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a b s t r a c t 

Objectives: The incidence of antimicrobial resistance in Europe is rising. Cefiderocol is approved in Eu- 

rope for treatment of aerobic Gram-negative bacterial (GNB) infections in adults with limited treatment 

options. We report the in vitro activity of cefiderocol versus comparators against GNB clinical isolates 

from Spain. 

Methods: MICs were determined by broth microdilution according to International Organization for Stan- 

dardization guidelines. Cefiderocol was tested using iron-depleted cation-adjusted Mueller–Hinton broth. 

Susceptibility rates were based on EUCAST breakpoints; if a species-specific breakpoint was unavailable, 

pharmacokinetic/pharmacodynamic breakpoints were used. 

Results: Of 2303 isolates [1502 (65.2%) Enterobacterales and 801 (34.8%) non-fermenters], 2260 (98.1%) 

were susceptible to cefiderocol compared with 80.8–86.9% for comparators. By infection source, suscepti- 

bility to cefiderocol ranged from 97.3% (721/741) in isolates from patients with nosocomial pneumonia 

to 98.9% (349/353) in bloodstream infection isolates and was greater than susceptibility to compara- 

tors (70.7–93.6% across infection sources). Overall, 368/2303 isolates (16.0%) were meropenem-resistant. 

A high proportion of meropenem-resistant Acinetobacter baumannii [169/175 (96.6%)] and Pseudomonas 

aeruginosa [48/50 (96.0%)] were cefiderocol-susceptible, similar to colistin [169/175 (96.6%) and 47/50 

(94.0%), respectively] but higher than ceftazidime/avibactam [26/175 (14.9%) and 20/50 (40.0%), re- 

spectively] and ceftolozane/tazobactam [17/175 (9.7%) and 25/50 (50.0%), respectively]. All meropenem- 

resistant Stenotrophomonas maltophilia isolates [120/120 (100%)] were cefiderocol-susceptible, including 

one trimethoprim/sulfamethoxazole-resistant isolate, with fewer susceptible to colistin [86/120 (71.7%)], 

ceftazidime/avibactam [42/120 (35.0%)] and ceftolozane/tazobactam [35/120 (29.2%)]. 

Conclusion: A high proportion of clinical isolates from Spain, representing a wide range of pathogens 

across multiple infection sources, were susceptible to cefiderocol. Cefiderocol retained activity against 

meropenem-resistant isolates. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

The incidence of antimicrobial resistance in Europe is rising. A 

ajor threat to patients is the increase in carbapenem-resistant 

CR) Gram-negative bacteria (GNB) as there are few therapeutic 

ptions available [ 1 , 2 ]. 
iety for Antimicrobial Chemotherapy. This is an open access article under the CC 
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As in the rest of Europe, CR-GNB infections are a substantial 

urden on Spanish healthcare systems [2] ; as a result, much re- 

earch has been carried out into the epidemiology of CR-GNB in- 

ections. Cantón et al. estimated that ∼3.2% ( ∼12 090/372 346) of 

atients with nosocomial infections in Spain in 2017 had infection 

ue to CR-GNB [mainly Pseudomonas aeruginosa ( ∼6 6 62], Acineto- 

acter baumannii ( ∼4620) and Klebsiella pneumoniae ( ∼809)] [3] . 

he CARBAR retrospective chart review of 11 040 adults admitted 

o hospital between April 2017 and March 2018 with confirmed 

NB infection/colonisation demonstrated that 12% were infected 

ith a CR-GNB pathogen and 63.4% (976/1539) of these were non- 

ermenter species [4] . Carbapenem resistance varies by pathogen, 

ith higher levels generally observed in non-fermenter species 

han among Enterobacterales [3] . The prevalence of infections due 

o CR Enterobacterales in Spain appears to be slowly rising, with 

he European Centre for Disease Prevention and Control (ECDC) re- 

orting an increase in prevalence of CR K. pneumoniae from 2.2% 

n 2015 to 3.8% in 2018 [1] . Correspondingly, a Sociedad Española 

e Enfermedades Infecciosas y Microbiología Clínica (SEIMC) 

nalysis concluded that the prevalence of CR K. pneumoniae was 

.9% in 2019 [5] . SEIMC also reported in 2018 that the majority of

 set of 903 isolates from multidrug-resistant (MDR) GNB infec- 

ions were due to CR P. aeruginosa (11.4%), extended-spectrum β- 

actamase (ESBL)-producing K. pneumoniae (9.4%) and CR K. pneu- 

oniae (4.0%) [5] . 

A wide range of carbapenem resistance mechanisms are 

vident in Spanish regions. The PIRASOA surveillance programme 

nalysed drug resistance mechanisms in 2005 MDR-GNB isolates 

rom Andalusia from 2014–2018 [6] . A large proportion of iso- 

ates (62.0%) were carbapenemase-producers. The most common 

arbapenemases were found to be KPC-3 and OXA-48-like, and 

he prevalence of metallo- β-lactamases (MBLs) such as VIM, NDM 

nd IMP increased dramatically from 1.5% (2/133) in 2014 to 45.5% 

166/365) in 2018 [6] . In addition to the social burden of CR-GNB 

nfections, total economic costs due to CR-GNB nosocomial infec- 

ions in Spain were estimated at €472 million in 2017 [3] . 

There are limited treatment options available for patients with 

R-GNB infections as they are often caused by MDR bacteria [7] . 

lthough therapeutic options such as tigecycline and polymyxins 

re available, tigecycline outcomes are hampered by low serum 

oncentrations of the drug and colistin is associated with con- 

iderable toxicities [8] . In addition, intrinsic resistance has been 

emonstrated in several species of Enterobacterales [9] . It is also 

mportant to highlight that even fewer treatment options exist for 

nfections caused by MBL-producing GNB as current β-lactam/ β- 

actamase inhibitor combinations are ineffective [10] . 

