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Intestinal Candida

Introduction

Mounting evidence of gut mycobiota involvement in human health and disease has increased the interest in the immune mechanisms controlling host microbiota mutualism. [START_REF] Li | Gut Mycobiota in Immunity and Inflammatory Disease[END_REF] Commensal fungi induce innate responses, implicating CX3CR1 + macrophages via CARD-9 signaling pathway, as well as Th17 cell-mediated adaptive responses which are essential to maintain mycobiota homeostasis. 2 Th17 cells also exert innate immune mechanisms, notably via the production of interleukin (IL)-17A and IL-17F, both cytokines promoting local neutrophil recruitment and playing an active role in the maintenance of integrity of epithelial barrier sites. [START_REF] Swidergall | Immunosurveillance of Candida albicans commensalism by the adaptive immune system[END_REF] The role of antibodies in intestinal host-fungi symbiosis remains in contrast poorly characterized. Secretory immunoglobulin A (sIgA) is of particular interest, because of its mucosal localization and its reported involvement in mediating microbial commensalism. [START_REF] Weis | Microbiota-antibody interactions that regulate gut homeostasis[END_REF] Although the human mycobiota contains a large number of fungal genera, [START_REF] Nash | The gut mycobiome of the Human Microbiome Project healthy cohort[END_REF] sIgA-fungal interactions have focused on Candida albicans, a human commensal and a major fungal pathogen. [START_REF] Enfert | The impact of the Fungus-Host-Microbiota interplay upon Candida albicans infections: current knowledge and new perspectives[END_REF] Hence, in a mouse model of oropharyngeal candidiasis, opsonization of this commensal by sIgA prevented fungal epithelial adhesion and invasion, contributing to control commensal C. albicans carriage. [START_REF] Millet | Mucosal IgA Prevents Commensal Candida albicans Dysbiosis in the Oral Cavity[END_REF] Central to the pathogenic potential of C. albicans is its ability to convert from round yeast cells to a hyphenated form able to invade mucosal epithelial cells, leading to blood infection. Importantly, sIgA mainly recognizes the latter morphotype, suggesting that sIgA opsonization constitutes a regulatory mechanism of intestinal fungal commensalism. [START_REF] Doron | Human gut mycobiota tune immunity via CARD9-dependent induction of anti-fungal IgG antibodies[END_REF][START_REF] Ost | Adaptive immunity induces mutualism between commensal eukaryotes[END_REF] Indeed, in patients with Crohn's disease, reduced gut sIgA reactivity to Candida hyphae-produced proteins was found to correlate with an increase in hyphal fungal morphology. [START_REF] Doron | Human gut mycobiota tune immunity via CARD9-dependent induction of anti-fungal IgG antibodies[END_REF] Moreno-Sabater, page 6

In addition to the regulatory role of intestinal sIgA, the involvement of systemic IgG in hostmycobiota interactions has recently been highlighted. Systemic IgG responses targeting Saccharomyces cerevisiae were initially considered secondary to fungal translocations due to gut barrier defects in relation with intestinal bowel disease. [START_REF] Chandrakumar | Anti-Saccharomyces cerevisiae Antibodies as a Prognostic Biomarker in Children With Crohn Disease[END_REF][11][START_REF] Lang | Intestinal Fungal Dysbiosis and Systemic Immune Response to Fungi in Patients With Alcoholic Hepatitis[END_REF][START_REF] Standaert-Vitse | Candida albicans colonization and ASCA in familial Crohn's disease[END_REF] We however recently reported that systemic IgG responses against commensal fungi can also be detected in healthy subjects, [START_REF] Moreno-Sabater | Systemic anti-commensal response to fungi analyzed by flow cytometry is related to gut mycobiome ecology[END_REF] while CARD9-deficient patients with systemic candidiasis present decreased anti-fungal commensal IgG levels. [START_REF] Doron | Mycobiota-induced IgA antibodies regulate fungal commensalism in the gut and are dysregulated in Crohn's disease[END_REF] Finally, in a CARD9-deficiency murine model, intestinal C. albicans interactions with CX3CR1 + macrophages failed to elicit IgG class switch recombination and germinal center B cell expansion. [START_REF] Doron | Human gut mycobiota tune immunity via CARD9-dependent induction of anti-fungal IgG antibodies[END_REF] The above-mentioned recent studies support the view that, besides cellular responses, antifungal IgG responses are associated with a status of host-fungal mutualism. We postulated that it is IgA that plays a key role in the establishment of this equilibrium by preserving gut mycobiota diversity and intestinal barrier homeostasis. Here, we characterized fecal, systemic, and maternal antifungal humoral responses in a cohort of healthy donors and evaluated alterations of gut fungal diversity in a cohort of selective IgA deficient patients.

