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This Journal section presents a real, challenging case involving a multidrug-resistant organism. The case authors present the
rationale for their therapeutic strategy and discuss the impact of mechanisms of resistance on clinical outcome. An expert
clinician then provides a commentary on the case.

ABSTRACT We report a 15 year-old Nigerian adolescent male with chronic osteo-
myelitis caused by an extensively drug-resistant (XDR) Pseudomonas aeruginosa
strain of sequence type 773 (ST773) carrying blaNDM-1 and an extended spectrum
�-lactamase (ESBL)-producing Klebsiella pneumoniae strain. The patient developed
neurological side effects in the form of circumoral paresthesia with polymyxin B and
asymptomatic elevation of transaminases with aztreonam (used in combination with
ceftazidime-avibactam). Cefiderocol treatment for 14 weeks plus bone implantation
resulted in apparent cure and avoided amputation.
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CASE PRESENTATION

A 15-year-old Nigerian male suffered a femur fracture after a motor vehicle
accident and underwent intramedullary pin placement in Nigeria. Purulent drainage
from the surgical site began 1 month after surgery. Surgical debridement was
performed, with placement of gentamicin beads. However, the patient had recur-
rent episodes of wound drainage, treated with a variety of antibiotics (his family
was unable to recall details of the treatment). His last episode was 2 months before
presentation to our hospital, at which time he was treated with 10 days of intra-
venous levofloxacin and metronidazole, with improvement of drainage while hos-
pitalized in Nigeria. No information about microbiological diagnosis was available
from his previous hospitalizations.

His surgical site wound started draining pus 10 days before presentation. He was
prescribed trimethoprim-sulfamethoxazole, but the infection progressed, with
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wound dehiscence and copious purulent drainage. He presented to our emergency
department 10 months after the initial insult, where radiographs showed signs of
chronic osteomyelitis of the left femur, with phlegmonous changes extending to
the skin. The patient underwent surgery, with removal of the intramedullary nail,
debridement of soft tissue, and saucerization of the femoral canal with a 16-mm
reamer, irrigator, and aspirator (Depuy Synthes, Paoli, PA). An antibiotic-cement nail
containing 2.4 g of tobramycin and 5 g of vancomycin mixed with Simplex cement
(Stryker, Kalamazoo, MI) was placed and secured around a 5/32-in. Ilizarov rod
during the procedure.

The patient was started on vancomycin, cefepime, and metronidazole after
surgery. Surgical-site cultures yielded an extensively drug-resistant (XDR) Pseu-
domonas aeruginosa strain and an extended-spectrum �-lactamase (ESBL)-pro-
ducing Klebsiella pneumoniae strain. Susceptibilities are shown in (Table 1). Because
of a suspicion of the presence of a metallo-�-lactamase (MBL) enzyme in the P.
aeruginosa isolate, based on our susceptibility testing, and the high prevalence of
metallo-�-lactamases in Nigeria (1), cefepime was switched to the combination of
ceftazidime-avibactam (2.5 g intravenously every 8 h [q8h]) plus aztreonam (2 g
intravenously q8h); a synergy test was performed and showed no change in the
MICs (2). Vancomycin and metronidazole were discontinued. Despite mild symp-
tomatic improvement after 1 week on combination therapy, the patient’s inflam-
matory markers continued to worsen (Fig. 1).

Ceftazidime-avibactam was replaced by polymyxin B, aztreonam was continued,
and tigecycline was added for the K. pneumoniae strain. After starting polymyxin B
therapy, the patient experienced facial numbness, blurred vision, tingling sensation
in the tongue, and light-headedness. To manage the side effects, the polymyxin B
infusion rate was reduced, calcium and ascorbic acid were added based on a
previous report (3), and tigecycline was held. However, the patient continued to
experience neurological symptoms that led to discontinuation of the polymyxin
therapy.

