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a b s t r a c t 

Objectives: Ceftolozane/tazobactam (C/T) is a novel cephalosporin and β-lactamase inhibitor combination 

with great activity against Pseudomonas aeruginosa . To assess P. aeruginosa susceptibility to C/T, a surveil- 

lance study was conducted from October 2018 to March 2019 at the University Hospital ‘Ospedali Riuniti’ 

in Ancona, Italy. 

Methods: Minimum inhibitory concentrations (MICs) to C/T were determined by Etest strip. Resistant iso- 

lates were characterized by phenotypic (broth microdilution antimicrobial susceptibility testing and mod- 

ified Carbapenem Inactivation Method [mCIM]) and genotypic (Polymerase Chain Reaction [PCR], Pulsed 

Field Gel Electrophoresis [PFGE], and whole-genome sequencing [WGS]) methods. Clinical variables of 

patients infected by C/T-resistant P. aeruginosa were collected from medical records. 

Results: Fifteen of 317 P. aeruginosa collected showed resistance to C/T (4.7%). Ten strains demonstrated 

carbapenemase activity by mCIM method, and PCR confirmed that eight strains harbored a blaVIM gene 

while the other two were positive for blaIMP . Additionally, three isolates carried acquired extended spec- 

trum β-lactamase genes (two isolates carried blaPER and one carried blaGES ). Eight strains were strictly 

related by PFGE and WGS analysis confirmed that they belonged to sequence type (ST)111. The other 

STs found were ST175 (two isolates), ST235 (two isolates), ST70 (one isolate), ST621 (one isolate), and 

the new ST3354 (one isolate). Most patients had received previous antibiotic therapies, carried invasive 

devices, and experienced prolonged hospitalization. 

Conclusion: This study demonstrated the presence of C/T-resistant P. aeruginosa isolates in a regional 

hospital carrying a number of resistance mechanisms acquired by different high-risk clones. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 
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. Introduction 

Pseudomonas aeruginosa is the main species involved in infec- 

ion in patients with cystic fibrosis and one of the leading causes 

f hospital infections [1] . Included amongst ESKAPE ( Enterococ- 

us faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acineto- 

acter baumannii, Pseudomonas aeruginosa , and Enterobacter spp.) 
iety for Antimicrobial Chemotherapy. This is an open access article under the CC 
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athogens, the combination of P. aeruginosa’s intrinsic and acquired 

esistance traits led to its diffusion and also to the success of 

ultidrug-resistant (MDR) or extensively drug-resistant (XDR) P. 

eruginosa high-risk clones [2] . MDR or XDR P. aeruginosa infec- 

ions have increased in Europe, reaching rates between 15% and 

0% of the total infections sustained by this species, depending on 

eographical area [2] . Moreover, outbreaks of MDR P. aeruginosa 

re frequently reported, highlighting the widespread nature of this 

athogen and raising concern [ 3 , 4 ]. 

To treat infections sustained by MDR P. aeruginosa , a combi- 

ation including a new cephalosporin (ceftolozane) and a well- 

nown β-lactamase inhibitor (tazobactam) has been recently de- 

eloped [5] . Ceftolozane/tazobactam (C/T) was approved in 2015 by 

he European Medicine Agency for the treatment of complicated 

ntra-Abdominal Infection (cIAI), acute pyelonephritis, complicated 

rinary-Tract Infection (cUTI), and Hospital-Associated Pneumonia 

HAP), and has demonstrated great activity against MDR and XDR 

. aeruginosa [6–9] . 

Despite the recent introduction of this combination in clinical 

ettings, C/T-resistant P. aeruginosa isolates have been reported and 

haracterized in several studies. Different resistance mechanisms 

ave been identified, including: (i) mutations in the ampC gene 

nd in its regulator ampR, leading to an overexpression or mod- 

fication of the pseudomonas-derived cephalosporinase, PDC [10–

2] (ii) the acquisition of some extended spectrum β-lactamases 

ESBLs), such as GES, VEB, BEL, or PER enzymes [13] (iii) the ac- 

uisition of metallo- β-lactamases (MBLs) and oxacillinase, in par- 

icular VIM, IMP, and some OXA [ 6 , 7 , 12 , 14 ]. In Italy, recent studies

emonstrated the presence of P. aeruginosa isolates resistant to C/T, 

howing an overall C/T resistance of about 10% [ 7 , 8 ]. 

