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1Team ReSIST, INSERM U1184, School of Medicine Université Paris-Saclay, LabEx LERMIT, Le Kremlin-Bicêtre, France; 2Bacteriology-
Hygiene unit, Assistance Publique/Hôpitaux de Paris, Bicêtre Hospital, Le Kremlin-Bicêtre, France; 3French National Reference Center for

Antibiotic Resistance: Carbapenemase-producing Enterobacteriaceae, Le Kremlin-Bicêtre, France; 4CIRI Centre International de
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Objectives: Over recent years, France has experienced an increase of infections caused by carbapenem-resist-
ant Gram-negative (GN) pathogens. Cefiderocol is approved in Europe for the treatment of aerobic GN infections
in adults with limited treatment options. This study evaluated the in vitro activity of cefiderocol and comparators
against GN clinical isolates from France.

Methods: MICs were determined by broth microdilution, according to International Organization for
Standardization guidelines. Cefiderocol was tested using iron-depleted CAMHB. Susceptibility rates were based
on EUCAST breakpoints. In the absence of a species-specific breakpoint, pharmacokinetic/pharmacodynamic
breakpoints were used.

Results: Of 2027 isolates, 1344 (66.3%) were Enterobacterales and 683 (33.7%) were non-fermenters. The
most common pathogen was Pseudomonas aeruginosa (16.8%), followed by Escherichia coli (16.0%), Klebsiella
pneumoniae (13.1%), Acinetobacter baumannii (7.9%) and Stenotrophomonas maltophilia (5.1%). Isolates
represented a range of infection sources including nosocomial pneumonia (33.6%), complicated urinary tract in-
fection (24.3%), bloodstream infection (13.1%) and complicated intra-abdominal infection (18.0%). In total,
135/2027 (6.7%) isolates were meropenem resistant (MIC .8 mg/L); 133/135 (98.5%) were non-fermenters.
Overall, 1330/1344 (99.0%) Enterobacterales and 681/683 (99.7%) non-fermenters were cefiderocol suscep-
tible, including 100% of meropenem-resistant S. maltophilia (n"98) and P. aeruginosa (n"18) isolates.
Susceptibility to cefiderocol was significantly higher (P , 0.01) in nosocomial pneumonia isolates (681/682
[99.9%]) than susceptibility to meropenem (586/682 [85.9%]), ceftolozane/tazobactam (593/682 [87.0%]),
ceftazidime/avibactam (612/682 [89.7%]) and colistin (538/682 [78.9%]).

Conclusions: Cefiderocol demonstrated high in vitro susceptibility rates against a wide range of Gram-negative
pathogens, including meropenem-resistant strains, and was significantly more active than comparators against
pneumonia isolates.

Introduction

Antibiotic resistance among Gram-negative bacteria (GNB) poses a
substantial global threat to patients and healthcare systems, often
leading to increased hospital stays, higher medical costs and

increased rates of mortality.1–3 Across Europe, the burden of anti-
microbial-resistant bacteria is substantial and the estimated num-
ber of infections is increasing.4–7 Carbapenems are considered one
of the few last-resort antibiotics for the treatment of infections
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caused by MDR GNB.8 However, these agents are now challenged
by increasing dissemination of carbapenemase genes that confer
antimicrobial resistance.8,9 Notable pathogens with increasing or
high levels of carbapenem resistance are ESBL-producing
Enterobacterales such as Klebsiella pneumoniae and the glucose
non-fermenters Pseudomonas aeruginosa and Acinetobacter
baumannii.10

In France there has been a steady increase in the spread of car-
bapenemase-producing Enterobacterales (CPE) over recent years.4

Carbapenemases or loss of porin function plus overexpression of
ampC and efflux pumps are the major mechanisms of carbape-
nem resistance.11 Carbapenemases reported among CPE include
KPC, NDM, VIM and OXA-48, and although KPC is prevalent in other
European countries, OXA-48 remains the most common carbape-
nemase in France.12 Furthermore, a 2018 report from the French
National Reference Center (F-NRC) for CPEs showed a notable
increase in isolates producing MBLs such as NDM and VIM, as well
as ongoing diversification of OXA-48-type carbapenemases, espe-
cially OXA-181 and OXA-244 variants.12 These findings, along with
the first isolation of IMP-producing GNB in 2007,13 highlight
the evolving and challenging epidemiology of carbapenemases
among Enterobacterales in France.

Although the prevalence of infections caused by non-
fermenting GNB such as A. baumannii, P. aeruginosa and
Stenotrophomonas maltophilia has remained relatively low in
France, rates of carbapenem resistance among these pathogens
are considerably higher than those reported for
Enterobacterales.14 Among the 954 P. aeruginosa isolates submit-
ted to F-NRC of antibiotic resistances in 2018, 16.2% produced an
ESBL (PER-1, SHV-2a, GES, VEB, OXA), 15.1% were carbapenemase
producers (VIM, IMP, DIM, GES) and 2.8% of isolates produced
both.12 Similarly, among the 379 isolates of A. baumannii, 96.6%
expressed at least one carbapenemase (primarily OXA-23, OXA-
72, NDM-1), together with an ESBL in 2.1% of the isolates.12 The
high levels of resistance among non-fermenters, particularly to
carbapenems, reduce the arsenal of effective therapeutics, often
making treatment more problematic.14,15

