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INTRODUCTION

The incidence of prosthetic joint infection (PJI) will continue to rise over time, in large part due to the major increase in the number of joint replacement procedures over recent years [START_REF] Grammatico-Guillon | Surveillance of prosthetic joint infections: international overview and new insights for hospital databases[END_REF]. Although complex investigations are available for osteoarticular infections, the diagnostic strategy is usually simple: infection is suspected based on physical findings (acute local inflammation, fever, drainage) then confirmed by the examination of samples obtained by simple aspiration or biopsy, or in some cases by immediate revision surgery, which identifies the causative micro-organism, thus defining the pharmacological and surgical treatment strategy. This lecture focusses on the diagnostic challenges that occur in a minority of PJIs. A coherent discussion of the issue must start with a definition of PJI. This definition was revised in 2013 by a vast group of experts during a consensus conference attended by the members of over 130 national and international scientific societies (Tables 1 and2) [START_REF] Parvizi | Definition of periprosthetic joint infection[END_REF]. This group suggested the use of two major and five minor criteria. PJI is defined as the presence of either (or both) of the two major criteria • two positive peri-prosthetic cultures with phenotypically identical micro-organisms

• sinus tract leading communicating with the joint or as the presence of at least three of the following minor criteria When using newly introduced diagnostic methods, the goal is to determine whether these diagnostic criteria are met in the individual patient. Two major obstacles are immediately apparent: no imaging study criteria are used, and microbiological documentation of the infection relies solely on bacteriological cultures, although recent progress in the field of molecular biology has produced major advances in microbiological diagnostic techniques over the last decade. This lecture will try to provide answers to the following six questions, based on a systematic review of the recent literature:

1. Does the clinical assessment still have diagnostic relevance? 2. What is the diagnostic contribution of imaging studies? 3. Must the infection be documented pre-operatively and if so, how? 4. Which microbiological techniques should be used? 5. Which non-microbiological investigations help to diagnosis peri-prosthetic bone and joint infections? 6. What role do referral centres for complex bone and joint infections play in the diagnostic strategy?

Does the clinical assessment still have diagnostic relevance?

The identification of suspected PJI still relies on the physical examination. The triad of erythema, local warmth, and pain is a common finding in acute infections.

Three clinical situations should suggest PJI [START_REF] Osmon | Diagnosis and management of prosthetic joint infection: Clinical Practice Guidelines by the Infectious Diseases Society of America[END_REF]: drainage from the scar or a draining sinus tract; the onset of acute pain in a prosthetic joint that was previously asymptomatic; and persistent pain after joint replacement, particularly with no painfree interval.

In these situations characterised by prominent physical findings, the challenge lies, not in making the diagnosis, but in considering the diagnosis early on, since the prompt implementation of a well-designed management strategy offers the best chances of eradicating the micro-organism and recovering normal function. The recommendations issued by the French National Authority for Health (HAS) for the management of knee and hip prosthesis infections within 1 month after implantation thus give pride of place to the physical findings [START_REF]Prothèse de hanche ou de genou : diagnostic et prise en charge de l'infection dans le mois suivant l'implantation[END_REF].

Multidisciplinary teams at referral centres for complex osteo-articular infections (CRIOACs in France) are now often called on to assess cases of "suspected" infection in patients whose medical history and physical findings usually suffice to establish the diagnosis. These patients have often travelled along complex pathways of care, undergoing numerous biological procedures and imaging studies (including nuclear medicine investigations), although their clinical picture indicated that simple needle aspiration would have confirmed the diagnosis and identified the causative micro-organism before an exchange arthroplasty.

Improving the documentation of the patient's medical history should be a priority. The absence of electronic case notes shared by the primary-care physician, public hospitals, and private healthcare institutions is a major impediment. Collecting information in a patient's medical experience into a coherent history can take several hours if assessments have been done at many different points of care. This exercise is necessary, however, as it lays the groundwork for informed decisions that may have major consequences, such as revision surgery and one-or two-stage exchange arthroplasty.

