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Introduction (3136 words)

Hypersensitivity pneumonitis (HP) is a group of inflammatory interstitial lung diseases caused by repeated inhalation of antigenic substances from a large variety of agents over several years. In most cases, repeated contact results in sensitization: no in situ growth seems required. From a clinical point of view, HP diagnosis is difficult and based on a combination of clinical, radiological, functional, cytological, histological and biological criteria [START_REF] Selman | Hypersensitivity pneumonitis caused by fungi[END_REF][START_REF] Girard | Hypersensitivity pneumonitis[END_REF]. The current classification of HP, that differentiates acute, subacute and chronic forms, is accepted worldwide [START_REF] Richerson | Guidelines for the clinical evaluation of hypersensitivity pneumonitis. Report of the subcommittee on hypersensitivity pneumonitis[END_REF]: in the acute form, flu-like symptoms predominate and include fever, cough, myalgia and arthralgia, which occur 4 to 8 h after exposure. Dyspnea is not constant. The subacute form appears gradually and associates cough and dyspnea, with sometimes severe respiratory failure. The chronic form includes coughing, dyspnea, fatigue and weight loss [START_REF] Soumagne | Current and emerging techniques for the diagnosis of hypersensitivity pneumonitis[END_REF].

Recently, the classic HP classification has been under debate, essentially because this classification does not take into account the role of the mode of exposure and the evolution of the disease. The prognosis and evolution of HP seem to depend on the type and pattern of exposure. A new classification with two clusters has been suggested: in type 1, massive and intermittent exposure, as in FLD, may lead to emphysema with chronic airflow obstruction and, in type 2, chronic exposure to a low level, as in bird fanciers, may lead to fibrosis with a restrictive pattern. Vasakova and coll. proposed two forms: acute HP /inflammatory (form A) and Chronic HP/fibrotic HP (form B) [START_REF] Soumagne | Current and emerging techniques for the diagnosis of hypersensitivity pneumonitis[END_REF][START_REF] Quirce | Occupational hypersensitivity pneumonitis: an EAACI position paper[END_REF][START_REF] Vasakova | Hypersensitivity Pneumonitis: Perspectives in Diagnosis and Management[END_REF]." First, serological analyses are mainly used to rule out the diagnosis of HP in favor of other respiratory pathologies. A survey of 107 patient files for which a request for PHS serology had been made (including positive and negative results) indicates that the final diagnosis of respiratory pathology was different from HP for 76.6% of patients. BAL was only performed in 40% of cases. The final diagnoses were: idiopathic pulmonary fibrosis (IPF), nonspecific interstitial pneumonia (NSIP), diffuse interstitial pneumonia (DIP), chronic obstructive pulmonary disease (COPD), sarcoidosis, pulmonary infection, and asthma. (Unpublished personal data). Secondly, when HP diagnostic is established, serology helps to identify the etiology of HP. The serodiagnosis will help to determine the avoidance measures to implement [START_REF] Lacasse | Clinical diagnosis of hypersensitivity pneumonitis[END_REF].

Since the 1960s [START_REF] Richerson | Guidelines for the clinical evaluation of hypersensitivity pneumonitis. Report of the subcommittee on hypersensitivity pneumonitis[END_REF], several new environmental contexts of antigen exposure associated with HP have been reported [START_REF] Vasakova | Hypersensitivity Pneumonitis: Perspectives in Diagnosis and Management[END_REF][START_REF] Nogueira | Hypersensitivity pneumonitis: Antigen diversity and disease implications[END_REF]. Bird fancier's lung is the most prevalent form of HP worldwide, accounting for 66-68% of all forms of HP in three independent studies [START_REF] Selman | Hypersensitivity pneumonitis caused by fungi[END_REF][START_REF] Xaubet | Report on the incidence of interstitial lung diseases in Spain[END_REF][START_REF] Roelandt | Epidemiology of interstitial lung disease (ILD) in flanders: registration by pneumologists in 1992-1994. Working group on ILD, VRGT. Vereniging voor Respiratoire Gezondheidszorg en Tuberculosebestrijding[END_REF]. The estimate for the prevalence of BFL ranges from 6 to 20% of exposed pigeon breeders [START_REF] Rodriguez De Castro | Relationships between characteristics of exposure to pigeon antigens. Clinical manifestations and humoral immune response[END_REF][START_REF] Chan | Bird fancier's lung: a state-of-the-art review[END_REF] and from 0.5% to 7.5% for budgerigar's lung [START_REF] Hendrick | Budgerigar fancier's lung: the commonest variety of allergic alveolitis in Britain[END_REF]. This disease is induced by exposure to avian proteins present in the droppings, sera, feathers and bloom of a variety of birds [START_REF] Nademi | Characteristics of antibody responses in Pigeon Fanciers' Lung[END_REF]. BFL has been reported primarily after exposure to pigeons, doves, canaries, poultry and birds from the Psittaciforme order [START_REF] Chan | Bird fancier's lung: a state-of-the-art review[END_REF][START_REF] Mcsharry | A review of antigen diversity causing lung disease among pigeon breeders[END_REF], but also after exposure to wild birds such as owls or geese [START_REF] Cooper | Bird fanciers' lung induced by exposure to duck and goose feathers[END_REF].