Moreno-Sabater, page 7

Material and methods

Human samples

Samples from patients with a selective IgA deficiency (SIgAd) and healthy donors (HD) used in the present cross-sectional study are part of a previously published collection. [START_REF] Fadlallah | Microbial ecology perturbation in human IgA deficiency[END_REF] The main criterium for the inclusion of SIgAd patients were undetectable serum IgA (<0.07 mg/mL), but normal IgG levels. Exclusion criteria were antibiotic therapy and laxative drug use during the last 3 months before stool collection. Clinical and biological data were collected at inclusion time. Fresh stool, fecal waters, purified microbiota, DNA from fresh stools, serum samples and data from immunological status of HD and SIgAd patients were generated, as described previously. [START_REF] Fadlallah | Microbial ecology perturbation in human IgA deficiency[END_REF] Oral and written consent was obtained from patients before inclusion in the study.

Fresh breast milk of healthy lactating women was obtained from the Lactarium Regional d'Ile de France (Hopital Necker Enfants Malades, Pôle Mère-Enfant). Breast milk sample use for research was approved by the ethical committee (Avis CENEM 2020-VR Biocol_lactothèque_v1.0 _20190408). IgA was purified from breast milk and IgM from sera of SIgAd patients using peptide M (InvivoGen).

Fungal strains and culture conditions

A fungal biobank, including 14 fungal strains, was generated from different genera commonly described in human skin, lung, and intestinal mycobiota. [START_REF] Moreno-Sabater | Systemic anti-commensal response to fungi analyzed by flow cytometry is related to gut mycobiome ecology[END_REF] Fungal reference strains were obtained for C. albicans (ATCC90028) and Aspergillus fumigatus (ATCC204305), whereas other fungal strains, isolated for clinical purpose, were obtained from in vitro culture of human stool, skin and bronchoalveolar lavage samples. Fungi were cultured in Sabouraud agar medium (Bio-Rad) between 30 and 35 °C, depending on the fungus studied. To generate budding forms, yeast or spores from filamentous fungi were kept at 4 °C in RPMI-1640 medium (Gibco) for 2 h and then cultured at 30 °C under stirring for 9 h. At the end of the incubation period, cultures Moreno-Sabater, page 8 were centrifuged at 21,000 g for 20 min. Supernatant was removed and fungi were resuspended in cryopreservation medium.

Quantification of humoral responses

Systemic, as well as fecal water-and breast milk-derived, secretory IgA responses were determined using the Fungi-flow method, [START_REF] Moreno-Sabater | Systemic anti-commensal response to fungi analyzed by flow cytometry is related to gut mycobiome ecology[END_REF] as follows. Twenty-five microliters of fixed (2% PFA/PBS) samples containing 2.5 10 5 fungi were distributed in a 96 well conic bottom plate.

Twenty-five microliters of normalized samples were then distributed in each well and incubated for 20 min at 4 °C. Seventy microliters of PBS were added and samples were centrifuged at 3200g during 10 min. After removal of supernatant, fungi were incubated with a 25 μL mix ( 

