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Introduction

First described in 1971 by Bywaters [START_REF] Bywaters | Still's disease in the adult[END_REF], adult-onset Still's disease (AOSD) is considered a multigenic auto-inflammatory disorder [START_REF] Gerfaud-Valentin | Adult-onset Still's disease[END_REF][START_REF]Pathophysiology, subtypes, and treatments of adult-onset Still's disease: An update[END_REF]. Its incidence has been estimated at 0.16 per 100,000 in France (4), and 0.22 and 0.34 per 100,000 for men and women in Japan. Its prevalence was calculated at 0.73 and 1.74 for men and women in Japan [START_REF] Wakai | Estimated Prevalence and Incidence of Adult Still's Disease: Findings by a Nationwide Epidemiological Survey in Japan[END_REF]. Its main clinical features are a high spiking fever, maculopapular rash usually concomitant with the fever, polyarthralgia, sore throat, lymphadenopathy, and hepatosplenomegaly. Other features reported are myalgia, serositis, weight loss, abdominal pain, and more anecdotally, neurological manifestations, renal impairment and ophthalmologic involvement. Its biological abnormalities include leukocytosis, elevated polymorphonuclear neutrophil counts, elevated erythrocyte sedimentation rate and C-reactive protein level, and abnormal liver function results [START_REF] Bywaters | Still's disease in the adult[END_REF][START_REF] Gerfaud-Valentin | Adult-onset Still's disease[END_REF][START_REF] Fautrel | Adult-onset Still disease[END_REF][START_REF] Reginato | Adult onset still's disease: experience in 23 patients and literature review with emphasis on organ failure[END_REF][START_REF] Ohta | Adult Still's disease: review of 228 cases from the literature[END_REF][START_REF] Cush | Adult-onset Still's disease. Clinical course and outcome[END_REF][START_REF] Pouchot | Adult Still's disease: manifestations, disease course, and outcome in 62 patients[END_REF][START_REF] Castañeda | Adult-onset Still's disease: Advances in the treatment[END_REF]. For the last 20 years, the diagnostic value of serum ferritin and percentage of glycosylated ferritin has been suggested. Indeed, the synthesis of ferritin is increased under inflammatory conditions [START_REF] Moore | Causes and significance of markedly elevated serum ferritin levels in an academic medical center[END_REF][START_REF] Fautrel | Ferritin levels in adult Still's disease: any sugar?[END_REF]. Its level is increased in AOSD and is correlated with disease activity [START_REF] Schwarz-Eywill | Evaluation of serum ferritin as a marker for adult Still's disease activity[END_REF][START_REF] Fautrel | Diagnostic value of ferritin and glycosylated ferritin in adult onset Still's disease[END_REF][START_REF] Van Reeth | Serum ferritin and isoferritins are tools for diagnosis of active adult Still's disease[END_REF]. A marked decrease in glycosylated ferritin level was reported to be highly suggestive of AOSD [START_REF] Fautrel | Diagnostic value of ferritin and glycosylated ferritin in adult onset Still's disease[END_REF]. In 2001, Fautrel et al. demonstrated a specificity of 92.9% for AOSD diagnosis with the combination of glycosylated ferritin percentage < 20% and serum ferritin level greater than 5-fold the normal-value [START_REF] Fautrel | Diagnostic value of ferritin and glycosylated ferritin in adult onset Still's disease[END_REF]. Decreased glycosylated ferritin percentage persists several weeks or even months after AOSD flares and is less associated with variations in disease activity [START_REF] Vignes | Percentage of glycosylated serum ferritin remains low throughout the course of adult onset Still's disease[END_REF]. Other authors have demonstrated an association of glycosylated ferritin level with more rapid diagnosis [START_REF] Gerfaud-Valentin | Adultonset still disease: manifestations, treatment, outcome, and prognostic factors in 57 patients[END_REF]. However, low glycosylated ferritin fraction is not completely specific of AOSD and has also been reported in hemophagocytic lympho-histiocytosis (HLH) [START_REF] Fardet | Low glycosylated ferritin, a good marker for the diagnosis of hemophagocytic syndrome[END_REF].

Because of the clinical heterogeneity and low prevalence of AOSD, its diagnosis is difficult.