Farmer's Lung Disease (FLD) is described with a large variety of identified antigens including actinomycetes (Saccharopolyspora rectivirgula, Thermoactinomyces vulgaris) and molds (Aspergillus, Absidia, Penicillium, Wallemia, Fusarium) [START_REF] Pépys | Farmer lung's-a needle in a hay-stackn and Pandora's box[END_REF][START_REF] Gruchow | Precipitating antibodies to farmer's lung antigens in a Wisconsin farming population[END_REF][START_REF] Homma | Incidence of serum-precipitating antibodies to farmer's lung antigens in Hokkaido[END_REF][START_REF] Dalphin | Influence of barn drying of fodder on respiratory symptoms and function in dairy farmers of the Doubs region of France[END_REF][START_REF] Tao | An epidemiological study on farmer's lung among hay grinders in Dafeng County[END_REF]. New FLD etiologic agents have been identified along with changes in professional practices [START_REF] Roussel | Microbiological evolution of hay and relapse in patients with farmer's lung[END_REF][START_REF] Roussel | Farmer's lung disease and microbiological composition of hay: a case-control study[END_REF].

In the 1990s, another form of HP emerged called Metalworking-fluid hypersensitivity pneumonitis (MWF-HP). It is prevalent among machinists of the automobile industry who are exposed to metalworking fluids (MWF) contaminated by Mycobacterium immunogenum (MI) [START_REF] Bernstein | Machine operator's lung. A hypersensitivity pneumonitis disorder associated with exposure to metalworking fluid aerosols[END_REF][START_REF] Burton | Systematic review of respiratory outbreaks associated with exposure to water-based metalworking fluids[END_REF]. Wood working is also an important professional circumstance for HP risk [START_REF] Faerden | Hypersensitivity pneumonitis in a cluster of sawmill workers: a 10-year follow-up of exposure, symptoms, and lung function[END_REF][START_REF] Winck | Antigen characterization of major cork moulds in Suberosis (cork worker's pneumonitis) by immunoblotting[END_REF]. Domestic HP and hobbies related HP to common microorganisms have been increasingly reported over the past few years. More than 30 specific molds and mycobacteria have been identified as playing a causative role [START_REF] Jacobs | Hypersensitivity pneumonitis may be home-induced by common domestic mold spores[END_REF]. Among the many factors and circumstances that contribute to the development of domestic HP are contaminated humidifiers, faulty ventilation systems and jacuzzis (Mycobacterium avium) [START_REF] Rickman | Hypersensitivity pneumonitis associated with Mycobacterium avium complex and hot tub use[END_REF][START_REF] Wethasinghe | Mycobacterium phocaicum and Mycobacterium avium-intracellulare in a patient with hot tub lung[END_REF]. Even HP due to leisure activities [START_REF] Metzger | Hypersensitivity pneumonitis due to moulds in a saxophone player[END_REF][START_REF] Soumagne | Fungal contamination of wind instruments: Immunological and clinical consequences for musicians[END_REF][START_REF] King | Bagpipe lung; a new type of interstitial lung disease?[END_REF] are now recognized [START_REF] Chan | Bird fancier's lung: a state-of-the-art review[END_REF].

