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a b s t r a c t   

Treatment options for patients infected with multi-drug resistant gram-negative bacteria harboring me-
tallo-beta-lactamases (MBLs) requires precision therapy. We present the case of a 20 year-old male with a 
right distal femoral peri-prosthetic abscess with presumed infected hardware and osteomyelitis in whom 
four multi-drug resistant gram negative bacteria were isolated. The rapid identification of an MBL producing 
organism, novel combination of therapy, and prompt infection prevention enforcement and education led to 
appropriate treatment of our patient as well as prevention of spread of organisms during and after hos-
pitalization. This case illustrated successful management of multiple challenges faced by patients infected 
and/or harboring extensively resistant bacteria. 

© 2022 The Authors. Published by Elsevier Ltd. 
CC_BY_NC_ND_4.0   

Introduction 

Carbapenem resistance due to carbapenemases is a global phe-
nomenon and carbapenem-resistant Enterobacteriaceae (CRE) are 
included as an urgent threat by the Centers for Disease Control and 
Prevention [1,2]. Multiple considerations play a role in assessing 
individual patient treatment options including resistance phenotype 
reported by clinical microbiology laboratories, knowledge of the 
patient’s geographic location, awareness of global antibiogram sur-
veillance data, and, optimally, of the pathogen and characterization 
of resistance enzyme(s). We present the case of a 20 year-old male 
admitted to a New York City community hospital with progressive 
right knee and thigh pain found to have a right distal femoral peri- 
prosthetic abscess with presumed infected hardware and osteo-
myelitis. The bacterial culture demonstrated Klebsiella pneumoniae 
harboring New Delhi metallo (NDM) beta-lactamase. We address the 
management and unique combination therapy for treatment of this 
patient. 

Case report 

A 20 year old South Asian male suffered a right midshaft femur 
fracture due to a motorvehicle accident. He underwent open re-
duction and internal fixation with femoral rod placement at that 
time. He began having right leg pain associated with fever several 
weeks following surgery and was prescribed “oral antibiotic(s)” as 
per the patient and without symptom abatement. Six months later, 
he complained of swelling and pain of the right knee and thigh as-
sociated with subjective fevers. He was admitted to a hospital in 
South Asia and treated with unknown intravenous antibiotic(s) for a 
two week period. In spite of treatment, the right leg pain persisted 
after hospital discharge and worsened with ambulation. At that 
time, he travelled to the United States and consulted several ortho-
pedic surgeons for a second opinion. He was informed that the 
fracture had radiographic evidence of delayed healing and was 
prescribed physical therapy and pain medications for relief. His pain 
worsened over the course of the year and progressed to inability to 
ambulate and increased swelling in his right thigh. He presented to 
the Emergency Department (ED) at our institution 18 months after 
initial repair with subjective fevers for several days and prominent 
swelling in the right distal thigh and right knee. Upon initial 
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evaluation, he was afebrile (maximum temperature 37.7 °C) with 
other vital signs within normal range. Physical examination of the 
right distal thigh revealed diffuse swelling, (more prominent distally 
towards the knee), erythema around the medial distal femur, palp-
able effusion on right knee exam accompanied by tenderness to 
palpation and decreased range of motion. Pertinent laboratory re-
sults included leukocytosis (WBC 15.46 K/µL) with 70% neutrophils, 
4% band forms, and a C-reactive protein of 17.2 mg/dL. Radiograph of 
the right femur demonstrated a healed shaft fracture with lucency 
surrounding the lower proximal and upper distal screws suggesting 
hardware loosening (Image 1a). The computerized tomography scan 
of the right lower extremity demonstrated a large rim-enhancing 
fluid collection surrounding the distal aspect of the femur measuring 
11.0 cm by 7.4 cm by 7.0 cm most compatible with an abscess with a 
few small internal foci of air noted, but without definite evidence of 
osteomyelitis (Image 1b). The patient was admitted to the hospital 
and orthopedic and infectious diseases consultations were obtained. 

