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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. Expert clinicians then provide a commentary on the case.

ABSTRACT Extremely drug-resistant (XDR) Acinetobacter baumannii causes challenging
nosocomial infections. We report the case of a patient with XDR A. baumannii pneumo-
nia and septic shock successfully treated with cefiderocol and a novel antibiotic obtained
via expanded access protocol. With focused research and drug development efforts, the
poor outcomes associated with these infections may be mitigated.
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Extremely drug-resistant (XDR) Acinetobacter baumannii is a dreaded entity which
may cause nosocomial bacteremia and ventilator-associated pneumonia (VAP).

These pathogens escape effective antimicrobial therapy through numerous intrinsic
and acquired resistance mechanisms. The incidence of infections caused by XDR A.
baumannii is increasing worldwide through adaptive selection of resistant isolates and
horizontal transmission of resistance mechanisms and is facilitated by inappropriate
and excessive use of broad-spectrum antimicrobials. Importantly, there are limited evi-
dence-based therapeutic options for patients with XDR A. baumannii, leading to signifi-
cant morbidity and mortality globally. Furthermore, clinicians are hindered by a pres-
ent lack of national and international clinical practice guidelines for the management
of XDR A. baumannii infections.

We present a case of a patient with severe COVID-19 who developed septic shock
due to VAP caused by XDR A. baumannii. Given the failure of multiple antimicrobial
regimens, a paucity of effective options, and impending mortality, salvage treatment
with cefiderocol plus sulbactam-durlobactam was initiated through an expanded
access protocol. The patient achieved subsequent clinical cure with this novel combi-
nation, the first published report to illustrate treatment with sulbactam-durlobactam.

CASE PRESENTATION

A 55-year-old female was transferred to our institution with hypoxic respiratory failure
due to COVID-19 infection. Prior to hospitalization, the patient had well-controlled meta-
bolic syndrome, including diabetes mellitus treated with metformin (A1c, 6.4%), hyperten-
sion treated with amlodipine and lisinopril, and obesity successfully treated with gastric
bypass. At the time of transfer on hospital day (HD) 1, the patient had been intubated for 1
week at an outside hospital for acute respiratory distress syndrome (ARDS) and right-sided
pneumothorax. For COVID-19, she had received remdesivir, dexamethasone, convalescent
plasma, and prone positioning but continued to have high ventilator requirements and
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fraction of inspired O2 (FiO2) of 75% and positive-end expiratory pressure (PEEP) of 10 cm
H2O; she was not on antibiotics. Initial evaluation otherwise revealed a critically ill patient,
sedated, intubated, and mechanically ventilated, with urinary and intravascular catheters in
place, as well as a right-sided thoracostomy tube. She also required vasopressor support
with norepinephrine. Admission microbiologic evaluation showed normal respiratory flora
growing in her sputum and negative blood and urine cultures. Legionella and pneumococ-
cal urinary antigens were negative. Inflammatory biomarkers and acute-phase reactants,
including C-reactive protein, D-dimer, ferritin, and lactate dehydrogenase, were elevated as
expected for severe COVID-19.

Clinically, she slowly improved over 2 weeks, culminating in extubation by HD 13.
However, within 24 h, the patient clinically worsened, with refractory hypoxia requiring
reintubation and hypotension necessitating vasopressor support. She had developed
new, copious tracheal secretions, and repeat radiographs revealed the development of
extensive bilateral interstitial opacities (Fig. 1). Accordingly, empirical antimicrobial
therapy for VAP was initiated with vancomycin and meropenem. Sputum cultures,
which had initially harbored only respiratory flora, now grew Acinetobacter baumannii
and Pseudomonas aeruginosa. Whereas the P. aeruginosa was pan-susceptible, the A.
baumannii isolate was revealed to be pan-resistant by Vitek 2 (bioMérieux SA, Marcy-
l'�Etoile, France). Repeat blood cultures remained negative. The patient suffered cardiac
arrest on HD 15, requiring advanced cardiac life support. This was further complicated
by extension of right-sided pneumothorax and development of pneumomediastinum.

CHALLENGE QUESTION

Which of the following novel antibiotics maintains activity against carbapenem-resistant
Acinetobacter spp.?

A. Ceftazidime-avibactam
B. Meropenem-vaborbactam
C. Ceftolozane-tazobactam
D. Cefiderocol

TREATMENT AND OUTCOME

Three days after reintubation and beginning meropenem and vancomycin—and
upon receipt of the pan-resistant A. baumannii susceptibility profile—salvage combina-
tion therapy was initiated as follows: meropenem, 2 g intravenously (i.v.) every 8 h
(q8h) given as extended infusion over 3 h; high-dose ampicillin-sulbactam, 3 g i.v. q4h;
and polymyxin B, 1,000,000 units i.v. q12h. However, despite this maximal regimen and

FIG 1 Chest radiographs on hospital days 2 (left) and 13 (right) showing development of multifocal
ventilator-associated pneumonia during hospitalization.
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aggressive pulmonary hygiene measures, there was little improvement in her septic
shock or respiratory failure over the next 6 days. Her course was characterized by
ongoing fevers, vasopressor requirement, near-maximal respiratory parameters, and
worsening respiratory secretions, which became tenacious and tinged with blood.
Despite the addition of i.v. eravacycline, 1 mg/kg q12h on HD 21, our patient made no
significant improvement over the following 48 h.