A query on http://www.ncbi.nlm.nih.gov/ with the following keywords: hypersensitivity pneumonitis (HP), bird fanciers Lung, pigeon breeder's disease, farmer's lung and other specific disease names derived from occupational activities followed by each etiology with their synonyms, evaluated the number of publications related to the different etiologies of HP. Thus, by families of similar etiologies we obtained the following number of publications (inbrackets) for: Saccharopolyspora rectivirgula (=Micropolyspora faeni) (632), other actinomyces (148), avian proteins (627), Aspergillus (348), Penicillium [START_REF] Soumagne | Fungal contamination of wind instruments: Immunological and clinical consequences for musicians[END_REF], yeasts [START_REF] Metzger | Hypersensitivity pneumonitis due to moulds in a saxophone player[END_REF], mucorales [START_REF] Rickman | Hypersensitivity pneumonitis associated with Mycobacterium avium complex and hot tub use[END_REF], others fungi [START_REF] Katila | Significance of IgG antibodies against environmental microbial antigens in a farming population[END_REF], mycobacteria [START_REF] Viegas | Fungal burden in waste industry: an occupational risk to be solved[END_REF], enterobacteria [START_REF] Nademi | Characteristics of antibody responses in Pigeon Fanciers' Lung[END_REF], eatable fungi [START_REF] Homma | Incidence of serum-precipitating antibodies to farmer's lung antigens in Hokkaido[END_REF], mites [START_REF] Soumagne | Fungal contamination of wind instruments: Immunological and clinical consequences for musicians[END_REF], chemical product [START_REF] Cormier | Significance of precipitins and asymptomatic lymphocytic alveolitis: a 20-yr follow-up[END_REF], biological product [START_REF] Rickman | Hypersensitivity pneumonitis associated with Mycobacterium avium complex and hot tub use[END_REF] [START_REF] Millon | Hypersensitivity pneumonitis: diversity of etiological agents and diagnostic approach[END_REF].

Complex cases of several concomitant types of exposure are often seen in routine practice.

A farmer may breed exotic birds and present positive serological reactions to both birds and FLD antigens, and even to mite antigens (Acarus siro) if he is producing cheese [START_REF] Reboux | Abstract][Hypersensitivity pneumonitis serology: interest of antigens "on demand[END_REF]. Another demonstration of the importance of using the relevant specific antigen to obtain useful serology results was shown in diagnosing sausage worker lung with Penicillium nalgiovense.

Exposure to several Penicillium species is very common. However, sausage workers specifically react to P. nalgiovense although they are concomitantly exposed to yeasts and molds in their workplace. Similarly, cheese workers specifically react to antigens from Acarus siro while they are exposed to domestic mites. Sometimes a patient is exposed without being aware of it (i.e goose droppings in a chimney) or because of a common everyday object (i.e down pillows). [START_REF] Morell | Chronic hypersensitivity pneumonitis in patients diagnosed with idiopathic pulmonary fibrosis: a prospective case-cohort study[END_REF][START_REF] Saltoun | Hypersensitivity pneumonitis resulting from community exposure to Canada goose droppings: when an external environmental antigen becomes an indoor environmental antigen[END_REF] The antigen panel to test may thus be selected based on the professional and domestic context of the patient [START_REF] Fenoglio | Diagnostic value of serum precipitins to mould antigens in active hypersensitivity pneumonitis[END_REF]. This is why, more and more often, an environmental survey of the patient's exposure site is required to obtain samples that will be used to choose or produce specific antigens [START_REF] Reboux | Abstract][Hypersensitivity pneumonitis serology: interest of antigens "on demand[END_REF][START_REF] Dalphin | Importance de la démarche étiologique dans les pneumonies d'hypersensibilité : à propos d'un cas dû à un oreiller en plume d'oie[END_REF]. Improved species identification can be obtained thanks to molecular biology, progressively extending the list of new etiologic agents, since specific antibodies of the etiologic agent are present in HP patient serum [START_REF] Roussel | Detecting and quantifying mites in domestic dust: a novel application for real-time PCR[END_REF][START_REF] Rocchi | DNA metabarcoding to assess indoor fungal communities: Electrostatic dust collectors and Illumina sequencing[END_REF]. Serodiagnosis techniques are being improved, especially with the development of more standardized recombinant antigens (RAg) [START_REF] Roussel | Immuno-reactive proteins from Mycobacterium immunogenum useful for serodiagnosis of metalworking fluid hypersensitivity pneumonitis[END_REF][START_REF] Barrera | Immunoreactive proteins of Saccharopolyspora rectivirgula for farmer's lung serodiagnosis[END_REF][START_REF] Barrera | External validation of recombinant antigens for serodiagnosis of machine operator's lung[END_REF][START_REF] Rouzet | An immunoproteomic approach revealed antigenic proteins enhancing serodiagnosis performance of bird fancier's lung[END_REF]. Moreover, some RAg are shared by species involved in different HP, and one of the common peptide epitopes was shown to be able to differenciate patients from healthy exposed farmers [START_REF] Millon | Common peptide epitopes induce cross-reactivity in hypersensitivity pneumonitis serodiagnosis[END_REF].

