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Introduction

The most common microorganisms involved in osteomyelitis and other bone and joint infections (BJIs) are staphylococci and other Gram positive bacteria, whilst the proportion of Enterobacterales is close to 10% [START_REF] Titécat | Bacterial epidemiology of osteoarticular infections in a referent center: 10-year study[END_REF]. Bone and joint infections are amongst the most serious and difficult to treat infections, protocols commonly combine debridement surgery and prolonged courses of antimicrobial therapy. The recommended antibiotics for Gram negative bacilli BJIs are Fluoroquinolones (FQs) when they are fully susceptible, due to high oral bioavailibity and bone diffusion [START_REF] Rissing | Antimicrobial Therapy for Chronic Osteomyelitis in Adults: Role of the Quinolones[END_REF].

However, resistance to FQs is increasing, especially among ESBL-producing Enterobacterales (ESBL-PE) and may be associated with poorer outcomes [START_REF] Martínez-Pastor | Antibiotic resistance in orthopaedic surgery: acute knee prosthetic joint infections due to extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae[END_REF][START_REF] Rodríguez-Pardo | Gram-negative prosthetic joint infection: Outcome of a debridement, antibiotics and implant retention approach. A large multicentre study[END_REF].

ESBL-PE can represented up to 77% of the E. coli isolates in China in chronic osteomyelitis [START_REF] Zhang | Bacterial resistance trends among intraoperative bone culture of chronic osteomyelitis in an affiliated hospital of South China for twelve years[END_REF]. Considering the worldwide spread of ESBL-PE in Europe [START_REF] Magiorakos | Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an international expert proposal for interim standard definitions for acquired resistance[END_REF] and the United-States [START_REF] Mcdanel | Incidence of Extended-Spectrum β-Lactamase (ESBL)-Producing Escherichia coli and Klebsiella Infections in the United States: A Systematic Literature Review[END_REF], physicians will inevitably be faced with the management of those rare but complex osteomyelitis.

The majority of the available literature focusses on ESBL-PE in peri-prosthetic joint infections (PJI) or orthopaedic implant infections [START_REF] Antony | Extended-spectrum betalactamase infections in orthopedic-related devices and prosthetic joints[END_REF][START_REF] Pfang | Orthopedic Implant-Associated Infection by Multidrug Resistant Enterobacteriaceae[END_REF][START_REF] Papadopoulos | Multidrug-resistant and extensively drug-resistant Gram-negative prosthetic joint infections: Role of surgery and impact of colistin administration[END_REF] where the presence of biofilm on foreign bodies presents an additional challenge to provide effective antimicrobial therapy.

To our knowledge, there are no reported case series addressing the management of native BJIs caused by ESBL-PE. New data from a centre of expertise are always appreciated to support their epidemiology and management since ESBL-PE are frequently resistant to FQs.

Methods

Setting

A retrospective study was conducted in a French reference center for BJIs treatment serving the Greater Paris area, organized around weekly multi-disciplinary meetings with an infectious disease specialist, an orthopedic surgeon, a microbiologist and a pharmacist. All adult cases of documented osteomyelitis due to ESBL-producing Enterobacterales from January 2011 to December 2019 were identified using the laboratory information system (GLIMS v8, MIPS, Belgium).

During this period, our center managed approximately 2500 BJIs. The center is part of the Assistance-Publique des Hôpitaux de Paris (AP-HP) group, with Hôpital Raymond Poincaré being a centre of expertise in neurological impairment, including paraplegic patients with pressure sores. Patients are also frequently colonized by multidrug-resistant organisms with an incidence that can reach up to twice the expected value found in other French healthcare facilities. For instance between 2011 and 2019, testing swabs used to detect ESBL-producing Enterobacterales colonization revealed an incidence ranging from 1.1 to 1.39 per 1000 patient-days, compared with 0.43 and 0.59 per 1000 patient-days in other healthcare facilities.

Furthermore, Hôpital Raymond Poincaré reported a high antibiotic consumption for inpatients from 741 to 505 defined daily doses (DDD) during the same period, versus from 377 to 306 DDD per 1000 patient-days in comparison with all other French healthcare-facilities.

