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Successful treatment of sino-pulmonary infection & skull base
osteomyelitis caused by New Delhi metallo-B-lactamase-producing
Pseudomonas aeruginosa in a renal transplant recipient by using an
investigational antibiotic cefepime/zidebactam (WCK 5222)
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Abstract

A case of sino-pulmonary infection with skull base osteomyelitis due to XDR-Pseudomonas aeruginosa in renal transplant
recipient was successfully treated with investigational antibiotic, cefepime/zidebactam (WCK 5222). This case high-
lights challenges in managing XDR-pseudomonal infection where source control was infeasible, antibiotic options were
extremely limited and individualized dose adjustments were needed.
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B-lactam enhancer-action

Case presentation

The case pertains to a 62-year-old male with a long his-
tory of diabetes, hypertension and chronic kidney disease
on maintenance hemodialysis who underwent ABO incom-
patible living related kidney transplantation elsewhere in
November 2022. The patient received immunosuppressive
therapy consisting of rituximab and four sessions of plasma
exchange in the pre-transplant phase. Anti-thymocyte
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globulin and methylprednisolone were the induction agents
in the post-transplant phase followed by an immunosuppres-
sive oral regimen of cyclosporine, mycophenolate mofetil
and prednisolone.

One-month post-transplant, he was admitted to the same
institution for fever and cough. A left upper zone pulmonary
cavitary lesion (Fig. 1a) was detected with high-resolution
computerized tomography (CT). Bronchoalveolar lavage
(BAL) fluid as well as biopsy from lung lesion yielded
Pseudomonas aeruginosa. Employing the broth micro-
dilution method, the isolate was found to be resistant to
carbapenems, aminoglycosides, fluoroquinolones and was
intermediate to colistin as per Clinical & Laboratory Stan-
dards Institute (CLSI) interpretive criteria. Moreover, in
vitro synergy between the off-label combination, ceftazi-
dime/avibactam and aztreonam was negative as assessed by
determining the broth micro-dilution MIC of aztreonam and
ceftazidime (1:1 ratio) in the presence of a fixed concen-
tration of avibactam (4 mg/L). MIC of fosfomycin, deter-
mined by ETEST, was 16 mg/L and the Xpert® Carba-R
test flagged the presence of New Delhi metallo-B-lactamase
(NDM). The patient was treated with a combination of intra-
venous polymyxin B (7.5 lac units, q12h) and fosfomycin
(4gm, ql12h) for 6 weeks period leading to transient clini-
cal recovery. However, his serum creatinine levels showed
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Fig. 1 Images before (a-c) and after (d-f) treatment with cefepime/
zidebactam. (a) CT image of lung showing cavitary nodule in left
lung. (b) PET-scan image of facial region showing FDG uptake in the
nasal & sphenopalatine region indicating rhino-sinusitis & skull base
osteomyelitis. (¢) Right sided lobar consolidation in the lung indica-
tive of pneumonia before initiation of cefepime/zidebactam. (d) CT of

a rising trend suggesting rejection of renal graft which was
managed with pulse steroid therapy in May 2023.

The patient was admitted to our institution in second
week of June 2023 with severe headache. A CT paranasal
sinus and PET scan were done which showed signs of rhino-
sinusitis and central skull base osteomyelitis (Fig. 1b). The
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lung at the end of cefepime/zidebactam treatment showing significant
resolution of pneumonia. (e) PET scan done 2 months after the end
of cefepime/zidebactam treatment showed near complete resolution of
right sided lobar consolidation. (f) PET scan done 2 months after the
end of cefepime/zidebactam treatment showed complete resolution of
skull base osteomyelitis

sample collected from the maxillary sinus grew P. aerugi-
nosa with a very similar antibiogram, However, the ETEST
MIC of fosfomycin had increased to > 1024 mg/L. There-
fore, he was put on intravenous polymyxin B monotherapy
(7.5 million units, q12h) as no other option was available.
Despite this, he clinically worsened with the development
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of respiratory distress. CT chest showed a right-sided
lobar pneumonia (Fig. 1c), presumably due to aspiration of
infected material carrying P. aeruginosa from the sinuses.
The infecting pathogen recovered from the maxillary sinus
(second isolate) was an extensively-drug-resistant (XDR),
NDM-producing P. aeruginosa which had failed initial pro-
longed treatment with polymyxin B and fosfomycin. The
presence of blayp,, gene and associated resistance mecha-
nisms were confirmed by whole genome sequencing. The
purified DNA was sequenced using Hiseq Illumina 4000
platform (short-read sequencing 2x 150 bp). The core
genome alignment, variant calling of SNPs and small inser-
tions/deletions (indels) were performed using the Snippy
v4.6 program.

Bearing in mind, the patient’s compromised renal func-
tion, co-morbidities and acquired fosfomycin resistance,
novel antibiotic options with potential coverage of NDM-
producing P. aeruginosa were considered such as cefidero-
col, combination of aztreonam plus ceftazidime/avibactam,
cefepime/taniborbactam and cefepime/zidebactam.

