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Introduction

Clindamycin has been widely used to treat osteoarticular infections due to Staphylococcus spp since 1966 [START_REF] Woods | Macrolide-Inducible Resistance to Clindamycin and the D-Test[END_REF]. It presents numerous advantages, including high bone penetration with sustained activity against biofilm formation and bacterial adherence; almost complete absorption after oral administration, yielding serum concentrations comparable to those achieved with intravenous administration; no need to adapt to renal clearance; and few drugdrug interactions, enabling rapid ambulatory treatment and lower costs [START_REF] Woods | Macrolide-Inducible Resistance to Clindamycin and the D-Test[END_REF][START_REF] Bouazza | Population pharmacokinetics of clindamycin orally and intravenously administered in patients with osteomyelitis: Clindamycin population pharmacokinetics in osteomyelitis patients[END_REF][START_REF] Schilcher | Modulation of Staphylococcus aureus Biofilm Matrix by Subinhibitory Concentrations of Clindamycin[END_REF]. However, the guidelines of the French infectious diseases society for osteoarticular infections on materials (prostheses, implants, osteosynthesis) explicitly state that clindamycin combination treatment is not recommended in case of susceptibility to lincosamide but resistance to erythromycin [START_REF]Société de Pathologie Infectieuse de Langue Française (SPILF), Collège des Universitaires de Maladies Infectieuses et Tropicales (CMIT), Groupe de Pathologie Infectieuse Pédiatrique (GPIP), Société Française d'Anesthésie et de Réanimation (SFAR[END_REF]. Indeed, most of the Staphylococcus strains that are lincosamide-susceptible and erythromycin-resistant have the phenotype of in vitro inducible macrolide-lincosamidestreptogramin B resistance (iMLSB) due to the presence of erythromycin ribosomal methylase (erm) genes [START_REF] Woods | Macrolide-Inducible Resistance to Clindamycin and the D-Test[END_REF][START_REF] Leclercq | Mechanisms of Resistance to Macrolides and Lincosamides: Nature of the Resistance Elements and Their Clinical Implications[END_REF]. These strains display in vitro resistance to 14-and 15membered macrolides, which are inducer antibiotics. Although clindamycin is not an inducer, exposure of iMLSB Staphylococcus to this antibiotic may result in constitutive resistance and MLSB cross resistance [START_REF] Woods | Macrolide-Inducible Resistance to Clindamycin and the D-Test[END_REF]. Furthermore, resistance to lincosamides develops much more slowly in erythromycin-susceptible isolates of Staphylococcus aureus (S. aureus) than in erythromycin-resistant isolates [START_REF] Panagea | Should clindamycin be used as treatment of patients with infections caused by erythromycin-resistant staphylococci?[END_REF]. The combination of resistance to erythromycin with susceptibility to lincosamide can also, albeit more rarely, be due to efflux pumps that remove macrolides but not clindamycin from Staphylococcus spp [START_REF] Woods | Macrolide-Inducible Resistance to Clindamycin and the D-Test[END_REF]. Several cases have reported discordant efficacy of clindamycin monotherapy for lincosamide -susceptible, erythromycinresistant Staphylococcus, with emergence of MLSB constitutive resistance in some cases [START_REF] Rao | Should clindamycin be used in treatment of patients with infections caused by erythromycin-resistant staphylococci?[END_REF][START_REF] Siberry | Failure of Clindamycin Treatment of Methicillin-Resistant Staphylococcus aureus Expressing Inducible Clindamycin Resistance In Vitro[END_REF][START_REF] Drinkovic | Clindamycin treatment of Staphylococcus aureus expressing inducible clindamycin resistance[END_REF]. It should be stressed that the guidelines of the Infectious Diseases Society of America (IDSA) recommend monotherapy with clindamycin only for indefinite chronic oral antimicrobial suppression for prosthetic joint infection by Staphylococcus; no restriction is proposed in case of erythromycin resistance [START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF]. Of note, both French and American recommendations are based on a low level of evidence [START_REF]Société de Pathologie Infectieuse de Langue Française (SPILF), Collège des Universitaires de Maladies Infectieuses et Tropicales (CMIT), Groupe de Pathologie Infectieuse Pédiatrique (GPIP), Société Française d'Anesthésie et de Réanimation (SFAR[END_REF][START_REF] Osmon | Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF].