The clinical diagnosis is therefore the pillar that usually suggests sepsis as the cause of symptoms from a prosthetic joint and serves as trigger for extensive efforts to rule out other hypotheses and to obtain microbiological documentation.

What is the diagnostic contribution of imaging studies?

Four imaging techniques that do not use radio-isotopes can be used in the diagnostic approach to PJI.

√ Standard radiography serves chiefly to look for evidence of loosening, peri-prosthetic osteolysis, and/or a periosteal reaction.

√ Ultrasonography, particularly at the hip, is generally used to guide needle aspiration of the joint or a synovial biopsy.

√ Computed tomography (CT) provides an accurate assessment of bone structure, provided effective techniques are used to subtract implant-related artefacts [START_REF] Andersson | Visual grading evaluation of commercially available metal artefact reduction techniques in hip prosthesis computed tomography[END_REF].

√ Magnetic resonance imaging (MRI), also with artefact-suppression methods, supplies information on the soft tissues surrounding the prosthesis. These imaging studies do not consistently establish that infection is present or absent but can help to guide other investigations. Standard radiographs are often sufficient to diagnose incipient prosthetic loosening, which suggests infection if it occurs early. The development of a lucent line or of implant mobility on comparative views, as well as signs of osteolysis and/or a periosteal reaction, strongly support a diagnosis of infection.

Nuclear medicine investigations deserve special discussion. The available techniques include:

• technetium-99m-methyl diphosphonate scintigraphy,

• scintigraphy using radiolabelled neutrophils or radiolabelled anti-granulocyte antibodies,

• 18F-fluorodeoxyglucose positron emission tomography coupled with CT (FDG-PET/CT).

Nuclear medicine studies raise challenges for the diagnostic strategy. Methyldiphosphonate bone imaging is extremely sensitive but has limited specificity of less than 60% according to a recent meta-analysis on PJI at the knee [START_REF] Verberne | What is the accuracy of nuclear imaging in the assessment of periprosthetic knee infection? A meta-analysis[END_REF]. Similarly, more recently introduced methods based on radiolabelled leucocytes perform very well for confirming infections, most of which could be diagnosed simply by ultrasound-guided needle aspiration.

No studies have established where these highly effective but costly and complex investigations may have a role to play within diagnostic strategies. Thus, the 2011 guidelines issued by the American Academy of Orthopaedic Surgeons do not include nuclear medicine investigations within the pre-operative strategy for investigating suspected PJI [START_REF] Valle | American Academy of Orthopaedic Surgeons clinical practice guideline on: the diagnosis of periprosthetic joint infections of the hip and knee[END_REF]. A recent retrospective study [8] showed that the use of recently introduced nuclear medicine techniques, particularly with attention to spatial discordance in uptake, can assist in the diagnosis of hip PJI presenting as chronic hip pain. Nevertheless, these new methods should be used only as components of welldefined decision algorithms designed for diagnostically challenging cases [START_REF] Diaz-Ledezma | Diagnosis of periprosthetic joint infection: The role of nuclear medicine may be overestimated[END_REF]. Clearly, an FDG-PET finding of uptake in the dressing due to the passage of radioisotopes through a sinus tract indicates that the investigation was useless (Figure 1). Consequently, decisions to perform nuclear medicine investigations as part of the diagnostic strategy for PJI should therefore be left to multidisciplinary meetings of experts in complex osteo-articular infections, which are available at 30 referral centres (CRIOACs) in France 1 .

Must the infection be documented pre-operatively and if so, how?

Centres in France vary in the strategies they use for the pre-operative documentation of PJI. Needle aspiration is performed routinely before surgery at some centres, even when the diagnosis has been confirmed, whereas other centres collect samples only during surgery. 1 The list can be found at http://solidarites-sante.gouv.fr/IMG/pdf/dgos_tableau_centres_ioa_131217.pdf [START_REF] Diaz-Ledezma | Diagnosis of periprosthetic joint infection: The role of nuclear medicine may be overestimated[END_REF] An important issue is whether prophylactic antibiotic therapy influences the chances of achieving the correct microbiological diagnosis by culturing intraoperative samples.