Patient underwent immediate removal of the hardware and 
evacuation of an abscess around the right distal femur. 
Intraoperatively, copious amounts of purulent fluid was noted 
around the intramedullary nail extending to the femur under the 
anterior compartment. The nails and screws were removed in en-
tirety, all loculations were broken up and curetted, and necrotic 
tissue was excised followed by wound closure. Intraoperative spe-
cimens were collected and sent to the clinical microbiology labora-
tory for bacterial, fungal, and acid-fast bacilli cultures. Vancomycin 
and meropenem were empirically administered post-operatively. 
Gram-negative rods were isolated within 24 hours and identified as 
Klebsiella pneumoniae as well as extended spectrum beta-lactamase 
producing Enterobacter cloacae by the Vitek 2 System (bioMérieux, 
Inc., Durham, NC) (Table 1). Further analysis demonstrated three 
distinct subpopulations of Klebsiella pneumoniae, one of which was 
carbapenem-resistant (CRE). Cepheid Xpert® CARBA-R assay per-
formed on the GeneXpert® system (Cepheid, Sunnyvale, CA) identi-
fied the presence of New Delhi metallo-beta-lactamase (NDM). The 
fungal and acid-fast bacilli smears were negative and cultures re-
mained without growth. 

Antimicrobial therapy was adjusted to a combination of az-
treonam (2 g intravenously every 8 hours), ceftazidime-avibactam 
(2–0.5 g intravenously every 8 hours), polymyxin-B (2.5 mg/kg in-
travenously once followed by 1.25 mg/kg intravenously every 
12 hours) and rifampin (300 mg orally every 12 hours) to address the 
microbiologic findings and antimicrobial susceptibilities. The patient 
was placed under strict contact precautions in view of the detection 
of CRE. On post-op day 5 (and following three days of the quadruple 

combination antimicrobial treatment), the patient complained of 
oozing around the surgical wound site. He underwent a second in-
cision and drainage of the right thigh abscess which was found to 
have re-accumulated. Gram-stain demonstrated few white blood 
cells without organisms and the subsequent bacterial culture was 
negative. He was eventually transferred to a short-term rehabilita-
tion facility where he successfully completed six weeks of combi-
nation antibiotic therapy (three weeks of aztreonam, ceftazidime- 
avibactam, polymyxin B, and rifampin followed by three weeks of 
aztreonam and ceftazidime-avibactam). The wound healed un-
eventfully after the second procedure. He remained on strict contact 
precautions there until completion of antibiotics and is reported to 
have regained full function of his limb at the end of antimicrobial 
therapy. 

Discussion 

Recognition and therapy for the treatment of patients infected 
with carbapenemase harboring organisms requires strong clinical 
suspicion taking into account the patient’s geographic origins and/or 
travel history, antibiogram data (including international, national 
and local data), understanding of innate resistance mechanisms of 
the bacterium isolated, and ability to rapidly identify the specific 
enzyme(s) involved [1,3]. A recent paper reported use of pertinent 
patient risk factors to be a predictor of ability to identify whether 
carbapenem-resistant Enterobacteriaceae (CRE) are caused by car-
bapenemase producing bacteria [4]. The authors reported an 18-fold 
greater odds that the mechanism of such resistance was due to a 
carbapenemase as opposed to a non-CP-CRE if patients underwent 
recent hospitalization in a foreign country [4]. Recent case reports 
document the isolation of a pan-resistant NDM producing Klebsiella 
pneumoniae from a patient in Washoe County, Nevada who received 
inpatient healthcare exposure in India and a traveler from Bangla-
desh to New York City with a complex orthopedic infection asso-
ciated with extensive osteomyelitis due to bacteria harboring NDM 
and oxacillinase type-181 carbapenemases [5,6]. 

The patient we describe presented with multiple challenges: (1) 
a broad microbiologic differential diagnosis based on his geographic 
origin, chronicity of symptoms and with multiple prior courses of 
unknown antibiotics; (2) chronic extensive orthopedic intra-opera-
tive findings requiring additional interventions; (3) availability of 
advanced molecular microbiologic rapid identification platforms for 
multi-drug resistant bacteria; (4) extensive multi-drug resistant 
bacterial populations requiring novel approach to combination 

Table 1 
Organisms identified from the purulent material in the right distal femoral peri-prosthetic abscess before treatment, and minimum inhibitory concentration of tested antibiotics.        