The genome of the P. aeruginosa isolate was sequenced using an Illumina MiSeq
platform; genomic DNA was extracted using the Qiagen QIAamp DSP DNA minikit
(Qiagen). Genomic libraries were prepared using the Nextera DNA Flex library prep kit,
and sequencing was performed on the MiSeq platform (Illumina, Inc.) with 2� 300-bp
paired-end reads. Spades v.3.11.1 was used for genome assembly, and data analysis

TABLE 1 Susceptibilities of Pseudomonas aeruginosa and Klebsiella pneumoniae isolates
reported by the microbiology laboratory

Antimicrobial

MIC (�g/ml) for:

Pseudomonas aeruginosa Klebsiella pneumoniae

Amikacin �32 �8
Aztreonam 6 �32
Aztreonam (synergy) 6b NAc

Cefepime �16 �16
Ciprofloxacin �2 �2
Gentamicin �8 �1
Meropenem �8 �1
Piperacillin-tazobactam �64 �64
Tobramycin �8 8
Ceftazidime-avibactam �256 0.38
Ceftolozane-tazobactama �64 1
Tigecyclinea �4 1
Colistin 0.75 0.125
Cefiderocola 4 0.5
aThe MIC results were reported by International Health Management Associates, Inc. (microbiology
laboratory, Shionogi Sidero compassionate-use program).

bSynergy testing was done by determining MICs of aztreonam by the Etest (1). No change in aztreonam MIC
was observed.

cNA, not applicable.
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was performed using a custom pipeline, including mlst (https://github.com/tseemann/
mlst) v2.10 for in silico multilocus sequence typing with the PubMLST database and
Abricate v0.7 for resistance gene screening of contigs with sequences in the Compre-
hensive Antibiotic Resistance Database (CARD) (4, 5). The genome sequence indicated
that the isolate belonged to an international high-risk clone of sequence type 773
(ST773) (which has been associated with the presence of MBLs like VIM and NDM) (6)
and carried blaNDM-1. Additional antibiotic resistance determinants included rmtB,
aph(3=)-IIb (aminoglycosides), qnrVC1 (quinolones), fosA (fosfomycin), and the intrinsic
P. aeruginosa genes coding for the OXA-50 and PDC-2 enzymes. Based on the genomic
information and given the patient’s ongoing intolerance to polymyxin B, the antibiotics
were switched back to the combination of ceftazidime-avibactam (2.5 g intravenously
q8h) plus aztreonam (2 g intravenously q8h) to optimize activity against the metallo-
�-lactamase enzyme NDM and maintain activity against the ESBL-producing K. pneu-
moniae strain (7). However, in the first 2 weeks of restarting this combination, the
patient experienced asymptomatic elevation of transaminases (Fig. 1), and X rays

FIG 1 Correlation between changes in inflammatory markers, liver function tests, and changes in
antimicrobial therapy. (A) Changes in laboratory values for the erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), alanine aminotransferase (ALT), and aspartate aminotransferase (AST); (B)
antimicrobial regimens used in this patient and correlation with side effects, laboratory abnormalities,
and interventions during inpatient days. D, patient day(s).
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showed no signs of bone healing. Concern for drug-related liver effects of aztreonam
was raised.

Data availability. Sequence data for this paper have been deposited under Bio-
Sample no. SAMN13562792 and BioProject no. PRJNA595618.

CHALLENGE QUESTION

Given the results of the susceptibility testing, genomic data for the Pseudomonas
aeruginosa isolate, and the patient history of antibiotic intolerance, what would be your
next step in therapy?

A. Start colistin and continue ceftazidime-avibactam
B. Continue with the same regimen despite the side effects
C. Add ceftolozane-tazobactam to ceftazidime-avibactam
D. Consider alternative therapies, such as cefiderocol compassionate use
E. Restart polymyxin B and continue ceftazidime-avibactam

TREATMENT AND OUTCOME

Due to the lack of treatment options and the risk of requiring amputation if there
were further progression of the infection, we made a request to use cefiderocol from
Shionogi, Inc., on a compassionate basis (answer D). After Institutional Review Board
(IRB) approval from the University of Texas Health Science Center at Houston, the
request was granted, with the consent of patient’s mother.