• In a prospective study, samples collected before and after the intravenous administration of cefazolin 2 g produced similar microbiological results [START_REF] Bedencic | Does preoperative antimicrobial prophylaxis influence the diagnostic potential of periprosthetic tissues in hip or knee infections?[END_REF].

• In a study of 65 patients with hip or knee PJI documented pre-operatively who were randomised to prophylactic antibiotic therapy before the skin incision or after sample collection, no differences were found in culture results [START_REF] Tetreault | The Chitranjan Ranawat Award: Should prophylactic antibiotics be withheld before revision surgery to obtain appropriate cultures?[END_REF].

• Nevertheless, a vast retrospective study [START_REF] Al-Mayahi | Administration of antibiotic agents before intraoperative sampling in orthopedic infections alters culture results[END_REF] suggested that antibiotic exposure before sampling might be associated with a 4-fold decrease in the likelihood of obtaining positive intra-operative cultures, even when the exposure consisted in a single prophylactic dose. However, the many important differences between the groups with and without antibiotic exposure preclude definite conclusions about the potential effect of prophylactic antibiotic therapy on culture results.

Pre-operative needle aspiration has proven dependable over many years [START_REF] Lachiewicz | Aspiration of the hip joint before revision total hip arthroplasty. Clinical and laboratory factors influencing attainment of a positive culture[END_REF][START_REF] Barrack | The value of aspiration of the hip joint before revision total hip arthroplasty[END_REF][START_REF] Somme | Contribution of routine joint aspiration to the diagnosis of infection before hip revision surgery[END_REF] and remains recommended in France [START_REF]Recommandations de pratique clinique. Infections osteo-articulaires sur materiel (prothese, implant, osteo-synthese)[END_REF]. The results serve to guide the selection of intra-operative antibiotics and can help to determine the best surgical technique.

Agreement of microbiological results is better in recent-onset PJI. Nevertheless, discordances have been reported recently, particularly in patients with more than one organism, generating a risk of transiently inappropriate post-operative antibiotic therapy (unpublished data). Moreover, in two-stage exchange arthroplasty, needle aspiration of the fluid surrounding the spacer before the second stage performs poorly and should no longer be performed [START_REF] Preininger | Inadequacy of joint aspiration for detection of persistent periprosthetic infection during two-stage septic revision knee surgery[END_REF].

In practice, regarding imaging studies and the pre-operative diagnosis:

-standard radiography and ultrasonography are the first-line investigations and, when combined with the clinical assessment, usually enable the diagnosis of PJI; -as second-line investigations, CT and/or MRI accurately assess the anatomic alterations if effective artefact-suppression techniques are applied; -nuclear medicine methods should be reserved for highly selected patients and considered only based on a multidisciplinary discussion of experts at a referral centre for complex osteo-articular infections; -pre-operative needle aspiration is deemed crucial by some teams, as diagnostic documentation may affect the pharmacological and surgical treatment strategy; -in the current state of our knowledge, prophylactic antibiotic therapy should be given routinely, even in the absence of pre-operative microbiological documentation.

Which microbiological techniques should be used to assess osteoarticular samples?

Obtaining osteo-articular samples of optimal quality is of paramount importance. Needle aspiration or biopsy samples must be collected under standardised aseptic conditions, from deep sites, without passing through ulcerated or fistulised areas that might result in contamination. Intra-operative samples must be taken from deep sites in contact with the prosthetic material, using new instruments for each sample. The number of samples is important but varies across centres. Based on the MICROBIOS study [START_REF] Bémer | How many samples and how many culture media to diagnose a prosthetic joint infection: A clinical and microbiological prospective multicenter study[END_REF], four samples are collected at referral centres belonging to the western-France CRIOAC network (CRIOGO). However, this number can be changed depending on the laboratory techniques used to process the samples and should be determined by discussion among the clinicians and biologists. The techniques used to handle the samples at the laboratory, as well as culture durations, deserve careful attention.