Considering the importance of this new antibiotic and the high 

ercentage of resistant isolates found in our country, we performed 

urveillance on a collection of P. aeruginosa isolated from the clini- 

al laboratory of ‘Ospedali Riuniti’, Ancona, Italy, to investigate sus- 

eptibility to C/T. We characterized the resistant isolates and stud- 

ed both clinical and epidemiological features as well as antibiotic 

esistance mechanisms. 

. Materials and methods 

.1. Hospital settings and patient data 

The setting was a 980-bed University Hospital in Central Italy. 

ata regarding demographic characteristics and clinical risk factors 

ere collected from the patients’ medical records. 

.2. Strains 

Pseudomonas aeruginosa strains were recovered from the Clin- 

cal Microbiology Laboratory of the ‘Ospedali Riuniti’ of Ancona, 

taly from October 2018 to March 2019. Strains were identified 

y matrix-assisted laser desorption/ionization time-of flight mass 

pectrometry (MALDI-TOF/MS). All strains included in the study 

ere collected from clinical specimens without other exclusion cri- 

eria. Only one isolate per patient(s) was considered. 

.3. Determination of MICs 

MICs of C/T were determined using MIC test strips (Liofilchem, 

oseto Degli Abruzzi, IT) according to the manufacturer’s rec- 

mmendations and confirmed by broth microdilution method 

ollowing EUCAST guidelines (www.eucast.org). MICs interpre- 

ation was based on EUCAST Clinical Breakpoints - bacteria 

ocument v12.0. Escherichia coli ATCC 25922 was used as quality 

ontrol. MICs of other antibiotics were determined using the Vitek 

I system (bioMèrieux, Marcy L’Etoile, France), but colistin and 
378 
eftazidime/avibactam were tested by broth microdilution method 

https://www.eucast.org/ast_of_bacteria/mic_determination) and 

efiderocol was tested by broth microdilution method using 

n iron depleted Mueller-Hinton broth (https://www.eucast.org/ 

leadmin/src/media/PDFs/EUCAST_files/Guidance_documents/Cefid 

rocol_MIC_testing_EUCAST_guidance_document_201217.pdf). 

.4. Detection of carbapenemases and β-lactamase genes 

Phenotypic detection of carbapenemases was performed using 

he modified carbapenem-inactivation method (mCIM) [15] . Real 

ime PCR was used to identify β-lactamase genes involved in 

/T resistance. Primer pairs used to detect bla KPC , bla VIM 

, bla NDM 

, 

la OXA-48 , bla IMP , and bla GES were described previously [16] , while 

la PER and bla VEB were assessed with custom primers (Supplemen- 

ary Table S1). 

.5. Molecular typing 

Molecular relatedness of C/T-resistant isolates was evaluated 

y SpeI-PFGE, as described previously [17] . Isolates were clas- 

ified following criteria established by Tenover et al. [18] . One 

train for each PFGE pattern (10 isolates in total) was subse- 

uently subjected to WGS. The phylogenetic relatedness of se- 

uenced isolates was evaluated with CSI Phylogeny 1.4 (available 

t https://cge.cbs.dtu.dk/services/CSIPhylogeny/), using default pa- 

ameters, publicly available genomes of P. aeruginosa ST111 from 

he NCBI-NIH database, and the P. aeruginosa PAO1 genome (acces- 

ion number NC_002516.2) as a reference. 

.6. WGS and genome analysis 

WGS was performed using an Illumina platform (2 × 150bp) 

n 10 isolates. Reads were assembled using SPAdes soft- 

are [19] . Resistance genes and ORFs were annotated with 

esFinder v3.2 (https://cge.cbs.dtu/services/ResFinder) and 

AST v2.0 (https://rast.theseed.org). Sequence type (ST) 

as determined using the P. aeruginosa MLST Database 

https://pubmlst.org/paeruginosa/). NCBI Blast was used to search 

-lactamase genes and mutations in ampC, ampD, ampR , and dacB 

enes, using P. aeruginosa PAO1 (accession number NC_002516.2) 

s a reference. WGS data has been deposited in the NCBI database 

BioProject number PRJNA715368). 