Cefiderocol is a novel siderophore cephalosporin recently ap- 

roved in Europe for the treatment of infections due to aerobic 

NB organisms in adults with limited treatment options [11] and 

n the USA for the treatment of complicated urinary tract in- 

ections (cUTIs), including pyelonephritis, and hospital-acquired 

acterial pneumonia and ventilator-associated bacterial pneumo- 

ia caused by GNB isolates in adults with limited or no alter- 

ative treatment options [12] . The structure of cefiderocol con- 

ists of a cephalosporin core with a catechol functional group 

t the 3–position side chain. The mechanism of action of ce- 

derocol is the same as other cephalosporins, binding primarily 

o penicillin-binding proteins to inhibit peptidoglycan cell wall 

iosynthesis. The catechol moiety differentiates cefiderocol from 

ther cephalosporins and allows cefiderocol to be actively trans- 

orted into the cell as it chelates ferric (Fe-III) iron to mimic natu- 

al siderophores [ 13 , 14 ]. The resulting increase in periplasmic con- 

entration bypasses non-specific resistance (e.g. due to porin loss 

r efflux) and increases the activity of cefiderocol relative to other 

ephalosporins, carbapenems and β-lactam/ β-lactamase inhibitor 

ombinations [ 12 , 15 ]. 
293 
In the global SIDERO-WT surveillance studies, clinical iso- 

ates of GNB collected between 2014 and 2018 from hospitalised 

atients were tested against cefiderocol and comparators using 

ecommended International Organization for Standardization (ISO) 

roth microdilution methodology [16] . Cefiderocol was tested using 

ron-depleted (iron concentration < 0.03 mg/L) cation-adjusted 

ueller–Hinton broth (CAMHB) according to European Commit- 

ee on Antimicrobial Susceptibility Testing (EUCAST) guidelines 

17] . Previous data published from the SIDERO-WT studies have 

emonstrated that cefiderocol is potent against a range of MDR- 

NB, including CR isolates and those producing β-lactamases from 

ll Ambler classes, including KPC, VIM, IMP, NDM and OXA [18–20] . 

In this report, we focus on the clinical isolates provided for the 

IDERO-WT-2014–2018 studies by hospitals in Spain. 

. Methods 

.1. Study design 

The full methodology for the SIDERO-WT studies and molecular 

haracterisation of isolates by PCR has been published previ- 

usly [21–23] . The presented data set represents pooled data 

rom the SIDERO-WT studies for Spanish isolates only, col- 

ected between 2014 and 2018 with the exception of data for 

eropenem/vaborbactam and aztreonam/avibactam (2018). 

.2. Bacterial isolates 

Participating sites were instructed to collect clinical GNB iso- 

ates from patients with documented intra-abdominal, urinary 

ract, skin and soft tissue, respiratory tract or bloodstream in- 

ections (BSI). Isolates included Enterobacterales ( Escherichia coli, 

. pneumoniae, Klebsiella spp., Enterobacter spp., Serratia spp. and 

itrobacter spp.) and non-fermenters ( P. aeruginosa, A. bauman- 

ii, Burkholderia cepacia and Stenotrophomonas maltophilia ). Pro- 

eus spp., Providencia spp. and Morganella spp. were not ini- 

ially included in the study but were collected from 2015 on- 

ards. Only one isolate per patient infection episode was accepted; 

articipating sites were requested to provide 100 isolates per site, 

er year. All isolates were from an unselected isolate population, 

ollected independently of their antimicrobial susceptibility phe- 

otype. 

Isolates were identified by source of infection, and subgroups 

ere created for nosocomial pneumonia (NP), cUTI, BSI and com- 

licated intra-abdominal infection (cIAI) (see Supplementary mate- 

ial for more infection source detail). 

.3. Antimicrobial susceptibility testing 

Isolates were tested at a central laboratory by Interna- 

ional Health Management Associates, Inc. (IHMA, Schaumburg, 

L, USA) and were identified using matrix-assisted laser desorp- 

ion/ionisation time-of-flight mass spectrometry (MALDI-TOF/MS) 

Bruker Daltonics, Billerica, MA, USA). Molecular characterisation 

as performed only in a subset of 102 meropenem-resistant iso- 

ates by PCR and sequencing. 

Minimum inhibitory concentrations (MICs) were determined 

or meropenem, ceftazidime/avibactam, ceftolozane/tazobactam, 

olistin and meropenem/vaborbactam by broth microdilution 

ccording to ISO guidelines [16] and for cefiderocol using EUCAST 

uidelines [17] . Aztreonam/avibactam was tested using ISO guide- 

ines for aztreonam [16] with a fixed avibactam concentration of 

 mg/L. In addition, the activity of trimethoprim/sulfamethoxazole 

as tested only against S. maltophilia . 

Susceptibilities to all antibiotics, with the exception of 

ztreonam/avibactam, were interpreted using EUCAST breakpoints; 
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Table 1 

In vitro activity of cefiderocol against SIDERO-WT-2014–2018 isolates from Spain by infection source 

Pathogen 

Total NP cUTI BSI/sepsis cIAI 

n N %S n N %S n N %S n N %S n N %S 

Enterobacterales 1471 1502 97.9 301 316 95.3 201 207 97.1 282 286 98.6 403 406 99.3 

Escherichia coli 369 373 98.9 32 32 100 47 48 97.9 98 100 98.0 137 138 99.3 

Klebsiella pneumoniae 338 356 94.9 64 75 85.3 66 71 93.0 66 67 98.5 98 98 100 

Other Klebsiella spp. 202 202 100 48 48 100 25 25 100 38 38 100 51 51 100 

Enterobacter cloacae 130 135 96.3 36 39 92.3 10 10 100 19 19 100 27 28 96.4 

Other Enterobacter spp. 30 32 93.8 4 5 80.0 1 1 100 4 5 80.0 16 16 100 

Serratia marcescens 178 179 99.4 80 80 100 12 12 100 38 38 100 13 13 100 

Other Serratia spp. 9 9 100 4 4 100 – – – – – – 3 3 100 

Citrobacter spp. 109 110 99.1 19 19 100 18 18 100 7 7 100 41 42 97.6 

Proteus spp. 63 63 100 7 7 100 16 16 100 8 8 100 11 11 100 

Morganella morganii 39 39 100 7 7 100 5 5 100 4 4 100 5 5 100 

Providencia rettgeri 2 2 100 – – – 1 1 100 – – – 1 1 100 

Raoultella spp. 2 2 100 – – – – – – – – – – – –

Non-fermenters 789 801 98.5 420 425 98.8 75 76 98.7 67 67 100 60 62 96.8 

Pseudomonas aeruginosa 372 375 99.2 191 193 99.0 33 33 100 34 34 100 34 35 97.1 

Other Pseudomonas spp. 1 1 100 – – – – – – – – – – – –

Acinetobacter baumannii 248 255 97.3 125 126 99.2 30 31 96.8 16 16 100 11 12 91.7 

Other Acinetobacter spp. 16 16 100 6 6 100 3 3 100 – – – – – –

Stenotrophomonas maltophilia 122 123 99.2 75 76 98.7 8 8 100 11 11 100 15 15 100 

Burkholderia spp. 30 31 96.8 23 24 95.8 1 1 100 6 6 100 – – –

Total 2260 2303 98.1 721 741 97.3 276 283 97.5 349 353 98.9 463 468 98.9 

BSI, bloodstream infection; cIAI, complicated intra-abdominal infection; cUTI, complicated urinary tract infection; N , total number of isolates tested; n , total 

number of isolates susceptible; NP, nosocomial pneumonia; %S, percent susceptible. 