At this time, given her ongoing decline and anticipated mortality, an emergency inves-
tigational new drug (EIND) application was submitted to the Food and Drug
Administration (FDA) for sulbactam-durlobactam (SUL-DUR). This drug is currently in a
phase 3 clinical trial that examines its efficacy and safety in patients with serious infections
caused by A. baumannii-calcoaceticus complex used in combination with imipenem-cilas-
tatin (registered at ClinicalTrials.gov as NCT03894046 (https://clinicaltrials.gov/ct2/show/
NCT03894046). This b-lactam and b-lactamase inhibitor combination has demonstrated in
vitro and in vivo activity against XDR A. baumannii isolates resistant to sulbactam, carbape-
nems, colistin, and other antibiotics (1, 2). While appropriate consents, EIND application,
and expanded use protocols were being processed, on HD 23, treatment was transitioned
to monotherapy with cefiderocol (CFD), 2 g i.v. q8h, which is a siderophore cephalosporin
also with reported activity against XDR Acinetobacter spp. The decision for combination
therapy was rooted in maximizing the probability of having at least one active agent—
pending specialized, confirmatory susceptibility testing and given the nature of this
ongoing severely—challenging clinical case. With EIND approval, i.v. SUL-DUR was
promptly initiated (1g/1g q6h infused over 3 h) on HD 24 less than 48 h later, less than
24 h after starting cefiderocol. There was no significant change in the patient’s clinical sta-
tus during the short lag period between cefiderocol and SUL-DUR initiation.

Our patient's clinical status steadily improved on treatment with cefiderocol and SUL-
DUR: respiratory secretions decreased in both volume and consistency, fevers resolved,
and vasopressors weaned off—all within 72 h of adding SUL-DUR. One week into treat-
ment with CFD and SUL-DUR, further antimicrobial susceptibility data became available,
with a CFD MIC of 0.5 mg/liter and SUL-DUR MIC of 4 per broth microdilution. Over the
14-day course of therapy, the patient's respiratory status became unlabored, ventilatory
support decreased to minimal, and the patient underwent tracheostomy prior to discharge
to a long-term acute care facility for physical therapy and reconditioning on HD 38. There
were no apparent adverse effects to either SUL-DUR or CFD. She subsequently arrived
home several weeks later. Five months after discharge, the patient continues to do well,
walking 12,000 steps daily, and has resumed her prehospitalization routine.

Acinetobacter baumannii, part of the Acinetobacter calcoaceticus-baumannii complex, may
be a cause of nosocomial infection, commonly occurring in patients with preexisting comor-
bidities (3). Too often, A. baumannii is a problematic pathogen due to its multitude of resist-
ance mechanisms, intrinsic and acquired (3). Such features include the capacity for enzymatic
modifications of antibiotics, efflux pumps, target site mutations, and changes in permeability
(3). The most notable resistance mechanism associated with carbapenem-resistant isolates
involves enzymatic hydrolysis of b-lactam antibiotics by b-lactamases, specifically class D
carbapenemases of the OXA family (3). Several OXA enzymes have been identified in A. bau-
mannii. OXA-51 is considered a weak carbapenemase, while OXA-23, OXA-40, OXA-58, OXA-
143, and OXA-253 are considered more difficult to treat (3). A relative newcomer antibiotic
combination, ceftazidime-avibactam, restores activity against class A, C, and D b-lactamases,
rendering it useful against many other Gram-negative pathogens; however, its activity
among OXA enzymes is limited to OXA-48. It thus tends to be an inadequate option when
treating patients with carbapenem-resistant A. baumannii (CRAB) infections. Similarly, other
extended-spectrum antimicrobials such as ceftolozane-tazobactam, imipenem-cilastatin, and
meropenem-vaborbactam, restore activity against only class A and C b-lactamases.
According to the Center for Diseases Control (CDC) Antibiotic Resistance Threats Report,
CRAB was escalated to an “urgent” threat from the previously designated “serious” threat in
2013 (4). This change was partly due to the increasing ease of resistance transmissibility
within A. baumannii and corresponding paucity of effective antimicrobials (4).
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The latest Infectious Diseases Society of America (IDSA) guidelines for the management
of hospital-acquired and ventilator-associated pneumonia (HAP and VAP, respectively) sug-
gest treatment of susceptible isolates of A. baumannii with either a carbapenem or ampicil-
lin-sulbactam (5). For more resistant isolates, the use of i.v. polymyxins is recommended if
such susceptibility is preserved (5). However, there is a gap in the current guidelines for the
treatment of A. baumannii resistant to both carbapenems and polymyxins. This deficiency in
our pharmacologic repertoire has led to intense interest in the use of other broad-spectrum
and emergency-use antimicrobials for the treatment of these infections.