Increasing culture sensitivity

A key feature of infections developed on prosthetic material is the generation by the bacteria of a biofilm that protects them from factors present in the local environment while allowing them to divide and thrive. Two techniques are currently used to extract bacteria from the biofilm, thereby allowing their identification.

4.1.1.

Sonication of the prosthetic material (Figure 2)

The explanted material is immersed in sterile fluid, which is then agitated by the application of ultrasound waves. The fluid is then cultured. In the seminal study [START_REF] Trampuz | Sonication of removed hip and knee prostheses for diagnosis of infection[END_REF] of 331 patients with knee or hip prostheses, sonication increased sensitivity from 60.8% to 78.5% without diminishing specificity (nearly 99% with and without sonication). The sensitivity gain was particularly large in patients exposed to antibiotics before explantation. A more recent study found that sonication had more modest effects on standard cultures but improved the sensitivity of PCR tests for micro-organisms [START_REF] Cazanave | Rapid molecular microbiologic diagnosis of prosthetic joint infection[END_REF][START_REF] Achermann | Improved diagnosis of periprosthetic joint infection by multiplex PCR of sonication fluid from removed implants[END_REF].

4.1.2.

Bead-mill processing of bone samples (Figure 3)

The other technique used to improve the sensitivity of peri-prosthetic sample cultures is bead-mill processing of bone fragments [START_REF] Roux | Diagnosis of prosthetic joint infection by beadmill processing of a periprosthetic specimen[END_REF], followed by direct culturing or transfer to a blood culture bottle. This method is technically simpler than sonication. However, no comparative studies versus sonication are available.

In a French prospective study of 264 patients with suspected PJI and 35 controls free of infection, standard cultures of five bead-mill-processed samples per patient were nearly 90% sensitive [START_REF] Bemer | Evaluation of 16S rRNA gene PCR sensitivity and specificity for diagnosis of 24 prosthetic joint infection: a prospective multicenter cross-sectional study[END_REF].

With bead-mill processing, limiting the number of samples to four, seems sufficient and saves money, as the cost of establishing the definitive diagnosis increases with the number of samples [START_REF] Bémer | How many samples and how many culture media to diagnose a prosthetic joint infection: A clinical and microbiological prospective multicenter study[END_REF].

Culture duration

Culture duration may also be important to consider. Although most of the pathogens responsible for PJIs grow within 5 days, a few may require 7 to 14 days under anaerobic conditions. In a study focussed on Cutibacterium acnes, which is chiefly found in shoulder PJI and spinal infections, stopping the cultures after 7 days failed to identify the organism in 19.9% of samples that were positive after 10 days and missed 21.4% of the final diagnoses of infections [START_REF] Bossard | Optimal length of cultivation time for isolation of propionibacterium acnes in suspected bone and joint infections is more than 7 days[END_REF].

Optimising the identification techniques

Until recently, the identification of bacteria recovered by culturing relied on biochemical techniques, notably colorimetric sensing arrays. Highly accurate identification was sometimes difficult to achieve, particularly with coagulase-negative staphylococci. Matrix-assisted laser desorption ionisation/time/of/flight (MALDI-TOF) is a new technique that has supplanted colorimetric methods and radically improved the ability to identify bacteria [START_REF] Van Veen | High-throughput identification of bacteria and yeast by matrix-assisted laser desorption ionization-time of flight mass spectrometry in conventional medical microbiology laboratories[END_REF]. MALDI-TOF has thus shown that many strains previously labelled Staphylococcus sp. can be classified into subspecies (S.

epidermidis, S. lugdunensis, S. caprae, S. saccharolyticus, S. schleiferi, S. intermedius, etc.).