Microbiological methods

At least three intraoperative samples of bone and tissue were collected (MED-Extremes) and processed using a bead mill as previously reported [START_REF] Roux | Diagnosis of prosthetic joint infection by beadmill processing of a periprosthetic specimen[END_REF]. Cultures were performed on solid media with 5 days incubation under aerobic, anaerobic and CO2 atmospheres and a 14-days broth enrichment on blood culture media (Bactec Peds Plus media and Lytic Anaerobic media on a Bactec FX instrument, BD Diagnostic, Sparks, MD, USA).

Bacterial identification of all cultured microorganisms was performed by MALDI-TOF mass spectrometry (MALDI Biotyper, Bruker Daltonics, Billerica, MA, USA) and susceptibility testing was performed by Kirby-Bauer disk diffusion and diameters digitized using the SIRSCAN system (I2A, Montpellier, France), and interpreted according to the French implementation (CASFM) of the EUCAST guidelines in use at the time of analysis.

Confirmation of ESBL activity was provided by testing cefotaxime and ceftazidime in the presence and absence of clavulanic acid. Isolates for which the minimum inhibitory concentration of cefotaxime or ceftazidime decreased by 3 serial 2-fold dilutions when tested in the presence of clavulanic acid, or for which zone diameters increased by 5 mm in the presence of clavulanic acid were considered positive for ESBL, as described by the National Committee for Clinical Laboratory Standards [START_REF] Tenover | Evaluation of the NCCLS extended-spectrum beta-lactamase confirmation methods for Escherichia coli with isolates collected during Project ICARE[END_REF]. On demand MICs of relevant antimicrobial agents were confirmed using ellipsometry (E-test, bioMérieux, Marcy l'Etoile, France or Liophilchem, I2A) according to EUCAST breakpoints.

Definitions

-Osteomyelitis was defined by both imaging (including CT-scan and/or X-ray) and a microbiologically positive bone biopsy, regardless of the long bone classification [START_REF] Hotchen | The Classification of Long Bone Osteomyelitis: A Systemic Review of the Literature[END_REF],

-Native BJI by contrast with prosthetic joint infection, -ESBL-PE BJI was defined by the microbiological documentation with one or more intraoperative samples or joint fluid positive for ESBL-PE.

-Treatment success was defined as the absence of local or systemic sign of infection, including delayed wound healing and the absence of relapse needing further procedure within 12 months. Cases that did not meet the above-mentioned criteria were classified as "failure" and outcome was evaluated at time of failure.

Data collection

The following data were collected:

- 

Statistical analysis

Descriptive results were expressed using median and extrema for the continuous variables where appropriate, and in number with percentage for the categorical variables. Univariate analyses were performed to compare outcomes according to described variables. Fisher's exact test was performed to analyze categorical variables using GraphPad Prism v.8.0 (GraphPad Software Inc., La Jolla, CA).

Statistical significance was defined as P < .05.

Results

Study population and infection characteristics

On the study period we observed 92 ESBL-PE BJIs. After exclusion of prosthetic joint infections, we analyzed 29 (31.5%) patients who are presented in the Table 1.

Sex ratio (M/F) was 4.8 with a mean (± standard deviation (SD)) age of 44.4 ± 15.7 years. Median (Min-Max) Charlson comorbidity score was 1 (0-6). The median LOS was 30 (10-240) days.

Infection sites were predominantly the hip (n=23), tibia (n=4) and foot (n=2). Three of the four tibial osteomyelitis and two of the 23 hip infections had benefitted from previous external fixation. Fifteen patients suffered from paraplegia and had trochanterian pressure sores fistulized into the hip joint.

The majority of patients had previously been hospitalized within the previous 6 months (n=20; 68.9%), or was returning from countries with a high rates of ESBL-PE (n=12; 41.3%).

Infections were mostly polymicrobial (n=23; 79.3%), including S. aureus (n=13) of which 8 were methicillin-resistant.

Klebsiella pneumoniae (n=13) was the most frequent ESBL-producing species identified, followed by Escherichia coli (n=10), including 3 E. coli/K. pneumoniae coinfections and Enterobacter sp. (n=9). Interestingly, there were 4 isolates where the ESBL phenotype was co-expressed carbapenemases within the same bacterial host (3 OXA-48 and 1 NDM-1).