Table 2 

Cefiderocol minimum inhibitory concentration (MIC) distribution by species for SIDERO-WT-2014–2018 isolates from Spain a 

Species 

( n ) 

No. of isolates at cefiderocol MIC (mg/L) of: 

≤0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 

Enterobacterales (1502) 454 182 245 249 192 95 54 30 1 0 0 0 

Escherichia coli (373) 152 44 54 55 35 21 8 4 0 0 0 0 

Klebsiella spp. (558) 182 58 66 81 70 49 34 17 1 0 0 0 

Klebsiella pneumoniae (356) 101 19 31 56 57 43 31 17 1 0 0 0 

Enterobacter spp. (167) 12 7 22 54 36 17 12 7 0 0 0 0 

Serratia spp. (188) 30 44 61 30 20 2 0 1 0 0 0 0 

Citrobacter spp. (110) 25 12 23 18 25 6 0 1 0 0 0 0 

Pseudomonas aeruginosa (375) 41 57 95 101 40 28 10 3 0 0 0 0 

Acinetobacter baumannii (255) 27 54 73 42 23 19 10 7 0 0 0 0 

Burkholderia spp. (31) 16 6 4 2 1 1 0 0 0 0 1 0 

Stenotrophomonas maltophilia (123) 38 31 26 19 5 3 0 0 0 0 0 1 

a ≥20 isolates tested. 
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here species-specific breakpoints were not available, pharma- 

okinetic/pharmacodynamic breakpoints were used (cefiderocol, 

2 mg/L; colistin, ≤2 mg/L; ceftazidime/avibactam, ≤8 mg/L; and 

eftolozane/tazobactam, ≤4 mg/L) [24] . Cefiderocol was tested 

sing iron-depleted (iron concentration < 0.03 mg/L) CAMHB [17] , 

ecessary to promote the natural production of siderophores by 

acterial cells. All other antimicrobial agents were tested using 

tandard CAMHB. Quality control testing was performed on each 

ay of testing. 

.4. Statistical analysis 

Post-hoc statistical analysis was carried out. Odds ratios with 

5% confidence intervals were calculated based on the assumption 

hat the odds ratio is normally distributed. Significance was deter- 

ined by the null value (1) lying outside of the confidence inter- 

al. 

. Results 

.1. Epidemiology and cefiderocol data 

.1.1. Epidemiology 

Twelve sites across Spain participated in the study (see Sup- 

lementary material for details of participating centres). In to- 
294 
al, 2303 GNB clinical isolates were collected between 2014 and 

018; 1502 (65.2%) were Enterobacterales and 801 (34.8%) were 

on-fermenters. The most common Enterobacterales were E. coli 

373/1502 (24.8%)] and K. pneumoniae [356/1502 (23.7%)]. The most 

ommon non-fermenters were P. aeruginosa [375/801 (46.8%)], A. 

aumannii [255/801 (31.8%)] and S. maltophilia [123/801 (15.4%)]. 

.1.2. Cefiderocol results by infection source 

Cefiderocol demonstrated activity against a wide range of 

athogens regardless of the source of infection ( Table 1 ). Suscep- 

ibility to cefiderocol across infection sources ranged from 97.3% in 

P to 98.9% in BSI and cIAI. 

.1.3. Cefiderocol results by pathogen 

A high proportion of isolates were susceptible to cefiderocol, 

anging from 93.8% of Enterobacter spp . [with the exception of En- 

erobacter cloacae (96.3%)] to 100% of Serratia spp., Proteus spp., 

rovidencia spp., Morganella spp. and Acinetobacter spp. (with the 

xception of A. baumannii ) ( Table 1 ). 

Data for cefiderocol MIC distribution by species are presented in 

able 2 . In total, 43/2303 (1.9%) isolates were cefiderocol-resistant 

MIC > 2 mg/L). Of these cefiderocol-resistant isolates, 31 were 

nterobacterales (30 with MIC of 4 mg/L and 1 with MIC of 8 

g/L) including 18 K. pneumoniae . Moreover, 27 of the cefiderocol- 

esistant Enterobacterales were meropenem-susceptible, 16 were 
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Table 3 

In vitro activity of cefiderocol and comparators against SIDERO-WT-2014–2018 isolates from Spain 

Species ( n ) a Antimicrobial agent 

MIC (mg/L) MIC interpretation 

(%S) a 

Range MIC 50 MIC 90 

Enterobacterales 

(1502) 

Cefiderocol < 0.002–8 0.12 1 97.9 

Meropenem < 0.06 to > 64 < 0.06 0.12 98.9 

Ceftolozane/tazobactam < 0.06 to > 64 0.25 2 90.6 

Ceftazidime/avibactam < 0.03 to > 64 0.12 0.5 98.7 

Colistin < 0.25 to > 8 0.5 > 8 78.3 

Meropenem/vaborbactam ( n = 311) < 0.06–8 < 0.06 < 0.06 99.7 

Aztreonam/avibactam ( n = 311) < 0.12–2 < 0.12 0.25 NA 

Escherichia coli 

(373) 

Cefiderocol < 0.002–4 0.06 0.5 98.9 

Meropenem < 0.06 to > 64 < 0.06 < 0.06 99.7 

Ceftolozane/tazobactam < 0.06 to > 64 0.25 0.5 98.9 

Ceftazidime/avibactam < 0.03–32 0.12 0.25 99.5 

Colistin < 0.25–2 0.5 1 100 

Meropenem/vaborbactam ( n = 76) < 0.06–0.12 < 0.06 < 0.06 100 

Aztreonam/avibactam ( n = 76) < 0.12–< 0.12 < 0.12 < 0.12 NA 

Klebsiella spp. 