It often remains an exclusion diagnosis. Several differential diagnoses, namely infectious, neoplastic, autoimmune and systemic diseases, should be ruled out. Several clinical cases of misdiagnosis and inadequate therapeutic prescriptions have been reported [START_REF] Neishi | Adult Still's disease as a paraneoplastic manifestation of breast cancer[END_REF][START_REF] Kianzowa | Paraneoplastic adult Still's disease[END_REF][START_REF] Okamoto | A case of paraneoplastic syndrome mimicking adult Still's disease caused by rectal cancer[END_REF][START_REF] Liozon | Adult-onset Still's disease as a manifestation of malignancy: report of a patient with melanoma and literature review[END_REF][START_REF] Yoshioka | A case of chronic active Epstein-Barr virus infection mimicking adult-onset Still's disease[END_REF][START_REF] Dua | Mycoplasma pneumoniae infection associated with urticarial vasculitis mimicking adult-onset Still's disease[END_REF][START_REF] Hoenderkamp | Pyrexia and a rash[END_REF][START_REF] Zaidan | Whipple disease mimicking adultonset Still's disease and treated by anakinra: diagnosis using PCR[END_REF][START_REF] Shuo | Small intestine Crohn's disease presenting as fever mistaken for adult onset Still's disease[END_REF][START_REF] Kato | A case of cutaneous polyarteritis nodosa manifested by spiking high fever, arthralgia and macular eruption like adultonset Still's disease[END_REF].

Misdiagnosis could have important adverse consequences, because AOSD treatments, such as corticosteroids or immunosuppressive agents, can worsen the course of these differential diagnoses, especially infectious or neoplastic diseases.

Several classification criteria have been published. Although they were not intended for AOSD diagnosis but rather to identify homogeneous groups of patients in clinical research, they can be helpful for clinicians at the time of diagnosis [START_REF] Reginato | Adult onset still's disease: experience in 23 patients and literature review with emphasis on organ failure[END_REF][START_REF] Goldman | Acute febrile juvenile rheumatoid arthritis in adults: cause of polyarthritis and fever[END_REF][START_REF] Calabro | Adult onset Still's disease[END_REF][START_REF] Yamaguchi | Preliminary criteria for classification of adult Still's disease[END_REF][START_REF] Fautrel | Proposal for a new set of classification criteria for adult-onset still disease[END_REF][START_REF] Crispín | Adult-onset Still disease as the cause of fever of unknown origin[END_REF][START_REF] Vanderschueren | Adult-onset Still's disease: still a diagnosis of exclusion. A nested case-control study in patients with fever of unknown origin[END_REF][START_REF] Masson | Comparative study of 6 types of criteria in adult Still's disease[END_REF][START_REF] Kahn | Maladie de Still de l'adulte[END_REF] (Supplemental table 1).

All were developed with retrospective data. Most of these classifications included exclusion criteria [START_REF] Reginato | Adult onset still's disease: experience in 23 patients and literature review with emphasis on organ failure[END_REF][START_REF] Goldman | Acute febrile juvenile rheumatoid arthritis in adults: cause of polyarthritis and fever[END_REF][START_REF] Calabro | Adult onset Still's disease[END_REF][START_REF] Yamaguchi | Preliminary criteria for classification of adult Still's disease[END_REF][START_REF] Kahn | Maladie de Still de l'adulte[END_REF] and were developed without any control group [START_REF] Reginato | Adult onset still's disease: experience in 23 patients and literature review with emphasis on organ failure[END_REF][START_REF] Cush | Adult-onset Still's disease. Clinical course and outcome[END_REF][START_REF] Goldman | Acute febrile juvenile rheumatoid arthritis in adults: cause of polyarthritis and fever[END_REF][START_REF] Calabro | Adult onset Still's disease[END_REF][START_REF] Kahn | Maladie de Still de l'adulte[END_REF]. One study analyzed the sensitivity of several sets of criteria with a observational cohort of AOSD patients and showed the Yamaguchi criteria with the highest sensitivity [START_REF] Masson | Comparative study of 6 types of criteria in adult Still's disease[END_REF]. Another study demonstrated the highest sensitivity (96.2%) and good specificity (92.1%) for the Yamaguchi criteria [START_REF] Yamaguchi | Preliminary criteria for classification of adult Still's disease[END_REF].