Contribution of molecular biology methods

The development of molecular biology has produced major advances in the field of microbiology in recent years. Nevertheless, the role for molecular biology techniques in the diagnosis of PJI remains controversial. Molecular biology tests can be performed on fresh samples and do not usually require previous culturing. As a result, turn-around times are short, with only a few hours between sampling and result availability with the fully automated tests.

Amplification of the 16S rRNA gene

The gene encoding 16S ribosomal RNA is present in all bacteria and contains hypervariable regions that can be amplified and sequenced. Comparing the sequence found to sequences in a databank identifies the micro-organism present in the initial sample. This method holds appeal for identifying micro-organisms that cannot be cultured or are in a non-dividing phase. Sensitivity has ranged across studies from 50% to 92%, and specificity has varied from 65% to 94% on peri-prosthetic tissue samples and joint fluid. Limitations related to both the amplification and the sequencing phases have been reported.

Amplification of specific genes

A given micro-organism can be targeted by amplifying genes that are specific of it. There must therefore be a strong clinical suspicion that a specific micro-organism is involved. In the field of PJI, several applications of this method exist.

-Detection of Staphylococcus aureus and of the gene encoding the penicillinbinding protein 2a (PBP2a), whose presence confers methicillin resistance. This test is fully automated within GenXpert™ -Detection of Kingella kingae in paediatric infections

-Detection of Mycobacterium tuberculosis as a complement to cultures in patients with suspected tuberculosis

In a case-series study by the western-France referral centres for complex osteoarticular infections (CRIOGOs) [START_REF] Bemer | Evaluation of 16S rRNA gene PCR sensitivity and specificity for diagnosis of 24 prosthetic joint infection: a prospective multicenter cross-sectional study[END_REF], combining multiple sampling, bead-mill processing, and the use of both liquid and solid culture media achieved the diagnosis in 90% of cases, whereas PCR detection of 16S rRNA had only 73.3% sensitivity.

However, PCR combined with sonication [START_REF] Achermann | Improved diagnosis of periprosthetic joint infection by multiplex PCR of sonication fluid from removed implants[END_REF] or applied directly to joint fluid samples had high sensitivity in some studies, notably in patients receiving antibiotics and in those with slow-growing bacteria such as Cutibacterium acnes. Metagenomic sequencing may make a further contribution to the diagnosis [START_REF] Street | Molecular diagnosis of orthopedic-device-related infection directly from sonication fluid by metagenomic sequencing[END_REF], although it is too early to define its place in everyday practice.

In practice, regarding the microbiological diagnosis:

-The quality of the initial samples sent to the laboratory is a major factor.

-The techniques used to process these samples must include a sensitisation phase to release the bacteria present in the biofilm (sonication or bead-mill processing).

-Molecular biology techniques are used when first-line cultures and conventional identification methods fail.

-The technical equipment needed to properly handle peri-prosthetic samples is not available at all laboratories, and clinicians must send their samples to laboratories capable of analysing them in an optimal manner.

Which non-microbiological investigations help to diagnosis PJIs?

Non-microbiological investigations fall into three groups: histology, serum biomarker assays, and synovial biomarker assays.

Histology

Infection of peri-prosthetic material is defined histologically as the presence of more than 5 neutrophils in each of at least 5 separate high-power fields (x400) [START_REF] Parvizi | Definition of periprosthetic joint infection[END_REF]. For the diagnosis of PJI, histology has only limited sensitivity (43% to 100%) and specificity (81% to 98%). However, when the bacteriological samples are negative, histology can be helpful in providing orientation towards a fungal or mycobacterial infection. The neutrophil count may provide diagnostic orientation but lacks specificity.