Against this background, the objective of the current study was to evaluate the clinical outcomes and safety of clindamycin combination antibiotic therapy for the treatment of Staphylococcus spp erythromycin-resistant and lincosamide-susceptible bone and joint infections.

MATERIALS AND METHODS

This retrospective cohort study was performed from January 2010 to September 2018 in the University Hospital of Reims, France. Using the medical files from the bacteriology laboratory, we retrospectively screened for adult patients with monomicrobial Staphylococcus spp erythromycin-resistant, lincosamide-susceptible bone and joint infections who received oral administration of clindamycin-combination antibiotherapy. Patients with diabetic foot infection were excluded. At least three samples were collected intra-operatively.

Bone, prosthesis or internal fixation device infection was diagnosed by the presence of at least one of the following: productive fistula, visible intraoperative purulence, growth of the same organism in at least one or more cultures for S. aureus and two or more cultures for staphylococci other than S. aureus from intraoperative tissue or sonication fluid.

Staphylococcus spp was identified using Vitek-2 cards (bioMerieux, Marcy l'Etoile, France) until 2012, and thereafter with the MALDI-TOF method (MALDI Biotyper, Bruker, Marne la Vallee, France). Susceptibility results were only determined according to the recommendations of the French Society for Microbiology (SFM) and the European Committee on Antimicrobial Susceptibility Testing (CA-SFM/EUCAST) breakpoints available at https://www.sfm-microbiologie.org/2019/05/06/casfm-eucast-2019-v2/. The Dtest used to detect iMLSb was performed but results were not specified.

In patients with an internal fixation device, the device was retained in case of stable implant and adequate surgical debridement and soft-tissue coverage. The device was removed if the bone was healed, and exchanged if the bone needed further stabilization. In our center, piperacillin/tazobactam plus vancomycin was the first-line antibiotic treatment before bacteriological documentation until 2018 and piperacillin/tazobactam plus daptomycin since 2018.

Fluoroquinolone-rifampicin combination is the first-line treatment of choice in our center in case of documentation of Staphylococcus isolate susceptible to both fluoroquinolone and rifampicin. In patients with erythromycin-resistant, lincosamide-susceptible Staphylococcus isolate, clindamycin combination treatment is given only in case of resistance to other oral antibiotics or known intolerance, and to enable administration of oral antibiotics. This combination is given orally after obtaining the bacteriological results and after validation at our weekly multidisciplinary consultation meeting (3 to 7 days after surgery). Blood tests, including full blood cell count, creatinine, alanine aminotransferase and aspartate aminotransferase were controlled every week during the first month, then every two weeks until the end of antibiotic treatment.

All patient records were discussed at the weekly multidisciplinary consultation meeting on osteoarticular infection at Reims university hospital. Demographics, comorbidities, clinicopathological, microbiological, and laboratory data were extracted retrospectively from the Reims Hospital Patient Information System. The primary outcome was defined as the remission of symptoms and the absence of failure during follow-up (one year). Therefore, the following events were recorded: relapse and reinfection. Relapse was defined as a new infection caused by the same bacterial species as the initial case. Reinfection was defined as a new infection caused by a bacteria different to that responsible for the initial case.

Results

Between January 2010 and September 2018, a total of 641 patients presented erythromycinresistant Staphylococcus spp bone and joint infections. Of these, 595 (93%) were not included in the analysis, for the following reasons: (1) resistance to lincosamides was present in 256 cases (40%); (2) the infection was not monomicrobial in 96 cases (15%); (3) 241 patients were not treated with clindamycin-based antibiotherapy (37.5%); ( 4) 2 (0.5%) patients had diabetic foot. The remaining 46 patients, who were treated with clindamycin combination antibiotherapy, were included in the final analysis. Their characteristics and outcomes are presented in Table 1. Most were men (56.5%) and the median age was 60 (IQR 51-76) years.

The median Charlson comorbidity index was 3 (IQR 1-4). Underlying co-morbid conditions included obesity (body mass index > 30 kg/m 2 ) (19.6%), diabetes mellitus (19.6%), chronic renal failure (15.2%) and occlusive peripheral arterial disease (2.2%). Twelve patients (26.1%) had previous bone and joint infections.