In 2002, Fautrel et al. [START_REF] Fautrel | Proposal for a new set of classification criteria for adult-onset still disease[END_REF] proposed a new classification criteria set for AOSD, including the previously-mentioned biological parameters but with the advantage of not including exclusion criteria. The selected variables were classified into minor (maculopapular rash, leukocytes > 10,000/mm 3 ) and major criteria (spiking fever > 39°C, arthralgia, transient erythema, pharyngitis, polymorphonuclear neutrophil percentage > 80%, glycosylated ferritin percentage < 20%). AOSD was diagnosed with the presence of 4 major criteria or 3 major and 2 minor criteria. The sensitivity was 80.6% and specificity 98.5%, the latter being higher than that obtained with other sets [START_REF] Fautrel | Proposal for a new set of classification criteria for adult-onset still disease[END_REF]. This classification set includes the value of glycosylated ferritin indicating the pathognomony of this disease.

This study objective was to validate the Fautrel classification criteria with a different cohort and to compare its discriminative performance to that of the Yamaguchi criteria.

Patients and Methods

Study design

A retrospective, monocentric, observational, case control study was conducted.

Study population

We included all adult patients under management at the Pitié-Salpêtrière University Hospital in Paris who had ferritin and glycosylated ferritin assay testing at the biochemistry laboratory of Bichat Hospital from January 2000 to April 2013.

We excluded patients who were less than 18 years old, had incomplete medical charts, and were included in the previous study.

Collected data

Data were extracted from medical charts by one investigator (DL) who used a standardized form. The index date was the date of the glycosylated ferritin assay. All clinical, biological, and imaging features available at the time of or before the index date were collected as discrete variables (present or absent for clinical parameters, normal or abnormal for biological parameters according to predefined thresholds). Information suggestive of an alternative diagnosis was carefully searched, especially that corresponding to other immune-mediated inflammatory diseases [IMIDs, i.e., corresponding to criteria contained in other IMID classification sets, such as for Behcet's disease [START_REF] Dejaco | 13th International Conference on Behçet's Disease, May 24-27, 2008[END_REF][START_REF] Davatchi | Diagnosis/Classification Criteria for Behcet&#39;s Disease[END_REF], giant cell arteritis [START_REF] Hunder | The American College of Rheumatology 1990 criteria for the classification of giant cell arteritis[END_REF], inflammatory myopathies [START_REF] Troyanov | Novel classification of idiopathic inflammatory myopathies based on overlap syndrome features and autoantibodies: analysis of 100 French Canadian patients[END_REF], systemic lupus erythematosus (42), Sjogren's syndrome [START_REF] Vitali | Classification criteria for Sjögren's syndrome: a revised version of the European criteria proposed by the American-European Consensus Group[END_REF], familial Mediterranean fever [START_REF] Pras | Familial Mediterranean fever: from the clinical syndrome to the cloning of the pyrin gene[END_REF], rheumatoid arthritis [START_REF] Aletaha | Rheumatoid arthritis classification criteria: an American College of Rheumatology/European League Against Rheumatism collaborative initiative[END_REF], spondyloarthritis [START_REF] Rudwaleit | The development of Assessment of SpondyloArthritis international Society classification criteria for axial spondyloarthritis (part II): validation and final selection[END_REF][START_REF] Rudwaleit | The Assessment of SpondyloArthritis International Society classification criteria for peripheral spondyloarthritis and for spondyloarthritis in general[END_REF], and HLH [START_REF] Henter | HLH-2004: Diagnostic and therapeutic guidelines for hemophagocytic lymphohistiocytosis[END_REF]].

In addition, diagnostic investigations to exclude an active infection or a neoplastic disease were noted. The diagnosis by the referring physician at the last follow-up was also noted (case report form in Supplemental table 2 and criteria for other IMIDs in Supplemental table 3).

Diagnostic certification of cases and controls

Patients were classified as AOSD patients or controls, based on clinical and laboratory information extracted from medical charts at the time of ferritin dosage or later. Inclusion in the AOSD group required: 1) a diagnosis of AOSD retained by the referring physician at last follow-up, 2) a diagnosis of AOSD retained by the investigator (DL), and 3) meeting none of the classification criteria sets for IMID described previously. Controls included patients without the AOSD definition and those with HLH, neoplasia, other IMIDs, hepatic diseases, infections, or other conditions. For patients with a discrepancy between the final diagnosis and classification criteria and/or featuring several classification criteria, group adjudication was performed by a multidisciplinary expert group (BF, GG, JP, LA, SGL) after revision of the case. During the multidisciplinary adjudication, patient data were presented in terms of a report summarizing disease history, clinical, laboratory and imaging findings and satisfaction of IMID classification criteria sets, except for the Yamaguchi and Fautrel classification sets which were not presented. In case of residual uncertainty despite the expert adjudication, cases were excluded.