Therapeutic options for carbapenem-resistant (CR) GNB infec-
tions in general are limited,16 and many CR pathogens exhibit MDR
phenotypes, including resistance to all b-lactams (e.g. cephalo-
sporins and penicillins) and other common drug classes such as
aminoglycosides and fluoroquinolones.8 Furthermore, there has
been a consistent rise in the annual number of XDR CPEs identified
in France since 2012.4 These emerging pathogens are resistant
even to last-resort antibiotics such as colistin, or to newly released
antibiotics, and are a source of great concern for the future
treatment of patients.17

Cefiderocol is a novel siderophore cephalosporin developed for
the treatment of infections caused by GNB, including those resist-
ant to carbapenems.18 Cefiderocol is approved in the USA for the
treatment of complicated urinary tract infections (cUTIs), including
pyelonephritis, hospital-acquired pneumonia and ventilator-
associated pneumonia caused by susceptible Gram-negative
microorganisms,18 and has recently been approved in Europe for
the treatment of infections caused by aerobic GNB in adults with
limited or no alternative treatment options.19 The structure of
cefiderocol is based around a cephalosporin backbone with the
addition of a catechol moiety at the 3-position side chain.20

The cephalosporin core enables cefiderocol to act like other

cephalosporins, binding primarily to penicillin-binding proteins
and killing bacterial cells by inhibition of peptidoglycan cell wall
biosynthesis. Cefiderocol differs from other cephalosporins in that
the catechol moiety chelates ferric (Fe-III) iron, mimicking natural
siderophores, allowing cefiderocol to exploit the bacteria’s own
active receptor-mediated iron transport system to cross the outer
membrane.20,21 The resulting increase in periplasmic concentration
circumvents non-specific resistance due to porin loss or efflux and
enhances cefiderocol’s activity relative to carbapenems, other ceph-
alosporins and b-lactam/b-lactamase inhibitor combinations.22

Cefiderocol is active against CR GNB, including those with dere-
pressed ampC and/or ESBLs plus porin/efflux pump resistance
mechanisms as well as those harbouring carbapenemases from
different Ambler classes, including KPC, VIM, IMP, NDM and OXA car-
bapenemases.22–24 Activity has also been demonstrated against
meropenem-resistant and MDR P. aeruginosa and A. baumannii.24–26

The SIDERO-WT surveillance studies assessed the activity of
cefiderocol and comparators against clinical isolates of CR and
MDR GNB. Previous reports have shown potent in vitro activity
of cefiderocol against carbapenemase-producing and carbapene-
mase-negative meropenem-non-susceptible Gram-negative
pathogens, including MBL producing isolates.11,27,28 Additionally,
in the SIDERO-CR study, cefiderocol demonstrated potent activity
against carbapenem-non-susceptible Gram-negative patho-
gens, MDR Gram-negative pathogens and a wide variety of
MBL- and serine-b-lactamase-producing strains, including
non-fermenters.24

This article reports on the activity of cefiderocol and compara-
tors against clinical isolates of GNB collected from hospitals
in France as part of the SIDERO-WT surveillance studies.

Materials and methods
Detailed methodology for the SIDERO-WT studies and molecular character-
ization of isolates using PCR has been reported previously.11,27,28 In this
analysis, pooled data from the SIDERO-WT studies for French isolates only
were assessed. From 2014 to 2018, 10 central laboratories across France
(see Supplementary Materials and methods, available as Supplementary
data at JAC-AMR Online, for details of participating sites) collected clinical
GNB isolates from patients with documented intra-abdominal infections
(IAI), urinary tract infections (UTI), skin and soft tissue infections, lower re-
spiratory tract infections or bloodstream infections (BSI). As this was an
in vitro surveillance study, the isolates were selected by the nature of the
clinical sample rather than any clinical definition. No other inclusion or ex-
clusion criteria were applied. Unlike other species, Proteus spp., Morganella
spp. and Burkholderia spp. were not initially included in the study but were
collected from 2015 onwards. Only one isolate per patient per bacterial
species was accepted into the study, and all isolates were from an unse-
lected isolate population, collected independently of their antimicrobial
susceptibility phenotype. All isolates were shipped to International Health
Management Associates Inc. (IHMA, Schaumburg, IL, USA) for testing.
Isolates were identified using MALDI-TOF MS (Bruker Daltonics, Billerica,
MA, USA). Characterization of b-lactamases for a specific subset of isolates
that were considered clinically relevant was carried out using PCR method-
ology as published previously.11,28 b-Lactamase genes included Ambler
class A ESBLs (e.g. SHV, CTX-M) and carbapenemases (e.g. KPC, GES), class B
MBLs (e.g. NDM, VIM), class C plasmid-mediated ampC-type b-lactamases
and Class D b-lactamases (e.g. oxacillinases).

Isolates were identified by source of infection and subgroups were
created for nosocomial pneumonia (NP), cUTI, BSI and complicated IAI (cIAI)
(see Supplementary Materials and methods for details of infection sources).
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Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was conducted using broth microdilu-
tion. MICs were determined for meropenem, ceftazidime/avibactam,
ceftolozane/tazobactam, colistin and meropenem/vaborbactam by broth
microdilution according to International Organization for Standardization
(ISO) guidelines,29 and for cefiderocol using EUCAST guidelines.30

Aztreonam/avibactam was tested using ISO guidelines for aztreonam,29

with a fixed concentration of avibactam of 4 mg/L.
Data for meropenem/vaborbactam and aztreonam/avibactam were

only collected between 2017 and 2018. Susceptibilities of all antibiotics,
with the exception of aztreonam/avibactam, which is currently under clinic-
al development, were interpreted using EUCAST breakpoints.31 Isolates
were defined as meropenem resistant with a breakpoint of .8 mg/L and
were classified as susceptible (susceptible, increased exposure) to merope-
nem if they had an MIC of�8 mg/L (relating to high-dose extended-infusion
[2 g, 3 h infusion] meropenem), based on EUCAST recommendations. Where
EUCAST breakpoints were not available, pharmacokinetic/pharmacodynamic
breakpoints were used, including �4 mg/L for ceftolozane/tazobactam,
�8 mg/L for ceftazidime/avibactam and�2 mg/L for colistin.31