Treatment and outcome

We opted for cefepime/zidebactam (WCK 5222) under
compassionate use and requested for susceptibility testing
of the pathogen for this antibiotic at Christian Medical Col-
lege, Vellore. The broth micro-dilution MIC of cefepime/
zidebactam was 16 mg/L which was below its PK/PD-
based investigational susceptible breakpoint of 32 mg/L [1].
Detailed whole-genome-sequencing analyses confirmed
presence of several mutations in genes encoding Penicil-
lin Binding Protein 3 (PBP3), outer membrane proteins
(OprD), efflux pumps and AmpC, a typical representation
of molecular epidemiology in high-resistance regions.

With due permission from the regulatory authority,
cefepime/zidebactam monotherapy was initiated on July
13, 2023 replacing polymyxin B. A dose of cefepime 2 g/
zidebactam 1 g, 90-min infusion, q12h (standard regimen is
cefepime 2 g/zidebactam 1 g, q8h), was initiated considering
an eGFR of 30mL/min. Though the recommended adjusted
dose for this degree of renal impairment is cefepime 1 g/
zidebactam 0.5 g, q48h, a higher initial dose was opted for
in view of the site of infection known for poor drug pen-
etration, the propensity of P. aeruginosa to form biofilms,
inability to undertake source control and immunocompro-
mised status of the patient, all needing high drug exposures
to ensure therapeutic efficacy. Within 48 h of treatment
initiation, facial swelling and pain substantially reduced.
However, by day 3, the patient developed drowsiness and
significant azotemia, hemodialysis was initiated and immu-
nosuppressive therapy withdrawn.

Therapeutic drug monitoring (TDM) using Liquid Chro-
matography with tandem mass spectrometry (LC-MS-MS),
was used to guide individualized dosing of cefepime/zide-
bactam for this patient. Based on the determined exposure
profile of cefepime, the doses were readjusted to cefepime
1 g/zidebactam 0.5 g, q48h (after each hemodialysis) to
maintain a trough level less than 20 mg/L. A week later, the
patient developed an influenza-like illness. Multiplex PCR
from sputum revealed Influenza A, rhinovirus & P. aerugi-
nosa with NDM. However, a concomitant sputum culture
did not grow P. aeruginosa thus confirming that the etiology
of earlier lobar pneumonia was indeed P. aeruginosa, which
was now culture negative on treatment. TDM-based dose
of cefepime/zidebactam was continued for a total period of
11 weeks, including the last 7 weeks of outpatient antibi-
otic treatment, as cefepime/zidebactam showed a reassuring
safety profile during the hospital stay after the dose modi-
fication. A significant clinical resolution along with chest-
CT findings (Fig. 1d) enabled discontinuation of cefepime/
zidebactam treatment. PET- scan done 2 months after stop-
ping cefepime/zidebactam treatment, showed near complete
resolution of the right lobar pneumonia(Fig. le) and skull
base osteomyelitis(Fig. 1f).

Discussion

The presented case highlights a unique challenge faced by
clinicians in this part of world. Unlike most other regions,
carbapenem-resistance among P. aeruginosa in India is pri-
marily driven by carbapenemases, more specifically, NDMs
[2]. As a result, B-lactam/B-lactamase inhibitor (BL/BLI)
based novel anti-pseudomonal agents, viz. ceftolozane/
tazobactam, ceftazidime/avibactam, imipenem/relebactam
and meropenem/vaborbactam are of limited use. Novel BL/
BLIs launched with the promise of overcoming resistance
in some parts of the world remain ineffective in others. As
NDM-producing P. aeruginosa are mostly resistant to fluo-
roquinolones and aminoglycosides [3], the treatment choice
is essentially restricted to polymyxins and fosfomycin which
are associated with inconsistent clinical outcomes and risk
of serious adverse events. The combination of aztreonam
and ceftazidime/avibactam which is, in effect, aztreonam/
avibactam (as ceftazidime is readily hydrolyzed by NDM),
has been widely considered for NDM-producing Enterobac-
terales infections. However, its utility is extremely limited
for NDM-producing P. aeruginosa because aztreonam is
vulnerable to hyper-efflux which is ubiquitously present in
this organism [4]. This was corroborated by the lack of in
vitro synergy between ceftazidime/avibactam and aztreo-
nam against this isolate. It may be mentioned that The
Infectious Disease Society of America (IDSA) guidance
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document does not recommend aztreonam plus ceftazidime/
avibactam for treatment of infections caused by MBL-pro-
ducing P. aeruginosa.