Satisfying of AOSD classification criteria

Algorithms corresponding to the Fautrel and Yamaguchi classification criteria were applied to each patient. The classification criteria items that were missing in the medical chartmissing datawere considered absent.

Exclusion criteria were managed in two ways. The first was Yamaguchi classification in which these criteria were defined as absent according to the referring physician (indicated in the chart) and present if the final diagnosis was an infection, neoplasia or IMID. This method is designated hereafter as the "standard Yamaguchi classification". Second, exclusion criteria were defined as absence of exclusion criteria according to the referring physician and performance of diagnostic investigations including at least blood cultures, Epstein-Barr virus serology or PCR, and dosage of rheumatoid factor and anti-nuclear antibodies. The choice of these complementary exams was based on the Yamaguchi et al. study [START_REF] Yamaguchi | Preliminary criteria for classification of adult Still's disease[END_REF]. This method is designated hereafter as the "strict Yamaguchi classification".

In addition, three composite classifications were applied to each patient. The first corresponded to the standard Yamaguchi classification, with the addition of ferritin level as a major criterion (considered present with ferritin level higher than normal), and is called "Yamaguchi +F>N" hereafter. The second corresponded to the standard Yamaguchi classification with the addition of glycosylated ferritin percentage (considered present with glycosylated ferritin fraction < 20%), and was called "Yamaguchi +FG < 20%". The three corresponded to the standard Yamaguchi classification with the addition of ferritin level 5 fold upper limit of the normal (considered present with ferritin level >5N), and was called "Yamaguchi +FG>5N".

Statistical analysis

Quantitative data are described with mean ± SD and categorical data as number (percentage).

The two groups were compared by Student t tests for quantitative variables and chi-square test or exact Fisher test for categorical variables. For each diagnostic method, sensitivity, specificity, positive and negative predictive values were estimated with their 95% confidence intervals by the bootstrap procedure with 1000 replicates. Sensitivity and specificity of the two classification criteria sets were compared by McNemar test. All computations involved use of SAS v9.3 (SAS Institute, Cary, NC, USA). P<0.05 was considered statistically significant.

Results

Population characteristics

During the study period, 1093 ferritin and glycosylated ferritin assays were performed by the biochemistry laboratory of Bichat Hospital. These assays involved 761 patients, of whom 426 had available and complete medical records. Overall, 81 of these cases were assessed by the multidisciplinary expert group. Finally, we identified 54 patients with AOSD and 278 were controls. We excluded 94 patients: 68 because they were younger than 18 years old or data from the medical record were incomplete and 26 because AOSD could not be definitely excluded or diagnosed (Figure 1).

The distribution of diseases for controls are in Table 1. The category "other" included especially drug eruption, urticaria, cristal arthropathies, and psychosomatic disorders.

Clinical and biological characteristics

Table 2 shows the main clinical and laboratory characteristics of AOSD patients and controls.

The mean age of AOSD patients was 38.9+15.6 years and 37.0% were male. AOSD patients were younger than controls. The cardinal symptoms of AOSD-fever, arthralgia, rash, leukocytosis and elevated polymorphonuclear neutrophils-were more frequent in AOSD patients than controls. Serum ferritin level > normal values (N) was higher for AOSD patients than controls (41/54 [75.9%] vs 155/278 [55.8%]), corresponding to a specificity of 44.2%. Ferritin level >5-fold higher than N was higher for AOSD patients than controls ( [11.5%], corresponding to an interesting specificity of 88.5% but a low sensitivity of 25.9%. AOSD patients and controls showed significant differences in the frequency of most variables except for gender, pericarditis, renal failure and anti-neutrophil cytoplasmic antibodies (ANCA). 