The type of infection was prosthesis infection in 20 cases (43.5%), osteosynthetic device infection in 15 cases (32.6%), chronic osteomyelitis in 7 cases (15.2%), and arthritis in 4 cases (8.7%). Among the 20 cases with prosthesis infection, removal of the prosthesis was not performed in 3 cases (in 2 patients, co-morbidity was too severe to tolerate invasive surgery and in one patient, the prosthesis infection was diagnosed coincidentally during reintervention for hip prosthesis). Among the 15 cases with osteosynthetic device infection, device removal and 1-stage exchange was performed in 3 cases, device removal in 9 cases and debridement with lavage alone in 3 cases. Among the 7 patients with chronic osteomyelitis, 3 were treated exclusively with antibiotherapy. Among the 40 patients (87%) who underwent surgery, 8 had received previous antibiotherapy for a median of 9 days (IQR 3-13) before surgery.

At the time of diagnosis of infection, 6 patients (13%) were febrile, 6 patients (13%) had sinus tract and 30 patients (65.2%) presented with local signs of inflammation. Median leukocyte count and C-reactive protein were 10.1G/L (IQR 7.0 -12.3) and 51.3mg/L (IQR 11.8 -121.5), respectively. The median number of intra-operative samples that were positive for Staphylococcus spp was 2 (IQR 1 -4). Clindamycin was given at doses of 600 mg three times daily in association with rifampicin 600mg twice daily in 37 cases (80.4%), with fusidic acid in 4 cases (8.7%), with fluoroquinolone in 4 cases (8.7%) and cotrimoxazole in 1 case (1.5%). For patients with BMI > 35 kg/m² (n=3), clindamycin was given at a dose of 600 mg four times daily. The duration of antibiotic therapy was 6 weeks in patients with internal fixation device infection and arthritis, and 12 weeks in those with prosthesis infection and chronic osteomyelitis.

S. aureus

The median duration of follow-up was 398 days (IQR 86-843). All patients had at least one year of follow-up except for 7 patients (15.2%) who died during the first year of follow-up.

Five of these deaths occurred during the antibiotic treatment. Only one of these was related to the failure to control the bone and joint infection: a patient with hip prosthesis infection and 2stage exchange revision presented toxidermia on day 7 of clindamycin-rifampicin treatment.

He then received intravenous oxacillin plus fusidic acid. Death occurred suddenly one month later, in a context of spacer infection. No bacteriologic documentation was available.

The 2 other deaths occurred after antibiotic treatment, and were not related to the bone and joint infection. Their last follow-up was at 230 and 297 days after antibiotic therapy.

Four patients (8.7%) discontinued clindamycin due to side effects. Three patients treated with clindamycin plus rifampicin discontinued clindamycin due to toxidermia in 3 cases at days 7, 21 and 26. One patient treated with clindamycin plus fusidic acid, discontinued clindamycin at days 16 due to gastrointestinal toxicity.

Seven patients had re-infection (n=5) or relapse (n=2) after a median of 52 (42-128) days. The two patients with relapse both had chronic osteomyelitis due to S. aureus and were both treated with a combination of clindamycin -fusidic acid. The relapse occurred after discontinuation of antibiotic therapy. S. aureus with acquired resistance to lincosamides in addition to Citrobacter koseri were isolated in one case. Staphylococcus aureus without acquired resistance to lincosamides and E. cloacae were isolated in the second case.

Among the intention-to-treat population of 46 patients, the success rate was 67.4%. Among the 39 patients who completed antibiotic treatment, the success rate was 84.6%; 4 patients had re infection (10.2%), and 2 patients a relapse (5.1%); with acquired resistance to lincosamides in one out of the 2 cases with relapse. The outcome according to the different antibiotic regimens and according to implant removal are presented in Table 2. Among the 14 patients with prosthesis removal who were treated with clindamycin plus rifampicin, the intention to treat success rate was 71.4%, and the per-protocol success rate was 92.8%. Among the 12 patients with fixation device removal who were treated with clindamycin plus rifampicin, the success rate was 85.7% by both intention to treat and per-protocol analysis.