Quantification of in vivo antibody-binding levels to commensal fungi

Whole microbiota was extracted by gradient purification in anaerobic conditions (Freter chamber) as previously described. [START_REF] Juste | Bacterial protein signals are associated with Crohn's disease[END_REF] Microbiota samples were stored at -80°C and thawed before use. Three microliters (10 7 microorganisms/μL) were fixed in 500 μL of 2% (w/v) PFA in PBS, supplemented with 4 % of calcofluor white dye (Sigma) for 20 min at 4°C. After washing with 1 mL PBS (9000 g for 10min at 4°C), bacteria and fungi were resuspended in PBS at a concentration of 3x10 7 /mL with the appropriate secondary staining antibody, washed Moreno-Sabater, page 9 and analyzed as above. An IgA isotype control antibody (FITC ChromPure Goat Serum, Jackson Immunoresearch) was used to correct for unspecific binding. In order to better define mycobiota flow cytometry events among fecal microbiota, we determined the SSC/FSC distribution of a fungal mock population containing most prevalent fungi found in human mycobiota, [START_REF] Nash | The gut mycobiome of the Human Microbiome Project healthy cohort[END_REF] to determine flow cytometry gates (Fig E1,A).

DNA sequencing

Sequencing libraries were constructed by amplifying the 18S rRNA gene ITS2 region using the PCR amplification protocol previously described. [START_REF] Moreno-Sabater | Systemic anti-commensal response to fungi analyzed by flow cytometry is related to gut mycobiome ecology[END_REF] [START_REF] Nilsson | The UNITE database for molecular identification of fungi: handling dark taxa and parallel taxonomic classifications[END_REF] All ASVs not matching taxa in the UNITE database were given the designation "NA" (unassigned). ASVs without identified phylum were excluded from the analysis. To incorporate the ASVs that included all taxonomically unassigned sequences, multiple sequencing comparisons were performed using Blast. [START_REF] Zhang | A greedy algorithm for aligning DNA sequences[END_REF] The ASV sequences with > 97% similarity were identified as the same species, > 95 % using as the same genus.

Mycobiome alpha and beta diversity were studied with the Phyloseq (version 1.36.0) and vegan R package (2.5-7). Rarefaction was used to simulate an even number of reads per sample. The rarefaction depth chosen was 90% of the minimum sample depth in the dataset (in this case 11725 reads per sample). DESeq2 21 was used to produce a matrix containing differential abundance values (e.g. log2 fold changes) corresponding significance measures for species and genus abundance (p and adjusted p values). An adjusted p-value < 0.01 was considered statistically significant.

Peripheral blood CD4+ T cell profiling

Cytokines secreting T cells from frozen PBMC samples were detected after a 6-hour Phorbol 

Intestine enterocyte cell (IEC) line and growth conditions

The cell line Caco-2, derived from a human colon adenocarcinoma, was purchased from the American Type Culture Collection (ATCC n°HTB-37™). Cells were grown in Dulbecco's modified Eagle's minimum essential medium (Gibco, Life Technologies) supplemented with 10% FBS (PAN Biotech) and 0.1mM non-essential amino acids (Dominique Dutscher), without antibiotics or antifungal agents. Three hundred thousand cells were seeded onto 14 mm diameter glass coverslips previously placed in 24-well plates. Cells were maintained in a humidified incubator at 37°C with 5% CO2 and were used for experiments 15 to 21 days after seeding (Passages 10 to 20) after full differentiation.

C. albicans filamentation adhesion and invasion assays

For filamentation, adhesion and invasion assays, C. albicans (SC5314) were grown in liquid YPD medium (yeast extract 1%, bacto-peptone 2%, and dextrose 2%, Fischer Bioreagent) overnight at 37°C, in a shaking incubator. Fungal cells were then diluted in fresh liquid YPD medium to a OD600nm of 0.28 to 0.32 and then grown to log phase for another 2 hours in the same conditions. A pellet of 5.10 4 yeasts was resuspended with 100 μg/mL purified sIgA or IgM. After an incubation for 20 min at 4°C, the yeast concentration was adjusted to 5.10 4 yeasts/mL in cell culture media for further investigation. For filamentous assays, C. albicans, either pre-treated or not with sIgA or IgM in RPMI-1640 medium were incubated into a 6 plastic dishes for 3 hours at 37°C, 5% CO2. Fungal cells were then washed with PBS, scrapped from the dishes and observed with a BX51 microscope using a X40 magnification (Olympus).

Adhesion and invasion assays were performed using differentiated Caco-2 cells. Briefly, Moreno-Sabater, page 12 intestinal cells cultured on coverslips were infected with C. albicans pre-treated or not with sIgA or IgM for 30 min or 2 hours at 37°C, respectively, as described elsewhere. 22

Statistical analysis

Statistical analysis was performed using GraphPad Prism (version 9) and JMP Pro (version 17). 