Studies have evaluated procalcitonin, interleukin-6 (IL-6), tumour necrosis factor-alpha (TNF-α), interferon-gamma (IFN-γ), and several other biomarkers, using variable thresholds. Although these biomarkers may be more sensitive than CRP or the ESR, their specificity is too low for them to be incorporated into a coherent diagnostic strategy [START_REF] Pupaibool | Alphadefensin-novel synovial fluid biomarker for the diagnosis of periprosthetic joint infection[END_REF]. In a prospective multicentre study conducted in France between 2012 and 2014, sensitivity and specificity were 72.3% and 80.7% for targeted staphylococci, 75% and 92.6% for S. agalactiae, and 38.5% and 84.8% for C. acnes [START_REF] Marmor | Multiplex antibody detection for noninvasive genus-level diagnosis of prosthetic joint infection[END_REF]. False-negatives may occur if the test is performed too early after the onset of the infection. Overall performance is poorer within the first 3 months after joint replacement. BJI InoPlex ® is a simple test that can be performed during an outpatient visit and provides results within a few hours. The main limitation is an inability to detect 40% of all pathogens responsible for PJI. Furthermore, the exact place for this costly test within the diagnostic strategy has not been defined. When the diagnosis of PJI has been established, performing the test would not seem useful. A possible role in doubtful cases can be considered but has not been assessed in specific studies.

Other tests are being evaluated. In one study, D-dimer levels were elevated in patients with knee or hip PJI; with a threshold of 850 ng/mL, sensitivity was 89% and specificity 93% [START_REF] Shahi | Serum D-dimer test is promising for the diagnosis of periprosthetic joint infection and timing of reimplantation[END_REF]. Furthermore, in two-stage revisions, the D-dimer level was high in patients with persistent infection at the time of the second stage.

When the first-line investigations fail to identify the causative micro-organism, pathogens that are rarely involved and that are difficult or impossible to recover by culture techniques must be considered and sought using serological tests. Examples include C. burnetii (serological test for Q fever) [START_REF] Million | Culture-negative prosthetic joint arthritis related to Coxiella burnetii[END_REF] and Brucella sp. (serological test for brucellosis).

Synovial biomarker assays

Biomarkers assayed in joint fluid hold promise as potentially producing better performance than conventional serum biomarkers.

5.3.1.

Alpha-defensins

Alpha-defensins are a group of peptides produced by immune cells in response to certain microorganisms (gram-negative and Gram-positive bacteria, fungi, and enveloped viruses) [START_REF] Pupaibool | Alphadefensin-novel synovial fluid biomarker for the diagnosis of periprosthetic joint infection[END_REF][START_REF] Deirmengian | Combined measurement of synovial fluid alpha-defensin and C-reactive protein levels: highly accurate for diagnosing periprosthetic joint infection[END_REF]. The production of alpha-defensins is regulated by proinflammatory cytokines including IL-1β, IL-6, and TNF-α. Joint fluid must be recovered by aspiration and at least 1 mL of the fluid placed in contact with a reagent that supplies the result as positive or negative. Two techniques are currently available.

One is an ELISA that is performed at clinical laboratories with a 24-hour turnaround time. The other is the Synovasure TM single-use test (Zimmer Biomet, Warsaw, IN, USA), which provides the result within 20 minutes and has high sensitivity of 67% to 100% with a negative predictive value (NPV) of 87% to 100%. The ELISA has better performance characteristics but requires a 24-hour wait. In hip or knee PJI, with a threshold of 5.2 mg/L, sensitivity is 100% and specificity 98% [START_REF] Frangiamore | α-defensin accuracy to diagnose periprosthetic joint infection-best available test?[END_REF], i.e., far higher compared to serum CRP and ESR. Metallosis may produce in false-positive results.

The test does not revert to negative in the event of haemarthrosis, antibiotic therapy, or chronic inflammatory disease [START_REF] Deirmengian | Combined measurement of synovial fluid alpha-defensin and C-reactive protein levels: highly accurate for diagnosing periprosthetic joint infection[END_REF]. However, the test does not identify the causative micro-organism, and conventional bacteriological investigations must therefore be performed. The alpha-defensin test is recommended in chronic infections at least 3 months after joint replacement. This test is costly.