As evidenced by our clinical case, one drug of interest is cefiderocol. A novel sidero-
phore cephalosporin, cefiderocol is one of the only antimicrobials with activity against
CRAB infections. Cefiderocol restores activity against all four classes of b-lactamases.
Known for its unique mechanism of action, cefiderocol complexes with ferric iron to form
an iron complex. It is then able to utilize a Gram-negative organism’s iron uptake mecha-
nism and porin channels to enter the periplasmic space, where it exhibits bactericidal inhi-
bition of cell wall synthesis through binding of penicillin-binding protein 3 (PBP3).
Cefiderocol also demonstrates in vitro activity against several members of the family
Enterobacterales (formerly Enterobacteriaceae), resistant strains of Pseudomonas aeruginosa,
and A. baumannii isolates harboring notable class D b-lactamases, including OXA-23, OXA-
24, OXA-40, OXA-51, and OXA-58 (6). An accumulating body of evidence indicates a role
for cefiderocol in the treatment of highly resistant Gram-negative bacteria, including those
caused by carbapenem-resistant A. baumannii. Three fairly recent reports—including two
prospective, randomized, controlled trials (CREDIBLE-CR and APEKS-NP)—suggest that cefi-
derocol may be a viable option specifically for invasive infections caused by such patho-
gens, particularly when other antimicrobials may be unavailable due to resistance (7–9).
The drug may not be a panacea, however, considering the increased all-cause mortality
observed in at least one study, including those infections caused by A. baumannii (7).

A promising investigational treatment option for CRAB infection is sulbactam-durlobac-
tam (also known as ETX2514SUL). Sulbactam is a cell wall synthesis inhibitor, potently inhibi-
ting essential penicillin-binding proteins in Acinetobacter spp. and thus leading to cell death.
The degradation of sulbactam by a variety of b-lactamases present in contemporary
Acinetobacter spp. clinical isolates, however, limits its efficacy (10–12). Durlobactam is a non-
b-lactam b-lactamase inhibitor with an extended spectrum of activity compared to other
b-lactamase inhibitors currently on the market. Most notably, durlobactam is a potent inhibi-
tor of class D carbapenemases of the OXA family, which are prevalent in A. baumannii, includ-
ing our aforementioned clinical isolate. In both in vitro studies and in vivo studies of animal
models of infection, durlobactam effectively protects sulbactam from hydrolysis by b-lacta-
mases, restoring activity against XDR A. baumannii (1). Sulbactam-durlobactam is currently
being investigated exclusively in combination with imipenem-cilastatin in the ATTACK trial.
A multinational, pathogen-targeted, randomized, active-controlled, comparator-controlled
phase 3 study, ATTACK is evaluating the efficacy and safety of an SUL-DUR-based regimen in
patients for the treatment of bloodstream infections (BSI) or hospital-associated or ventilator-
associated bacterial pneumonia (HABP and VABP, respectively) due to A. baumannii-calcoace-
ticus complex (registered at ClinicalTrials.gov under the identifier NCT03894046) (https://
clinicaltrials.gov/ct2/show/NCT03894046).

Whole-genome sequencing analysis of the A. baumannii isolate from this patient
revealed that the isolate belongs to sequence type 2 (ST2) (Institute Pasteur scheme), which
has been associated with global spread of carbapenem resistance (13). In addition to the
presence of macrolide [Mph(E)], aminoglycoside [ArmA, AadA1, APH(6)-Id, and APH(39)], tet-
racycline (TetB), chloramphenicol (CatB), and sulfonamide (Sul1) resistance determinants, this
isolate was found to encode genes for ADC-30, OXA-66, and OXA-72 b-lactamases, which
correlate with the carbapenem resistance observed for this isolate. No specific mutation was
identified to explain the observed colistin resistance. In vitro susceptibility to SUL-DUR was
also determined. The MIC for sulbactam alone was 32 mg/liter, while the SUL-DUR MIC was
4 mg/liter. The proposed breakpoint for SUL-DUR susceptibility is #4 mg/liter, suggesting
that SUL-DUR would be efficacious in the treatment of this clinical isolate (2). Due to the
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concomitant dosing of cefiderocol, it is impossible to know which agent was the primary
driver of microbial eradication; however, it is possible that durlobactam, in addition to pro-
viding protection to sulbactam, was also able to enhance the activity of cefiderocol.
However, there is no current proposed synergistic mechanism to explain this phenomenon
beyond the known b-lactamase activity of durlobactam.

Given the ever-growing threat of antimicrobial resistance, we believe that the novel
combination of sulbactam-durlobactam holds immense promise as an optimized treat-
ment for XDR Acinetobacter baumannii infections. We look forward to additional forth-
coming clinical data that will better characterize this agent’s potential place in modern
antimicrobial therapy.

Data availability. This whole-genome shotgun project has been deposited at DDBJ/
ENA/GenBank under accession number JAHXCA000000000. The version described in this
paper is version JAHXCA010000000.
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