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cefiderocol for carbapenem-resistant Acinetobacter baumannii 
infections. Clinical success was achieved in 36% and 
complicated by treatment-emergent resistance and interpatient 
transmission of cefiderocol-resistant A. baumannii. Resistant 
isolates harbored disrupted pirA and piuA genes that were not 
disrupted among susceptible isolates.
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Carbapenem-resistant Acinetobacter baumannii (CRAB) has 
been identified as an urgent threat accounting for an estimated 
8500 cases, 700 deaths, and $281 million in attributable costs 
each year in the United States [1]. Numerous outbreaks have 
been reported during the coronavirus disease 2019 
(COVID-19) pandemic [2], and mortality rates among those 
with invasive infections are as high as 52% [3]. Patients with 
burn injuries are at particularly high risk for CRAB infection 
due to impairment of host immunity and loss of skin barrier 
function. Common infection types include skin and soft tissue 
infections, bacteremia, and pneumonia. Mortality rates follow-
ing infection in patients with severe burns range from 50% to 
75% and increase to 86% when infections are due to 
multidrug-resistant (MDR) organisms [4].

Carbapenem-resistant A. baumannii harbor intrinsic and ac-
quired mechanisms of antibiotic resistance that limit effective 
treatment [5]. Cefiderocol is a novel siderophore cephalosporin 

that has demonstrated promising in vitro activity against MDR 
gram-negative bacteria, including CRAB [6]. By binding to ex-
tracellular free iron, cefiderocol is actively transported across 
the outer cell membrane via iron transporters, circumventing 
common resistance mechanisms. Clinical data, however, have 
yielded mixed results. Mortality rates among patients receiving 
cefiderocol were higher than those who received best-available 
therapy for carbapenem-resistant, gram-negative infections in 
a randomized clinical trial; the greatest difference was among 
those with Acinetobacter infections [7]. Thus, the role of cefi-
derocol in the treatment of CRAB infections remains unclear, 
reinforcing the need for further real-world evidence. Herein, 
we report the outcomes of patients treated with cefiderocol 
for CRAB infections in a burn intensive care unit (BICU) 
and identify treatment-emergent resistance and interpatient 
transmission of cefiderocol-resistant CRAB.

METHODS

This study included patients treated with cefiderocol for more 
than 48 hours during an outbreak of CRAB infections in our 
BICU between May and December 2020. Types of infection 
were defined using previously reported criteria [7]. The prima-
ry outcome was clinical success, defined as resolution of signs 
and symptoms of infection without relapse or antibiotic escala-
tion within 30 days. Secondary outcomes included microbio-
logical failure at 90 days and adverse drug events. 
Microbiological failure was defined as isolation of CRAB 7 or 
more days after cefiderocol treatment initiation. Relapse was 
defined as a subsequent CRAB infection requiring treatment 
for more than 48 hours. The Naranjo algorithm was used to as-
sess the likelihood that an adverse reaction was due to cefider-
ocol and these were graded using Common Terminology 
Criteria for Adverse Events, Version 5 [8, 9].

Cefiderocol minimum inhibitory concentrations (MICs) 
were determined by broth microdilution in iron-depleted, 
cation-adjusted Mueller-Hinton broth [10], or by the local 
microbiology laboratory using disk diffusion methods. 
Pseudomonas aeruginosa American Type Culture Collection 
(ATCC) 27853 was used for quality control. Susceptibility test-
ing was performed retrospectively on available isolates, and re-
sults were not available to clinicians at the onset of CRAB 
infections.

The first available isolate per patient and sequential isolates 
demonstrating a 4-fold or greater cefiderocol MIC shift were 
selected for whole-genome sequencing (WGS). Sequencing 
was performed on a NextSeq 550 instrument (Illumina, San 
Diego, CA), as described previously [11]. Raw sequences 
were assembled using SPAdes v3.14.1 [12]. The chronologically 
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earliest isolate (E0278) was used as the reference genome for all 
subsequent isolates. Core genome single-nucleotide polymor-
phism (cgSNP) differences between genome pairs were identi-
fied using Snippy v4.4.5 (https://github.com/tseemann/snippy). 
Serial isolates collected from the same patient were compared 
using breseq [13]. β-Lactamase genes were identified through 
the Comprehensive Antibiotic Resistance Database (CARD) 
[14]. Raw sequence reads and draft genome assemblies have 
been deposited in the National Center for Biotechnology 
Information (NCBI) database under BioProject PRJNA823680.