Cefiderocol susceptibility testing of both P. aeruginosa and K. pneumoniae isolates
was performed using disc diffusion, and the organisms were reported as susceptible
(with zones of inhibition of 18 mm and 27 mm, respectively). Cefiderocol MICs were
determined at International Health Management Associates, Inc. (microbiology labora-
tory, Shionogi Sidero compassionate-use program), and the organisms were reported
as susceptible (MICs of 4 and 0.5 �g/ml, respectively). Based on a protocol that was
established with Shionogi, Inc., the patient was started on 2 g of cefiderocol every 8 h
intravenously administered over 3 h, with creatinine clearance evaluated daily for the
first 10 days. The initial therapeutic plan was for 12 weeks in combination with aztreo-
nam. In the first 2 weeks, the patient’s liver function continued to rise, and aztreonam
was discontinued. With cefiderocol monotherapy, both his liver function and inflam-
matory markers normalized. After 7 weeks of therapy, he was found to have intermit-
tent episodes of decreased white cell counts, with the nadir at 1,200/mm3 (normal
range, �1,500/mm3), which resolved spontaneously without any changes to the anti-
biotic regimen. A repeat computed tomography (CT) scan of the femur showed
unchanged bone appearance at the site of the fracture without evidence of acute
periosteal reaction or erosion to suggest acute osteomyelitis.

Given that there were no signs of bone healing on the CT scan, the decision was
made on week 9 to take the patient to the operating room for a bone graft and
antibiotic nail exchange. A new antibiotic-cement nail was implanted with 2.4 g of
tobramycin and 600 mg of colistin. Bone biopsy specimens were obtained for cultures,
and a mixture of allograft chips, autograft from the contralateral femoral shaft, and
recombinant human bone morphogenic protein 2 (Medtronic, Minneapolis, MN) were
placed to promote bone union. Cultures were sterile, and a histopathology report
showed benign bone without associated acute or chronic inflammation. The patient
completed four additional weeks of intravenous cefiderocol, for a total of 14 weeks. The
patient has remained off antibiotics for 2 months without clinical or radiological
evidence of infection and has returned to playing recreational soccer.

The P. aeruginosa ST773 isolate is an extensively drug-resistant strain first isolated
from sputum in China in 2006. Since then, this lineage has been reported globally (8).
Due to the increasing global burden of XDR Gram-negative bacteria, efforts are
ongoing to develop new antibiotics with better potency to combat these bacteria.
Cefiderocol (Shionogi & Co. Ltd., Osaka, Japan) is a novel parenteral siderophore
cephalosporin that inhibits primarily penicillin-binding protein 3 (PBP3) in Enterobac-
teriaceae. A unique feature of this antibiotic is the ability to form a chelation complex
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with iron, which allows active transport of the drug-iron complex into bacterial cells via
iron transporters (such as PiuA in P. aeruginosa) (9, 10). Cefiderocol exhibits more-
potent in vitro activity than ceftolozane-tazobactam and ceftazidime-avibactam against
imipenem-resistant P. aeruginosa, imipenem-resistant Acinetobacter baumannii, and
Stenotrophomonas maltophilia isolates (11). Cefiderocol was found to have a lower
MIC90 than comparators (amikacin, colistin, ceftolozane-tazobactam, ceftazidime-
avibactam, colistin, tigecycline), with in vitro activity against characterized carbapenem-
resistant Acinetobacter baumannii complex, Stenotrophomonas maltophilia, Pseudomo-
nas aeruginosa, and Enterobacteriaceae strains (12).

There have been two case reports of the successful use of cefiderocol as compas-
sionate treatment. The first was the use of cefiderocol in addition to meropenem and
colistin for 4 weeks in a 78-year-old woman with persistent bacteremia for health
care-associated native aortic valve endocarditis due to an XDR P. aeruginosa isolate
susceptible in vitro only to colistin. The regimen was successful in terms of clearing
blood cultures and allowing surgical intervention and aortic valve replacement (13). In
the second case, cefiderocol was used along with linezolid for 14 days in an adult male
patient with severe H1N1 influenza complicated by ventilator-associated pneumonia
and bloodstream infection caused by and XDR A. baumannii and a carbapenemase-
producing K. pneumoniae strain (14). To the best of our knowledge, cefiderocol has not
previously been used in osteoarticular infections, and the 14 weeks of treatment is the
longest duration of a regimen with this novel antibiotic, recently approved by the FDA.
Our experience with a prolonged administration of cefiderocol was notable for a
possible hematological toxicity. However, this resolved spontaneously without any
dose adjustment. Thus, this antibiotic emerges as a potential therapeutic option for the
treatment of complicated infections due to XDR Gram-negative organisms requiring
prolonged courses of therapy.
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