Additional tests performed to rule out active infection

Discriminative performance of Fautrel criteria

The Fautrel criteria had sensitivity 87.0%, specificity 97.8%, and positive and negative predictive value 88.7% and 97.5%. Six patients were falsely classified as AOSD by this set, and seven AOSD diagnoses were missed. The false-positive cases were finally diagnosed as Castleman disease, endocarditis, pneumonitis, anti-NMDA (N-methyl-D-aspartate) receptor encephalitis, connective and granulomatosis (n=1 each). Among the seven missed AOSD patients, two had a monocyclic systemic form, three a polycyclic systemic form, and two a chronic articular forms. Two of these seven patients were discussed during the multidisciplinary consultation. These false-negative cases were classified as AOSD by the standard Yamaguchi set, which had sensitivity 96.3%, specificity 98.9%, and positive and negative predictive value 94.5% and 99.3%. Using the standard Yamaguchi criteria set, three controls were falsely classified as AOSD, and two AOSD diagnoses were missed. The three controls falsely classified as AOSD had an inflammatory myopathy, anti-NMDA receptor encephalitis and an unclassified inflammatory disease. The two AOSD missed cases had a polycyclic systemic form and were correctly classified with the Fautrel set. One of these cases was assessed during the multidisciplinary consultation. If we applied a stricter definition of exclusion criteria, the sensitivity of the Yamaguchi set decreased to 31.5% (p < 0.0001). In addition, 37 AOSD diagnoses were missed, although one alone was falsely classified as AOSD.

The composite set, "Yamaguchi+F > N", had sensitivity 100.0%, specificity 97.1%, and positive and negative predictive value 87.1% and 100.0%. With this set, the number of falsenegative cases was reduced to 0. However, this combination wrongly classified eight controls as AOSD: five had a diagnosis of IgA nephropathy, pelvic fibrosis, sarcoidosis, unclassified autoimmune disease, unclassified autoinflammatory syndrome and the remaining three were previously misclassified with the standard Yamaguchi set.

The composite set, "Yamaguchi + F > 5N", displayed sensitivity 96.3%, specificity 98.6%, and positive and negative predictive value 92.9% and 99.3%. With this set, the number of false-negative cases was reduced to 0, and the number of false-positive cases was reduced to 4. The The latter included one patient with unclassified connectivite and three controls previously misclassified with the standard Yamaguchi set.

The composite set, "Yamaguchi+FG < 20%", had sensitivity 98.2%, specificity 98.6%, and positive and negative predictive value 93.0% and 99.6%. There was one false-negative case and four false-positive cases. The latter included one patient with chronic urticaria and three controls previously misclassified with the standard Yamaguchi set. The misclassified patients are described in Table 5.

These different sets showed excellent performance. However, the differences did not reach statistical significance, which did not allow us to compare these sets.

Discussion

This study validates the Fautrel classification criteria for AOSD with a different cohort than the original one. This criteria set shows good sensitivity and specificity, overcomes exclusion criteria and includes glycosylated ferritin fraction level. It also confirms the high discriminative power of the Yamaguchi criteria, which are highly affected by how exclusion criteria are interpreted. In addition, the two classification criteria sets featured no significantly significant differences.

The study design for validating classification criteria for AOSD is challenging. The first limitation of our study is its retrospective design. Although a prospective design is desirable to avoid any missing data, the low incidence of the disease, estimated at 0.16 per 100,000 in France (4), and the absence of a national cohort limit the feasibility of this design. Likewise, none of the other criteria sets were developed prospectively, which confirms this difficulty [START_REF] Reginato | Adult onset still's disease: experience in 23 patients and literature review with emphasis on organ failure[END_REF][START_REF] Cush | Adult-onset Still's disease. Clinical course and outcome[END_REF][START_REF] Goldman | Acute febrile juvenile rheumatoid arthritis in adults: cause of polyarthritis and fever[END_REF][START_REF] Calabro | Adult onset Still's disease[END_REF][START_REF] Yamaguchi | Preliminary criteria for classification of adult Still's disease[END_REF][START_REF] Crispín | Adult-onset Still disease as the cause of fever of unknown origin[END_REF][START_REF] Kahn | Maladie de Still de l'adulte[END_REF]. To minimize the bias in data recording, we ensured that patient records were comprehensive, and we used a standardized data collection form. However, the quality of medical charts was not consistent and several cases were excluded because of incomplete data. The second limitation concerns the selection of controls. The purpose of classification criteria is to separate AOSD patients and those with a disorder mimicking AOSD [START_REF] Fries | Criteria for rheumatic disease. different types and different functions[END_REF]. Only [START_REF] Vanderschueren | Adult-onset Still's disease: still a diagnosis of exclusion. A nested case-control study in patients with fever of unknown origin[END_REF] and our present study defined a control group. We selected the patients which both ferritin and glycosylated ferritin assay results. To our knowledge, combination of these 2 assays is prescribed only for patients with suspected AOSD or HLH [START_REF] Fardet | Low glycosylated ferritin, a good marker for the diagnosis of hemophagocytic syndrome[END_REF]. These data allowed us to identify cases and controls in the same population. Moreover, the identification of cases and controls was independent of serum ferritin and glycosylated ferritin levels to avoid any selection bias. Crispin et al. [START_REF] Crispín | Adult-onset Still disease as the cause of fever of unknown origin[END_REF] defined controls as patients with fever of unknown origin as defined by Petersdorf and Beeson, and separately defined AOSD patients. The patient selection in the study by Vanderschueren et al. [START_REF] Vanderschueren | Adult-onset Still's disease: still a diagnosis of exclusion. A nested case-control study in patients with fever of unknown origin[END_REF] was based on fever of unknown origin.