RESULTS

Eleven patients were included (Table 1); 45% (5/11) were fe-
male and the median age was 39 (range: 18–65) years. The me-
dian total body surface area involvement was 61% (31.5–100%). 
At the onset of infection, median Abbreviated Burn Severity 
Index (ABSI) and Acute Physiology and Chronic Health 
Evaluation II (APACHE II) scores were 11 (8–12) and 24 
(13–36), respectively. The infection types were bloodstream in-
fection (n = 5), ventilator-associated pneumonia (VAP; n = 5), 
and ventilator-associated tracheobronchitis (n = 1). Eighty per-
cent (4/5) of VAP cases were complicated by secondary bacter-
emia. The median duration of initial cefiderocol treatment was 
9 (3–21) days; 27% (3/11) received combination therapy with 
polymyxin B.

Overall, 30-day clinical success was achieved in 36% of pa-
tients (4/11). Initial clinical improvement was documented in 
64% (7/11); however, 57% (4/7) had relapsing infections within 
90 days (median time to relapse = 15 days [range: 11–56 days]). 
Among 8 patients who completed an initial treatment course, 
microbiological failures occurred in 88% (7). No adverse events 
with a probability greater than possible or a severity greater 
than grade 2 occurred. Adverse events of grade 1 or 2 severity 
determined to be possibly related to cefiderocol included hepat-
ic enzyme elevation (n = 2), T-wave abnormality, hypokalemia, 
skin lesion, and ventricular tachycardia (n = 1 each).

Cefiderocol susceptibility testing was performed on 34 iso-
lates from 10 patients. Baseline isolates collected prior to treat-
ment were available from 6 patients; 33% (2/6) were infected by 
cefiderocol-susceptible and 67% (4/6) by cefiderocol-resistant 
CRAB. Among the remaining 4 patients where only post- 
treatment isolates were available for testing, 50% (2/4) were 
infected with susceptible isolates and 50% (2/4) with resistant 
isolates. Over time, cefiderocol-resistant CRAB predominated; 
60% (6/10) of patients were infected by cefiderocol-resistant 
isolates either before or after treatment. Serial isolates from pa-
tient 1 demonstrated treatment-emergent resistance to 
cefiderocol.

Eleven CRAB isolates from 9 patients underwent WGS anal-
ysis. All isolates were identified as A. baumannii sequence type 
(ST) 2 as defined by Pasteur Institute scheme and ST208 by 

Oxford scheme [15], one of the major CRAB clones widely dis-
tributed in the United States [16]. cgSNPs ranged from 0 to 5 
across isolates, suggesting that each patient was infected with 
the same clone (Supplementary Table 1). Median cgSNPs be-
tween cefiderocol-resistant isolates from different patients 
were lower (0; range: 0–1) than cgSNPs between cefiderocol- 
susceptible isolates (1.5; 1–4) and isolates with discordant sus-
ceptibilities (2.5; 0–5) (Supplementary Figure 1) (Dunn’s test P 
< .001). No cgSNPs were unique to susceptible or resistant iso-
lates (Supplementary Table 2). Each isolate harbored blaOXA–23, 
blaOXA–66, and blaADC–73. Isolate E0288 from patient 2 con-
tained a novel substitution in ADC-73 (R148Q) that was asso-
ciated with a cefiderocol MIC shift from 0.5 to 2 µg/mL 
following 2 treatment courses. Paired cefiderocol-susceptible 
and -resistant isolates were collected from patient 1 after an ini-
tial treatment course of 10 days; isolate E0278 demonstrated a 
cefiderocol MIC of 0.5 µg/mL. After 10 additional days of treat-
ment (20 days total), a respiratory isolate E0296 demonstrated a 
cefiderocol MIC of greater than 32 µg/mL. Compared with 
E0278, isolate E0296 harbored disrupted piuA, a 
TonB-dependent siderophore receptor gene, and disrupted 
pirA, a ferric enterobactin gene. Further analysis showed that 
these genes were disrupted in all 6 cefiderocol-resistant isolates 
analyzed, including among isolates from 4 patients who were 
not previously treated with cefiderocol, but intact for all 5 
cefiderocol-susceptible isolates (Supplementary Table 3). No 
other mutations were identified in antimicrobial resistance 
genes.