As expected, ESBL-PE were rarely susceptible to fluoroquinolones (n=4; 13.8%).

Of note, majority of infections occurred in hip joints (n=23; 79.3%) amongst paraplegic adults.

Surgical management

The median number of procedures was 2 (1-10).

Three of 23 cases of hip infections benefitted from single stage arthroplasty (2/3 favorable outcomes), whereas a femoral head and neck excision (n=16) was performed in paraplegic patients.

Eight patients benefited from a surgical debridement, one with hip disarticulation and one had no surgery.

Antimicrobial prescriptions and outcome

Antibiotic susceptibility widely differed from patient to patient (see Table 1). Patients were treated with monotherapy (n=9), or combination therapies with a dual (n=10), a triple (n=7) or a quadruple therapy (n=2). Median duration of treatment was 41 days. Of note one patient received no antimicrobial therapy.

Treatment was successful in 18 (62.1%) patients with a median follow-up of 6 (1-36) months. Seven patients required a subsequent surgery to achieve treatment success, 3 patients remained with a chronic fistula and one patient died two months into the treatment after a second surgery.

Predictors of outcome

The results of univariate analyzes are presented in table 2. Interestingly, neither patient characteristics nor antimicrobial regimen was significantly associated with failure or success. However, infection with ESBL-producing K. pneumoniae was highly significantly associated with failure (p=0.001).

Median PMN at admission was significantly lower in patients with subsequent failure compared to those with treatment success: 6180 (1600-11670) /mm 3 versus 9140 (3590-24800) /mm 3 , (p=0.03). While the median CRP at admission was comparable between patients with subsequent failure and those with treatment success (107 versus 89 mg/L), the change in CRP levels between admission and last follow-up (CRP, Figure 1) was significantly different in patients with favorable and unfavorable outcomes (p=0.04).

Discussion

Although little is known about ESBL-PE osteomyelitis, with literature focusing on PJIs, experts agree that their management relies on orthopedic implants removal [START_REF] Martínez-Pastor | Antibiotic resistance in orthopaedic surgery: acute knee prosthetic joint infections due to extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae[END_REF][START_REF] Antony | Extended-spectrum betalactamase infections in orthopedic-related devices and prosthetic joints[END_REF][START_REF] Pfang | Orthopedic Implant-Associated Infection by Multidrug Resistant Enterobacteriaceae[END_REF][START_REF] Papadopoulos | Multidrug-resistant and extensively drug-resistant Gram-negative prosthetic joint infections: Role of surgery and impact of colistin administration[END_REF][START_REF] Davido | Case series of carbapenemase-producing Enterobacteriaceae osteomyelitis: Feel it in your bones[END_REF]. However, to the best of our knowledge, there are no previous reports of native BJIs due to ESBL-PE. Here we report the first case series of ESBL-PE native BJIs to better document its natural history and outcome.

In contrast with our series that observed a predominance of ESBL-producing K. pneumoniae native BJIs, Martinez-Pastor et al. [START_REF] Martínez-Pastor | Antibiotic resistance in orthopaedic surgery: acute knee prosthetic joint infections due to extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae[END_REF] observed that ESBL-PE PJIs were mainly caused by ESBL-producing E. coli (n=6/7) exclusively treated with carbapenems followed by cotrimoxazole when possible and with a treatment success in 3/7 cases. Antony et al. reported from 2010 to 2015 a series of ESBL-producing E. coli (n=5/6) in orthopedic-related devices and prosthetic joints exclusively treated by a single therapy of carbapenems with 100% failure when implant left in place [START_REF] Antony | Extended-spectrum betalactamase infections in orthopedic-related devices and prosthetic joints[END_REF]. In our present work we observed a favorable outcome in the majority of cases (25/29, 86%) at the cost of a trained and qualified orthopedic surgery with a complex antimicrobial therapy mainly based on carbapenems (n=22). This result was achieved in spite of a high rate of FQ-resistant strains (86.2%, n=25) which is recognized to be harder to treat considering the necessity of parenteral antibiotherapy. Moreover, parenteral antimicrobial therapy is associated with catheter complication rates from 6.5% in adults using peripherally inserted central catheter [START_REF] Vaughn | Association of Infectious Disease Physician Approval of Peripherally Inserted Central Catheter With Appropriateness and Complications[END_REF] and up to 40% in children on central venous catheters [START_REF] Ruebner | Complications of central venous catheters used for the treatment of acute hematogenous osteomyelitis[END_REF]. Moreover, FQs have been shown to be the cornerstone of oral therapies to achieve a success rate of 85% in clinical series of osteomyelitis caused by Enterobacterales [START_REF] Greenberg | Randomized trial of ciprofloxacin compared with other antimicrobial therapy in the treatment of osteomyelitis[END_REF].