The size of the control group was also questionable. Because of our selection process, we did not calculate the number of needed controls, and five controls were included for one AOSD case. In comparison, three controls were included in the Yamaguchi et al. study [START_REF] Yamaguchi | Preliminary criteria for classification of adult Still's disease[END_REF], five in the Crispin et al. study [START_REF] Crispín | Adult-onset Still disease as the cause of fever of unknown origin[END_REF], and two in the Fautrel et al. and Vanderschueren et al. studies [START_REF] Fautrel | Proposal for a new set of classification criteria for adult-onset still disease[END_REF][START_REF] Vanderschueren | Adult-onset Still's disease: still a diagnosis of exclusion. A nested case-control study in patients with fever of unknown origin[END_REF].

The classification procedure for AOSD patients was not based on Yamaguchi criteria set, unlike the Vanderschueren et al. validation study. However, physicians in charge of patients were fully aware of these classification criteria which might have influenced their final diagnosis. To limit this bias, we defined a procedure based on physician judgment at different steps to ascertain diagnosis and properly classify patients. The Yamaguchi et al. study was the only other one to use experts' judgment. This identification procedure of cases and controls is not perfect, but represents the most neutral approach to compare classification criteria sets.

Integrating the Yamaguchi exclusion criteria in data collection was complex. Indeed, these criteria include infections, malignancies, and rheumatic diseases. In current practice, what corresponds to these terms is unclear. Rheumatic diseases include rheumatoid arthritis and spondyloarthritis or IMID in a broader sense. We cannot determine whether additional investigations can reasonably eliminate all the confounding disorders. Previously cited studies [START_REF] Fautrel | Proposal for a new set of classification criteria for adult-onset still disease[END_REF][START_REF] Crispín | Adult-onset Still disease as the cause of fever of unknown origin[END_REF][START_REF] Vanderschueren | Adult-onset Still's disease: still a diagnosis of exclusion. A nested case-control study in patients with fever of unknown origin[END_REF] do not describe how these criteria were handled. In our study, exclusion criteria were first considered absent if the referring physician considered them as eliminated and present if the final diagnosis was infection, neoplasia or IMID, and second, considered absent if the referring physician had performed enough diagnostic investigations to rule them out, defined as at least blood culture, Epstein-Barr virus serology or PCR, dosage of rheumatoid factor and anti-nuclear antibodies. The choice of these additional tests was based on the Yamaguchi et al. study [START_REF] Yamaguchi | Preliminary criteria for classification of adult Still's disease[END_REF].

In our study, the control group included patients with the main confounding disorders with AOSD. However, the spectrum of diagnoses slightly differed from that in other studies [START_REF] Yamaguchi | Preliminary criteria for classification of adult Still's disease[END_REF][START_REF] Fautrel | Proposal for a new set of classification criteria for adult-onset still disease[END_REF][START_REF] Crispín | Adult-onset Still disease as the cause of fever of unknown origin[END_REF][START_REF] Vanderschueren | Adult-onset Still's disease: still a diagnosis of exclusion. A nested case-control study in patients with fever of unknown origin[END_REF]. Our control group included some with liver diseases and no fever of unknown origin. Also, this is the only study including patients with HLH. Because of the similarity of clinical and biological signs of these two disorders, distinguishing them in common practice is difficult. The Fautrel classification criteria set demonstrated its ability to correctly classify these two distinct disorders.