Klebsiella pneumoniae #1 NDM Klebsiella pneumoniae #2 Klebsiella pneumoniae #3 Enterobacter cloacae ESBL 

Antibiotic Minimum Inhibitory Concentration (μg/ml)  

amikacin ≥ 64 R ≤ 2 S ≥ 64 R ≥ 64 R 
aztreonam ≥ 64 R ≤ 1 S R ≥ 64 R 
cefazolin ≥ 64 R 8 R ≥ 64 R ≥ 64 R 
cefepime ≥ 64 R ≤ 1 S 32 R ≥ 64 R 
cefoxitin ≥ 64 R 32 R ≥ 64 R ≥ 64 R 
ceftazidime ≥ 64 R ≤ 1 S ≥ 64 R ≥ 64 R 
ceftriaxone ≥ 64 R ≤ 1 S ≥ 64 R ≥ 64 R 
ertapenem ≥ 8 R ≤ 0.5 S ≥ 8 R ≤ 0.5 S 
gentamicin ≥ 16 R ≥ 16 R ≥ 16 R ≥ 16 R 
levofloxacin 4 I 1 S 1 S 4 I 
meropenem ≥ 16 R ≤ 0.25 S ≥ 16 R ≤ 0.25 S 
tobramycin ≥ 16 R 4 S ≥ 16 R ≥ 16 R 
trimethoprim/sulfamethoxazole ≥ 320 R ≥ 320 R ≤ 20 S ≥ 320 R 
polymyxin B 0.38 N/A Not tested 0.38 N/A Not tested 
ampicillin/sulbactam ≥ 32 R ≥ 32 R ≥ 32 R Not tested 
tetracycline ≥ 16 R ≥ 16 R ≤ 1 S ≥ 16 R 
piperacillin/tazobactam ≥ 128 R 16 S ≥ 128 R ≥ 128 R    
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therapy; (5) need for strict infection control practices to be im-
plemented in an urgent fashion. 

We quickly considered infection with carbapenemase producing 
bacteria as our infectious diseases division has a long history in 
translational research focused on multidrug resistant bacteria, me-
chanisms of resistance, and novel antimicrobial combinations. Rapid 
identification by the clinical microbiology of the presence of the 
NDM enzyme facilitated targeted antimicrobial therapy and im-
mediate infection prevention precautions. Ceftazidime-avibactam 
was the first approved and at that time the only available beta- 
lactam-beta-lactamase inhibitor combination with activity against 
serine-based Klebsiella pneumoniae carbapenemases (KPC), OXA-48 
like enzymes, and AMP C beta-lactamases. However, there are no 
clinically available beta-lactamase inhibitors that inactivate MBLs. 
Published studies report successful use of combination ceftazidime- 
avibactam and aztreonam to treat patients infected with MBLs  
[7–12]. In vitro data suggests the combination is stable in the pre-
sence of the enzymes as aztreonam is not hydrolyzed by MBLs and 
avibactam will inhibit most aztreonam-hydrolyzing betalactamases. 
Resistance to ceftazidime-avibactam has been reported in the lit-
erature based a variety of mechanisms [13–15]. We chose to add 
polymyxin B and rifampin during the initial few weeks of treatment 
to better address the potentially higher early inoculum and possible 

presence of multi-drug resistant sub-populations of bacteria. We 
based our additions on prior published in vitro and in vivo synergy 
studies [16–20]. 

New strict infection control precautions were rapidly im-
plemented to prevent transmission of these multidrug resistant or-
ganisms. The patient and family members received education about 
infections caused by bacteria harboring these enzymes and our in-
fection preventionists educated all staff caring for the patient. Strict 
contact precautions included dedicated patient equipment and/or 
single use equipment. Education of health care staff extended to the 
short-term rehabilitation facility following his discharge from the 
hospital. This last process was a crucial part of our infection pre-
vention practices as it may be overlooked during the transfer process 
and potentially lead to secondary transmission in the accepting fa-
cility. 

The rapid identification of an MBL producing organism in our 
patient, novel combination focused therapy, and prompt infection 
prevention enforcement and education led to appropriate treatment 
of and an excellent outcome for our patient as well as prevention of 
spread of organisms during and after hospitalization. This case il-
lustrated successful management of multiple challenges faced by 
patients infected and/or harboring extensively resistant bac-
teria. Fig. 1. 

Fig. 1. (A) X-ray of the distal right femur showing lucency around the screws; (B) Computed tomography of the distal right femur showing circumferential distal femoral abscess 
with air. 
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