Enterobacterales and P. aeruginosa were considered susceptible to cefi-
derocol at MIC�2 mg/L (resistant .2 mg/L), based on EUCAST breakpoints;
other pathogens were assessed using the pharmacokinetic/pharmacody-
namic breakpoint (�2 mg/L).31 Cefiderocol was tested using iron-depleted
CAMHB (ID-CAMHB),30 while all other antimicrobial agents were tested
using standard CAMHB, and quality control testing was performed on each
day of testing.

Statistical analysis
Post-hoc statistical analysis was carried out. Overall, statistical significance
was determined using an OR with a 95% CI, assuming the OR was log-nor-
mally distributed. Significance was determined by the null value (1) being
outside the CI. Results were not adjusted for multiple comparisons and the
analysis was simple and comparative. At an individual species level, the
number of isolates was too small to conduct a comparison, therefore it was
decided to consider trends across infection sources.

Ethics
Ethics approval was not required as all in vitro samples were anonymized.

Results

Pathogen characteristics

The in vitro activity of cefiderocol and comparators was assessed
in 2027 Gram-negative isolates collected from 10 participating
laboratories across the majority of French regions, with the excep-
tion of Eastern and Northern France. In total, 1344 (66.3%) isolates
were Enterobacterales and 683 (33.7%) were non-fermenters.
The most common Enterobacterales included Escherichia coli
(324/1344, 24.1%), K. pneumoniae (266/1344, 19.8%) and Serratia
marcescens (165/1344, 12.3%). The majority of non-fermenters
were P. aeruginosa (341/683, 49.9%), followed by A. baumannii
(161/683, 23.6%) and S. maltophilia (103/683, 15.1%).

Nosocomial pneumonia was the most common source of iso-
lates (682/2027, 33.6%), of which P. aeruginosa (166/682, 24.3%),
S. marcescens (90/682, 13.2%) and S. maltophilia (78/682, 11.4%)
were the most frequently identified (Table S1); cUTI was the next
most common source of isolates (493/2027, 24.3%), followed by
cIAI (364/2027, 18.0%), BSI (265/2027, 13.1%) and other infection
sources (223/2027, 11.0%). E. coli and K. pneumoniae were the

most common pathogens isolated from cUTIs (105/493 [21.3%]
and 103/493 [20.9%], respectively) and from BSI (38/265 [14.3%]
and 37/265 [14.0%], respectively), while in cIAI cases E. coli and
P. aeruginosa were most prevalent (115/364 [31.6%] and 54/364
[14.8%], respectively) (Table S1).

The isolate collection contained some species with intrinsic
resistance to certain comparators, including Proteus spp.,
Providencia spp., Morganella spp., Serratia spp. and Burkholderia
spp. with intrinsic resistance to colistin,32 and S. maltophilia with
intrinsic resistance to meropenem.33

Activity of cefiderocol

Cefiderocol exhibited in vitro activity against the vast majority of
isolates irrespective of infection source (Table 1). Among non-fer-
menting GNB, 100% susceptibility to cefiderocol was reported in
isolates from all species with the exception of A. baumannii, where
just two (2/161, 1.2%) isolates showed resistance, one from a
patient with BSI (cefiderocol MIC 4 mg/L) and one from a patient
with NP (cefiderocol MIC 8 mg/L).

Cefiderocol activity among meropenem-resistant
isolates

Meropenem resistance (MIC .8 mg/L) was most frequently noted
in isolates from patients with nosocomial pneumonia, the majority
(134/135, 99.3%) of which were susceptible to cefiderocol
(Table 2). Meropenem resistance was more common in non-fer-
menting GNB (133/683 [19.5%]) than in Enterobacterales (2/1344
[0.1%]).

Among meropenem-resistant non-fermenters, intrinsically re-
sistant S. maltophilia were the most common isolates (98/133
[73.7%]), followed by P. aeruginosa (18/133 [13.5%]), A. baumannii
(16/133 [12.0%]) and B. cepacia (1/133 [0.8%]). Overall, 132/133
(99.2%) meropenem-resistant non-fermenters were susceptible
to cefiderocol; all P. aeruginosa and S. maltophilia isolates were
cefiderocol susceptible (Tables 1 and 2), including meropenem-
resistant isolates. The meropenem-resistant isolate also resistant
to cefiderocol (MIC 8 mg/L) was A. baumannii and was only sus-
ceptible to colistin (1 mg/L).

There were too few meropenem-resistant Enterobacterales
isolates to enable sub-analyses. The two isolates identified con-
sisted of one Klebsiella aerogenes (meropenem MIC 64 mg/L) and
one S. marcescens (meropenem MIC 32 mg/L), both of which
were negative for known b-lactamases/carbapenemases and
were susceptible to cefiderocol (MICs of 2 mg/L and 0.06 mg/L,
respectively).

Overall, more isolates of meropenem-resistant non-fermenters
were susceptible to cefiderocol than to any of the other compara-
tor antimicrobials tested (Table 2). Colistin was the only other
agent with similar activity to cefiderocol against meropenem-
resistant isolates of P. aeruginosa and A. baumannii; however,
susceptibility to colistin was lower than to cefiderocol among
S. maltophilia (72.8% versus 100%, respectively), which comprised
the majority of meropenem-resistant non-fermenters in this
study.