(558) 

Cefiderocol < 0.002–8 0.12 1 96.8 

Meropenem < 0.06 to > 64 < 0.06 0.5 98.0 

Ceftolozane/tazobactam 0.12 to > 64 0.25 8 85.5 

Ceftazidime/avibactam < 0.06 to > 64 0.25 1 98.6 

Colistin < 0.25 to > 8 0.5 1 96.4 

Meropenem/vaborbactam ( n = 114) < 0.06–8 < 0.06 < 0.06 100 

Aztreonam/avibactam ( n = 114) < 0.12–1 < 0.12 0.25 NA 

Klebsiella 

pneumoniae 

(356) 

Cefiderocol < 0.002–8 0.25 2 94.9 

Meropenem < 0.06 to > 64 < 0.06 2 97.2 

Ceftolozane/tazobactam 0.12 to > 64 0.25 32 80.9 

Ceftazidime/avibactam < 0.06 to > 64 0.25 1 97.8 

Colistin < 0.25 to > 8 0.5 2 94.7 

Meropenem/vaborbactam ( n = 76) < 0.06–0.12 < 0.06 < 0.06 100 

Aztreonam/avibactam ( n = 76 < 0.12–1 < 0.12 0.25 NA 

Serratia spp. b 

(188) 

Cefiderocol 0.008–4 0.12 0.5 99.5 

Meropenem < 0.06–64 < 0.06 0.12 99.5 

Ceftolozane/tazobactam 0.12 to > 64 0.5 1 96.8 

Ceftazidime/avibactam < 0.03 to > 64 0.25 1 97.3 

Colistin < 0.25 to > 8 > 8 > 8 6.4 

Meropenem/vaborbactam ( n = 49) < 0.06–0.25 < 0.06 0.12 100 

Aztreonam/avibactam ( n = 49) < 0.12–1 < 0.12 0.25 NA 

Citrobacter spp. 

(110) 

Cefiderocol < 0.002–4 0.12 0.5 99.1 

Meropenem < 0.06–1 < 0.06 < 0.06 100 

Ceftolozane/tazobactam 0.12–8 0.25 0.5 93.6 

Ceftazidime/avibactam < 0.06–1 0.12 0.25 100 

Colistin < 0.25–2 0.5 1 100 

Meropenem/vaborbactam ( n = 24) < 0.06–< 0.06 < 0.06 < 0.06 100 

Aztreonam/avibactam ( n = 24) < 0.12–0.5 < 0.12 < 0.12 NA 

Enterobacter 

spp. (167) 

Cefiderocol < 0.002–4 0.25 2 95.8 

Meropenem < 0.06–64 < 0.06 1 97.6 

Ceftolozane/tazobactam 0.12 to > 64 0.25 32 76.0 

Ceftazidime/avibactam < 0.06 to > 64 0.25 1 97.6 

Colistin < 0.25 to > 8 0.5 > 8 84.4 

Meropenem/vaborbactam ( n = 33) < 0.06–2 < 0.06 0.12 97.0 

Aztreonam/avibactam ( n = 33) < 0.12–2 < 0.12 1 NA 

Proteus spp. b 

(63) 

Cefiderocol 0.004–0.5 0.015 0.12 100 

Meropenem < 0.06–0.5 < 0.06 0.12 100 

Ceftolozane/tazobactam 0.25–1 0.25 1 100 

Ceftazidime/avibactam < 0.06–0.25 < 0.06 0.12 100 

Colistin > 8 to > 8 > 8 > 8 0 

Meropenem/vaborbactam ( n = 8) < 0.06–0.12 NA NA 100 

Aztreonam/avibactam ( n = 8) < 0.12 NA NA NA 

Morganella 

morganii b (39) 

Cefiderocol 0.015–0.5 0.12 0.5 100 

Meropenem < 0.06–0.12 0.12 0.12 100 

Ceftolozane/tazobactam 0.12–32 0.25 0.5 92.3 

Ceftazidime/avibactam < 0.06–0.5 < 0.06 0.12 100 

Colistin > 8 to > 8 > 8 > 8 0 

Meropenem/vaborbactam ( n = 5) < 0.06–< 0.06 NA NA 100 

Aztreonam/avibactam ( n = 5) < 0.12–< 0.12 NA NA NA 

Non- 

fermenters 

(801) 

Cefiderocol < 0.002–64 0.12 1 98.5 

Meropenem < 0.06 to > 64 8 > 64 56.2 

Ceftolozane/tazobactam < 0.06 to > 64 1 64 62.4 

Ceftazidime/avibactam < 0.06 to > 64 4 64 64.8 

Colistin < 0.25 to > 8 1 4 89.5 

Meropenem/vaborbactam ( n = 165) < 0.06 to > 64 2 64 60.6 

Aztreonam/avibactam ( n = 165) 0.25 to > 8 8 > 8 NA 

( continued on next page ) 
295 
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Table 3 ( continued ) 

Species ( n ) a Antimicrobial agent MIC (mg/L) MIC interpretation 

(%S) a 

Range MIC 50 MIC 90 

Pseudomonas 

aeruginosa 

(375) 

Cefiderocol < 0.002–4 0.12 1 99.2 

Meropenem < 0.06 to > 64 0.5 16 86.7 

Ceftolozane/tazobactam < 0.06 to > 64 0.5 4 92.3 

Ceftazidime/avibactam < 0.06 to > 64 2 8 91.5 

Colistin < 0.25 to > 8 1 2 98.4 

Meropenem/vaborbactam ( n = 73) < 0.06–64 0.5 16 89.0 

Aztreonam/avibactam ( n = 73) 0.25 to > 8 8 > 8 NA 

Acinetobacter 

spp. (271) 

Cefiderocol 0.004–4 0.12 1 97.4 

Meropenem < 0.06 to > 64 64 > 64 35.1 

Ceftolozane/tazobactam < 0.06 to > 64 8 64 37.6 

Ceftazidime/avibactam 1 to > 64 16 64 38.7 

Colistin < 0.25 to > 8 0.5 2 95.6 

Meropenem/vaborbactam ( n = 54) 0.12 to > 64 64 64 42.6 

Aztreonam/avibactam ( n = 54) 1 to > 8 > 8 > 8 NA 

Acinetobacter 

baumannii 

(255) 

Cefiderocol 0.004–4 0.12 1 97.3 

Meropenem 0.12 to > 64 64 > 64 31.4 

Ceftolozane/tazobactam < 0.06 to > 64 8 64 33.7 

Ceftazidime/avibactam 1 to > 64 32 64 35.7 

Colistin < 0.25 to > 8 0.5 2 95.3 

Meropenem/vaborbactam ( n = 49) 0.12 to > 64 64 64 36.7 

Aztreonam/avibactam ( n = 49) 8 to > 8 > 8 > 8 NA 

Burkholderia 

spp. b (31) 