Mann

C. albicans overgrowth in SIgAd patients

To decipher the impact of IgA on homeostasis of gut mycobiota and its diversity, we 

Mycobiota dysbiosis in symptomatic SIgAd patients

Although many IgA-deficient individuals are asymptomatic, some are affected by recurrent infections, have metabolic and gastrointestinal diseases and are at greater risk for developing colorectal cancer. [START_REF] Ludvigsson | Association between IgA deficiency & other autoimmune conditions: a population-based matched cohort study[END_REF] To explore whether mycobiota composition could be related to clinical 

Symptomatic IgA-deficient individuals present with decreased Th17/22 counts

As C. albicans is known to have an inflammatory effect, [START_REF] Enfert | The impact of the Fungus-Host-Microbiota interplay upon Candida albicans infections: current knowledge and new perspectives[END_REF] we then compared the frequency of cytokine-secreting circulating CD4 + T cells in asymptomatic and symptomatic IgA-deficient individuals (Fig 3 , D-E). Proportions of interferon-g (IFN-g) + CD4 + T cells differed between HD and asymptomatic but no differences were observed in SIgAd patients (18.8 ± 14 % vs 26.1 ± 6.4 %, p=0.516). IL-17 + -and IL-22 + -secreting CD4 + T cells were increased in both populations of SIgAd patients however, these cell populations were significantly lower in symptomatic patients (1.14 ± 0.7 % vs 2.5 ± 0.9 %, p=0.014 and 0.75 ± 0.5 % vs 2.0 ± 1.3 %, p=0.019 respectively). Double-positive IFNg + IL-17 + CD4 + T cells were also decreased in symptomatic patients as compared with asymptomatic patients (0.18 ± 0.1 % vs 0.4 ± 0.2 , p=0.034 respectively). Despite the limited number of individuals studied, our results underscore a significant decrease of systemic Th17-type lymphocyte responses in symptomatic IgAdeficient individuals.

Secretory IgA controls C. albicans development and intestinal cell invasion

The 

Compensatory secretory IgM binding to commensal fungi in SIgAd patients

Although we did not in vitro measure a significant impact of IgM on C. albicans budding and cell invasion, previous studies have nevertheless suggested that IgM might play in vivo a compensatory role which might explain why IgA deficiency is not associated with massive perturbations of gut microbial ecology. [START_REF] Fadlallah | Microbial ecology perturbation in human IgA deficiency[END_REF][START_REF] Brandtzaeg | The clinical condition of IgA-deficient patients is related to the proportion of IgD-and IgMproducing cells in their nasal mucosa[END_REF][START_REF] Mellander | Secretory antibodies in IgAdeficient and immunosuppressed individuals[END_REF] To explore whether sIgM could exert a similar effect resulting in the preservation of gut mycobiota homeostasis in SIgAd patients, we analyzed the sIgM-opsonized fungal community in purified microbiota. Indeed, sIgM was detected at mycobiota surface in all SIgAd patients tested (53.3 % ± 16.2) (Fig 5,A). We also characterized sIgM responses in fecal waters (Fig 5 ,B). We observed a profile similar to that observed for sIgA in HD population with a higher binding for those fungi that are less represented in the gut, such as Aspergillus, Malassezia or Thrichosporon as compared with that observed for fungi from the Saccharomycetales order. This finding might suggest that Moreno-Sabater, page 18 antibodies specific for abundant targets, such as fungi from the Saccharomycetales order, are adsorbed at the surface of the latter and, are thus, less represented in fecal waters.