We have synthesized our experience of HP serodiagnosis and environmental surveys and now propose a new strategy for routine serodiagnosis. The present strategy is based on our experience for the choice of a limited number of somatic antigens for each panel for each HP circumstances [START_REF] Fenoglio | Diagnostic value of serum precipitins to mould antigens in active hypersensitivity pneumonitis[END_REF] and on a selection of RAg for the common antigenic determinants between the different HP [START_REF] Millon | Common peptide epitopes induce cross-reactivity in hypersensitivity pneumonitis serodiagnosis[END_REF].

Strategy for HP immunological diagnosis

Serodiagnosis of HP in our lab in Eastern France is based on 6 steps: 1) questioning the patient about his private or occupational activity, or visiting him on site 2) conducting precipitin research with several standardized panels (Table 1) 3) using ELISA level of recombinant antigens for FLD, BFL and MWF-HP 4) examining the patient's environment by culture or QPCR measurement 5) producing and testing "a la carte" antigens from the environment 6) suggesting to the patient an exposure challenge in his usual domestic or professional environment

Questionning patient about his private or occupational activity, or visiting him on site

The initial step of the sampling strategy is a detailed questionnaire including the habits and tasks of the patient [START_REF] Vasakova | Hypersensitivity Pneumonitis: Perspectives in Diagnosis and Management[END_REF] but also of the other people present in the same environment.

Observation on the sampling site is always better than asking the patient to do the sampling himself. The more accurate and precise the sampling is, the more useful it will be to further advise the patient regarding prevention and eviction measures.

The identification of the etiological agent is crucial for the diagnosis, preventive measures and prognosis of the disease. The relationship between exposure and disease may be relatively obvious in occupational HP exposed to a limited variety of antigens (i.e. MWF-HP, BFL), but in domestic HP cases it is often unclear, making it difficult to identify the antigen. The etiological agent fails to be identified in up to 60% of HP cases [START_REF] Hanak | Causes and presenting features in 85 consecutive patients with hypersensitivity pneumonitis[END_REF][START_REF] Pérez | Identifying an inciting antigen is associated with improved survival in patients with chronic hypersensitivity pneumonitis[END_REF][START_REF] Ryerson | Predicting survival across chronic interstitial lung disease: the ILD-GAP model[END_REF]. Special cases do exist and justify an individual investigation (questioning, visit on site, sampling and microbiological analysis).

Conducting precipitin research with several standardized panels

Antigens used are either commercial antigens or « homemade » antigens. Four of the seven antigens tested in the study by Fenoglio and Coll. differentiated patients from controls with a predictive positive value of around 73%, but required the use of specific antigens in eight of 11 false negative results (n= 122 including 31 cases of HP) [START_REF] Fenoglio | Diagnostic value of serum precipitins to mould antigens in active hypersensitivity pneumonitis[END_REF]. Patients living in tropical and arid climatic zones should benefit from tests taking into account the species present in these specific areas. However, the choice of antigen panel by profession allows the identification of the causes of HP in most cases. For FLD or domestic lung we use 2 panels of 6 antigens composed of fungal or actinomycetes antigens. The antigens in the second panel are less frequently responsible compared to those in panel 1. (Table1). Their nature, quality and standardization may thus vary and impact serology results. Different types of antigens exist with different characteristics.