. Results 

.1. C/T screening and characterization of resistant strains 

A total of 317 P. aeruginosa were collected during the 

tudy period. Resistance rates to antibiotics were 31.4% for 

iperacillin/tazobactam, 17.4% for meropenem, 24.4% for cefepime, 

nd 12.1% for amikacin. C/T demonstrated greater activity in com- 

arison with other antibiotics; indeed, 302 isolates were suscepti- 

le to C/T, while 15 (4.7%) showed a C/T MIC ≥8mg/L. 

The susceptibility patterns of resistant strains are reported in 

able 1 . Besides C/T, all the strains were resistant to carbapenems 

nd showed MDR phenotypes. Colistin was the most active antibi- 

tic; only one isolate (PACT-11) was resistant to this molecule. 

Ten of 15 C/T-resistant strains showed carbapenemase activity 

ccording to mCIM. Consistently, Real Time PCR assays revealed 

he presence of carbapenemase-encoding genes: eight isolates har- 

ored bla VIM 

, while the other two were positive for bla IMP . Other 

arbapenemase genes were not found amongst the remaining iso- 

ates, but three carried acquired extended spectrum β-lactamase 

enes (two bla PER and one bla GES ). Two strains were negative for 

ll tested genes ( Table 1 ). 
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.2. Molecular typing and genome analysis of C/T-resistant isolates 

Characterization by SpeI-PFGE revealed the presence of 10 dif- 

erent pulsotypes ( Table 1 ). Of note, three pulsotypes were strictly 

elated and included eight of 15 isolates, all carrying bla VIM 

. In sil- 

co MLST and WGS analysis performed on three isolates selected 

s representatives of the most frequent PFGE pattern revealed that 

hey belonged to ST111 and were characterized by a high clonal re- 

atedness ( Fig. 1 ), exhibiting 7 to 9 separating SNPs (mean: 5; me- 

ian: 7; Supplementary Table S2). Besides bla VIM-2 , the ST111 iso- 

ates carried OXA-395 and PDC-3, but no mutations involved in C/T 

esistance were found ( Table 2 ). Evaluation of clonal relatedness 

ncluding other ST111- bla VIM 

isolates from Italy 7 showed that PACT- 

, PACT-3, and PACT-5 constituted a distinct cluster ( Fig. 2 ); the 

ost closely related strain was S749_C15_RS (a blaVIM-2 –carrying 

solate), exhibiting 31 to 33 separating SNPs (mean and median: 

2; Supplementary Table S3). 

The seven remaining pulsotypes ( Table 1 ) included strains be- 

onging to five different STs: ST175 (n = 2), ST235 (n = 2), ST170 

n = 1), and ST621 (n = 1); all were identified as hospital clones. 

T3354 (n = 1), a new ST not related to common high-risks clones, 

as also identified. Despite different PFGE patterns, phylogenic 

nalysis showed that the ST175 and ST235 isolates clustered in two 

ranches but showed greater genetic diversity compared with the 

T111- bla VIM 

clones (107 SNPs amongst the ST175 strains and 4215 

mongst the ST235 strains; Supplementary Table S3). 

Concerning β-lactams, ST175 strains carried different resistance 

eterminants: (i) in addition to bla IMP-19 , PACT-1 carried ESBL gene 

la PSE-1 ; PACT-4 only carried bla GES-1 , despite belonging to the 

ame ST (ii) both strains harbored bla OXA-50 and bla PDC-1 , showing 

o mutations previously associated with C/T resistance ( Table 2 ). 

Despite the great difference in SNPs, the two members of 

T235, PACT-12 and PACT-15, were characterized by an identical β- 

actamase content; both carried bla PER-1 , bla OXA-2 , bla OXA-448 , and 

la PDC-35 ( Table 2 ). 

The remaining isolates were a ST621 isolate (PACT-14), carry- 

ng bla IMP-13 , bla OXA-50 , and bla PDC-3 , and ST170 and ST3354 strains 

PACT-10 and PACT-11, respectively), negative for MBL and ESBL 

enes but harboring a different variant of the resident oxacillinase 

ene ( bla OXA-396 ) in comparison with the other strains. In addition, 

ACT-11 showed mutations in PBP3 (G63D and R504H) and PBP4 

G117S) ( Table 2 ). 

