E247G) and the
F147L mutation, previously shown to be involved in
ceftolozane/tazobactam resistance in in vitro evolution exper-
iments [14]. Finally, in the other 2 cases, the infecting strain
belonged to ST179, and ceftolozane/tazobactam resistance
development involved a mutation in the narrow spectrum en-
zyme OXA-10 leading to the extended spectrum OXA-14.

Discussion

MDR, and particularly XDR, P. aeruginosa is among the
pathogens for which the introduction of new effective antibi-
otics is considered critical by the WHO. Indeed, too frequent-
ly, the only available susceptible agents are the polymyxins
and/or some aminoglycosides, which are considered more
toxic and likely less effective than (-lactams or
fluoroquinolones for most types of infections. Thus, the intro-
duction of new (3-lactam combinations, such as ceftolozane/
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tazobactam or ceftazidime/avibactam, active against many
XDR strains, should alleviate to some extend this concerning
scenario [21]. While ceftolozane/tazobactam is not active
against strains producing most acquired carbapenemases, it
has been shown to conserve susceptibility against P.
aeruginosa strains resistant to all other available {3-lactams
through chromosomal mutations, mainly due to its high sta-
bility against the hydrolysis by the chromosomal
cephalosporinase AmpC [4, 5, 22, 23]. Thus, the usefulness
of ceftolozane/tazobactam for the treatment of XDR P.
aeruginosa infections should be conditioned by the preva-
lence of carbapenemases which varies significantly world-
wide [24]. A recent multicenter (including our hospital) study
performed in Spain showed that ceftolozane/tazobactam was
susceptible in close to 70% of XDR P. aeruginosa isolates and
that ceftolozane/tazobactam resistance correlated well with
the production of acquired carbapenemases [22].

With 58 patients included, ours is the largest published
cohort and mostly included infections by XDR strains only
susceptible to colistin and/or some aminoglycosides (mostly
amikacin), in addition to ceftolozane/tazobactam, and thus
likely representing the scenario in which this novel 3-lactam
combination is most needed. Therefore, our work comple-
ments the findings from other recent, smaller cohorts of pa-
tients with MDR P. aeruginosa infections treated with
ceftolozane/tazobactam [12]. Clinical cure was documented
in 63% of the cases, similar although slightly lower than the
rates (71%) reported for the 21-patient cohort of Haidar et al.
(2017), likely reflecting differences of disease severity, the
most potent independent variables associated with clinical
failure in both studies. Even if still not approved, the most
frequent indication of ceftolozane/tazobactam treatment was
nosocomial pneumonia, as occurred in the study by Haidar
et al., highlighting the indication gap needed to be filled by
ongoing clinical trials. Indeed, most of the patients with respi-
ratory infections not showing renal insufficiency received
doses that doubled those approved by the FDA (22/25 88%)
[25] and in patients with renal failure replacement therapy
dose of 1/0.5 g/8 h (7/9 77.7%) [26].
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OprD Q142X, AmpR G154R, AmpC T961

OprD Q142X, AmpR G154R
OprD Q142X, AmpR G154R

>16
>16

32
32

16
16

Table 4 (continued)
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>16
>16
>16
>16
>16

32
32
32
32
>32
>32

16

16
16
16
16
32
32
16
64

OprD Q142X, AmpR G154R, AmpC T961

OprD Q142X, AmpR G154R

16

16

OprD Q142X, AmpR G154R, AmpC DelG229-E247

OXA-2, OprD 1bplns

32

64
64

16
16
16
> 64

32

OXA-2, OprD 1 bplns, AmpC F147L,

OXA-10, OptD W6X

16

16

16
16

OXA-14, mexR 4bplns, mexZ 15bpDel, OprD W6X, fisl

16

16

>32

(PBP3) F533L
OprD Q142X, AmpR G154R

>16
>16

32

32

16

16

16
16

OprD Q142X, AmpR G154R, AmpC E247G

 Resistance mechanisms for the strains from the first five patients (patients 1-5) have been already published [20]

® Ceftolozane/tazobactam (TOL/TZ) dose (grams of ceftolozane) used is indicated

In addition to disease severity markers, clinical failure was
found to be associated with several microbiological factors
(discussed below), but we failed to demonstrate a significant
association with other relevant variables such as the type of
infection, the dose of ceftolozane/tazobactam used, or whether
it was used in monotherapy or in combination with other ac-
tive antipseudomonal agent. Nevertheless, larger studies are
still needed to fully elucidate these issues. Indeed, the poten-
tial benefit of combining active antibiotics for the treatment of
P. aeruginosa infections is still under controversy [27].