Leucocyte-esterase strip

This test is simple, rapid, and inexpensive. Joint fluid must be sampled then placed on the dipstick. A leucocyte-esterase result of 2+ or more suggests infection.

However, the test is negative if the neutrophil count is low, and its NPV is therefore low. Sample contamination by blood precludes use of the leucocyte-esterase test. No data on effectiveness in patients taking antibiotics are available.

Other synovial biomarkers: CRP and interleukins (ILs)

CRP assay on joint fluid with a threshold of 12.2 mg/L has 90% sensitivity and 97% specificity [START_REF] Deirmengian | Combined measurement of synovial fluid alpha-defensin and C-reactive protein levels: highly accurate for diagnosing periprosthetic joint infection[END_REF]. With a threshold of 3 mg/L, the CRP assay can identify falsepositive results of the alpha-defensin assay as true negatives. This combination has 97.3% sensitivity and 100% specificity for diagnosing PJI.

IL-6 and IL-1B assays in joint fluid perform well for diagnosing knee and hip PJI [START_REF] Deirmengian | Diagnosing periprosthetic joint infection: Has the era of the biomarker arrived?[END_REF] but are not available in everyday practice [START_REF] Frangiamore | Synovial cytokines and the MSIS criteria are not useful for determining infection resolution after periprosthetic joint infection explantation[END_REF].

In practice, regarding non-microbiological investigations:

-A histological examination can be helpful when the diagnosis is in doubt and should be performed routinely when proof of infection is not obtained pre-operatively.

-Biomarkers assayed in serum and joint fluid have very good NPVs.

-Serum biomarkers allow identification of the micro-organism in some cases (BJI Inoplex, serological tests) but provide no information on susceptibility to antibiotics.

-Synovial biomarkers allow neither identification of the micro-organism nor testing for resistance to antibiotics.

What role do referral centres for complex bone and joint infections play in the diagnostic strategy?

In France, referral centres for complex osteo-articular infections (CRIOACs)

were created in 2008 as places where patients and their healthcare professionals could find the expertise they need to overcome difficult challenges raised by the management of osteo-articular infections. There are now 30 such centres, of which 9 have coordinating functions. They are funded under legislation governing activities that benefit the general public. Hospitals that host referral centres receive additional funding provided the following three conditions are met: the patient has had surgery at the referral centre, criteria for a complex infection are fulfilled, and the case was discussed during a multidisciplinary meeting.

Multidisciplinary meetings at referral centres can be held to discuss not only treatment issues (i.e., to determine the best management of an infection diagnosed before referral), but also diagnostic challenges. In this last case, referral must occur fairly early on, when the first-line investigations (clinical assessment, laboratory tests, and conventional imaging studies) fail to discriminate between a mechanical complication and an infection. Early referral can avoid costly investigations that are made unnecessary by the setting. The multidisciplinary team can then determine the best diagnostic strategy (aspiration, revision surgery), select the microbiological tests that should be performed and, after the diagnosis is established, develop a management strategy.

Conclusion

The introduction of new diagnostic tools should not obscure the fact that most PJIs can be diagnosed on the basis of simple arguments, notably those provided by the clinical assessment.

Imaging studies (standard radiography and ultrasonography) provide diagnostic orientation in a growing proportion of cases. Nevertheless, the role for each technique within the diagnostic strategy remains unclear.

Once samples are collected, recent sensitisation techniques (sonication and bead-mill processing) substantially increase the likelihood of recovering bacteria capable of dividing within the biofilm.

Molecular biology is opening a vast horizon of new perspectives and may perhaps eventually make bacteriological culturing obsolete. Molecular biology assays not only identify the causative micro-organism, but will increasingly provide information on antibiotic resistance profiles, as already seen for S. aureus and

M. tuberculosis.

Finally, the place within the diagnostic strategy for newly introduced biomarkers of osteo-articular infection, assayed in serum or joint fluid, remains to be determined. Cost-effectiveness studies will need to be performed to define their position.

Diagnostic tests should be performed according to a well-defined decision tree Investigations that are costly or burdensome should be used only as second-line tests.