Total extract antigens are prepared from the phenol extraction of material manipulated by patients. This type of antigen is a variable mixture of antigens from bacteria, mold and mites.

These antigens are appropriate for a first screening of global sensitization [START_REF] Grenouillet | Hypersensitivity pneumonitis and metalworking fluids contaminated by Mycobacteria[END_REF][START_REF] Paris | Working with argan cake: a new etiology for hypersensitivity pneumonitis[END_REF].

Somatic antigens are obtained from the micro-organisms present in the material manipulated by patients. Somatic antigens are made up of a mosaic of antigenic fractions and are more standardized than total antigens. Proteic purified antigens are obtained after enzymatic lysis of cell wall polyosids, protein acidic precipitation and acetone purification.

Precipitation reactions are semi-quantitative (double diffusion (Ouchterlony technique), electrosyneresis, immuno-electrophoresis) and allow a macroscopic visualization of the antigen-antibody reaction by generating precipitation arcs [START_REF] Bene | Functional exploration of humoral immunity[END_REF][START_REF] Heidelberger | A quantitative study and a theory of the reaction mechanism[END_REF][START_REF] Aznar | Investigation of human immune response to micropolyspora faeni antigens by Enzyme-Linked Immunoelectrodiffusion Assay and Immunoblotting[END_REF].

For the Western blotting (WB) technique, antigenic proteins are first separated by electrophoresis then transferred onto a nitrocellulosis membrane and revealed with an enzyme labeled anti-globulin. WB performed with patient sera provides complex profiles, difficult to differentiate from those of exposed controls [START_REF] Reboux | Assessment of four serological techniques in the immunological diagnosis of farmers' lung disease[END_REF]. This is due to the high number of proteins in somatic antigens from micro-organisms and makes it difficult to select reproducible specific protein as a marker of the disease [START_REF] Rognon | identification of antigenic proteins from Lichtheimia corymbifera for Farmer's lung disease diagnosis[END_REF].

Using ELISA level of recombinant antigens for FLD, BFL and MWF-HPRecombinant antigens are the most recent ones [START_REF] Roussel | Immuno-reactive proteins from Mycobacterium immunogenum useful for serodiagnosis of metalworking fluid hypersensitivity pneumonitis[END_REF][START_REF] Barrera | Immunoreactive proteins of Saccharopolyspora rectivirgula for farmer's lung serodiagnosis[END_REF][START_REF] Barrera | External validation of recombinant antigens for serodiagnosis of machine operator's lung[END_REF][START_REF] Rouzet | An immunoproteomic approach revealed antigenic proteins enhancing serodiagnosis performance of bird fancier's lung[END_REF][START_REF] Millon | Immunoproteomics for serological diagnosis of hypersensitivity pneumonitis caused by environmental microorganisms[END_REF]. They are obtained after cloning a specific gene coding for a unique antigenic protein. The DNA sequence is inserted into a plasmid. After transforming bacteria or yeast with this plasmid, a large quantity of the specific protein is produced. This is the most standardized way to produce antigens. However, these antigens correspond to a single protein and will thus reflect a limited part of the complex immunologic signals of the disease [START_REF] Roussel | Immuno-reactive proteins from Mycobacterium immunogenum useful for serodiagnosis of metalworking fluid hypersensitivity pneumonitis[END_REF][START_REF] Barrera | Immunoreactive proteins of Saccharopolyspora rectivirgula for farmer's lung serodiagnosis[END_REF][START_REF] Barrera | External validation of recombinant antigens for serodiagnosis of machine operator's lung[END_REF][START_REF] Rouzet | An immunoproteomic approach revealed antigenic proteins enhancing serodiagnosis performance of bird fancier's lung[END_REF][START_REF] Millon | Immunoproteomics for serological diagnosis of hypersensitivity pneumonitis caused by environmental microorganisms[END_REF]. Numerous RAg were created, but only some of them were selected for three HP serodiagnoses: MWF-HP (Acyl-CoA-dehydrogenase (Acyl-CoA) and dihydrolipoyl dehydrogenase (DHDH)), FLD (SR17 hydroperoxidase (SR17) & Dihydrolipoamide dehydrogenase (DLDH) and BFL (Immunoglobulin lamdalikepolypeptide-1 (IGLL1) and proproteinase E (ProE) [START_REF] Roussel | Immuno-reactive proteins from Mycobacterium immunogenum useful for serodiagnosis of metalworking fluid hypersensitivity pneumonitis[END_REF][START_REF] Barrera | Immunoreactive proteins of Saccharopolyspora rectivirgula for farmer's lung serodiagnosis[END_REF][START_REF] Barrera | External validation of recombinant antigens for serodiagnosis of machine operator's lung[END_REF][START_REF] Rouzet | An immunoproteomic approach revealed antigenic proteins enhancing serodiagnosis performance of bird fancier's lung[END_REF]. They can be used for ELISA (Enzyme Linked ImmunoSorbent Assay) with sensitivity and specificity reaching 80% and 90%, respectively, for MWF-HP [START_REF] Barrera | External validation of recombinant antigens for serodiagnosis of machine operator's lung[END_REF], 83% and 77% for FLD [START_REF] Barrera | Immunoreactive proteins of Saccharopolyspora rectivirgula for farmer's lung serodiagnosis[END_REF] and 76% and 100% for BFL [START_REF] Rouzet | An immunoproteomic approach revealed antigenic proteins enhancing serodiagnosis performance of bird fancier's lung[END_REF]. The rate may be even higher if a combination of several antigens is used.