Cefiderocol < 0.002–32 0.03 0.25 96.8 

Meropenem 2–32 8 16 83.9 

Ceftolozane/tazobactam 0.5 to > 64 8 > 64 45.2 

Ceftazidime/avibactam 0.25–32 4 16 83.9 

Colistin 8 to > 8 > 8 > 8 0 

Meropenem/vaborbactam ( n = 12) 1–16 NA NA 91.7 

Aztreonam/avibactam ( n = 12) 2–8 NA NA NA 

Stenotrophomonas 

maltophilia c 

(123) 

Cefiderocol 0.008–64 0.06 0.25 99.2 

Meropenem 1 to > 64 > 64 > 64 2.4 

Ceftolozane/tazobactam 0.12 to > 64 16 > 64 30.1 

Ceftazidime/avibactam 0.5 to > 64 16 > 64 35.8 

Colistin < 0.25 to > 8 2 8 71.5 

Meropenem/vaborbactam ( n = 25) 32 to > 32 > 32 > 32 0 

Aztreonam/avibactam ( n = 25) 1–8 4 8 NA 

MIC, minimum inhibitory concentration; MIC 50/90 , MIC of 50% and 90% of the tested isolates, respectively; NA, not applicable ( < 20 isolates or no 

breakpoint available); %S, percent susceptible. 
a Where n ≥ 20 isolates. 
b Intrinsically resistant to colistin. 
c Intrinsically resistant to meropenem. 
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olistin-susceptible, 28 were ceftazidime/avibactam-susceptible 

nd 8 were ceftolozane/tazobactam-susceptible. In total, 12/801 

1.5%) non-fermenters were resistant to cefiderocol (10 iso- 

ates with MIC of 4 mg/L and one each with MIC of 

2 mg/L and 64 mg/L), including 7 A. baumannii and 3 

. aeruginosa. Of these cefiderocol-resistant non-fermenters, 1 

as meropenem-susceptible, 10 were colistin-susceptible, 1 was 

eftazidime/avibactam-susceptible, 1 was ceftolozane/tazobactam- 

usceptible and 1 was aztreonam/avibactam-susceptible. The most 

ommon infection source of cefiderocol-resistant isolates was NP 

 n = 20). 

.1.4. Cefiderocol versus comparators 

The isolate collection contained a wide range of pathogens, 

ncluding some species that display intrinsic resistance to spe- 

ific comparators; Proteus spp., Providencia spp., Morganella spp., 

erratia spp. and Burkholderia spp. are intrinsically resistant to 

olistin [9] , while S. maltophilia is intrinsically resistant to 

eropenem [25] . In vitro activity data for cefiderocol and com- 

arators are shown in Table 3 . Susceptibility to all antimicrobials 

as generally similar in species that are not intrinsically resis- 

ant to certain agents. However, susceptibility to cefiderocol was 

reater than ceftolozane/tazobactam in Klebsiella spp., Citrobacter 

pp. and Enterobacter spp. In addition, susceptibility to cefiderocol 
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as greater than β-lactam/ β-lactamase inhibitor combinations in 

on-fermenters, especially Acinetobacter spp. and S. maltophilia . 

A significantly ( P < 0.01) higher proportion of isolates was sus- 

eptible to cefiderocol [2260/2303 (98.1%)] compared with com- 

arators overall and across all infection sources ( Table 4 ). The pro- 

ortion of Enterobacterales susceptible to cefiderocol ranged from 

5.3% (301/316) in NP to 99.3% (403/406) in cIAI, and was signif- 

cantly ( P < 0.01) greater than the proportion of Enterobacterales 

usceptible to ceftolozane/tazobactam overall (97.9% vs. 90.5%) and 

or all infection sources. Susceptibility to cefiderocol in Enterobac- 

erales was similar to meropenem and ceftazidime/avibactam over- 

ll and across all infection sources. Due to intrinsic resistance to 

roteus spp., Providencia spp., Morganella spp. and Serratia spp., 

olistin showed variation across infection sources for Enterobac- 

erales. The proportion of all Enterobacterales isolates suscepti- 

le to cefiderocol was significantly ( P < 0.01) higher than to col- 

stin [1176/1502 (78.3%)] overall. However, excluding Proteus spp., 

rovidencia spp., Morganella spp. and Serratia spp., susceptibility to 

efiderocol in Enterobacterales [1180/1210 (97.5%)] was similar to 

olistin [1164/1210 (96.2%)]. 

A significantly ( P < 0.01) greater proportion of non-fermenters 

as susceptible to cefiderocol than all other antimicrobials tested. 

usceptibility to cefiderocol [789/801 (98.5%)] was significantly ( P 

 0.01) greater than to ceftolozane/tazobactam [500/801 (62.4%)] 
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Table 4 

In vitro susceptibility of cefiderocol and comparators against Enterobacterales, non-fermenters and overall, by infec- 

tion source, for SIDERO-WT-2014–2018 isolates from Spain 

Infection source Pathogen group ( n ) a 

Antimicrobial agent (% susceptible) 

CFDC MEM C/T CZA CST MVB b ( n ) 

Overall Enterobacterales 

(1502) 

97.9 98.9 90.5 ∗∗ 98.7 78.3 ∗∗ 99.7 (311) 

Non-fermenters (801) 98.5 56.2 ∗∗ 62.4 ∗∗ 64.8 ∗∗ 89.5 ∗∗ 60.6 (165) 

All (2303) 98.1 84.0 ∗∗ 80.8 ∗∗ 86.9 ∗∗ 82.2 ∗∗ 86.1 (476) 

NP Enterobacterales (316) 95.3 98.7 86.1 ∗∗ 97.8 67.1 ∗∗ 98.7 (77) 

Non-fermenters (425) 98.8 53.6 ∗∗ 59.3 ∗∗ 62.6 ∗∗ 86.4 ∗∗ 57.1 (1684) 

All (741) 97.3 72.9 ∗∗ 70.7 ∗∗ 77.6 ∗∗ 78.1 ∗∗ 77.0 (161) 

cUTI Enterobacterales (207) 97.1 99.0 90.9 ∗ 99.0 81.6 ∗∗ 100 (42) 

Non-fermenters (76) 98.7 51.3 ∗∗ 65.8 ∗∗ 68.4 ∗∗ 93.4 43.8 (16) 

All (283) 97.5 86.2 ∗∗ 84.5 ∗∗ 90.8 ∗∗ 84.8 ∗∗ 84.5 (58) 