Molecular characterization of the mechanism of meropenem
resistance was carried out for 14 isolates (seven A. baumannii, five
P. aeruginosa, one K. aerogenes and one S. marcescens). Of the
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Table 1. In vitro activity of cefiderocol against Gram-negative SIDERO-WT-2014–2018 isolates collected from hospitals in France, by infection source

Pathogen

All isolates NP cUTI BSI cIAI

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

Enterobacterales 1330 1344 99.0 344 344 100 383 388 98.7 166 172 96.5 300 302 99.3

E. coli 322 324 99.4 48 48 100 104 105 99.0 38 38 100 114 115 99.1

K. pneumoniae 260 266 97.7 65 65 100 101 103 98.1 35 37 94.6 43 44 97.7

Klebsiella oxytoca 96 96 100 24 24 100 17 17 100 13 13 100 31 31 100

K. aerogenes 90 91 98.9 40 40 100 17 18 94.4 14 14 100 11 11 100

Klebsiella variicola 18 18 100 5 5 100 5 5 100 1 1 100 5 5 100

E. cloacae 89 90 98.9 13 13 100 24 24 100 13 14 92.9 21 21 100

Enterobacter

asburiae

9 11 81.8 2 2 100 1 2 50.0 2 3 66.7 1 1 100

Serratia spp. 167 167 100 90 90 100 20 20 100 30 30 100 10 10 100

Citrobacter spp. 137 139 98.6 28 28 100 55 55 100 15 17 88.2 32 32 100

Proteus spp. 89 89 100 17 17 100 27 27 100 3 3 100 19 19 100

M. morganii 37 37 100 11 11 100 3 3 100 1 1 100 12 12 100

Providencia rettgeri 16 16 100 1 1 100 9 9 100 1 1 100 1 1 100

Non-fermenters 681 683 99.7 337 338 99.7 105 105 100 92 93 98.9 62 62 100

P. aeruginosa 341 341 100 166 166 100 42 42 100 30 30 100 54 54 100

Pseudomonas otitidis 1 1 100 — — — — — — 1 1 100

A. baumannii 159 161 98.8 66 67 98.5 34 34 100 32 33 97.0 1 1 100

other Acinetobacter

spp.

71 71 100 23 23 100 23 23 100 17 17 100 2 2 100

S. maltophilia 103 103 100 78 78 100 6 6 100 11 11 100 4 4 100

Burkholderia spp. 6 6 100 4 4 100 — — 2 2 100 — —

Total 2011 2027 99.2 681 682 99.9 488 493 99.0 258 265 97.4 362 364 99.5

BSI, bloodstream infection; cIAI, complicated intra-abdominal infection; cUTI, complicated urinary tract infection; n, number of isolates; N, total num-
ber of isolates; NP, nosocomial pneumonia; %S, percentage susceptible.

Table 2. In vitro activity of cefiderocol and comparators against meropenem-resistant (MIC .8 mg/L) Gram-negative pathogens isolated from hospi-
tals in France

Species (n)a Antimicrobial agent

MIC (mg/L)
MIC interpretation

(% susceptible)range MIC50 MIC90

S. maltophiliab (98) cefiderocol 0.004 to 1 0.06 0.25 100

ceftazidime/avibactam 0.5 to .64 32 64 39.8

ceftolozane/tazobactam 0.5 to .64 32 64 28.6

colistin ,0.25 to .8 1 .8 72.4

P. aeruginosa (18) cefiderocol 0.015 to 2 0.25 2 100

ceftazidime/avibactam 4 to .64 4 32 72.2

ceftolozane/tazobactam 1 to .64 2 .64 77.8

colistin ,0.25 to 2 1 2 100

A. baumannii (16) cefiderocol 0.008 to 8 0.25 2 93.8

ceftazidime/avibactam 8 to .64 64 .64 18.8

ceftolozane/tazobactam 2 to .64 16 .64 12.5

colistin 0.5 to 1 0.5 1 100

�8 mg/L breakpoint used to determine susceptibility.
aWhere n . 10 isolates.
bS. maltophilia is intrinsically resistant to meropenem.
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seven A. baumannii isolates, although two did not have
known acquired b-lactamase genes identified, five were found
to carry OXA-23 carbapenemase genes (two co-carried
ESBL genes). While no acquired b-lactamase was found in
4/5 P. aeruginosa isolates (isolates with likely porin D2 loss22),
the remaining P. aeruginosa isolate harboured the MBL VIM-2.
Other characterized isolates had no acquired b-lactamase
genes identified.

Activity of cefiderocol and comparators

The MIC50 and MIC90 values for cefiderocol and comparators are
reported by pathogen in Table 3 and by infection source in Table
S1. The MIC90 value of cefiderocol against all Enterobacterales and
all non-fermenters was 0.5 mg/L. Among all Enterobacterales,
cefiderocol (99.0%) demonstrated comparable susceptibility rates
to those of meropenem (99.9%) and ceftazidime/avibactam
(99.8%); more Enterobacterales isolates were susceptible to cefi-
derocol (99.0%) than to ceftolozane/tazobactam (92.4%) and co-
listin (76.6%). Among non-fermenting GNB, 99.7% of isolates were
susceptible to cefiderocol, which was higher than all other compa-
rators including meropenem (73.9%), ceftazidime/avibactam
(83.6%) and ceftolozane/tazobactam (85.2%).