In this situation, a multidisciplinary meeting held at a referral centre is valuable to discuss the diagnostic strategy and to identify which investigations and laboratory techniques should be performed.
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FIGURE LEGENDS

Scintigraphy showing passage of the radiopharmaceutical into the dressing through a sinus tract. In this patient, scintigraphy was performed as a diagnostic investigation to resolve doubt about a hip PJI. Was it really necessary? (courtesy of Dr Anne Devillers, Nuclear Medicine, Rennes, France)

Figure 2

Sonication technique (courtesy of Nicole Desplaces, GHDCSS, Paris, France)

Bead-mill processing technique (courtesy of Prof. Anne Gougeon, CHU de Rennes, Rennes, France)

Algorithm for performing diagnostic investigations in a patient with suspected PJI Prosthetic joint infection is diagnosed in patients meeting at least one major criterion or three minor criteria [START_REF] Parvizi | Definition of periprosthetic joint infection[END_REF] Major criteria

Presence of either major criterion is sufficient to diagnose infection.

-Two positive peri-prosthetic cultures with phenotypically identical organisms -Sinus tract communicating with the joint

Minor criteria

At least three minor criteria are required to diagnose infection. * The consensus group that developed these diagnostic criteria made the following declaration: "The consensus group wishes to state that peri-prosthetic joint infection may be present without meeting these criteria, specifically in the case of less virulent organisms (e.g. Cutibacterium acnes). Thus, the clinicians are urged to exercise their judgement and clinical acumen in reaching the diagnosis of peri-prosthetic joint infection."

•

  elevated serum C-reactive protein (CRP) AND erythrocyte sedimentation rate (ESR) • elevated synovial fluid white blood cell count OR ++ change or greater on the leucocyte esterase strip test • elevated synovial fluid neutrophil percentage • positive histological analysis of peri-prosthetic tissue • positive culture from a single sample.

15 5. 2 .

 152 Serum biomarker assaysSerum biomarkers include CRP, the ESR, the neutrophil count, and procalcitonin. Normal values do not rule out PJI. Normal values are particularly common with micro-organism of low pathogenicity such as coagulase-negative staphylococci, Corynebacterium, C. acnes, Actinomyces, Candida, and mycobacteria.

BJI

  InoPlex ® (Diaxonhit, Paris, France) provides complementary information based on serum biomarkers. It detects serum antibodies to a panel of recombinant antigens from pathogens frequently responsible for PJI including Staphylococcus spp., Streptococcus agalactiae, and Cutibacterium acnes. A separate result is obtained for each pathogen. The test does not provide information on susceptibility to antibiotics.

(Figure 4 )

 4 to avoid unnecessary investigations. First-line investigations are usually 20 20 successful in establishing the diagnosis. Otherwise, second-line tests are performed.

-

  Elevated C-reactive protein AND erythrocyte sedimentation rate -Elevated synovial fluid white blood cell count OR ++ change on leucocyte esterase test strip -Elevated synovial fluid polymorphonuclear neutrophil percentage -Positive histological analysis of periprosthetic tissue -A single positive culture

Table 1

 1 

Table 2

 2 Thresholds for the minor diagnostic criteria*[START_REF] Parvizi | Definition of periprosthetic joint infection[END_REF] 

	Criterion	Acute infection (<90 days after	Chronic infection (>90 days
		joint replacement surgery)	after joint replacement
			surgery)
	Erythrocyte		
	sedimentation rate	Not helpful. No threshold was determined.	30
	(mm/h)		
	C-reactive protein(mg/L)	100	10
	Synovial white blood cell count (cells/µL)	10 000	3 000
	Proportion of synovial		
	polymorphonuclear		
	neutrophils	90	80
	(%)		
	Leucocyte esterase	+ or ++	+ or ++
	Histological analysis of tissue	>5 neutrophils per high power high-power fields field (x400) in at least 5 separate	Same as acute
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