BSI Enterobacterales (286) 98.6 99.0 90.9 ∗∗ 99.0 80.8 ∗∗ 100 (77) 

Non-fermenters (67) 100 58.2 † 67.2 † 67.2 † 83.6 † 50.0 (18) 

All (353) 98.9 91.2 ∗∗ 86.4 ∗∗ 92.9 ∗∗ 81.3 ∗∗ 90.5 (95) 

cIAI Enterobacterales (406) 99.3 99.0 91.1 ∗∗ 98.8 88.4 ∗∗ 98.0 (51) 

Non-fermenters (62) 96.8 58.1 ∗∗ 58.1 ∗∗ 58.1 ∗∗ 93.5 100 (1) 

All (468) 98.9 93.6 ∗∗ 86.8 ∗∗ 93.4 ∗∗ 89.1 ∗∗ 98.1 (52) 

BSI, bloodstream infection; CFDC, cefiderocol; cIAI, complicated intra-abdominal infection; CST, colistin; C/T, 

ceftolozane/tazobactam; cUTI, complicated urinary tract infection; CZA, ceftazidime/avibactam; MEM, meropenem; 

MVB, meropenem/vaborbactam; NP, nosocomial pneumonia. 
a Enterobacterales includes isolates with intrinsic colistin resistance ( n = 323); non-fermenters includes isolates 

with intrinsic meropenem resistance ( n = 123) and those with intrinsic colistin resistance ( n = 31). 
b Isolates collected in 2017/2018 only ( n = 476), no statistical analysis available. 
∗ P < 0.05 versus cefiderocol; 
∗∗ P < 0.01 versus cefiderocol; 
† insufficient data to provide measure of significance. 

Table 5 

In vitro activity of cefiderocol and comparators against meropenem-resistant (MIC > 8 mg/L) SIDERO-WT-2014–2018 isolates from Spain 

Species ( n ) a Antimicrobial agent 

MIC (mg/L) MIC interpretation 

(%S) 
Range MIC 50 MIC 90 

Acinetobacter 

baumannii 

(175) 

Cefiderocol 0.015–4 0.25 1 96.6 

Ceftazidime/avibactam 4 to > 64 32 > 64 14.9 

Ceftolozane/tazobactam 2 to > 64 16 > 64 9.7 

Colistin < 0.25 to > 8 0.5 2 96.6 

Pseudomonas 

aeruginosa (50) 

Cefiderocol 0.06–4 0.25 2 96.0 

Ceftazidime/avibactam 4 to > 64 16 > 64 40.0 

Ceftolozane/tazobactam 0.5 to > 64 4 > 64 50.0 

Colistin < 0.25–4 1 1 94.0 

Stenotrophomonas 

maltophilia 

(123) b 

Cefiderocol 0.015–1 0.06 0.25 100 

Ceftazidime/avibactam 1 to > 64 16 > 64 35.0 

Ceftolozane/tazobactam 0.25 to > 64 16 > 64 29.2 

Colistin < 0.25 to > 8 2 8 71.7 

MIC, minimum inhibitory concentration; MIC 50/90 , MIC of 50% and 90% of the tested isolates, respectively; %S, percent susceptible. 
a Where n ≥ 20 isolates. 
b Intrinsically resistant to meropenem. 
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nd ceftazidime/avibactam [519/801 (64.8%)] in non-fermenters 

verall and across NP, cUTI and cIAI infection sources. Susceptibil- 

ty to cefiderocol was also substantially numerically higher than 

oth β-lactam/ β-lactamase combinations in BSI non-fermenters, 

ut significance could not be determined due to the low number of 

vailable isolates. The proportion of non-fermenters susceptible to 

efiderocol [789/801 (98.5%)] was significantly ( P < 0.01) greater 

han to colistin against non-fermenters overall [717/801 (89.5%)] 

nd in NP. Excluding intrinsically colistin-resistant Burkholderia 

pp. from the non-fermenters, cefiderocol retained higher activity 

han colistin overall [cefiderocol, 759/770 (98.6%); colistin, 717/770 

93.1%)] and in NP [cefiderocol, 397/401 (99.0%); colistin, 367/401 

91.5%)]. 

Aztreonam/avibactam and meropenem/vaborbactam were 

ested only against isolates from 2018 ( n = 476) ( Table 3 ).

he aztreonam/avibactam MIC 90 was 0.25 mg/L against 

nterobacterales ( n = 311) and > 8 mg/L against non-fermenters 

 n = 165). The meropenem/vaborbactam MIC was < 0.06 mg/L 
90 
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gainst Enterobacterales and 64 mg/L against non-fermenters. 

usceptibility to meropenem/vaborbactam was substantially 

igher in Enterobacterales (99.7%) compared with non-fermenters 

60.6%). 

.2. Meropenem-resistant isolates 

Of the 2303 isolates tested, 368 (16.0%) were meropenem- 

esistant (MIC > 8 mg/L) ( Table 5 ). A higher proportion of 

P isolates was meropenem-resistant [201/741 (27.1%)] compared 

ith other infection sources [cUTI, 39/283 (13.8%); BSI, 31/353 

8.8%); cIAI, 30/468 (6.4%)]. Only 1.1% (17/1502) of Enterobac- 

erales were meropenem-resistant. By contrast, 43.8% (351/801) 

f non-fermenters were meropenem-resistant [50/375 (13.3%) of 

. aeruginosa and 175/255 (68.6%) of A. baumannii ]. Excluding S. 

altophilia isolates with expected intrinsic resistance ( n = 123), 

1.4% (248/2180) of isolates were meropenem-resistant. 
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A high proportion of meropenem-resistant A. baumannii, P. 

eruginosa and S. maltophilia isolates remained susceptible to ce- 

derocol ( Table 5 ). Susceptibility to cefiderocol was similar to that 

f colistin against A. baumannii (cefiderocol, 96.6%; colistin, 96.6%) 

nd P. aeruginosa (cefiderocol, 96.0%; colistin, 94.0%), while sus- 

eptibility to cefiderocol was numerically higher versus S. mal- 

ophilia (cefiderocol, 100%; colistin, 71.7%). Ceftazidime/avibactam 

nd ceftolozane/tazobactam did not demonstrate high levels of ac- 

ivity against meropenem-resistant non-fermenters and it is no- 

able that 50% of meropenem-resistant P. aeruginosa were resistant 

o ceftolozane/tazobactam. 