Overall, a significantly (P , 0.01) higher proportion of non-fer-
menting GNB were susceptible to cefiderocol (99.7%) than to
meropenem (80.5%) ceftazidime/avibactam (83.6%) ceftolozane/
tazobactam (85.2%) and colistin (94.4%) (Table 4). In particular,
against all non-fermenter isolates from patients with NP, cefidero-
col demonstrated significantly (P , 0.01) higher activity than
comparators; additionally, activity against NP Enterobacterales
was significantly (P , 0.01) higher for cefiderocol than colistin
(Table 4). Activity of cefiderocol against BSI isolates was signifi-
cantly (P , 0.01) greater than colistin for Enterobacterales and for
other agents versus non-fermenters.

Comparator data for meropenem/vaborbactam and aztreo-
nam/avibactam were generated between 2017 and 2018
(n"188). All Enterobacterales (n"120) and 83.8% of non-fer-
menters (n"68) were susceptible to meropenem/vaborbactam,
with MIC90 values of ,0.06 mg/L and .32 mg/L, respectively.
The MIC90 for aztreonam/avibactam was 0.25 mg/L among
Enterobacterales and .8 mg/L among non-fermenters.

Discussion

In this SIDERO-WT-2014–2018 subset of isolates from France,
cefiderocol demonstrated substantial in vitro activity against
Gram-negative isolates from different infection sources, including
meropenem-resistant non-fermenters. Notably, cefiderocol
demonstrated potent activity against all isolates of P. aeruginosa
and intrinsically meropenem-resistant S. maltophilia, where all
other comparators demonstrated lower susceptibility rates.
Overall, more isolates were susceptible to cefiderocol than to a key
subset of other currently available antimicrobial agents including
the b-lactam/b-lactamase inhibitor combinations ceftazidime/avi-
bactam and ceftolozane/tazobactam, and colistin, which is often
considered an agent of last resort. Notably, isolates in the current
study collected in France from 2014 to 2016 (�1433) will have
been included in previously published global analysis34 as part of
the overall isolate set; however, this study reports a more detailed

breakdown of a larger set of isolates only from France, collected
from 2014 to 2018.

The study had some limitations. Firstly, the pooled isolates
included very few meropenem-resistant Enterobacterales, making
it impossible to assess cefiderocol activity versus comparators in
these pathogens. Secondly, the majority of isolates were collected
from patients with nosocomial pneumonia, with low representa-
tion for other infection sources. This represents a gap for future
studies, particularly for infections such as BSI, where selecting the
most effective therapy at the earliest timepoint is critical for pa-
tient survival.35 Finally, while the geographical spread of collected
isolates was generally representative of most regions in France,
there were no collection sites in Eastern or Central regions. As epi-
demiology may vary between hospitals, the isolate collection may
not necessarily be regionally representative, as there may be con-
siderable heterogeneity in the numbers and types of pathogens
and mechanisms of resistance from hospital to hospital. However,
the isolate population is in line with previous published reports for
France, with larger proportions of carbapenem resistance seen in
non-fermenting GNB compared with Enterobacterales.14

Carbapenem resistance among GNB in France is steadily rising5

and poses a substantial threat to patients and healthcare systems,
often leading to greater rates of mortality and morbidity and
increased burden on hospitals.1–3 There is now increasing concern
over the emergence of OXA-48-mediated resistance to new anti-
biotic regimens such as ceftazidime/avibactam.36 Therefore there
is a continued need for new antibiotics and antibiotic regimens
with activity against OXA-48-like producers, among others.
Despite the dominance of OXA-48 in France, over recent years
there has been a notable shift in resistance mechanisms with an
increase in MBL producers, such as NDM and VIM,12 and the first
isolation of IMP-producing GNB.13 This shift to MBL-mediated re-
sistance is of concern as new b-lactam/b-lactamase inhibitor com-
bination therapies, including ceftazidime/avibactam, ceftolozane/
tazobactam and meropenem/vaborbactam,37,38 are known to
lack efficacy against MBLs. As such, these agents cannot be used
with confidence as empirical treatments against infections that
are suspected to involve MBL-producing GNB.37,38 Previous reports
from the SIDERO-WT studies have shown potent in vitro activity of
cefiderocol against carbapenemase-producing isolates including a
majority of MBL producers.27 These findings demonstrate the po-
tential for cefiderocol in these types of infection, particularly in
countries such as France where MBL producers represented 25%
of CR Enterobacterales in 2019.12 Furthermore, in instances where
resistance is not due to carbapenemase production, cefiderocol
has demonstrated in vitro activity against isolates with ampC,
ESBLs, porin mutations and efflux pump upregulation.20–24

Although the number of isolates that underwent molecular
characterization in the current study was small, it is reflective of
that observed across France,39 i.e. OXA-23 for A. baumannii and no
acquired b-lactamases for P. aeruginosa.