Discussion

To the best of our knowledge, this is the first study to evaluate clindamycin combination antibiotics for the treatment of erythromycin-resistant and lincosamide-susceptible bone and joint infections due to Staphylococcus spp in a significant number of patients. In this study of 46 patients, the cure rate with the clindamycin combination antibiotic therapy was 67.4% by intention-to-treat, and 84.6% per-protocol. Moreover, only 2 relapses (4.3%) were observed; and acquired resistance to lincosamides developed in only one case.

Clindamycin combination antibiotic therapy for bone and joint infections has been evaluated in several studies [START_REF] El Samad | Traitement des infections ostéoarticulaires par clindamycine chez l'adulte[END_REF][START_REF] Zeller | Continuous Clindamycin Infusion, an Innovative Approach to Treating Bone and Joint Infections[END_REF][START_REF] Czekaj | Efficacy of a combined oral clindamycin-rifampicin regimen for therapy of staphylococcal osteoarticular infections[END_REF][START_REF] Soriano | Treatment of acute post-surgical infection of joint arthroplasty[END_REF]. However, patients with erythromycin-resistant strains were excluded in one study, and in the others, the status of erythromycin susceptibility or the outcomes according to erythromycin susceptibility were not given [START_REF] El Samad | Traitement des infections ostéoarticulaires par clindamycine chez l'adulte[END_REF][START_REF] Zeller | Continuous Clindamycin Infusion, an Innovative Approach to Treating Bone and Joint Infections[END_REF][START_REF] Czekaj | Efficacy of a combined oral clindamycin-rifampicin regimen for therapy of staphylococcal osteoarticular infections[END_REF][START_REF] Soriano | Treatment of acute post-surgical infection of joint arthroplasty[END_REF]. In a study of 61 patients with osteoarticular infections (prosthetic infections and chronic osteitis in 50.8% and 36.1% of cases, respectively), among the causative micro-organisms, namely Staphylococcus spp (72.2%) and Streptococcus spp (15.3%), only 9.6% of strains were erythromycin-resistant and lincosamide-susceptible. Clindamycin was associated with either ofloxacin, rifampicin, or teicoplanin in 88.5% of cases. After excluding 5 patients whose death was not related to antibiotherapy and one patient for erythroderma, complete cure was obtained in 91.1% at 18 months. The authors did not specify outcomes according to erythromycin-resistance, or whether resistance to lincosamides was observed in failure patients [START_REF] El Samad | Traitement des infections ostéoarticulaires par clindamycine chez l'adulte[END_REF]. In a study of 20 patients with staphylococcal osteoarticular infection (6 arthroplasty infections, 4 other implant infections, 7 native arthritis, and 3 osteomyelitis), all were successfully treated with a clindamycin-rifampicin combination after a mean follow-up of 2.6 years (range 1.0-6.1 years) [START_REF] Czekaj | Efficacy of a combined oral clindamycin-rifampicin regimen for therapy of staphylococcal osteoarticular infections[END_REF]. In a study of 10 patients with acute post-surgical infection of joint arthroplasty treated with a clindamycin-rifampicin combination, the cure rate was 70% after 2 years of follow-up [START_REF] Soriano | Treatment of acute post-surgical infection of joint arthroplasty[END_REF]. In these 2 studies, the status of erythromycin-resistance was not given by the authors. In a study of 53 patients treated for erythromycin-susceptible Staphylococcus strain bone and joint infections, 92% were considered cured after a median duration of follow-up of 30 months (range, 24 to 53 months); only one relapse was observed [START_REF] Zeller | Continuous Clindamycin Infusion, an Innovative Approach to Treating Bone and Joint Infections[END_REF]. In our study, most patients (n= 37; 80.4%) were also treated with a clindamycin-rifampicin combination, with a median follow-up of 275 (65-1305) days; no relapse and four reinfections were observed in these patients.