Only S. maltophilia isolates collected in 2018 ( n = 25) were 

ested against trimethoprim/sulfamethoxazole. One S. maltophilia 

solate was resistant to trimethoprim/sulfamethoxazole (MIC = 4 

g/L) and all other comparator antimicrobials with the exception 

f cefiderocol (MIC = 0.06 mg/L); no aztreonam/avibactam break- 

oint was available, but the MIC was 1 mg/L. The remaining 24 

. maltophilia isolates had trimethoprim/sulfamethoxazole MICs in 

he range between ≤0.012 mg/L and 1 mg/L. 

Molecular characterisation was carried out for 102 meropenem- 

esistant isolates. The majority ( n = 76) were A. baumannii , all of 

hich were susceptible to cefiderocol; 37 OXA-23 and 37 OXA- 

4 carriers were identified, and 2 had no transferable β-lactamase 

enes. Of 20 P. aeruginosa isolates, 6 had VIM identified (3 VIM- 

0, 2 VIM-2 and 1 VIM-4), all of which were susceptible to cefide- 

ocol, and 14 isolates had no transferable β–lactamases detected, 

ith 1 isolate being resistant to cefiderocol. Identified genes in the 

our K. pneumoniae isolates were two OXA-48-like and two VIM-1; 

ne VIM-1-producer was cefiderocol-resistant (MIC = 4 mg/L). The 

emaining two isolates were both susceptible to cefiderocol—one 

IM–1 Enterobacter asburiae and one Serratia marcescens with no 

ransferable β-lactamases detected. 

. Discussion 

In this subset of Spanish isolates from the SIDERO-WT-2014–

018 study, cefiderocol demonstrated in vitro activity against GNB 

solates from different infection sources. A significantly ( P < 0.01) 

igher proportion of isolates was susceptible to cefiderocol com- 

ared with all comparators, and cefiderocol activity was simi- 

ar across infection sources ( Table 4 ). Susceptibility to cefidero- 

ol in Enterobacterales was significantly ( P < 0.01) greater than 

o ceftolozane/tazobactam and colistin, but similar to meropenem 

nd ceftazidime/avibactam, while susceptibility to cefiderocol in 

on-fermenters was significantly ( P < 0.01) greater than com- 

arators. Of particular note is the fact that cefiderocol activity 

as significantly ( P < 0.01) greater than all comparators against 

solates from patients with NP. Few isolates were cefiderocol- 

esistant [43/2303 (1.9%)]. It is worth noting that 30/31 (96.8%) 

f cefiderocol-resistant Enterobacterales had an MIC of 4 mg/L 

nd would be interpreted as susceptible using US Food and Drug 

dministration (FDA) or Clinical and Laboratory Standards Insti- 

ute (CLSI) breakpoints [ 26 , 27 ]. Cefiderocol retained activity against 

eropenem-resistant isolates. 

The study is limited by the fact that there are low numbers 

f isolates for some species by infection source, in particular non- 

ermenters in cUTI, BSI and cIAI sites. Furthermore, species such as 

roteus spp., Providencia spp., Morganella spp. and Burkholderia spp. 

ere not collected for the full duration of the study, and newer β- 

actam/ β-lactamase combinations (meropenem/vaborbactam and 

ztreonam/avibactam) were only included as comparators in 2018, 

o data are limited. Data on mechanisms of resistance are also in- 

omplete, as molecular characterisation was only carried out for 

 subset of isolates. Participating sites were located primarily in 

ities, with one site in Mallorca; a third of the sites were located 
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n Madrid, and no sites were located in the North-West region of 

pain. 

The general epidemiology for isolates from Spain is very similar 

o the SIDERO-WT overall European epidemiology, with the pro- 

ortion of Enterobacterales in Spain [1502/2303 (65.2%)] similar to 

hat for all of Europe [13 926/20 909 (66.6%)]. This is also com- 

arable with data from the PIRASOA programme which found that 

50/1243 isolates (60.3%) tested were Enterobacterales [6] . 

In this analysis, Enterobacterales are less relevant than non- 

ermenters for clinicians in Spain as a smaller proportion 

f Enterobacterales were meropenem-resistant compared with 

on-fermenters. In the SIDERO-WT-2014–2018 study, the over- 

ll prevalence of meropenem-resistant Enterobacterales in Spain 

17/1502 (1.1%)] was similar to the European average [384/13 926 

2.8%)]. Meropenem resistance was much more prevalent in non- 

ermenters from Spain [351/801 (43.8%)] than Enterobacterales but 

as also similar to the European average [2847/6983 (40.8%)]. Of 

he EU5 (France, Germany, Italy, Spain and UK), only Italy [516/927 

55.7%)] had a higher prevalence of meropenem-resistant non- 

ermenter isolates than Spain. 

The proportions of meropenem-resistant isolates for key species 

n SIDERO-WT are relatively consistent with previously published 

eports on the prevalence of carbapenem resistance for K. pneu- 

oniae [SIDERO-WT, 3.9% (10/256); ECDC, 3.8%; Cantón, 2.7%], 

. aeruginosa [SIDERO-WT, 13.3% (50/375); ECDC, 18.6%; Cantón, 

8.4%] and A. baumannii [SIDERO-WT, 68.6% (175/255); ECDC, 53.4% 

cinetobacter spp.; Cantón, 68.2% Acinetobacter spp.) [ 1 , 3 ]. 

Ceftolozane/tazobactam is commonly used to treat infections 

aused by P. aeruginosa , although activity against other non- 

ermenter species is generally limited [ 28 , 29 ]. In this study, sus- 

eptibility to ceftolozane/tazobactam (92.3%) for P. aeruginosa was 

igher than to ceftazidime/avibactam (91.5%) and meropenem 

86.7%), but lower than that of colistin (98.4%) and cefidero- 

ol (99.2%). Overall susceptibility to ceftolozane/tazobactam in 

on-fermenters was 62.4% due to the low susceptibility of 

ther non-fermenter species ( Acinetobacter spp., 37.6%; Burkholde- 

ia spp., 45.2%; S. maltophilia , 30.1%). Susceptibility to cef- 

azidime/avibactam (64.8%) was similar to ceftolozane/tazobactam 

62.4%) overall versus non-fermenters. 