Cefiderocol has been shown to be active against P. aeru-
ginosa including those resistant to carbapenems and mer-
its consideration as a salvage therapy in patient like ours,
however data on its clinical efficacy in patients with MBL-
pseudomonal-infections is limited and ambiguous [5].
Moreover, reports describing the in vitro activity of cefider-
ocol against NDM-producing P. aeruginosa are limited.
Owing to lack of uniform activity against all the carbapen-
emases, cefiderocol could not be considered as empirical
treatment in our patient. Other considerations not favoring
the use of cefiderocol in our patient include its poor lung
penetration [6], vulnerability to hydrolytic activity of NDM
[7] and risk for on-therapy resistance development during
prolonged use [8]. With regards to cefepime/taniborbactam,
its potential coverage of NDM-producing P. aeruginosa is
not clear as available data is extremely limited against this
resistotype [9].

We chose cefepime/zidebactam as salvage therapy for our
patient as large-scale MIC studies demonstrated its potent
activity against MBL-producing P. aeruginosa. For both,
Verona Integron-encoded MBL (VIM) and NDM-produc-
ing isolates, the MICs of cefepime/zidebactam hover around
8-16 mg/L [1]. The consistent activity of cefepime/zidebac-
tam against strains expressing diverse carbapenemase as
well as non-enzymatic resistance mechanism (hyper-efflux,
oprD loss) is due to the B-lactam enhancer activity of zide-
bactam (a derivative of diazabicyclooctane) arising from its
potent affinity for PBP2 in all clinically-important Gram-
negative pathogens including P. aeruginosa and Acineto-
bacter baumannii [10] (See Table 1).

Unlike classical BL/BLIs, the mechanism of action of
cefepime plus zidebactam against MBL-producing Gram-
negative bacteria is not dependent on B-lactamase inhibition,
but is driven by synergistic inactivation of PBP3 (target of
cefepime) and PBP2 (target of zidebactam) thus triggering
a rapid bactericidal response [10, 11]. Bactericidal action of
human-epithelial-lining fluid (ELF)-simulated regimens of
cefepime/zidebactam against MBL-producing P, aeruginosa
in translational neutropenic murine lung infection models
employing isolates with cefepime/zidebactam’s MIC up to
32 mg/L has been demonstrated [12]. Further under com-
passionate use, cefepime/zidebactam was successfully used
to treat three cases of serious infections caused by NDM-
producing P. aeruginosa [13, 14]. All these aspects weighed
in favor of cefepime/zidebactam while choosing an appro-
priate treatment for our patient.

The therapeutic challenges posed in our case were myriad
and not restricted to resistance mechanism of the infecting
pathogen alone. Additional compounding factors included
the sites of infection - lung and bone tissue known for poor
antibiotic penetration, inability to perform source control
and immunocompromised status. Against this backdrop, the
observed clearance of pulmonary and bone-associated infec-
tion by cefepime/zidebactam combination is notable, which
could be linked with the reported low %fT>MIC (low
exposure) required to elicit in vivo bactericidal response, a
feature uniquely associated with B-lactam enhancer action.
Another encouraging aspect was that after the initial dose
adjustment, patient tolerated prolonged course (11 weeks)
of cefepime/zidebactam treatment well.

Table 1 Summary of observations from whole genome sequencing of infecting pathogen P. aeruginosa

MLST B-lactamases Antibiotic resistance genes (associ-  Major single nucleotide polymorphisms
ated antibiotic class)
ST-357 NDM-1, VEB-9, fosA (fosfomycin) fisl (PBP3): V537L

OXA-846, PDC-374 aph(6)-1d, aph(3”)-1b

(impact B-lactam (aminoglycosides)

class) aac(3)-1d (aminoglycosides)
aac(6’)-11 (aminoglycosides)

aph(3’)-11b (aminoglycosides)

gnrVCl1 (fluoroquinolones)
crpP (ciprofloxacin)

tet(4) (tetracycline)

tet(G) (tetracycline)

arr-2 (rifampin)

mph(E) (macrolides)
msr(E) (macrolides)

floR & floR2 (chloramphenicol)

sull (sulphonamides)
catB7 (chloramphenicol)

gyrd: T831

parC: S87L; P752T

parE: DS33E
oprD:SGS57EGR,V127L,EP185QG,V189T,E202Q,1210A,
E230K,S240T,N262T,T276A,A281G,K296Q,Q301E,R310E,
A315G,Q424E

AmpC: PO7S; T105A; V205L; G391A

AmpD: G68D

AmpR: G109A; S174T; 829-833 deletion; ,283R

MexC: E218Q,A229E,A244T,H277R,S297A,A345T
MexD: T87S; S845A

MexE: S8F,A79G,A231T

MexF: A843T

MexR: V126E

MexT: Deletion of 3 amino acids at position 225; P671
MexX: A30T; K329Q; L331V; W358R

nalC: G53E,S191R

pbpC:A104P
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Concluding remarks

In summary, we report a case of successful treatment of
sino-pulmonary infection and skull base osteomyelitis
caused by NDM-producing P. aeruginosa with an investi-
gational antibiotic, cefepime/zidebactam. Widespread prev-
alence of NDM among P. aeruginosa in India is a serious
concern due to limited treatment options. Novel antibiot-
ics like cefepime/zidebactam are promising options for this
unmet need.
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