Due to the bacteriostatic nature of clindamycin, the choice of the second agent of the antibiotic combination probably plays an important role in the success rate of the treatment, particularly in the prevention of emerging resistance [START_REF] Czekaj | Efficacy of a combined oral clindamycin-rifampicin regimen for therapy of staphylococcal osteoarticular infections[END_REF][START_REF] Smith | Comparison of biofilm-associated cell survival following in vitro exposure of meticillin-resistant Staphylococcus aureus biofilms to the antibiotics clindamycin, daptomycin, linezolid, tigecycline and vancomycin[END_REF]. Rifampicin has excellent antistaphylococcal activity, high bone penetration with sustained activity against biofilm bacteria and can eradicate adherent and stationary-phase staphylococci [START_REF] Czekaj | Efficacy of a combined oral clindamycin-rifampicin regimen for therapy of staphylococcal osteoarticular infections[END_REF][START_REF] Kim | Oral antibiotic treatment of staphylococcal bone and joint infections in adults[END_REF]. Although a dramatic decrease in clindamycin concentrations has been observed when associated with rifampicin, the cure rate observed with this combination in our study, as well as data reported in the literature are comparable to other rifampicin-based combinations [START_REF] Nguyen | Efficacy and tolerance of rifampicin-linezolid compared with rifampicin-cotrimoxazole combinations in prolonged oral therapy for bone and joint infections[END_REF][START_REF] Aboltins | Treatment of staphylococcal prosthetic joint infections with debridement, prosthesis retention and oral rifampicin and fusidic acid[END_REF][START_REF] Euba | Shortversus long-duration levofloxacin plus rifampicin for acute staphylococcal prosthetic joint infection managed with implant retention: a randomised clinical trial[END_REF][START_REF] Euba | Long-Term Follow-Up Trial of Oral Rifampin-Cotrimoxazole Combination versus Intravenous Cloxacillin in Treatment of Chronic Staphylococcal Osteomyelitis[END_REF]. Furthermore, target concentrations for clindamycin have never been defined and the addition of rifampicin to clindamycin significantly increased bactericidal activity in vitro against both coagulasenegative and coagulase-positive staphylococci [START_REF] Béraud | Clindamycin and rifampicin: No bull's eye without a target[END_REF][START_REF] Hackbarth | Serum bactericidal activity of rifampin in combination with other antimicrobial agents against Staphylococcus aureus[END_REF][START_REF] Arditi | In vitro interaction between rifampin and clindamycin against pathogenic coagulase-negative staphylococci[END_REF]. In addition, a combination of clindamycin-rifampicin for 10 weeks is recommended for the treatment of hidradenitis suppurativa [START_REF] Albrecht | Long-term clinical safety of clindamycin and rifampicin combination for the treatment of hidradenitis suppurativa. A Critically Appraised Topic[END_REF]. Fusidic acid, like rifampicin, has good penetration into infected bone and good antistaphylococcal activity. In combination with other agents, it is one of treatment options recommended by the French infectious diseases society for bone and joint infection caused by staphylococci and for osteoarticular infections on materials [START_REF]Société de Pathologie Infectieuse de Langue Française (SPILF), Collège des Universitaires de Maladies Infectieuses et Tropicales (CMIT), Groupe de Pathologie Infectieuse Pédiatrique (GPIP), Société Française d'Anesthésie et de Réanimation (SFAR[END_REF][START_REF] Kim | Oral antibiotic treatment of staphylococcal bone and joint infections in adults[END_REF]. Reports on the efficacy of a clindamycin-fusidic acid combination are scarce. Seven patients successfully treated with this combination have been reported [START_REF] El Samad | Traitement des infections ostéoarticulaires par clindamycine chez l'adulte[END_REF]. In our study, 2 out of 4 patients who received this combination had a relapse. Both of them had chronic osteomyelitis due to S. aureus with a previous history of repeated surgical interventions (4 in one case and 8 in the second case).

A combination of clindamycin-trimethoprim-sulfamethoxazole was given in only one patient in our study. Of note, this association with high-dose trimethoprim-sulfamethoxazole was evaluated in a prospective study of 171 patients with S. aureus endocarditis, although erythromycin susceptibility was not indicated. The mortality was comparable to other published cohorts [START_REF] Tissot-Dupont | Highdose trimethoprim-sulfamethoxazole and clindamycin for Staphylococcus aureus endocarditis[END_REF].