One classically described function of secretory immunoglobulins is immune exclusion of its targets, in which antibody binding retains antigen in the intestinal lumen, thereby precluding the priming of other immune responses, and lethal dissemination of commensal bacteria. [START_REF] Bunker | IgA Responses to Microbiota[END_REF] To indirectly determine whether sIgM could play a role in the immune exclusion of fungal targets, Moreno-Sabater, page 19

Discussion

Here we show that homeostatic IgA binds to distinct strains of commensal fungi with a body fluid-selective pattern of recognition in a cohort of healthy subjects. The profile of fungal recognition by free sIgA in fecal waters was characterized by a reduced binding to the more abundant genera, Saccharomyces, Debaryomyces and Candida and was related with a high rate of opsonization of mycobiota by intestinal IgA. In contrast, systemic IgA was found to preferentially target genera mainly implicated in human allergic responses or invasive fungal infections, including Penicillium, Candida, Fusarium and Aspergillus, [START_REF] Enfert | The impact of the Fungus-Host-Microbiota interplay upon Candida albicans infections: current knowledge and new perspectives[END_REF][START_REF] Hughes | Impact of Fungal Spores on Asthma Prevalence and Hospitalization[END_REF][START_REF] Nucci | Invasive Fusariosis in Patients with Hematologic Diseases[END_REF][START_REF] Van De Veerdonk | Aspergillus fumigatus morphology and dynamic host interactions[END_REF] . Finally, breast milk-derived IgA responses were directed against Candida, Debaryomyces and Malassezia, previously reported to colonize the mycobiota of healthy lactating mothers and their infants [START_REF] Ward | Infant fungal communities: current knowledge and research opportunities[END_REF] and, in case of fungal overgrowth, to be associated with the occurrence of inflammatory bowel disease. [START_REF] Jain | Debaryomyces is enriched in Crohn's disease intestinal tissue and impairs healing in mice[END_REF][START_REF] Limon | Malassezia Is Associated with Crohn's Disease and Exacerbates Colitis in Mouse Models[END_REF][START_REF] Sokol | Fungal microbiota dysbiosis in IBD[END_REF] To get further insight into the impact of IgA on host-mycobiota mutualism, we then compared the gut mycobiota of IgA-deficient individuals and healthy subjects. Molecular characterization of fungal commensal communities in both populations showed that IgA deficiency is not associated with a significant perturbation of gut microbial ecology, given that, in SIgAd patients, only an increase in intestinal diversity of fungal species belonging to the rare mycobiota biosphere was observed. However, results from differential ASV analysis between the mycobiota of HD and SIgAd patients assigned at order, class, family, genus and species level showed an association of IgA deficiency with a significant proliferation of C. albicans. showing that systematic SIgAd is associated with immune response defects 37 that may account for their mycobiota altered ecological status and clinical manifestations observed in some SIgAd patients. This interpretation is nevertheless limited by the fact that we did not have access to gut biopsies in order to confirm that a global Th17 decrease is observed in symptomatic SIgAd patients.

This proliferation was associated with a reduction of other

C. albicans is a commensal fungus of the human gut, but also causes life-threatening invasive infections. [START_REF] Pappas | Invasive candidiasis[END_REF] As reported previously in an experimental mouse model [START_REF] Ost | Adaptive immunity induces mutualism between commensal eukaryotes[END_REF][START_REF] Doron | Mycobiota-induced IgA antibodies regulate fungal commensalism in the gut and are dysregulated in Crohn's disease[END_REF] and corroborated by the present study, the pathogenic hyphal morphotype of C. albicans, once established, is targeted by intestinal IgA. However, the in vivo study of IgA C. albicans-interaction on human fungal-host mutualism is challenging given that C. albicans is not a mouse commensal. The demonstration in the present study that sIgA significantly reduces hyphae development corroborates a previous report showing that the lack of sIgA, directed against the C. albicansspecific hypha antigen Sap6, in Crohn disease patients was associated with an increase in hyphal fungal morphology. [START_REF] Doron | Mycobiota-induced IgA antibodies regulate fungal commensalism in the gut and are dysregulated in Crohn's disease[END_REF] Moreover, sIgA was found to significantly reduce C. albicans intestinal cell invasion, thereby implying that C. albicans opsonization by sIgA controls fungal fitness and could reduce pathogenic fungal migration through the intestinal barrier.