The SUPERIOR multicentre study from intensive care units in 

pain reported that 95.7% (44/46; MIC 90 = 4 mg/L) of P. aerugi- 

osa isolates from cUTI were susceptible to ceftolozane/tazobactam 

30] . Similarly, the SIDERO-WT studies found that 93.9% (31/33; 

IC 90 = 1 mg/L) of P. aeruginosa isolates from cUTI were sus- 

eptible to ceftolozane/tazobactam. The SUPERIOR study also re- 

orted that 85.3% (29/34; MIC 90 = 64 mg/L) of P. aeruginosa iso- 

ates from cIAI were susceptible to ceftolozane/tazobactam [30] , 

hile the proportion of cIAI P. aeruginosa isolates susceptible 

o ceftolozane/tazobactam [33/35 (94.3%); MIC 90 = 1 mg/L] in 

IDERO-WT was higher. The SUPERIOR study reported no ac- 

ivity of ceftolozane/tazobactam against carbapenemase-producing 

solates [30] . In contrast to this, 48/50 (96.0%) of meropenem- 

esistant P. aeruginosa isolates were susceptible to cefiderocol in 

his study. As expected, the MIC 90 for both aztreonam/avibactam 

nd meropenem/vaborbactam was lower in Enterobacterales 

0.25 mg/L and < 0.06 mg/L, respectively) than in non-fermenters 

 > 8 mg/L and 64 mg/L, respectively). Vaborbactam is active against 

NB pathogens producing class A carbapenemases [31] but is not 

ble to inhibit class B or D carbapenemases frequently detected in 

on-fermenters [31] . 

The prevalence of MBL-producing GNB is increasing, particu- 

arly in the south of Spain. For example, between 2014 and 2018 

he prevalence of MBLs increased substantially from 1.5% (2/133) 

o 45.5% (166/365) in carbapenemase-producing GNB isolates col- 

ected from hospitals participating in the PIRASOA surveillance 

rogramme in Andalusia [6] . Longshaw et al. report from an in 
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itro isolate study that cefiderocol demonstrated favourable ac- 

ivity when tested against a set of CR and MDR isolates har- 

ouring a range of MBLs [20] . Of the antimicrobials tested, only 

efiderocol and colistin had susceptibility rates of > 50% ver- 

us VIM-producing Enterobacterales (cefiderocol, 79.0%; colistin, 

3.5%), NDM-producing Enterobacterales (cefiderocol, 51.4%; col- 

stin, 78.4%) and VIM- and GES-producing P. aeruginosa (cefidero- 

ol, 100%; colistin, 100%) [20] . Similarly, among the meropenem- 

esistant Spanish isolates in the SIDERO-WT studies with avail- 

ble mechanisms of resistance data, 5/6 isolates with VIM genes 

etected that were tested were susceptible to cefiderocol and 

/6 were susceptible to colistin; none were susceptible to cef- 

azidime/avibactam or ceftolozane/tazobactam. 

This study confirms previous reports that cefiderocol is active 

gainst a broad range of GNB from all types of infections [21–

3] . However, there were low numbers of isolates highly resis- 

ant to other antimicrobials, meaning that many of the isolates 

n this study have other therapeutic alternatives. Full molecular 

haracterisation was carried out for only a subset of meropenem- 

esistant isolates. The high number of isolates susceptible to an- 

imicrobials tested may be due to low numbers of MBL-producing 

r ESBL-producing isolates. The PIRASOA programme reported a 

igh prevalence (45.5%) of MBLs in 2018 [6] . Notably, MBL pro- 

uction was substantially lower (1.5%) in 2014 at the start of the 

IRASOA programme [6] . Although the SIDERO-WT isolates were 

ollected at the same time as the PIRASOA isolates, the SIDERO- 

T isolates were unselected and were taken from multiple sites 

cross Spain, meaning that it is not appropriate to compare preva- 

ence data. 

Cefiderocol is a promising alternative when few other treat- 

ent options for CR-GNB infections are available. Of particular im- 

ortance is the activity of cefiderocol against MBL-producing GNB; 

he number of infections caused by MBL-producing GNB is increas- 

ng, but there are very few effective treatment options for such in- 

ections. Cefiderocol is active against MBL-producers and therefore 

ould be a promising therapeutic option where MBL production is 

uspected [20] . 

A particular issue in Spain at present is the rapid dissemina- 

ion of high-risk clones of GNB. Spread of KPC-producing K. pneu- 

oniae clones ST11, ST101 and ST512 has occurred across multi- 

le regions; ST101 is of particular concern owing to its hypervir- 

lence and extensive resistance profile [32] . High-risk clones of 

. aeruginosa (ST235, ST111 and ST175) in Spain have also been 

haracterised [33] . It is concerning that P. aeruginosa ST235 is resis- 

ant to aminoglycosides, β-lactams and carbapenems and has been 

ssociated with transferable resistance [33] . Although strain infor- 

ation on the isolates in the SIDERO-WT studies are not available, 

efiderocol is active against the vast majority of K. pneumoniae 

nd P. aeruginosa isolates tested, including 96.0% of meropenem- 

esistant P. aeruginosa isolates, indicating the potential utility of ce- 

derocol in the clinical setting in Spain, regardless of strain iden- 

ity. 

An important aspect of controlling the spread of antimicrobial 

esistance is antibiotic stewardship. Carbapenems are widely con- 

idered to be a last-line treatment for patients with MDR-GNB in- 

ections. However, resistance to carbapenems is increasing and di- 

ersification of antibiotics is needed. While other options for CR- 

NB infections exist, such as polymyxins, there are concerns about 

eurotoxicity and nephrotoxicity associated with these treatments 

34] . Published clinical trial data on cefiderocol demonstrate that it 

s well tolerated and has a safety profile similar to other β-lactams 

 35 , 36 ]. Therefore, cefiderocol could be used in patients who are

nable to tolerate polymyxins and other classes of antimicrobials. 

The broad range of GNB susceptible to cefiderocol and its rel- 

tive safety profile mean it is a promising option for empirical 

herapy in immunocompromised patients. However, cefiderocol 
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lso demonstrates potency against specific difficult-to-treat GNB, 

ncluding those that are CR. Cefiderocol could therefore be used 

s a broad-spectrum empirical therapy where antimicrobial resis- 

ance is suspected or likely, or could be used as a targeted treat- 

ent against MDR-GNB once resistance profiles are available. 

In conclusion, cefiderocol demonstrates high levels of 

ctivity against a wide range of GNB pathogens from multiple 

nfection sources, including those resistant to meropenem. Ce- 

derocol was active against a range of isolates, including all 

lasses of carbapenemase-producing Enterobacterales and MDR 

on-fermenters such as A. baumannii, P. aeruginosa, Burkholderia 

pp. and S. maltophilia , and is a potential therapeutic option for 

hese organisms against which few other treatment options exist. 
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