Beyond the antimicrobial susceptibility of the ESBL-PE, we observed that the species seemed to be a key predictor of outcome. Indeed, ESBL-producing K. pneumoniae have been found to be much harder to treat than other species, mostly represented by E. coli, while their antimicrobial treatment was not different. This observation hints at specific virulence factors making K. pneumoniae much harder to eradicate than E. coli. This finding is in line with two reports that studied the differences in terms of outcomes between infections due to ESBL-producing K. pneumoniae and E. coli [START_REF] Burnham | Differences in mortality between infections due to extended-spectrum-beta-lactamase-producing Klebsiella pneumoniae and Escherichia coli[END_REF][START_REF] Scheuerman | Comparison of Predictors and Mortality Between Bloodstream Infections Caused by ESBL-Producing Escherichia coli and ESBL-Producing Klebsiella pneumoniae[END_REF]. They showed a trend towards a higher mortality amongst ESBL-producing K. pneumoniae-infected patients in systemic infections. Also, in our series it can be hypothesized that the presence of 5 hypermucoviscous phenotype of K. pneumoniae determined by a positive string test (among 7 isolates tested), a hypervirulent strain circulating in some parts of the world, might have enhanced the severity of the observed osteomyelitis, as previously reported in a case reports [START_REF] Prokesch | Primary osteomyelitis caused by hypervirulent Klebsiella pneumoniae[END_REF][START_REF] Kishibe | Pediatric hypervirulent Klebsiella pneumoniae septic arthritis[END_REF][START_REF] Sturm | Bilateral osteomyelitis and liver abscess caused by hypervirulent Klebsiella pneumoniae-a rare clinical manifestation (case report)[END_REF][START_REF] Lee | Osteomyelitis caused by hypervirulent klebsiella pneumoniae: The first Korean case with family spread[END_REF].

It is noteworthy that our series is largely composed of paraplegic adults (n=15).

Indeed historically, Hôpital Raymond-Poincaré is a center of expertise for road accident victims (particularly spinal cord injuries). Those patients are often suffering from complicated pressure sores, responsible for frequent hospitalizations facilitating in some circumstances (i.e broad-spectrum antibiotic), infections by multidrugresistant microorganisms, including ESBL-PE. Since the Arab spring in 2011, considering its well-established reputation, Hôpital Raymond-Poincaré managed many war-injured patients with complex multidrug-resistant BJIs, explaining the relatively young mean age of our patients and the presence of 4 patients co-infected with carbapenemases.

It is insightful to note that the two patients treated with ceftazidime-avibactam, a novel beta-lactam with beta-lactamase inhibitor effective against ESBL-PE, achieved treatment success. The limited literature on ceftazidime-avibactam for the treatment of ESBL-PE osteomyelitis supported its interest, especially as a salvage therapy in a carbapenem-sparing strategy [START_REF] Rempenault | Treatment of bone and joint infections by ceftazidime/avibactam and ceftolozane/tazobactam: a cohort study[END_REF].

We observed that patients with a subsequent failure had a lower PMN count at admission that the ones with a favorable outcome (p=0.03) which at first glance might seem counter-intuitive. However, in the literature high PMN count were more frequently associated with acute than chronic infections [START_REF] Gaida | Polymorphonuclear Neutrophils in Osteomyelitis: Link to Osteoclast Generation and Bone Resorption[END_REF], that may explain why patients with a normal PMN count were more difficult-to-treat in our series even if this biological observation is open to many confounders. Besides, the decrease of plasma CRP levels during follow-up has been found to be associated with favorable outcomes, confirming a previous observation in diabetic foot osteomyelitis [START_REF] Sa Van | Erythrocyte sedimentation rate and Creactive protein to monitor treatment outcomes in diabetic foot osteomyelitis[END_REF].