Moreno-Sabater, page 21

It has been previously reported that IgA uniquely uncouples fungi colonization from pathogenesis in humans. [START_REF] Ost | Adaptive immunity induces mutualism between commensal eukaryotes[END_REF] The clear in vivo and in vitro effects of IgA on C. albicans development notwithstanding, it is important to stress that increased C. albicans fitness leading to invasive or mucocutaneus candidiasis is never observed in human IgA deficiency. [START_REF] Yazdani | Selective IgA Deficiency: Epidemiology, Pathogenesis, Clinical Phenotype, Diagnosis, Prognosis and Management[END_REF] Reminiscent to the compensatory effect of IgM specific for bacterial microbiota in human IgA deficiency, we show that, in SIgAd patients, gut mycobiota is opsonized by IgM and that free sIgM is able to recognize a diversity of fungal genera. The lack of gut fungal dysbiosis in these patients therefore points to a compensatory role of IgM-fungal opsonization in order to maintain mycobiota diversity. Our results also suggest that IgM might play an important role in For adherence and invasiveness assays, C. albicans (yeast form) pre-incubated with or without purified antibodies for 30 min or 2 hours, respectively, at 37°C. C. albicans assay concentration were 5.10 4 cfu/mL. Purified sIgA from nine healthy lactating women and purified IgM from six SIgAd patients were used at a final concentration of 100 μg/mL. Bar plots show the ratio between IgA or IgM conditions and control conditions of three independent assays, P values were calculated using a Mann-Whitney test. Images were created with BioRender.com. 

  10 μg/mL) of goat anti-human IgG-Alexa Fluor 647 (Jackson Immunoresearch) or goat antihuman IgA-FITC (Jackson Immunoresearch) or donkey anti-human IgM-PE (Jackson Immunoresearch) for 20 min at 4 °C. After one washing step with PBS, fungi were resuspended in 150 μL of PBS and analyzed on a Cytoflex flow cytometer (Beckman coulter). Unstained spores or budding forms were used as negative control to determine background fluorescence. Flow cytometry data were analyzed using the FlowJo program (version 10; Becton Dickinson) and expressed as median fluorescence intensity (MFI).

12 -

 12 Myristate 13-Acetate (PMA) -Ionomycin calcium salt (Sigma Aldrich) stimulation and Golgi blocking (Golgi stop, BD Biosciences) and stained with: CD4-APC-Cy7 (BD Biosciences), CD3-PerCP (BD Biosciences), Aqua (LIVE/DEAD® Fixable Dead Cell Stain Kit, Invitrogen), IL-22-A647 (e-Bioscience), IFN-γ-FITC (BD Biosciences), IL-17A-PE Moreno-Sabater, page 11 (eBioscience) and analyzed on a FACSCanto II flow cytometer (BD Biosciences) and FACS Diva (BD) software (BD Biosciences).

-

  Whitney test, Wilcoxon/Kruskal-Wallis test and Chi-square test were used whenever necessary. Principal component Analysis (PCA) was performed using RStudio v1.3.1093 with FactoMineR PCA and Factoextra fviz_pca_biplot functions on MFI values. Moreno-Sabater, page 13 Results Intestinal, systemic and maternal IgA differentially target commensal fungi Characterization of homeostatic IgA binding to 14 fungal strains from different genera of the two main divisions Ascomycota and Basidiomycota was carried out by flow cytometry in fecal waters, serum, and breast milk from a cohort of HD (Fig 1, A). Free sIgA fecal water binding was observed against all fungal genera studied and showed high inter-individual variability (Fig 1, B). sIgA responses against members of the Ascomycota phylum, and Saccharomycetales order, such as Saccharomyces, Debaryomyces, Candida, Cyberlindnera and Yarrowia were lower than those of the Hypocreales order, Fusarium or Acremonium, or those of the Basidiomycota phylum, Rhodotorula, Malassezia and Trichosporon. Analysis of Ig-opsonized fungi in human purified gut microbiota (Fig 1, C and Fig E1, A) showed a preponderance of sIgA + as compared to sIgM + fungal populations (38.2 ± 23 % vs 5.7 ± 10 %; p<0.0001).Systemic IgA responses exhibited also an inter-taxonomic variability, even against closely related taxons of the Saccharomycetales order (Fig1, D). The more intense responses were observed against the Candida genus but also against Aspergillus, Fusarium, Acremonium and Penicillium. Finally, as the maternal milk IgA repertoire largely mirrored the intestinal IgA repertoire,[START_REF] Lindner | Diversification of memory B cells drives the continuous adaptation of secretory antibodies to gut microbiota[END_REF] we characterized anti-fungal IgA activity in breast milk from healthy lactating women (Fig1, E). sIgA responses were mainly observed against Debaryomyces, Candida and Malassezia. We also assessed IgA responses against the filamentous forms of Candida, Aspergillus, and Fusarium. Interestingly, the more intense responses were observed against Candida hyphae in serum and so less in breast milk as well, as compared to Fusarium and Aspergillus (Fig 1, B-E). Principal component analysis (PCA) highlighted three distinct patterns of IgA anti-mycobiota combined reactivity profiles (Fig 1, F) and further underline the focalization of serum IgA responses against Candida hyphae as compared to Aspergillus and Fusarium in healthy individuals (Fig 1, G). Together, these results show that homeostatic IgA Moreno-Sabater, page 14 responses preferentially target specific members of the fungal community and suggest that intestinal, systemic and maternal IgA repertoires are focused on different combinations of genera, as underlined by combined PCA.