Although the prevalence of infections caused by non-ferment-
ing GNB currently remains relatively low in France, there is growing
concern regarding the high propensity of these isolates to develop
resistance,14,40 and the resulting depletion of available effective
treatment options. In this study, cefiderocol activity exceeded that
of all tested comparators except colistin against meropenem-re-
sistant isolates of S. maltophilia, P. aeruginosa and A. baumannii.
These findings are in line with a previous report by Oueslati et al.,41
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Table 3. In vitro activity of cefiderocol and comparators against Gram-negative SIDERO-WT-2014–2018 isolates from France

Pathogen (n)a Antibiotic

MIC (mg/L)
MIC interpretation

(% susceptible)range MIC50 MIC90

Enterobacterales (1344) cefiderocol ,0.002 to 4 0.12 0.5 99.0

meropenem ,0.06 to 64 ,0.06 ,0.06 99.9

colistin ,0.25 to .8 0.5 �8 76.4

ceftazidime/avibactam ,0.03 to .64 0.12 0.5 99.8

ceftolozane/tazobactam ,0.06 to .64 0.25 2 92.4

meropenem/vaborbactam (n"120) ,0.06 to 0.12 ,0.06 ,0.06 100

aztreonam/avibactam (n"120) ,0.12 to 1 ,0.12 0.25 NA

E. coli (324) cefiderocol ,0.002 to 4 0.12 0.5 99.4

meropenem ,0.06 to 8 ,0.06 ,0.06 100

colistin ,0.25 to .8 0.5 1 99.7

ceftazidime/avibactam ,0.03 to .64 0.12 0.25 99.1

ceftolozane/tazobactam ,0.06 to 32 0.25 0.5 98.5

meropenem/vaborbactam (n"30) ,0.06 to ,0.06 ,0.06 ,0.06 100

aztreonam/avibactam (n"30) ,0.12 to 0.25 ,0.12 ,0.12 NA

Klebsiella spp. (471) cefiderocol ,0.002 to 4 0.12 1 98.5

meropenem ,0.06 to 64 ,0.06 ,0.06 99.8

colistin ,0.25 to .8 0.5 1 98.9

ceftazidime/avibactam ,0.03 to 8 0.12 0.5 100

ceftolozane/tazobactam ,0.06 to .64 0.25 2 90.0

meropenem/vaborbactam (n"46) ,0.06 to ,0.06 ,0.06 ,0.06 100

aztreonam/avibactam (n"46) ,0.12 to 1 ,0.12 ,0.12 NA

K. pneumoniae (266) cefiderocol ,0.002 to 4 0.12 1 97.7

meropenem ,0.06 to 8 ,0.06 ,0.06 100

colistin ,0.25 to .8 0.5 1 98.5

ceftazidime/avibactam ,0.03 to 4 0.12 0.5 100

ceftolozane/tazobactam ,0.06 to .64 0.25 2 92.5

meropenem/vaborbactam (n"25) ,0.06 to ,0.06 ,0.06 ,0.06 100

aztreonam/avibactam (n"25) 0.12 to 0.5 ,0.12 ,0.12 NA

Serratia spp.b (167) cefiderocol 0.008 to 1 0.12 0.25 100

meropenem ,0.06 to 32 ,0.06 ,0.06 99.4

colistin 0.5 to .8 �8 �8 6.0

ceftazidime/avibactam ,0.06 to 2 0.12 0.5 100

ceftolozane/tazobactam 0.12 to 8 0.5 1 99.4

meropenem/vaborbactam (n"20) ,0.06 to 0.12 ,0.06 ,0.06 100

aztreonam/avibactam (n"20) ,0.12 to 0.25 ,0.06 0.25 NA

Citrobacter spp. (139) cefiderocol ,0.002 to 4 0.25 0.5 98.6

meropenem ,0.06 to 0.25 ,0.06 ,0.06 100

colistin ,0.25 to 2 0.5 1 100

ceftazidime/avibactam ,0.06 to 4 0.12 0.5 100

ceftolozane/tazobactam ,0.06 to 64 0.25 8 82.7

meropenem/vaborbactam (n"10) ,0.06 to ,0.06 NA NA 100

aztreonam/avibactam (n"10) ,0.12 to ,0.12 NA NA NA

Enterobacter spp. (101) cefiderocol 0.008 to 4 0.5 2 97.0

meropenem ,0.06 to 0.5 ,0.06 0.12 100

colistin ,0.25 to .8 0.5 �8 84.2

ceftazidime/avibactam ,0.06 to 2 0.25 0.5 100

ceftolozane/tazobactam ,0.06 to .64 0.5 8 75.2

meropenem/vaborbactam (n"14) ,0.06 to 0.06 NA NA 100

aztreonam/avibactam (n"14) ,0.12 to 1 NA NA NA

Morganellaceaeb (142) cefiderocol ,0.002 to 0.5 0.015 0.12 100

meropenem ,0.06 to 0.12 ,0.06 0.12 100

Continued
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Table 3. Continued