The cardinal manifestations of AOSD-fever, arthralgia, rash, leukocytosis and increased polymorphonuclear neutrophils-were present in more than 70% patients with AOSD. The frequency of these manifestations in our study population was similar to that reported for other series [START_REF] Ohta | Adult Still's disease: review of 228 cases from the literature[END_REF][START_REF] Pouchot | Adult Still's disease: manifestations, disease course, and outcome in 62 patients[END_REF][START_REF] Gerfaud-Valentin | Adultonset still disease: manifestations, treatment, outcome, and prognostic factors in 57 patients[END_REF][START_REF] Yamaguchi | Preliminary criteria for classification of adult Still's disease[END_REF][START_REF] Fautrel | Proposal for a new set of classification criteria for adult-onset still disease[END_REF][START_REF] Ohta | Adult Still's disease: a multicenter survey of Japanese patients[END_REF]. Myalgia was observed in 35.2% of patients with AOSD. This symptom was found in comparable proportions in most studies [START_REF] Gerfaud-Valentin | Adultonset still disease: manifestations, treatment, outcome, and prognostic factors in 57 patients[END_REF][START_REF] Yamaguchi | Preliminary criteria for classification of adult Still's disease[END_REF][START_REF] Ohta | Adult Still's disease: a multicenter survey of Japanese patients[END_REF], except in the Pouchot et al. study [START_REF] Pouchot | Adult Still's disease: manifestations, disease course, and outcome in 62 patients[END_REF], in which 84% of patients had myalgia. Moreover, the present study confirms the diagnostic value of serum ferritin level > 5N and glycosylated ferritin level <20% [START_REF] Fautrel | Diagnostic value of ferritin and glycosylated ferritin in adult onset Still's disease[END_REF][START_REF] Van Reeth | Serum ferritin and isoferritins are tools for diagnosis of active adult Still's disease[END_REF][START_REF] Fautrel | Proposal for a new set of classification criteria for adult-onset still disease[END_REF].

We noted a great heterogeneity in both the number and type of the additional diagnostic tests performed. Some patients underwent no laboratory exams, whereas others had more than 20 tests. The lack of precise definition of the Yamaguchi exclusion criteria, in the form of a comprehensive list of diagnoses to exclude or exams to perform, explains this disparity. This situation attests to the complexity of Yamaguchi criteria used in clinical research.

The present study validates the Fautrel criteria for AOSD in a different cohort than the initial one, with sensitivity 87.0%, specificity 97.8% and accuracy 96.1%. This classification criteria set displayed higher sensitivity than the other sets except Yamaguchi's [START_REF] Masson | Comparative study of 6 types of criteria in adult Still's disease[END_REF]. Moreover, all evaluated sets achieved excellent performance. The differences among criteria did not reach statistical significance. A likely explanation for this result was the small size of the AOSD group. Finally, this study confirms the excellent performance of the Yamaguchi and Fautrel classification criteria in clinical research. The lower sensitivity of the Fautrel classification is offset by the absence of exclusion criteria. Moreover, this classification includes glycosylated ferritin level confirmed as specific in our study. In addition, the discriminative power of the Yamaguchi criteria is highly affected by how exclusion criteria are interpreted. In fact, by applying stricter exclusion criteria, the sensitivity significantly decreased to 31.5%. Although not perfect, the Fautrel classification seems more manageable than the Yamaguchi criteria in clinical research. Further validation studies should be carried out on other populations in other countries in order to confirm these data. A better understanding of the pathophysiology of AOSD could be the key to a more reliable diagnostic approach. Abbreviations: AOSD = adult-onset Still's disease; ns = not specified; PMN = polymorphonuclear neutrophil; LDH = lactate dehydrogenase; ANA = anti-nuclear antibodies; RF = rheumatoid factor; F = ferritin; GF = glycosylated ferritin; ANCA = antineutrophil cytoplasmic antibodies. *Normal serum ferritin levels were 200 µg/L for women, 300 µg/L for men. ">N" = serum ferritin level higher than the upper normal value, ">5N" = serum ferritin level greater than 5fold the upper normal value. ¤ Student test, § chi-square test, $ Fisher exact test 

  the studies of Yamaguchi et al. (32), Fautrel et al. (33), Crispin et al. (34), Vanderschueren et al.
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 1 Figure 1: Flow of patients in the study

Table 3

 3 summarizes the tests performed to exclude an active infection. The mean number of tests was 7.5+6.0 (median 6.0) for patients with AOSD. Blood cultures were more frequent

	for AOSD patients than controls (26/54 [48.2%] vs 89/278 [32.0%]). Epstein-Barr virus
	serology or PCR was more frequent for AOSD patients than controls (26/54 [48.2%] vs
	82/278 [29.5%]). Bacteriological analysis of body fluids (including cerebrospinal fluid,
	broncho-alveolar fluid, pericardial fluid, joint fluid, and sampling from abscesses) was more
	frequent for controls than AOSD patients (51/278 [18.4%] vs 3/54 [5.6%]). Six of the 54
	AOSD patients (11.1%) had additional tests during further disease flares.