  characterized the mycobiota composition in a cohort of IgA deficient patients (Fig2,A and FigE1, B). Using the strategy described above, we first analyzed the percentage of fungal cells in purified microbiota samples from HD and SIgAd patients (Fig2, B). The results show that the proportion of the fungal population in mycobiota was similar in HD and SIgAd patients (1.1% ± 1,15 and 0.71% ± 0.64, respectively). We then analyzed the percentage of IgA-opsonized fungi. As expected, 38.2% ± 23.32 of the gut fungal population was opsonized by intestinal IgA in the HD population, whereas the IgA-opsonized population was absent in all but two SIgAd patients.To determine how the lack of IgA could alter the gut mycobiota ecology, we performed ITSgene sequencing of DNA obtained fecal samples (Fig2, C-F). We observed a trend toward increased diversity in SIgAd subjects for multiple alpha diversity metrics (observed ASVs, Shannon Diversity Index and Chao1), although none of these differences reached statistical significance (p<0.05). We then analyzed whether IgA deficiency might affect the composition of fungal populations from the phylum to the species level in terms of ASVs, relative abundancy and prevalence. Interestingly, at the phylum level, significant differences were observed for the Ascomycota phylum between the gut mycobiota of SIgAd subjects and that of HD (p=0.003) (Fig2, D). We detected 72 fungal genera, with Saccharomyces being the more prevalent one, followed by Candida, Debaryomyces, Penicillium, Malassezia and Yaworria genera (FigE2).Moreno-Sabater, page 15Thirty-three out of 72 genera described were common to both populations whereas the other 39 genera, were either present in HD or SIgAd donors and belonged to the mycobiota rare biosphere. Genera only present in the SIgAd population were yeasts such as Nakaseomyces or Metschnikowia or filamentous fungi associated with diet or environment like Aspergillus, Podosphaera or Claviceps.Analysis at the class, order, family, genus and species level revealed important differences between both populations with a significant increase in C. albicans overgrowth in SIgAd mycobiota (p=0.0046) (Fig2, E). We furthermore observed a loss of species diversity among the Candida genus (Fig2, F). Whereas five Candida species, in particular C. sake, were present in HD, only three Candida species were identified in SIgAd patients with C. albicans being the most abundant. This phenomenon was also observed for Penicillium species. In contrast, we observed an increase in the species diversity of the Kazarstania and Yaworria genera in fecal samples of SIgAd patients. Therefore, although IgA deficiency does not induce a global dysbiosis, it is associated with a promotion of C. albicans development.

  phenotypes in the SIgAd population, we compared the intestinal mycobiota of HD and asymptomatic SIgAd patients with that of symptomatic patients suffering from auto-immunity, infections and/or intestinal disorders. The results show that alpha diversity, in particular the Shannon, Simpson and invSimpson index, are significantly higher in symptomatic patients when compared with HD and SIgAd patients (Fig 3, A). No significant differences were Moreno-Sabater, page 16 observed in alpha diversity metrics between mycobiota of HD and asymptomatic SIgAd patients. Comparison of relative abundance at class, order, genus and species level pointed out that C. albicans and S. cerevisiae were overrepresented in symptomatic patients or asymptomatic patients, respectively (Fig 3, B). Analysis of the observed ASV in both groups illustrated a shift of mycobiota composition related to clinical phenotype, with a significant increase of C. albicans and a decrease of S. cerevisiae in symptomatic patients (Fig 3, C).