The microbiological variables associated with clinical fail-
ure in the univariate analysis were the lack of microbiological
eradication, the presence of an XDR phenotype, the involve-
ment of the epidemic ST175 high-risk clone, and the resis-
tance development during therapy. While the association be-
tween clinical and microbiological failure seems obvious, the
potential impact on clinical outcome of XDR phenotypes or
specific epidemic strains is noteworthy. Indeed, the interplay
between antibiotic resistance mechanisms, epidemic strains,
and virulence is a subject of growing interest [24, 28, 29]. In
multivariate analysis, however, ventilator-dependent respira-
tory failure was the only variable independently associated
with clinical failure. Thus, it still needs to be ruled out in larger
series whether the association of these microbiological vari-
ables with clinical failure could reflect their association with
disease severity; however, the association is not expected to be
simple or direct, since the XDR phenotype and the ST175
genotype have been recently shown to be associated with a
particularly lower virulence [30, 31]. In any case, the preva-
lence of the epidemic high-risk clone ST175 in our series
(50%) was quite similar to the global prevalence of ST175
reported for XDR P. aeruginosa from Spanish hospitals
(68%) [22], and therefore the epidemiological setting should
be representative at least at national level.

Finally, the likely most interesting aspect of the study is the
evaluation of resistance development during therapy. Indeed, one
of the major potential advantages of ceftolozane/tazobactam re-
lays on its lower propensity for resistance development com-
pared to other antipseudomonal agents in vitro, due to its higher
stability against P. aeruginosa mutational resistance mechanisms
[14]. Resistance development was documented in 8 (13.8%) of
the patients, and therefore in a proportion identical to that previ-
ously reported by Haidar et al. (3/21, 14.3%). Thus, coincident
findings from both studies, representing two totally different geo-
graphical and epidemiological settings, may provide a quite ac-
curate estimation of the likelihood of ceftolozane/tazobactam
resistance development during the treatment of MDR/XDR P.
aeruginosa infections. These values appear to be not lower than
those previously reported for other antipseudomonal agents [32],
but it should be noted that the MDR/XDR strains targeted with
ceftolozane/tazobactam treatments are typically already resistant
to all other 3-lactams and contain several resistance mechanisms,
particularly noteworthy the hyperproduction of the chromosomal
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[3-lactamase AmpC, the main mechanism of ceftazidime, and
other (3-lactams resistance in P. aeruginosa [33]. Certainly, resis-
tance development in such challenging strains is expected to be
more likely than for wild-type strains. Indeed, consistently with
previous in vitro works [14], data from ours and other recent
studies confirm that the selection of mutations leading to the
structural modification of AmpC, occurring in strains already
hyperproducing the cephalosporinase, is the most frequent mech-
anism of ceftolozane/tazobactam resistance development in vivo.
While clinical failure and lack of microbiological eradication
were the only variables significantly associated with resistance
development in our work, larger studies are needed to rule out the
impact of other potentially relevant variables such as the type of
infection, combined treatment vs monotherapy, or the initial
ceftolozane/tazobactam MIC of the infecting strain. Concerning
the later issue, a recent study has evaluated potential dosing
solutions for the treatment of infections by strains with MICs
above 4 mg/L [34].

Even if it comprises the largest series published so far, our
study is limited by its single center nature and by the lack of a
control group, avoiding the possibility of comparison with
other available antipseudomonal treatments such as the poly-
myxins. However, although further clinical experience is still
needed, our results, together with those of other recent studies,
suggest that ceftolozane/tazobactam is an attractive option for
the treatment of MDR/XDR P. aeruginosa infections.
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