DISCUSSION

Real-world evidence with cefiderocol is limited, but the 
available data highlight complex cases with resistant pathogens, 
including CRAB, P. aeruginosa, Enterobacterales, and 
Stenotrophomonas maltophilia. Our case series is unique as it 
involves critically ill patients with underlying burn injury. 
Overall, we found a low rate of clinical success with cefiderocol 
treatment and high rates of recurrent infections. Most impor-
tantly, we identified the emergence and likely interpatient 
transmission of cefiderocol-resistant CRAB within our BICU. 
All cefiderocol-resistant isolates harbored disruptions in piuA 
and pirA that were not seen among cefiderocol-susceptible iso-
lates. These data serve as a caution for the potential of 
treatment-emergent cefiderocol resistance and argue against 
using the agent in the absence of susceptibility testing.

Post hoc analysis of isolates from patients in this case series 
demonstrated high rates of cefiderocol resistance, including ev-
idence of treatment-emergent resistance in the chronologically 
earliest patient treated. The spatial, temporal, and genomic re-
lationship between these cases suggests that cefiderocol- 
resistant CRAB was selected for by increasing cefiderocol use 
on the unit and subsequently transmitted between patients. 
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Indeed, isolates from 4 patients demonstrated resistance prior 
to receiving treatment with cefiderocol. In 1 patient, reduced 
susceptibility was mediated by a nonsynonymous substitution 
(R148Q) in ADC-73. This mutation has been identified in 
ADC-56, an ADC-30 descendant, that resulted in increased ce-
fepime [17] and cefiderocol MICs (unpublished data, Iovleva 
and Doi, 2020). Among other patients, resistance was most 
likely due to disruptions in piuA and pirA genes. Both genes 
are involved in siderophore transport into the cell and have 
been reported as mechanisms of cefiderocol resistance in 
CRAB [5]. Further molecular surveillance and validation stud-
ies are needed to confirm the frequency and function of these 
disruptions, respectively.

Combination therapy was rarely used at our center, which 
mirrors rates reported in CREDIBLE-CR [7] and other obser-
vational studies [18]. This likely reflects an evolving under-
standing of the optimal use of cefiderocol against CRAB 
infections. It is not clear if response rates would have differed 
if combination therapy was used more broadly [19]. It is also 
unclear if combination therapy may have prevented the emer-
gence of cefiderocol resistance, which evolved in patient 1 de-
spite concomitant polymyxin B for 7 days.

Our data highlight high rates of clinical failure associated 
with CRAB infections; only 36% of patients experienced clini-
cal success at 30 days. A key factor that likely contributed to 
poor treatment responses was that treating clinicians were un-
aware of cefiderocol susceptibility results. Timely antimicrobial 
susceptibility testing is often unavailable for new agents imme-
diately after Food and Drug Administration approval and 
many laboratories still lack the ability to test cefiderocol sus-
ceptibility in-house. We also found that relapsing CRAB infec-
tions were common following treatment. This may be partially 
attributable to the burn patient population studied who are 
known to be susceptible to recurrent infections. Accordingly, 
it is our practice to conduct routine respiratory tract surveil-
lance, which contributed to high rates of microbiologic failure. 
Adverse events were not clearly attributable to cefiderocol ad-
ministration and align with those results previously published 
[7].

Other treatment options for CRAB include ampicillin- 
sulbactam, minocycline, tigecycline, and the polymyxins [19]. 
While combination therapy has been suggested by recent guid-
ance, this has not been proven effective in the largest studies 
conducted to date [3, 20]. Sulbactam-durlobactam 
(SUL-DUR) is an investigational β-lactam/β-lactamase inhibi-
tor combination uniquely designed to treat CRAB infections. 
Preliminary unpublished results from the phase 3 ATTACK tri-
al found lower mortality in those treated with SUL-DUR com-
pared with those receiving colistin; however, the full data have 
not yet been published [21].

In conclusion, our case series found low rates of clinical suc-
cess with the use of cefiderocol for the treatment of invasive 

CRAB infections in the BICU. This was likely due to the evolu-
tion of cefiderocol resistance and subsequent transmission be-
tween patients. Cefiderocol resistance appears to be mediated 
by disruption of piuA and pirA. As with the use of all novel an-
tibiotics, timely susceptibility testing and judicious use are es-
sential in optimizing therapy and preserving the longevity of 
these agents in the clinic.
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