  we compared antifungal systemic IgG responses in SIgAd and HD subjects. The results show that IgG responses in both groups were similar with only significant differences in IgG responses against two fungal genera (Fusarium, p=0.0188; Trichosporon, p=0.0006) (Fig5, C).We then compared systemic anti-fungal IgM responses in both populations (Fig E3). SystemicIgM bound a large range of commensal fungi in HD as well as in SIgAd patients, with a comparable inter-individual variability. Finally, the profile of systemic IgA responses in HD was compared with that observed for IgM in SIgAd population in order to unveil a potential compensatory role for IgM. Our results show that the IgA and IgM recognition patterns of the sporulated forms did not differ between both groups (Fig 5, D). In contrast, comparison of the patterns of filamentous form recognition showed that systemic IgA had a more selective reactivity profile than IgM, with a preferential targeting of the C. albicans filament. Altogether, these results confirm a partial compensatory impact of IgM on gut mycobiota in the absence of IgA that does not fully extend to C. albicans.

  Candida species in SIgAd patients, as compared with HD, suggesting an elective role of sIgA on species regulation inside the Candida genus or revealing the preferential fitness of C. albicans over other species. Intestinal mycobiota analysis within the population of the SIgAd patients also revealed a significantly Moreno-Sabater, page 20 higher diversity with an overrepresentation of C. albicans in those presenting clinical complications that contrasted with the dominant presence of S. cerevisiae in asymptomatic SIgAd patients. The known anti-inflammatory and pro-inflammatory effects of S. cerevisiae[START_REF] Siesto | In Vitro Study of Probiotic, Antioxidant and Anti-Inflammatory Activities among Indigenous Saccharomyces cerevisiae Strains[END_REF] and C. albicans[START_REF] Enfert | The impact of the Fungus-Host-Microbiota interplay upon Candida albicans infections: current knowledge and new perspectives[END_REF] respectively, might contribute to the clinical phenotype observed in the SIgAd population. While gut proliferation of C. albicans is associated with an increased CD4 + Th17 systemic response,[START_REF] Shao | Commensal Candida albicans Positively Calibrates Systemic Th17 Immunological Responses[END_REF] C. albicans SIgAd-colonized patients showed lower IL-17 + CD4 + , IL-22 + CD4 + and IFN-g + IL17 + responses. These results corroborate and extend previous findings
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  The impact of purified systemic IgM from six SIgAd patients was also evaluated. SIgA from nine different donors were found to significantly reduce C. albicans

	hyphae development with reduction rates ranging from 10.27% to 23.8% (p=0.002; IgA versus
	no-IgA conditions) (Fig 4, A). Breast-milk-derived sIgA also reduced yeast adhesion to Caco-
	2 cells (reduction rates: 27.5% to 60%), although these differences did not reach statistical
	significance (Fig 4B). Interestingly, yeast intestinal cell invasion was significantly reduced by
	sIgA from eight of nine donors tested with a mean reduction rate of 33.68 ± 4,3% (p=0.0012;
	IgA versus no IgA conditions) (Fig 4, C). In comparison, purified IgM did not significantly

increase in C. albicans prevalence in the mycobiota of SIgAd donors prompted us to study the impact of IgA responses in C. albicans yeast-to-hyphal transition, intestinal cell adhesion and invasion. To this aim, we used an in vitro model of C. albicans-Caco-2 cells and IgA Moreno-Sabater, page 17 purified from breast milk. impact hyphae development, nor intestinal cell adhesion or invasion. Thus, it appears that in vitro antibody-mediated repression of C. albicans budding, intestinal cell adhesion and invasion is mainly IgA-mediated.

Acremonium; Rho: Rhodotorula; Mal: Malassezia; Tri: Trichosporon; Cry: Cryptococcus.
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