ELISA (Enzyme Linlked ImmunoSorbent Assay) includes all the immunological assays with enzymatic labeling and antigen immobilization to a solid surface. This technique presents several advantages. It is quantitative, fast, and requires only a low volume of serum. The technique may be performed automatically, and several antigens may be coated onto the microtiter plate, including recombinant antigens [START_REF] Aznar | Investigation of human immune response to micropolyspora faeni antigens by Enzyme-Linked Immunoelectrodiffusion Assay and Immunoblotting[END_REF]. The main drawback of ELISA is the high intra assay variability, which is around 10-20%. Specific immunoglobulin antibodies of the etiologic agent are present in HP patient serum.

The most frequently used techniques are immuno-precipitation methods (double diffusion, electrosyneresis, immunoelectrophoresis) and immuno-assays (ELISA). Great variations of sensitivity and specificity are due to many factors, from the criteria used to diagnose HP to the diversity of immunological techniques available [START_REF] Soumagne | Chronic Farmer's lung disease with emphysema[END_REF]. The technique of electrophoresis that is using six antigens, extracted from micro-organisms isolated in contaminated hay, allowed us to diagnose FLD patients with a positive predictive value of 73% and a negative predictive value of 85% [START_REF] Fenoglio | Diagnostic value of serum precipitins to mould antigens in active hypersensitivity pneumonitis[END_REF]. Similarly for BFL diagnosis, it was shown that serological arguments were in accordance with diagnosis in 87% of cases using antigens from the patient's birds versus 20% using a commercial antigenic panel or "homemade" antigens [START_REF] Rouzet | Usefulness of à la carte antigens for bird fancier's lung serodiagnosis: total dropping extract and/or dropping's microflora antigens[END_REF][START_REF] Rouzet | Immunogenic proteins specific to different bird species in bird fancier's lung[END_REF]. A recent comparison of dropping extracts from three bird species showed cross reactions between bird species and some highly specific antigens [START_REF] Rouzet | Common Proteins Located in Pigeon, Budgerigar, and Hen Droppings Related to Bird Fancier's Lung[END_REF]. For rare bird species, using total extract from the bird's feces is often the most efficient way to diagnose BFL [START_REF] Rouzet | Usefulness of à la carte antigens for bird fancier's lung serodiagnosis: total dropping extract and/or dropping's microflora antigens[END_REF]. The crucial factor influencing the performance of serology methods is to test the accurate offending antigens.