Alongside acquired and/or chromosome-borne β-lactamases, 

everal mutations in AmpR and AmpD were found (Supplemen- 

ary Table S4). AmpR was mutated (G283E, E287G, 3288Q, A290V, 

291L, A293S, R294E, G295A, and �296) in ST111, ST235, and 

T621 isolates, and all strains showed a G148A substitution in 

mpD. Further mutations in AmpD were found in five of 10 iso- 

ates. 

Analysis of the resistome showed that the C/T-resistant P. aerug- 

nosa isolates carried a heterogeneous content of antibiotic resis- 

ance genes (Supplementary Table S4). Common identified resis- 

ance genes included crpP (quinolone resistance, nine of 10 iso- 

ates), sul1 (sulfonamide resistance, eight of 10 isolates), and catB7 

chloramphenicol resistance, nine of 10 isolates). 

.3. Clinical data 

Patients’ data (Supplementary Table 3 , Supplementary Table S5) 

ndicated that most were admitted to intensive or sub-intensive 

are wards, especially those infected with the ST111- bla VIM 

clone. 

alf of the patients developed pneumonia. Interestingly, previous 

ntibiotic therapy with β-lactams was common, accounting for 

0% of cases, although C/T was used in only two patients. Other 

iffused variables included the presence of devices (central venous 
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Table 2 

Epidemiological and genetic background of ceftolozane/tazobactam-resistant Pseudomonas aeruginosa isolates subjected to whole-genome sequencing 

in this study 

Strain PFGE ST 

β-lactams resistance PBP3 

mutations 

PBP4 

mutations 
MBL ESBL class D PDC 

PACT-1 A ST175 IMP-19 - OXA-50 PDC-1 WT WT 

PACT-2 B1 ST111 VIM-2 - OXA-395 PDC-3 WT WT 

PACT-3 B2 ST111 VIM-2 - OXA-395 PDC-3 WT WT 

PACT-4 C ST175 - GES-1 OXA-50 PDC-1 WT WT 

PACT-5 B3 ST111 VIM-2 - OXA-395 PDC-3 WT WT 

PACT-10 D ST170 - - OXA-396 PDC-3 WT WT 

PACT-11 E ST3354 - - OXA-396 PDC-208 G63D; 

R504H 

G117S 

PACT-12 F ST235 - PER-1 OXA-2; 

OXA-488 

PDC-35 WT WT 

PACT-14 G ST621 IMP-13 - OXA-50 PDC-3 WT WT 

PACT-15 H ST235 - PER-1 OXA-2; 

OXA-488 

PDC-35 WT WT 

ESBL, extended spectrum β-lactamase; MBL, metallo- β–lactamase; OXA, oxacillinase; PDC, Pseudomonas aeruginosa -derived cephalosporinase; PFGE, 

pulsed field gel electrophoresis; ST, sequence type. 

Table 3 

Clinical variables of patients infected with ceftolozane/tazobactam-resistant Pseudomonas aeruginosa strains 

Variables P. aeruginosa C/T-R (n = 15) P. aeruginosa C/T-R ST111 (n = 8) 

N % n % 

Mean age (Median) 65.4 72.2 

Ward 

Intensive and Subintensive care unit 9 60.0 7 87.5 

Cystic fibrosis 2 13.3 0 0 

Other a 4 26.7 1 12.5 

Chronic comorbidities 

Gastrointestinal 2 13.3 1 12.5 

Neurological 9 60.0 5 62.5 

Cardiological 10 66.7 7 87.5 

Cystic Fibrosis 2 13.3 0 0 

COPD 3 20.0 2 25.0 

Other b 7 46.7 4 50.0 

Acute comorbidities 

Pneumonia 8 53.3 4 50.0 

Stroke 3 20.0 3 37.5 

Sepsi 2 13.3 2 25.0 

Other c 3 20.0 3 37.5 

Antibiotic therapy d 

C/T 2 13.3 2 20.0 

β-lactams (including Carbapenems) 12 (8) 80.0 (53.3) 6 (4) 75.0 (50.0) 