Our study presents some limitations. First, it is a retrospective study with a relatively limited sample size (n=29) from a center of reference for the treatment of BJIs and spinal cord patients. The short median follow-up of 6 months is mostly due to the broad catchment area of our specialized centers with patients of impaired mobility often residing far away. Second, the infections included are heterogeneous and polymicrobial, making it difficult to interpret failures and the value of the different antibiotic strategies used. Thereby its results might not be extrapolated to other healthcare facilities with different patient biases. Third, we focused on native BJIs rather than on prosthetic joint infections, considering that the successful replacement of the implant was a different endpoint than treatment success.

Conclusion

In the present series including spinal cord patients, ESBL-PE native BJIs are essentially caused by K. pneumoniae, polymicrobial and fluoroquinolones-resistant organisms in a context of previous surgery. Antimicrobial therapies relied heavily on carbapenems and aggressive surgical debridement by surgeons experienced in the management of BJIs. Further data are needed to confirm the negative impact of

  Patient characteristics: age, sex, comorbidities, Charlson score [14], hospitalization and stay abroad in previous 6 months, hospital length of stay (LOS), digestive tract colonization with ESBL-PE, -Infection characteristics: presence of an external fixator, site of infection, species of the causative microorganism and mechanism of resistance, ESBL-PE resistance to fluoroquinolones, -Treatment characteristics: number of procedures, surgical strategy (i.e excision or debridement), antimicrobial therapy, duration of treatment, -Polymorphonuclear counts (PMN) and plasma CRP levels at admission and at last follow-up consultation or at the time of failure -Outcome and timeframe of its evaluation (months)

Likewise

  Pfang et al. reported between 2011 and 2017 a series of 25 infected orthopedic implants, including 12 ESBL-producing E. coli, 9 ESBL-producing K. pneumonia and 1 ESBL-producing P. mirabilis, treated with surgery and combinations of carbapenems and aminoglycosides (n=12) with treatment success in 77.2% of cases (n=17) [9]. Finally, Papadopoulos et al. studied from 2000 to 2015 a large cohort of multidrug-resistant gram-negative PJIs, including mainly ESBLproducing E. coli (n=43) and ESBL-producing K. pneumoniae (n=24) with treatment success rate of 66.7% [10].

Funding source:

This work was carried out as part of our routine work.

Conflicts of interest and declaration of funding sources: none * Corresponding author. Fax: +33 1 47107790. E-mail address: benjamin.davido@aphp.fr (B. Davido).

Abstract:

Introduction: Native osteomyelitis caused by Extended-Spectrum Beta-Lactamase producing Enterobacterales (ESBL-PE) is a matter of expert in antibiotics. Very limited epidemiologic and outcome data are available, warranting a study of these cases.

Methods: We included osteomyelitis patients infected with ESBL-PE treated in a reference center for bone and joint infections (BJIs) between 2011 and 2019 in a retrospective cohort study.

Results: Twenty-nine patients with native BJI (mean age 44.4 ± 15.7 years) were analyzed. Fifteen cases were paraplegic patients with ischial pressure sores breaching the hip capsule. Other cases included eight other hip infections, four tibial infections and two foot infections. Infections were mostly polymicrobial (n=23; 79.3%), including S. aureus (n=13) of which 8 were methicillin-resistant. Klebsiella pneumoniae (n=13) was the most frequent ESBL-producing species identified, followed by Escherichia coli (n=10), including 3 E. coli/K. pneumoniae co-infections and Enterobacter sp. (n=9). ESBL-PE were rarely susceptible to fluoroquinolones (n=4; 13.8%). Most therapies were based on carbapenems (n=22) and combination therapies (n=19). Median duration of treatment was 41 (5-60) days. Primary control of the infection was achieved in (n=18/29, 62.1%) of cases and up to 86.2% after second look surgeries, after a median follow-up of 6 (1-36) months. Infection with ESBL-producing K. pneumoniae was associated with failure (p=0.001), whereas age, localization of infection, prior colonization and antimicrobial therapy were not found to be predictors of the outcome.

ESBL-producing K. pneumoniae on the outcome. We believe our work will encourage reference centers to study the best combination therapies and evaluate the efficacy of the novel beta-lactams.
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