Humoral response may be modulated by different circumstances. Avoidance of the offending antigen modifies serology results significantly [START_REF] Dalphin | Importance de la démarche étiologique dans les pneumonies d'hypersensibilité : à propos d'un cas dû à un oreiller en plume d'oie[END_REF][START_REF] Grenouillet | Hypersensitivity pneumonitis due to Pseudozyma sp. in a liver-transplanted child[END_REF]. It is estimated that around 5 years are needed to observe a 50% decrease in the number of precipitin arcs. This was observed in a population of farmers who had left their farms upon retirement [START_REF] Katila | Significance of IgG antibodies against environmental microbial antigens in a farming population[END_REF]. Smoking and immunosupression significantly decrease humoral response [START_REF] Girard | Hypersensitivity pneumonitis[END_REF][START_REF] Robbins | Health effects of mycotoxins in indoor air: a critical review[END_REF]. Treatments with glucocorticosteroids do not modify serology results significantly (unpublished data).

As a rule, a microorganism is considered as an etiologic agent of HP when a link is established between the microbiologic environment of the patient and his immune response.

In some cases, exposed subjects develop antibodies to HP-recognized agents but never develop the disease [START_REF] Selman | Hypersensitivity pneumonitis caused by fungi[END_REF]. In practice, to provide proof of the type of exposure with an indication of the responsible agent, an inhalation challenge in safe conditions may be performed, or alternatively, a "natural avoidance test", where the suspected antigen is withdrawn from the patient's environment [START_REF] Dalphin | Importance de la démarche étiologique dans les pneumonies d'hypersensibilité : à propos d'un cas dû à un oreiller en plume d'oie[END_REF][START_REF] Ameille | Occupational chronic obstructive pulmonary diseases. Medical-legal aspects, practice management[END_REF]. In most cases, the recognized HP etiologic agent is the most discriminant in serological tests to distinguish patients from asymptomatic controls. Double diffusion (Ouchterlony) is often considered as not being correlated with HP [START_REF] Cormier | Significance of precipitins and asymptomatic lymphocytic alveolitis: a 20-yr follow-up[END_REF]. Electrosyneresis (ES) is slightly more sensitive than double diffusion with a number of arcs deviating from 0 to 15. This is the reason why 2 to 5 arcs are necessary to consider the reaction positive. The diagnostic performance of ELISA and precipitin assays was assessed by analyzing the Receiver Operating Characteristics (ROC) curve. The threshold that best distinguished patients from controls was determined with the most effective combination of sensitivity and specificity for each serological technique [START_REF] Soumagne | Chronic Farmer's lung disease with emphysema[END_REF].

Examining the patient's environment by culture or QPCR measurement Measuring micro-organisms present in the workplace by air impaction is possible in environments showing little contamination [START_REF] Reboux | Indoor mold concentration in Eastern France[END_REF]. In case of highly contaminated areas leading to saturation of culture media, air sampling may be performed using air pumping on a filter, sponge or liquid [START_REF] Jargot | Characterization and validation of sampling and analytical methods for mycotoxins in workplace air[END_REF][START_REF] Viegas | Fungal burden in waste industry: an occupational risk to be solved[END_REF]. Substrate samples (hay, working fluids) should be analyzed by culture [START_REF] Reboux | Role of Molds in farmer's lung disease in Eastern France[END_REF] or QPCR methods [START_REF] Murat | Factors Influencing the Microbial Composition of Metalworking Fluids and Potential Implications for Machine Operator's Lung[END_REF]. Hay batches are first stored at -20°C to kill mites which bias mold quantification. The results should be interpreted according to their weight (quantitative analysis). An electrostatic dust collector (EDC) exposed 4 to 10 weeks or dust vacuum sampling on 1 to 2m² of floor should be used in indoor sampling [START_REF] Scherer | qPCR standard operating procedure for measuring Microorganisms in dust from dwellings in large cohort study[END_REF][START_REF] Schram-Bijkerk | Bacterial and fungal agents in house dust and wheeze in children: the PARSIFAL study[END_REF]. Surface sampling by swabbing gives qualitative results because it is only representative of a limited sampled area.