Colistin 2 13.3 1 12.5 

Aminoglycosides 3 20.0 0 0 

Other e 3 20.0 2 25.0 

Not available 3 20.0 2 25.0 

Invasive procedures f 6 40.0 3 37.5 

Devices 12 80.0 7 87.5 

Surgery g 4 26.7 3 37.5 

Immunosuppressive or steroid therapy h 5 33.3 3 37.5 

Days of hospitalisation > 3 14 93.3 7 87.5 

Survival i 8 53.3 2 25.0 

C/T, ceftolozane/tazobactam; MDR, multi-drug resistant; XDR, extensively-drug resistant; cIAI, complicated intra-abdominal infections; cUTI, complicated 

urinary tract infection; HAP, hospital-acquired pneumonia; ESBL, extended spectrum β-lactamase; MBL, metallo- β-lactamase; MIC, minimum inhibitory 

concentration; mCIM, modified carbapenem-inactivation method; PFGE, pulsed field gel electrophoresis; WGS, whole genome sequencing; ST, sequence 

type; MLST, multilocus sequence typing; ICU, intensive care unit. 
a Other wards included infectious disease (n = 1), long term care (n = 2), and 1 outpatient. 
b Other comorbidities included diabetes mellitus, chronic kidney failure, tumor, and hypothyroidism. 
c Other comorbidities included pressure ulcer, obstructive jaundice, and clostridium colitis. 
d During the 12 months preceding positive culture. 
e Other antibiotic therapies included macrolides, tetracyclines, quinolones, and glycopeptides. 
f During the 72 hours preceding the isolation of P. aeruginosa . They included percutaneous endoscopic gastrostomy, mechanical ventilation, surgical 

drainage, and tracheotomy. 
g During the three months preceding the isolation of P. aeruginosa . 
h During the 30 days preceding the isolation of P. aeruginosa . 
i Outcome was referred to 30 days after the isolation of P. aeruginosa . 
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Fig. 1. Phylogenic tree of ceftolozane/tazobactam-resistant Pseudomonas aeruginosa strains subjected to whole-genome sequencing. Numbers next to the node represent the 

node ages. 

Fig. 2. Phylogenic tree of sequence type (ST)111 VIM-carrying ceftolozane/tazobactam-resistant Pseudomonas aeruginosa strains reported in Italy. This figure appears in colour 

in the online version of JAC and in black and white in the print version of JAC. 

381 
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atheters were the most used) in 80% of patients and prolonged 

ospitalization (more than three days). 

. Discussion 

P. aeruginosa is an increasing threat in hospitals and resistant 

solates have become a common etiological cause of infection. Sev- 

ral papers have identified MDR or XDR strains in nosocomial set- 

ings: a recent study analyzing P. aeruginosa strains from Spanish, 

reek, and Italian hospitals revealed that the percentage of MDR 

nd XDR isolates reached 30% [20] . In this scenario, new antibi- 

tics represent the last (and often the only) resort for the treat- 

ent of MDR and XDR P. aeruginosa . C/T was designed to overcome 

ome of the resistance mechanisms developed by pseudomonas 

such as porin loss), and is a combination of a new cephalosporin 

nd a well-known β-lactamase inhibitor [5] . Surveillance stud- 

es denoted the efficacy of C/T against P. aeruginosa strains, with 

reater activity when compared with cephalosporin, carbapenem, 

nd piperacillin/tazobactam; although susceptible isolates were the 

ajority, with susceptibility rates ranging from 90.9% to 99.0%, re- 

istant isolates were not so rare [ 6 , 7 , 21–24 ]. In our study, resis-

ance to C/T reached 4.7% of the isolates collected. This value is 

onsistent with the worldwide percentage, but slightly lower than 

he value detected by the Italian surveillance study on C/T-resistant 

seudomonas (8.9%) [7] . This difference may be explained by the 

ifferent selection criteria for the isolates: the national surveillance 

as limited to isolates from bloodstream or lower respiratory tract 

nfections. 

C/T does not retain activity against isolates expressing KPC, 

etallo- β–lactamases, or OXA-48–lactamases, but ceftolozane re- 

ists the hydrolysis mediated by AmpC β-lactamases and its activ- 

ty is not affected by permeability defects [5] . Alongside already 

ell-known resistance mechanisms against this new antibiotic, 

ovel mechanisms rapidly emerged with the use of C/T. Cabot et al. 