Pathogen (n)a Antibiotic

MIC (mg/L)
MIC interpretation

(% susceptible)range MIC50 MIC90

colistin ,0.25 to .8 �8 �8 2.9

ceftazidime/avibactam ,0.06 to 0.25 0.06 0.12 100

ceftolozane/tazobactam 0.12 to 1 0.25 0.5 100

M. morganiib (37) cefiderocol 0.015 to 0.5 0.06 0.25 100

meropenem ,0.06 to 0.12 ,0.06 0.12 100

colistin ,0.25 to .8 .8 .8 2.7

ceftazidime/avibactam ,0.06 to 0.12 ,0.06 0.12 100

ceftolozane/tazobactam 0.12 to 1 0.25 0.5 100

Proteus spp.b (89) cefiderocol ,0.002 to 0.25 0.015 0.06 100

meropenem ,0.06 to 0.12 ,0.06 0.12 100

colistin 0.5 to .8 .8 .8 3.4

ceftazidime/avibactam ,0.06 to 0.12 ,0.06 0.12 100

ceftolozane/tazobactam 0.12 to 1 0.25 0.5 100

Providencia spp.b (16) cefiderocol 0.004 to 0.12 0.008 0.06 100

meropenem ,0.06 to 0.12 ,0.06 0.12 100

colistin .8 to .8 .8 .8 0

ceftazidime/avibactam ,0.06 to 0.25 ,0.06 0.25 100

ceftolozane/tazobactam 0.12 to 0.25 0.25 0.25 100

Non-fermenters (683)c cefiderocol ,0.002 to 8 0.12 0.5 99.7

meropenem ,0.06 to .64 0.5 �64 80.5

colistin ,0.25 to .8 1 2 94.4

ceftazidime/avibactam ,0.06 to .64 4 32 83.6

ceftolozane/tazobactam ,0.06 to .64 0.5 16 85.2

meropenem/vaborbactam (n"68) ,0.06 to .32 0.5 .32 83.8

aztreonam/avibactam (n"68) 0.5 to .8 8 .8 NA

Acinetobacter spp. (232) cefiderocol 0.004 to 8 0.06 0.5 99.1

meropenem ,0.06 to .64 0.25 1 93.1

colistin ,0.25 to 2 0.5 1 100

ceftazidime/avibactam ,0.06 to .64 8 32 80.2

ceftolozane/tazobactam ,0.06 to .64 0.5 4 91.4

meropenem/vaborbactam (n"29) ,0.06 to 1 0.25 0.5 100

aztreonam/avibactam (n"29) 2 to .8 .8 .8 NA

A. baumannii (161) cefiderocol 0.004 to 8 0.06 0.25 98.8

meropenem ,0.06 to .64 0.25 8 90.1

colistin 0.25 to 2 0.5 1 100

ceftazidime/avibactam ,0.06 to .64 4 32 82.6

ceftolozane/tazobactam ,0.06 to .64 0.5 8 87.6

meropenem/vaborbactam (n"14) ,0.06 to 1 NA NA 100

aztreonam/avibactam (n"14) 2 to .8 NA NA NA

Pseudomonas spp. (342) cefiderocol ,0.002 to 2 0.12 0.5 100

meropenem ,0.06 to .64 0.25 8 94.7

colistin ,0.25 to .8 1 1 98.8

ceftazidime/avibactam 0.12 to .64 2 4 98.0

ceftolozane/tazobactam 0.12 to .64 0.5 2 97.4

meropenem/vaborbactam (n"29) ,0.06 to 16 0.25 4 93.1

aztreonam/avibactam (n"29) 0.5 to .8 8 8 NA

P. aeruginosa (341) cefiderocol ,0.002 to 2 0.12 0.5 100

meropenem ,0.06 to .64 0.25 8 94.7

colistin ,0.25 to .8 1 1 98.8

ceftazidime/avibactam 0.12 to .64 2 4 97.9

ceftolozane/tazobactam 0.12 to .64 0.5 2 97.4

Continued
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which demonstrated potent in vitro activity of cefiderocol against
MDR A. baumannii, MDR P. aeruginosa, S. maltophilia and B. cepacia
isolates, with .93% of all isolates displaying cefiderocol MICs of
�4 mg/L. Interestingly, their findings showed that cefiderocol was
the only agent to which 100% of P. aeruginosa isolates were

susceptible, and the only other agent with comparable activity
was colistin (96%).41 Additionally, novel agents recently approved
for antimicrobial-resistant GNB are effective against KPC producers
but have limited or no efficacy against CR A. baumannii.40 In recent
years we have witnessed importation from Italy and Portugal of

Table 3. Continued

Pathogen (n)a Antibiotic

MIC (mg/L)
MIC interpretation

(% susceptible)range MIC50 MIC90

meropenem/vaborbactam (n"28) ,0.06 to 16 0.25 4 92.9

aztreonam/avibactam (n"28) 0.5 to .8 8 8 NA

S. maltophiliad (103) cefiderocol 0.004 to 1 0.06 0.25 100

meropenem 0.12 to .64 �64 �64 4.9

colistin ,0.25 to .8 1 .8 72.8

ceftazidime/avibactam 0.5 to .64 16 64 42.7

ceftolozane/tazobactam 0.5 to .64 16 64 31.1

meropenem/vaborbactam (n"9) .32 to .32 NA NA 0

aztreonam/avibactam (n"9) 2 to 8 NA NA NA

MICn, MIC for n% of isolates tested; NA, not applicable (fewer than 20 isolates or no breakpoint available).
aWhere n�15 isolates.
bIntrinsically resistant to colistin.
cIncludes 6 Burkholderia spp. isolates intrinsically resistant to colistin.
dIntrinsically resistant to meropenem.

Table 4. Susceptibility of cefiderocol and comparators against Enterobacterales, non-fermenters and overall, by infection source

Infection source Pathogen group (n)

Antimicrobial agent (% susceptible)

CFDC MEMa C/T CZA CST MVBb (n)

Overall Enterobacterales (1344) 99.0 99.9 92.4** 99.8 76.4** 100 (120)

non-fermenters (683) 99.7 80.5** 85.2** 83.6** 94.4** 83.8 (68)

all (2027) 99.2 93.3** 90.0** 94.3** 82.5** 94.1 (188)

NP Enterobacterales (344) 100 99.7 94.2 99.4 64.8** 100 (31)

non-fermenters (338) 99.7 71.9** 79.6** 79.9** 93.2** 77.4 (31)

all (682) 99.9 85.9** 87.0** 89.7** 78.9** 88.7 (62)

cUTI Enterobacterales (388) 98.7 100 86.6** 100 84.2** 100 (25)

non-fermenters (105) 100 90.5† 89.5† 83.8† 95.2† 87.5 (16)

all (493) 99.0 98.0 87.2** 96.6* 86.6** 95.1 (41)