Tolerance could be the main limitation of clindamycin combination antibiotic regimens, in particular due to clindamycin-related cutaneous and digestive adverse events [START_REF] El Samad | Traitement des infections ostéoarticulaires par clindamycine chez l'adulte[END_REF][START_REF] Yang | HLA-B*51:01 is strongly associated with clindamycin-related cutaneous adverse drug reactions[END_REF]. In our study, 3 patients (6.5%) had to discontinue clindamycin treatment for toxidermia, and one patient for digestive adverse events. In line with other studies, no occurrence of C. difficile infection was observed in our study [START_REF] El Samad | Traitement des infections ostéoarticulaires par clindamycine chez l'adulte[END_REF][START_REF] Zeller | Continuous Clindamycin Infusion, an Innovative Approach to Treating Bone and Joint Infections[END_REF][START_REF] Czekaj | Efficacy of a combined oral clindamycin-rifampicin regimen for therapy of staphylococcal osteoarticular infections[END_REF].

Our study suffers from some limitations that deserve to be acknowledged. It is a single-centre, and retrospective study. Furthermore, patients had different types of bone and joint infection and received different antibiotic combinations comprising clindamycin. Finally, both the French Society for Microbiology and the European Committee on Antimicrobial Susceptibility Testing recommend that staphylococci resistant to erythromycin but susceptible to clindamycin be tested for inducible MLSb resistance (D-zone test) [START_REF] Eucast | The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for interpretation of MICs and zone diameters[END_REF][START_REF] Microbiologie | Comité de l'antibiogramme de la Société Française de Microbiologie-Recommandations[END_REF]. According to EUCAST, iMLSb isolates should be reported as resistant by adding this comment: "Clindamycin may still be used for short-term therapy of less serious skin and soft tissue infections as constitutive resistance is unlikely to develop during such therapy" [START_REF] Eucast | The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for interpretation of MICs and zone diameters[END_REF].

According to the SFM, these isolates should be reported as sensitive, with a warning that rare clinical failures have been reported by selection of cMLSb-related clindamycin resistance [START_REF] Microbiologie | Comité de l'antibiogramme de la Société Française de Microbiologie-Recommandations[END_REF]. Unfortunately, the D-zone test was performed but unspecified in our study and consequently, the rate of patients with iMLSb strains is unknown. iMLSb isolates were reported as sensitive to clindamycin without a warning indicating potential clinical failure.

Conclusion

Although not recommended as a primary treatment option for bone and joint infection caused by erythromycin-resistant Staphylococcus spp, clindamycin combination antibiotic therapy appeared to be effective in our study. In patients treated with a clindamycin-rifampicin combination, no relapse and no emergence of resistance was observed. However, further, larger studies are required to confirm these findings. 

  was the most frequently isolated pathogen, implicated in 31 patients (67.4%), followed by Staphylococcus epidermidis (n=12; 26.1%), by Staphylococcus haemolyticus (n=2; 4.4%) and Staphylococcus lugdunensis (n=1; 2.2%). Resistance to methicillin was present in one patient with Staphylococcus aureus infection and in 4 patients with Staphylococcus epidermidis infection. Two patients had hematogenous infection.

Table 1 Characteristics and outcome data of 46 patients with bone and joint infection 397 caused by erythromycin-resistant, clindamycin-susceptible Staphylococcus spp 398 399
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	N=46

Table 2 : Characteristics and outcome data of 46 patients with bone and joint infection caused by erythromycin-resistant, clindamycin-susceptible Staphylococcus spp according to the antibiotic regimen and to implant removal

 2 

Acknowledgements

We thank Fiona Ecarnot, PhD (EA3920, University Hospital Besancon, France) for editorial assistance.

Total number of words: 2675

Conflicts of interest: None

Author's contributions:

All authors cared for the patients. FBS, VVG and SD were responsible for the overall supervision of the study. AB and FBS wrote the first manuscript draft. All authors critically reviewed the manuscript and gave final approval. FBS was responsible for the overall supervision of the study.

Compliance with ethical standards

Ethical standards

Only parameters collected in routine clinical practice for which patients give their informed consent on admission to the hospital were retrospectively analyzed. Approval by an ethics committee was not required in accordance with French legislation.