emonstrated the development of AmpC mutations in laboratory 

onditions on P. aeruginosa treated with C/T [10] . Moreover, several 

apers reported C/T-resistant isolates collected from clinical set- 

ings; resistance mechanisms included ampC mutations [ 11 , 12 , 25 ]

r acquired β-lactamases, such as GES, PER, or FOX [ 13 , 26 ]. In our

ospital, resistance was mainly because of production of carbapen- 

mases (VIM and IMP) and/or ESBLs (GES-1 and PER-1). No mu- 

ations of PDC conferring C/T resistance were detected, although 

everal variants involved in resistance to β-lactams were identi- 

ed. In two strains (PACT-10 and PACT-11), resistance seemed to 

e caused by different mechanisms because no carbapenemases 

r ESBLs were found. Although PACT-11 showed a R504H substi- 

ution in PBP3, a mutation previously identified in C/T-resistant P. 

eruginosa [27] , and a substitution in PBP4, a gene directly involved 

n ampC regulation and resistance to β-lactams [28] , its resident 

la OXA gene could further affect the observed phenotype. Indeed, 

XA variants have been associated with resistance mechanisms to 

/T in P. aeruginosa [29] , and OXA-396, an OXA-50 variant pro- 

uced by both PACT-10 and PACT-11, could contribute to C/T resis- 

ance in these isolates. Although its role in ceftazidime-avibactam 

esistance was excluded [30] , further investigations are needed to 

larify the real contribution of this variant to C/T resistance. 

Despite C/T being recently introduced in our hospital, our re- 

ults demonstrate that resistance mechanisms are various and 

idespread in a small clinical setting, suggesting the importance 

f determination using MICs prior to the administration of antibi- 

tics. 

Regarding the epidemiology of the C/T-resistant isolates, WGS 

ata showed that almost all strains belonged to STs related to 

osocomial clones. Indeed, ST111, ST175, and ST235 are high-risk 

lones widespread worldwide, with different rates of prevalence 

epending on which countries are considered [ 31 , 32 ]. In our hos-
382 
ital, ST111 was the most diffused lineage, and the few SNPs ob- 

erved amongst the ST111 isolates were strongly suggestive of a 

osocomial cluster, as also demonstrated by their phylogenetic dis- 

ance from other ST111- bla VIM 

strains isolated in Italy [7] . More- 

ver, all the ST111 strains were isolated from an intensive or sub- 

ntensive department, further confirming this hypothesis. Other 

tudies have reported outbreaks in hospitals sustained by ST111 

. aeruginosa [ 33 , 34 ]. In addition, ST111 P. aeruginosa strains were

trictly associated with genetic elements carrying blaVIM , as also 

eported in the literature [35] . Along with the ST111 clone, a vari- 

ty of other clones resistant to C/T were responsible for infection 

n our hospital. Resistance mechanisms were variable and involved 

ifferent acquired resistance genes. Interestingly, PACT-11 belonged 

o a new ST (ST3354), which has never been found to be associated 

ith C/T resistance. Our findings suggest that C/T resistance is a 

omplex phenomenon involving several different resistance mecha- 

isms and clones (not only those associated with hospital settings). 

Most patients infected with C/T-resistant P. aeruginosa carried 

edical devices and had a history of previous antibiotic therapy, 

ainly with β-lactams. It has been reported that β-lactam admin- 

stration induces the development of resistance [36] . Besides pre- 

ious antibiotic therapy, the prolonged hospitalization of our pa- 

ients could have contributed to the selection of resistant strains, 

n particular ST111- bla VIM 

clones. 

Because of the limited number of cases, we did not perform sta- 

istical analysis; however, a comparison between all infections and 

hose sustained by ST111 clones showed no noticeable differences 

xcepting mortality. Only 25% of patients with ST111 infections sur- 

ived, compared with 53.3% of those infected. This difference may 

e explained by differences in patient status, taking into account 

hat ST111 infections mainly involved patients admitted to inten- 

ive or sub-intensive care units. The number of patients was too 

ow to achieve significant conclusions regarding clinical variables, 

hich deserve further investigation. 

. Conclusions 

P. aeruginosa , with its broad resistance to antibiotics, is a pub- 

ic health concern. In this study, we determined the incidence of 

/T-resistant P. aeruginosa isolates in a teaching hospital in central 

taly. Our results confirmed the presence of C/T-resistant strains 

n a small setting and demonstrated the variability of resistance 

echanisms to this new combination. Moreover, we identified a 

luster responsible for infection in intensive care wards. Identifica- 

ion and molecular, as well as epidemiological, study of resistant 

solates is necessary to prevent and control the spread of these 

acterial species in hospital settings. 
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