Multiplying types of culture media and incubation temperatures is the most effective way to isolate a large number of microorganisms. Culture media containing dichloran reduces the growth of some fungi and prevents the growth of Mucorales, which are very extensive species. However, cultivation methods provide imperfect quantification of major viable species (due to the dilution effect of the sample obtained after several hours of pumping) while QPCR allows the quantification of both viable and non-viable species including species in low concentrations [START_REF] Bellanger | Analysis of fungal contamination in moldy and in allergic-patients housing by real time PCR[END_REF]. It is important to note that QPCR quantify only the target species depending on an a priori choice. Molecular biology using DNA sequencing has improved the reliability of species identification. For example, these techniques have allowed us to confirm the presence of Penicillium nalgiovense in an industrial sausage factory, and that of Acarus siro in a Comte -or Mimolette cheese factory [START_REF] Reboux | Abstract][Hypersensitivity pneumonitis serology: interest of antigens "on demand[END_REF]. Applying these current techniques saves time and improves reliability in identifying new HP etiologic agents such as Mycobacterium immunogenum in metalworking fluid HP [START_REF] Murat | Factors Influencing the Microbial Composition of Metalworking Fluids and Potential Implications for Machine Operator's Lung[END_REF]. Recently, DNA metabarcoding analysis was able to extend the list of indoor fungi sampled by EDC (viable, unviable or unknown species) [START_REF] Rocchi | DNA metabarcoding to assess indoor fungal communities: Electrostatic dust collectors and Illumina sequencing[END_REF].

Producing and testing "a la carte" antigens from the environment

No commercial kit currently exists for this approach which is possible only in highly specialized centers at present. The "case-by-case" study of environmental situations is feasible for all laboratories but requires dedicating an appropriate number of trained technicians to sampling, microbiological analysis, customized antigen production and serology. These skills exist in several countries (e. g. Finnish Institute of Occupational Health (Kuopio/ Finland), National Jewish Medical and Research Center (New York/USA)). Other centers suggested testing panels combining several antigens (e.g. ARUP labs (Salt Lake City/ Utah, Allergy immunology Diagnostic Lab center, Milwaukee, Wi). However, the availability of a commercial kit (using recombinant antigens) would facilitate the generalization of HP serodiagnosis around the world.

Based on our experience, the complete analysis for a MWF lung patient or BFL would cost 40 to 50 € for microbiology, 30 to 60 € for serology and 150 € for the production of a new antigen. On the other hand, for more complex environments (farms, housing,...) the costs may vary depending on whether we perform the analysis with a standard panel of 6 antigens (90 €) or whether we do a "a la carte" approach with the microbiological analysis costing between 650 and 900 €.

Suggesting to the patient an exposure challenge in his usual domestic or professional environment Specific inhalation challenge tests (SICs) aimed to confirm the causal link between the suspected antigen and HP. A purpose re-exposure of the subject to the suspected agent in his natural environment or to commercially available extracts may be proposed [START_REF] Vasakova | Hypersensitivity Pneumonitis: Perspectives in Diagnosis and Management[END_REF][START_REF] Nogueira | Hypersensitivity pneumonitis: Antigen diversity and disease implications[END_REF][START_REF] Ramírez-Venegas | Utility of a provocation test for diagnosis of chronic pigeon Breeder's disease[END_REF]. These SICs require close clinical monitoring when they are performed [START_REF] Fink | Needs and opportunities for research in hypersensitivity pneumonitis[END_REF]. The test is considered positive if there is a decrease in forced vital capacity (FVC) of more than 15% and lung diffusing capacity of carbon monoxide (DLCO) of more than 20% or a recurrence of clinical symptoms (desaturation, hyperthermia, cough, dyspnea) and radiological signs (infiltrates) [START_REF] Vasakova | Hypersensitivity Pneumonitis: Perspectives in Diagnosis and Management[END_REF].

Conclusions

Individuals with HP develop this disease in a number of different environmental contexts and are thus exposed to different etiologic agents present in these contexts.. Selecting the relevant antigen for serology testing is a key step, definitely influencing the performance of serodiagnosis. In addition to improving the standardization of antigen testing quality, recombinant antigens should lead to a much better discrimination between patients and healthy exposed individuals, with optimized specificity / sensitivity, therefore making it possible to avoid invasive examinations.
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