Table 1 : Control group diagnoses
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	Specific Diagnosis

Table 2 : Main clinical and laboratory characteristics of patients with adult-onset Still's disease (AOSD) and controls

 2 

	AOSD	Controls	p value
	(n=54)	(n=278)	

Table 3 : Additional diagnostic tests performed to exclude infectious differential diagnosis in AOSD patients and controls
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	AOSD	Controls	p value
	(n=54)	(n=278)	

Table 4 : Evaluation of AOSD classification criteria
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	Criteria sets	AOSD	Control	Sensitivity (%)	Specificity (%)	PPV (%)	NPV (%)	Accuracy (%)
		(n=54)	(n=278)	95% CI	95% CI	95% CI	95% CI	95% CI
	Fautrel	47	6	87.0 [77.1-95.7]	97.8 [96.0-99.3]	88.7 [73.3-96.2]	97.5 [95.5-99.3]	96.1 [94.0-98.0]
				°	°			
	Yamaguchi							
	Standard	52	3	96.3 [90.6-100.0]	98.9 [97.5-99.8]	94.5 [87.2-100.0]	99.3 [98.2-100.0]	98.5 [97.0-99.7]
	Strict	17	1	31.5 [19.1-43.6]	99.6 [98.9-100.0]	94.4 [81.3-100.0]	88.2 [84.8-91.5]	88.6 [85.2-91.9]
				****/°°°°	*/°			
	Composite set							
	Yamaguchi + F > N	54	8	100.0 [100.0-100.0]	97.1 [95.1-98.9]	87.1 [78.3-94.6]	100.0[100.0-100.0]	97.6 [96.1-99.1]
				**/°	*/°			
	Yamaguchi + F > 5N	54	4	96.3 [89.7-100.0]	98.6 [97.1-99.6]	92.9 [85.5-98.3]	99.3 [97.9-100.0]	98.2 [96.7-99.4]
				*/NA	*/°			
	Yamaguchi + FG < 20%	53	4	98.1 [93.8-100.0]	98.6 [97.1-99.7]	93.0 [86.0-98.3]	99.6 [98.9-100.0]	98.5 [97.0-99.7]
				*/°	*/°			
	Abbreviations: PPV = positive predictive value; NPV = negative predictive value; F > N = means serum ferritin level higher than the upper
	normal value; FG = glycosylated ferritin; NA = not applicable				
	Comparing the Fautrel set and this set according to the Mc Nemar test: *p >0.05, **p <0.05, ***p <0.01, ****p <0.001	
	Comparing the standard Yamaguchi set and this set according to the Mc Nemar test: °p >0.05, °°p <0.05, °°°p <0.01, °°°°p <0.001	
	CI95 were assessed by bootstrap procedure with 1000 replicates				

Table 5 : Description of misclassified patients by the different studied classifications
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	Criteria sets	False positive		False negative
	Fautrel	Castleman's disease		2 monocyclic systemic forms
		Endocarditis		3 polycyclic systemic forms
		Pneumonitis		2 chronic articular forms
		Anti-NMDA receptor encephalitis
		Unclassified connectivite
		Unclassified granulomatosis
	Standard Yamaguchi	Inflammatory myopathy	2 polycyclic systemic forms
		Anti-NMDA receptor encephalitis
		Unclassified inflammatory diseases
	Strict Yamaguchi	Anti-NMDA receptor encephalitis	37 patients
	Yamaguchi+F > N	IgA nephropathy		None
		Pelvic fibrosis	
		Sarcoidosis	
		Unclassified autoimmune disease
		Unclassified	autoinflammatory
		syndrome	
		Inflammatory myopathy
		Anti-NMDA receptor encephalitis
		Unclassified inflammatory diseases
	Yamaguchi+F > 5N	Anti-NMDA receptor encephalitis	None
		Unclassified inflammatory diseases
		Unclassified connectivite
		Inflammatory myopathy
	Yamaguchi+FG < 20%	Chronic urticaria		1 patient
		Inflammatory myopathy
		Anti-NMDA receptor encephalitis
		Unclassified inflammatory diseases
	Abbreviations: NMDA = N-Methyl-D-Aspartate; F >N = means serum ferritin level higher
	than the upper normal value; FG = glycosylated ferritin
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Supplemental table 1: Classification criteria sets for diagnosis of adult-onset Still's disease (AOSD)