BSI Enterobacterales (172) 96.5 100 93.6 100 79.1** 100 (28)

non-fermenters (93) 98.9 84.9** 86.0** 83.9** 94.6 83.3 (12)

all (265) 97.4 94.7 90.9** 94.3 84.5** 95.0 (40)

cIAI Enterobacterales (302) 99.3 99.7 90.7** 100 86.4** 100 (35)

non-fermenters (62) 100 88.7† 90.3† 90.3† 95.2† 100 (7)

all (364) 99.5 97.8 90.7** 98.4 87.9** 100 (42)

BSI, bloodstream infection; CFDC, cefiderocol; cIAI, complicated intra-abdominal infection; CST, colistin; C/T, ceftolozane/tazobactam; cUTI, compli-
cated urinary tract infection; CZA, ceftazidime/avibactam; MEM, meropenem; MVB, meropenem/vaborbactam; NP, nosocomial pneumonia.
Isolates intrinsically resistant to colistin (n"315) and meropenem (n"103) are included in the dataset.
58 Enterobacterales not included in NP, cUTI, BSI or cIAI categories were colistin resistant (mostly wound or abscess related). Only 1/58 (MIC 4 mg/L)
was cefiderocol resistant. Aztreonam/avibactam was not included as there is no clinical breakpoint at present.
a�8 mg/L breakpoint used to determine susceptibility.
bIsolates collected in 2018 only (N"188), no statistical analysis available.
*P , 0.05 versus cefiderocol; **P , 0.01 versus cefiderocol; †insufficient data to provide measure of significance.
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avibactam-resistant KPC producers.17,42 These findings highlight a
vital area of focus for antibiotic development and an area where
cefiderocol may provide vital treatment coverage.

Overall, there are very few antimicrobial agents available to
clinicians to treat patients infected with CR GNB, and the agents
that are available are often associated with considerable toxicities
and increasing resistance. Colistin is effective against a wide range
of CR GNB, and in this study colistin was the only agent with
comparable activity to cefiderocol against non-fermenters
collected from patients with nosocomial pneumonia or BSI.
However, colistin is commonly associated with nephrotoxicity43

and several species of Enterobacterales have demonstrated in-
trinsic colistin resistance.44,45 Also, in this study, fewer merope-
nem-resistant S. maltophilia isolates were susceptible to colistin
than to cefiderocol.

Conclusions

The increasing incidence and diversification of carbapenem resist-
ance among GNB is of growing concern in France, as a shift toward
more difficult-to-treat pathogens is putting pressure on the al-
ready limited available treatment options. Cefiderocol demon-
strates substantial and broad in vitro activity against a wide range
of GNB, including carbapenem resistant strains, from multiple in-
fection sources. The findings from this study in combination with
previous reports suggest that cefiderocol may offer an invaluable
treatment option for clinicians in the fight against antimicrobial-re-
sistant GNB, particularly for carbapenem-resistant non-fermenters
and MBL producers, for which there are currently few approved
effective therapies.
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1 Cassini A, Högberg LD, Plachouras D et al. Attributable deaths and disabil-
ity-adjusted life-years caused by infections with antibiotic-resistant bacteria
in the EU and the European Economic Area in 2015: a population-level
modelling analysis. Lancet Infect Dis 2019; 19: 56–66.

2 WHO. Prioritization of Pathogens to Guide Discovery, Research and
Development of new Antibiotics for Drug Resistant Bacterial Infections,
Including Tuberculosis. 2017. https://www.who.int/medicines/areas/rational_
use/PPLreport_2017_09_19.pdf.

3 CDC. Antibiotic Resistance Threats in the United States. 2019. https://www.
cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf.

4 Colomb-Cotinat M, Soing-Altrach S, Leon A et al. Emerging extensively
drug-resistant bacteria (eXDR) in France in 2018. Med Mal Infect 2020; 50:
715–22.

5 Brolund A, Lagerqvist N, Byfors S et al. Worsening epidemiological situation
of carbapenemase-producing Enterobacteriaceae in Europe, assessment by
national experts from 37 countries, July 2018. Euro Surveill 2019; 24:
pii"1900123.

6 ECDC. Carbapenem-Resistant Enterobacteriaceae Risk Assessment. 2019.
https://www.ecdc.europa.eu/en/publications-data/carbapenem-resistant-
enterobacteriaceae-second-update.

7 Surveillance of Antimicrobial Resistance in Europe. 2018. https://www.
ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-resistance-
europe-2018.

8 Morrill HJ, Pogue JM, Kaye KS et al. Treatment options for carbapenem-re-
sistant Enterobacteriaceae infections. Open Forum Infect Dis 2015; 2: ofv050.

9 Livermore DM. Current epidemiology and growing resistance of gram-
negative pathogens. Korean J Intern Med 2012; 27: 128–42.

10 ECDC. Surveillance of Antimicrobial Resistance in Europe: Annual Report of
the European Antimicrobial Resistance Surveillance Network (EARS-Net). ECDC,
2017.

11 Kazmierczak KM, Tsuji M, Wise MG et al. In vitro activity of cefiderocol, a
siderophore cephalosporin, against a recent collection of clinically relevant
carbapenem-non-susceptible Gram-negative bacilli, including serine carba-
penemase- and metallo-b-lactamase-producing isolates (SIDERO-WT-2014
Study). Int J Antimicrob Agents 2019; 53: 177–84.

12 Plésiat PC, V, Bonnet R, Naas T et al. Rapport d’Activité 2018. Centre
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